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Abstract

Nine samples of recycled acrylonitrile butadiene styrene (ABS) with organic montmorillonite and fire retardants adding were
combined to prepare ABS copolymer nanocomposites. A very good dispersion of clay and fire retardant was noticed in the recycled
ABS (reABS) matrix. The effect of montmorillonite and fire retardants on the mechanical and thermal properties of the reABS
nanocomposites was further investigated. Experimental results showed that the addition of organic montmorillonite increased the
Young modulus and decreased the tensile strength. As a conclusion of mechanical tests it can affirm that the best overall mechanical
results are obtained for reABS 1% OMT 18% FR. The thermal analysis clearly shows that the reABS-OMT-FR nanocomposites
have higher thermal stability than the pure reABS. Also, the reABS-OMT-FR char mass and the glass transition temperature are

larger than those for pure reABS.
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1. Introduction

Plastics, namely ABS (acrylonitrile butadiene
styrene), are used for the manufacture of many
components and products, as for example: child safety
seats and airbags in the automobiles, parts of roofs,
walls and buildings energy efficient insulation (Ford
and Fisher, 2019; Masukume et al., 2017). So, all these
plastics around us actually are increasing the risks in
case of a fire scenario, so any slight improvement may
control the damages in a large fire situation. Besides,
reusing ABS to create recycled ABS (reABS) is
becoming progressively widespread as virgin ABS
can demonstrate to be expensive as a raw material
(Charles et al., 2019; Tiuc et al., 2016). The entire
process can be summarized as: the used ABS is first

shredded with the recovered ABS then used with
virgin ABS to produce a new product (Singh et al.,
2019). Beyond the desirable material properties, ABS
manufacturing processes can be summarized as:
casting, CNC machining, laser ablation/engraving,
injection molding, and 3D printing (Mohammed et al.,
2019). In this idea, the recycled acrylonitrile butadiene
styrene (reABS) is also suited for 3D printing and is
largely used as unique co-polymer or in several
combinations due to its intrinsic properties like good
mechanical and chemical properties, reduced specific
weight and facile processing (Balazs et al., 1998;
Balazs et al., 1999; Bardzinski, 2014; Fredrickson and
Bicerano, 1999; Gilman et al., 2000; Meri et al., 2015;
Mohammed et al., 2019; Ray et al., 2002; Vaia et al.,
1995; Vaia and Giannelis, 1997a, 1997b). One of its
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main disadvantages is the high flammability and the
toxic smoke as well as its capacity to extent a fire
event to its vicinities (Balazs et al., 1998; Ray et al.,
2002).

On the other hand, additives are extremely
important in determining polymers final properties.
Nevertheless, the addition of additives in polymers is
severely controlled by regulatory institutions due to
global efforts to decrease the use of environmentally
unfavorable and health threatening materials (Meri et
al., 2015). Therefore, it is of great importance to
develop environmentally safe additives for polymers.
In this idea, montmorillonite nanoclays offer great
benefits mainly because of availability of resources
and reasonable price and in connection with the
beneficial technological characteristics
(nanodimensions, high aspect ratio, and outstanding
exploitation properties) (Hense et al., 2015; Meri et
al., 2015).

Montmorillonite is one of the best option for
filler material in reABS, being a natural mineral that
forms alumina silicate layers (Bardzinski, 2014;
Spranceana et al., 2017). The organic modified
montmorillonite (OMT) can be obtained by ion
exchange between the montmorillonite and Cis in
water, method that was detailed by Vaia et al. (1995).
Plus, its presence in ABS improves the mechanical
properties (Meri et al., 2015; Vaia and Giannelis,
1997b), thermal properties (Balazs et al., 1998; Balazs
et al., 1999) and also the fire behavior (Costiuc et al.,
2015; Fredrickson and Bicerano, 1999).

