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HDPE composite samples with aluminum and iron nanopowders were made by extrusion and injection.
Samples of material obtained were characterized by comparative determinations of dielectric spectroscopy
and SEM microscopy. SEM images have indicated that the agglomerations of the powders used are persistent,
do not decompose during extrusion and injection processing. Determinations by dielectric spectroscopy
indicated that HDPE composite materials with metal nanopowder filler have higher dielectric losses than
pure HDPE (reference). The highest increases in tgd up to 2.6 times, were recorded for 50 nm nanopowders
with specific high surface area (over 20 m? / g). The electrical conductivity of the investigated samples
increases with increasing frequency, both for pure HDPE and for HDPE with metal powder filler. As a result
of the film effect in the HDPE case with metal filler, the increases in the high frequencies range are lower

than in the extremely low frequencies range.
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The advanced materials development for various
industrial applications is a priority issue in the concept of
sustainable development perspective.

In this context, in developing and classifying materials,
besides application-specific functional characteristics, it
is intended that both the production methods [1, 2] and
the end-of-life [3 - 11] waste treatment technologies to be
environmentally friendly [12], respectively the material
specific energy and consumptions as low as possible, as
well as not to involve persistent noxious dispersions [13-
24], readily biodegradable / remineralizable [25-30] etc.

Polymer-based composites with various fillers (wood,
silicate, clay, metal, carbon, etc.) have electrical,
mechanical and functional characteristics [31-42] that
recommend their use in the most diverse applications. The
composite polymer / filler materials characteristics are
largely determined both by the structure and nature of the
filler and by the constituents blending and the composites
obtaining [43], respectively.

In view of these considerations, the paper aim consists
in characterization the morphostructural and dielectric of
some high-density polyethylene (HDPE) based composites,
with fillers metal nanopowders for use in various
applications such as semiconductor and / or shielding
polymeric layers electromagnetic.

Experimental part

HDPE composites samples/ metal nanopowder were
prepared by extrusion. Samples were obtained in two
stages.

In the first step, the components (HDPE and metallic
powder) were blended and by extrusion (on a Brabender
KETSE type laboratory extruder) the composite granules
were obtained. In the second step, the composite granules
were injected (with a Dr. Boy A35 - Germany type injection
machine), thus samples disk shaped are obtained with a
diameter of 30 mm and a thickness of 2.5 mm.
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The working parameters on the extruder were;

- extruder screw speeds of 45 rpm;

- power funnel screw speed: 700 rpm;

- the temperatures on the heating zones of the extruder
are shown in table 1.

Table 1
TEMPERATURES ON THE EXTRUDER HEATING AREAS
Area 1 2z 3 i 3 &
Temperature [°C] s IO 173 [ 180 [ 183 | 150

The working parameters on the injection machine were:

-the matrices closing force in 302-317 kN range

-the injection pressure: 550 barr

-the counter pressure: 90 barr

-the injection matrices temperature: 15-20 °C

-the injection machine heating area temperatures were
shown in table 2.

Table 2
TEMPERATURES ON THE INJECTION MACHINE HEATING AREAS
Area 3 i 3 2 1
Temperature [*C] IS0 T I80 [ 1751 170 [ 163

In order to determine the optimal temperature, range
for processing on extruder and injection machine, the DSC
technique was used (with a 131 EVo Setaram type
equipment).

Thus, the melting temperature and start temperature of
the first thermooxidation process of the HDPE granules
used were determined. Determinations were made on
synthetic air samples of 50 mL / minute at a heating speed
of 10°C / min. Composite samples were prepared with
HDPE granules Tipelin 1100 J type with the properties
shown in table 3 [44].

The metal powders used were purchased from
NANOGRAFI LTD.STI, Ankara Turkey and have the
following characteristics [45]:
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Table 3

HDPE GRANULES CHARACTERISTICS

Properties / Standard TUnit Value
MEFE (1907 C /7216 kg): IS0 1153-1 g/ 10 min| 50
Density (230C): IS0 T153-2 Kgm’ 961
Traction resistance: 150 317-3 AMPa 12
Elongation at break: TS0 337-3 %o 380
Toung module: TS0 178 MPa 1300
Izod mpact resistance: JSO 1807 A El'm” 3
Shore D Hardness: IS0 588 - 63
Scraping resistance (1D / MDj: IS0 1044 %o 2.12.0

a)Aluminium Nanopowder with 99.995 % purity, 800 nm
particle size

ghap-e: spherical
ICrvatal Structure: cubic
A verage Particle Size [nm]: 300
Specific Surface Area [m¥/g]: 13-20

_ b)Iron Nanopowder with 99.995 % purity 790 nm particle
size

True Density [g/cm’]: 18
Color dark grey
Crvstzl Structure: cubic
T matting [*C]: 1538
[ haitieg [7C]: 2842 0
Averaze Particle Size [nm]: 740 28
Epecific Surface Area [m¥/g]: 5-10 i‘f
¢) Aluminium nanopowder with 99.995 % purity 50 nm =z
particle size o
Bulk Deneity 2o i g8
True Density [g/cm’]: 27 z 12
Shape: spherical % "
Crystal Structure: cubic =
Average Particle Size [nm]: 30 B
Specific Surface Ares [m¥/g]: 20-30 - E
d)Iron