Lately, an increased attention was focused on
polymers combined with nanocomposites and was
demonstrated the adding up to 10% nanoclay in basic
polymers can lead to a significant escalation in
thermal and mechanical properties of the hybrid
material  (Fredrickson and Bicerano, 1999,
Khobragade et al., 2016; Mahanta et al., 2012; Mao et
al., 2016; Paul and Robeson, 2008). More precisely,
Mao et al. (2016) manufactured a hybrid material by
adding nitrile rubber and montmorillonite Nanofil 15
in reABS and concluded that the new hybrid material
has improved thermal properties and good results in
mechanical tests.

Zhang et al. (2006) mixed ABS with Triclay I1I
(30 g MMT 1in 500 ml THF/H20 for three hours to
obtain a good dispersion and concluded that the final
mechanical properties were affected by the clay
percentage. Precisely, the Young modulus increased
with the Triclay III percentage while the elongation
decreased drastically.

Modesti et al. (2007) studied a nanocomposite
based on ABS improved with Bentone 108 and Dellite
43B and found that the elastic modulus is highly
influenced by the additive content. Tirantili et al.
(2011) studied a nanocomposite ABS -OMT Cloisite
30B and determined that the mechanical stress is not
affected by clay percentage while noticed an increase
of Young modulus and a substantial decrease (up to
50%) of the elongation with the upsurge of OMT
percentage.
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Nevertheless, other authors (Cao et al., 2017;
Cuppoletti, 2011; Hong et al., 2014, Jian et al., 2014;
Liang et al., 2009; Liu, 2014; Malas et al., 2014; Pour
etal., 2015; Rahimi et al., 2014; Realinho et al., 2018;
Stanciu et al., 2009; Wang et al., 2003; Weng et al.,
2016) managed to improve the tensile and the impact
strength of ABS by adding clays or nanoparticles.
Hong et al. (2014) manufactured ABS + graphene
nanosheets + three metal hydroxide nanorods and
noticed an improved of tensile strength for the
improved ABS at 43.1 MPa for the ABS 1wt% GNS
4%wt. Co(OH), and attributed this enhancement to the
3D network acquired from homogenous dispersion of

graphene and Co(OH)..
Liu (2014) analyzed the effect of introducing
nanoclay ~ montmorillonite, flame retardant

magnesium hydroxide (MH) and compatibilizer
LDPE grafted maleic anhydride (LDPE-g-MA) into
LDPE and cross-linked polyethylene (XLPE) as the
matrix. The conclusion was that the tensile and impact
strengths were enhanced by adding LDPE-g-MA and
clay (Liu, 2014). Rahimi et al. (2014) studied the
recycled ABS properties and found that both the yield
stress of tensile tests and Young’s modulus are
enhanced by 2% in comparison with pure ABS. Cao et
al. (2017) performed TG and FTIR analysis that
indicated that Hexakis (4-nitrophenoxy)
cyclotriphosphazene and ammonium polyphosphate
promoted the form of cross-link structure in the ABS,
which acted as a barrier near the surface of material.

A way to enhance the mechanical properties of
the ABS was studied by Wu and Lang (2016), who
introduced  ethylene-co-acrylic  ester-co-glycidyl
methacrylate in poly composite PC/ABS (50/50) with
aluminum hypophosphite as fire retardant. The
conclusion was that the elongation was increased at 23
% and the impact strength by 2.5 times.

In regard to thermo gravimetrical analysis,
Mabhanta et al. (2012) compared the ABS and reABS
thermal stability and found that Tsy, is decreasing from
273 °C (for the ABS) to 201°C for the reABS.
However, other authors (Du et al., 2010; Jian et al.,
2014; Ma et al., 2008; Realinho et al., 2018; Singh and
Ghosh, 2014) found higher temperatures, as for
example 377°C (Du et al., 2010) or 378 °C (Jian et al.,
2014). Considering the state of the art, this present
work investigates mechanical and thermal behavior of
recycled ABS by adding different mass fractions of
organic montmorillonite nanoparticles and fire
retardants.

2. Experimental work
2.1. Materials

The matrix for the experimental study was
recycled ABS (reABS) and two types of EXOLIT
were selected as fire retardants. Plus, montmorillonite
nanoparticles were considered as fillers. reABS was
purchased from S.C. Romcarbon S.A. (Buzau,
Romania) in granule form with -characteristics
provided in Table 1.
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Table 1. Properties of reABS - Rocadur RABS 52

Melt flow index at 230° C 5 g/10 min
Notched  Izod  Impact | 8 kJ/ m?
Strength (23°C)

Tensile Stress at 23 °C 38 MPa
Tensile strain at 23 °C 22%
Tensile modulus 2363 MPa
Density 1.03 kg/m?
Heat Deflection | 80°C
Temperature

The two phosphorus flame retardant additives
are: ammonium polyphosphate (APP), Exolit®
AP422, and aluminum diethylphosphinate (AIPi),
Exolit® OP1230, both supplied, in form of white
powder, by Clariant (Germany) with the properties in
Table 2, as per given by the manufacturer. The two FR
will be used in manufacturing the samples in a 1:1
proportion, as was recommended by the manufacturer.
In addition, nanoparticles of organic montmorillonite
(OMT) with the commercial name Shelsite 30B
Montmorillonite Nanoparticles (Nanoshell) was used
as clay for preparing the samples and properties are in
Table 3.

Table 2. Properties of FR

Exolit Exolit

OP 1230 AP 422
Chemical [(C2HS5)2P0O2]3
formula Al (NH4PO3)n
Phosphor ) 290
content, % 23.3-24 % 31-32%
Humidity, % max. 0.2 % max. 0.25 %
Density, g/cm? 1.35 1.9
Decomposing
temperature, °C >300 =275
Particle 20-40 pm 17 ym
dimension K K

Several formulations were prepared (see Table
4) and all the materials were initially dried at 100°C
for 24 hours. Compounding was performed at 205 °C
for 10 min, at a rotation speed of 60 rpm, using a fully
automated laboratory Brabender station (Brabender,
Germany). For  mechanical characterization,
specimens were prepared by compression molding
using a Carver press at 205 °C (with a pre-pressing

step of 3 min at 50 atm and a pressing step of 2 min at
150 atm).

The samples structure was selected based on
recommendations from the previous published
literature, aiming to study the influence of OMT and
FR percentages on mechanical and fire properties.

Table 3. Properties of OMT

Formula MT20tOH
Particle dimension < 80 nm
Purity 99 %
SSA (BET) 50-70 m?/g
Refraction index 1.47
PH 8-9
MOHS hardness 5.5
Mass loss after burning 30 %
Humidity <2%
Density 2.8 g/cm?

2.2. Measurements and characterization

The tensile strength of all samples was
evaluated by an Instron equipment of 1 KN (Instron
Inc., USA) and a speed of 10 mm/min on 55 x 10 x 10
mm samples that were prepared according to the EN
ISO 527:2012 standards. The Charpy impact strength
of all samples was measured according to EN ISO
179:2001 standard, using a CEAST equipment
(Instron Inc., USA) with 50 J energy and an overall
accuracy of less than 0.25%, using 83 x 20 x 4 mm
probes. At least 3 specimens were verified for each
composition (as it is depicted in Table 4) to acquire
mean values of mechanical and impact parameters in
order to reduce the testing uncertainty.

Differential scanning calorimetric (DSC)
measurements were conducted on a NETZSCH DSC
200F3 Maia device (Netzsch, Germany) using a
heating rate of 10 °C/min. The equipment has a
measurement accuracy of 0.1 K, as declared by the
manufacturer. A mass of 10 mg of each sample was
heated in pierced and sealed aluminum crucibles in
nitrogen atmosphere at a flow rate of 50 mL/min. The
temperature against heat flow was recorded.The
baseline was obtained by scanning the temperature
domain of the experiments with an empty pan. The
instrument was calibrated with indium at various
heating rates according to standard procedures.

Table 4. Prepared samples

Sample code Content (Y6wt)
reABS OMT EXOLIT OP 1230 EXOLIT AP 422

reABS 100.0 - - -
reABS 1% OMT 99.0 1.0 - -
reABS 15% FR 85.0 - 7.5 7.5
reABS 1% OMT 15% FR 84.0 1.0 7.5 7.5
reABS 1% OMT 18% FR 81.0 1.0 9.0 9.0
reABS 1% OMT 20% FR 79.0 1.0 10.0 10.0
reABS 2% OMT 98.0 2.0

reABS 2% OMT 15% FR 83.0 2.0 7.5 7.5
reABS 2% OMT 18% FR 80.0 2.0 9.0 9.0
reABS 2% OMT 20% FR 78.0 2.0 10.0 10.0
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The thermal stability of the samples was
performed on a TGA STA 449 F1 Jupiter (Netzsch,
Germania), with a TGA resolution of 0.025 pg, as
declared by the manufacturer. All samples were
heated in alumina crucibles under a 50 ml/min flux of
nitrogen atmosphere in the temperature range of 20 -
700 °C at a heating rate of 10 °C/min.

Scanning electron microscopy (SEM) images
were acquired using a Hitachi SU 8230 Scanning
Electron Microscope (Hitachi, Ltd. Japan) equipped
with EDX Oxford detector-analyzer.

3. Results and discussion
3.1. Tensile and impact strength test

All mechanical tests took place at 50% relative
humidity (RH) and 23°C. The specimens were
conditioned under the same circumstances for 24 h
before testing. The results are presented in Table 5 and
represent an average for the tested samples and are in
line with the open literature (Cao et al., 2017) that
acknowledges that the addition of fire retardants to the
polymer matrix strongly affects the mechanical
properties of the materials.

Results show that adding 15 % fire retardant is
decreasing drastically the mechanical properties of the
reABS: the elongation is decreasing by three times
while tensile strength is decreasing by 25% and Young
modulus is increasing from 1888.09 to 2404.56 MPa.
If it compares the characteristics of the pure ABS with
our reABS it can see that the mechanical performances
are decreasing by 10%, fact that is in-line with
research performed by Mahanta et al. (2012).

If it further compares our results with those
obtained by Tirantilis et al. (2011), one can see that we
obtained a decrease in tensile strength of 14 % while
other properties are in line with referenced research
and an explanation can rely on different base material.

If one considers Table 5, it can be noted a small
increase in Young modulus and a decrease in tensile
strength when OMT is added to the reABS. This can
be due to a good dispersion of OMT nanoparticles in
the reABS matrix (Liang et al., 2009; Malas et al.,
2014; Pour et al., 2015). Plus, when both OMT and
fire retardant are added the Young modulus is

increasing, but the tensile strength is decreasing at
21.74 MPa. This can be due to plasticization caused
by the mobility restraining of ABS chains when
organic montmorillonite nanocomposite is added.
Nevertheless, some contradictory information was
noticed in the literature (Weng et al., 2016) and can be
explained by the differences in OMT structure that can
favor a better dispersion of it in the matrix structure.
Therefore, the best overall mechanical results were
obtained for reABS 1% OMT 18% FR.

As regards the impact strength, a severe
decrease with about 60-65 % was noticed when FR
and OMT are added into the reABS matrix, but if
compares all the data from Table 5, it can say that the
reABS 1% OMT 18% FR got a good result at impact
in comparison with the other reABS+OMT+FR
samples. Similar decrease was noticed also in the
literature (Liu, 2014).

If it further discusses the Young modulus, that
measures the stiffness of a solid material, in Fig. 1 it
can easily notice the influence of both OMT and FR
on this mechanical property. From Fig. 1 it can be
noted that the Young modulus is increasing with both
FR and OMT mass fraction in the reABS matrix. The
surface that approximates the experimental points in
the 3D plot has an R-squared value of 0.972 and
reflects very well the changes in Young modulus when
the reABS matrix contains nanocomposites and/or fire
retardants. More exactly, the Young modulus is
increasing by 27% if 15% fire retardant is added to the
reABS matrix and goes to 37% if OMT is also added.
On the other hand, the OMT influence is also relevant,
going to an upsurge of 11% in Young modulus, but the
most relevant effect on stiffness is obtained by
combining nanocomposites with fire retardants.

3.2. Thermal analysis

The thermal stability of samples was first
investigated by thermogravimetric analysis (TGA) on
few samples and the results are shown in Table 6. The
reABS samples decomposed in just one stage at
maximum 425 °C and a mass loss of 92%, with 5%
(Tsv) and maximum mass loss rate (Tpeax) taking place
at 355 °C and 472 °C, respectively. Plus, similar
findings were noticed also by Realinho et al. (2018).

Table 5. Mechanical properties of composite materials

sample code mt)%ﬁ?gsy Tensile strength, Elongation at Impact stringth,

MPa MPa break, mm KJ/m
reABS 1888.09 31.25 2.99 20.28
reABS 15% FR 2404.56 24.26 0.76 7.14
reABS 2% OMT 2102.46 27.26 1.30 8.84
reABS 2% OMT 15% FR 2587.61 21.71 0.47 543
reABS 2% OMT 18% FR 2507.32 21.14 0.44 5.39
reABS 2% OMT 20% FR 2570.38 18.50 0.35 5.51
reABS 1% OMT 1926.36 27.06 1.99 7.69
reABS 1% OMT 15% FR 2274.15 21.74 0.76 4.39
reABS 1% OMT 18% FR 2346.42 22.59 0.77 6.75
reABS 1% OMT 20% FR 2465.86 22.16 0.53 6.09
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Fig. 1. Variation of Young modulus for reABS matrix samples

Addition of organic nanoparticles and fire
retardant (i.e. mixture of APP and AIPi, with mass
ratio of 1:1) delays the decomposition and decreased
the mass loss, as can be noted from Table 6 and Fig.
2. More precisely, reABS-OMT-FR samples
decomposed in two steps (as one can note from Table
6). The first decomposition step occurred around 344-
373 °C with a mass loss of about 12-19%, while the
second stage occurred at about 470°C with a mass loss
of maximum 68%.

Fig. 2 depicts the mass loss over temperature
and in Fig. 3 are the DTG results, where the derivative
curves will characterize the degradation, represented
as peaks. The experimental data investigation clearly
shows that the reABS-OMT-FR nanocomposites have
higher thermal stability than the pure reABS sample,
as will be argued further on. Additionally, the
performance of these new nanocomposites will be
discussed in comparison with that of reABS and one
can observe a noteworthy interaction between reABS
and FR. This interaction take place by influencing the
decomposition of reABS (see Fig. 2). Comparable
conclusions were stated also by Pawlowski and
Schartel (2007) in their study about ABS and GNP
incorporation in the matrix. As is depicted in Fig. 2
and Fig. 3, all manufactured samples displayed higher
thermal stability as compared to reABS, and the
incorporation of OMT-FR vyield in a significant
thermal stability enhancement of the nanocomposites.
If it discusses Fig. 2, the mass loss by adding low
percentages of OMT (i.e. 1% OMT) is going to
maximum 20.33%, while a 2%OMT goes to a mass
loss increase at 22.09%, both measured at 694 °C. This
clearly indicates that the addition of OMT and FR
increases the mass loss heat behavior by 2.67-3.15
times, depending on the concentration of the additives.

A similar phenomenon can be observed also
from the DTG results (see Fig. 3), concluding that the
addition of OMT and FR slightly changes the major
degradation peak temperature (i.e. about 7-10 °C).

Also, the degradation for all studied materials take
place in just one phase. Concluding, these
experimental observations clearly shows that the
OMT+FR increases the thermal stability of the reABS.

If it discusses about the char resulted from the
process, it can be noted an increase of about 11-15 %
(see Table 6) when OMT _FR are added in the reABS
matrix. This upsurge can be attributed to increased
thermal stability of the reABS-OMT-FR samples and
formation of a network of char layers during
combustion that retards the out-diffusion of gaseous
decomposition products, as was noticed also by Pour
et al. (2015). In regard to state of the art, also previous
experiments on  graphene/Polyvinyl  alcohol
performed by Liang at al. (2009) showed and
enhancement of the nanocomposite’s thermal stability
due to the formation of char layer that offers polymer
thermal lagging.

Furthermore, a DSC study was performed for
the reABS-OMT-FR samples and results (see Fig. 4
and Table 7) shows the glass transition temperatures
(T,) of the samples.

The glass transition temperature, usually
named Ty, is a very important property of polymers for
a certain application. Glass transition temperature is
the temperature, below which the physical properties
of plastics change to those of a glassy or crystalline
state. Over T, they perform similar to any rubbery
materials. Beneath T, a plastic’s molecules have
moderately low mobility. Also, polymers properties
can be radically dissimilar at temperatures up or below
Te.

In this study, the differential scanning
calorimetry (with an accuracy of 0.1 K, as declared by
the manufacturer) was considered for this purpose and
the results indicated that T, is increasing by adding
both OMT and FR by 3-10%. The maximum increase
was noticed for the reABS 2% OMT 20% FR,
indicating an increased rigidity of the polymer chain if
compared to reABS.
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Table 6. Data extracted from TGA analysis

Sample Stage T5%(°C) | Tonset (°C) Tmax (°C) Tendset (°C) | Wm (%) | Wrez (%)
reABS 1 355 — 425 472 92 6.59
reABS 1% OMT 15% FR I 323 — 344 392 12.12 18.33
11 — 392 429 463 67.48
reABS 1% OMT 20% FR I 325 — 367 397 16.64 20.09
11 - 397 429 468 61.34
reABS 2% OMT 15% FR 1 305 - 370 399 12.46 21.41
11 - 399 432 471 63.64
reABS 2% OMT 20% FR I 336 - 373 403 19.24 21.96
11 — 403 434 472 57.94
100 .
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Fig. 2. Mass loss curves of reABS and reABS/OMT/FR nanocomposites
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Fig. 3. DTG curves of reABS and reABS/OMT/FR nanocomposites
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Table 7. Glass transition temperatures of manufactured

samples
Sample Glass transition
temperature Tg [°C]
reABS 100
reABS 1% OMT 15% FR 103
reABS 1% OMT 20% FR 105
reABS 2% OMT 15% FR 108
reABS 2% OMT 20% FR 110

The phase separation of the polymer-
nanocomposite-fire retardant system was
characterized by the change of the glass transition of
reABS. In the case of the reABS-OMT-FR samples,
an increase of T, was detected due to the very good
compatibility between the nanocomposite and the
reABS matrix. An explanation of the change in T,
values of reABS in the nanocomposites, two
contradictory  effects of  nanofillers  were
acknowledged in the open literature (Mao et al.,
2016): (I) decrease of the molecule mobility owed by
the obstructing influence and (II) upsurge of the free
volume due to the existence of nanofillers and the
untied molecular packing of the chains. On the other
hand, our results for the reABS are mostly in line with
similar work from other researchers (Mao et al., 2016;
Tarantili, 2011). Nevertheless, adding OMT and FR
increases the glass transition temperature from 100 to
110°C due to the restrained mobility of the reABS

(( BN

CSSNT 0.5kV 7.5mm x5.00k LATO{UL) 11/

(@)

chains because of the fire-retardant action, as was also
found by Hong et al. (2007).

3.3. SEM analysis

In order to investigate the detailed dispersion
status fillers and clay into the polymer matrix, SEM
analysis was performed (Figs. 5-10).

In Figs. 5 - 10 are inserted two SEM images for
each sample (the first is obtained using the LA-BSE
signal and the second one for HA-BSE). BSE
(Backscattering Electron) has high energy comparable
to the incident electron; includes compositional
surface information, as the BSE yield is proportional
to the mean atomic number of the specimen; ~50eV
average energy.

The LA-BSE image - LA-BSE(U) gives
compositional and topographic information while is
less sensitive to specimen charging - up. On the other
hand, the HA-BSE image - HA(T) gives rich
compositional information and less topographic
information. The addition of the fire retardants into the
reABS+OMT matrix produced a relevant effect on the
phase morphology of the samples. The fire retardants
particle size is lower than 20 pm while the
montmorillonite nanoparticle is of 80 nm, thus
resulting in a good dispersion of particles in the
matrix, as can be clearly seen from Fig. 5 -10 for every
investigated sample.

(b)

Fig. 5. SEM images of the reABS samples
(a) image obtained using the LA-BSE signal; (b) image obtained using HA-BSE
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Fig. 6. SEM images of the reABS1%OMT samples
(a) image obtained using the LA-BSE signal; (b) image obtained using HA-BSE

Fig. 7. SEM images of the reABS1%OMT15%FR samples
(a) image obtained using the LA-BSE signal; (b) image obtained using HA-BSE

Fig. 8. SEM images of the reABS1%OMT18%FR samples
(a) image obtained using the LA-BSE signal; (b) image obtained using HA-BSE

If it compares also with open literature
results, as Du at al. (2010) noticed, the organic
montmorillonite manages to contribute to a better
dispersion in comparison with the non-organic one
due to its micro spherical structure. Additionally, an

780

upsurge of the surface roughness is noticed due to the
dispersion homogeneity of the FR particles into the
sample matrix. Similar morphological characteristics
was noticed also in some recently reported research
performed by Mao at al. (2016) and Kim at al. (2005).
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Fig. 9. SEM images of the reABS2%OMT15%FR samples
(a) image obtained using the LA-BSE signal; (b) image obtained using HA-BSE

Fig. 10. SEM images of the reABS2%OMT20%FR samples
(a) image obtained using the LA-BSE signal; (b) image obtained using HA-BSE

4. Conclusions

In this paper the effect of introducing organic
montmorillonite and EXOLIT fire retardant into
recycled ABS was experimentally studied revealing
both mechanical and  thermal  properties.
Consequently, nine samples of copolymer
nanocomposites were manufactured and an excellent
dispersion of clay and fire retardant in the recycled
ABS matrix was noticed.

The conclusions of this experimental study can
be summarized as:

o Experimental results of the mechanical tests
revealed that the addition of organic montmorillonite
increased the Young modulus, while the tensile
strength is decreasing. As a conclusion of mechanical
tests it can affirm that the best overall mechanical
results were obtained for reABS 1% OMT 18% FR.

e Thermal analysis was performed in terms of
TGA and DSC and clearly shows that the reABS-
OMT-FR nanocomposites have higher thermal
stability than the pure reABS. More precisely, the
TGA analysis indicated that the char mass is
increasing by 11-15% when OMT+FR are added,

while DTG curves demonstrated that the reABS-
OMT-FR nanocomposites have higher thermal
stability than the pure reABS samples.

e DSC analysis confirmed that the glass
transition temperature is increasing for the reABS-
OMT-FR samples in comparison with pure reABS,
making them a better candidate for fire specific
applications.

As a main conclusion, reusing ABS and
incorporating OMT and fire retardants can create new
products that are safer in a fire scenario. Plus, the
materials based on reABS are well suited for 3D
printing, as was outlined in the state of the art.
Nevertheless, more research oriented to a real fire
scenario is needed, as well as a cost-benefit analysis
that might indicate if the benefits are overcoming the
costs.

Nomenclature

Tsv% temperature corresponding to 5% mass loss;

Tonset onset thermal degradation temperature;

Tnax temperature that corresponds to the maximum rate

of decomposition for each stage;
Tenaset  endset thermal degradation temperature;
W mass loss at Tmax;
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Weez percentage of residue remained at the end of the
thermal degradation process (700°C);

Abbreviations

ABS acrylonitrile butadiene styrene
AlPi aluminum diethylphosphinate
APP ammonium polyphosphate

DSC differential scanning calorimetrity
DTG derivative thermogravimetry

FR fire retardant

OMT organic montmorillonite clay
reABS recycled acrylonitrile butadiene styrene
RH relative humidity

SEM Scanning electron microscopy
TGA thermogravimetric analysis
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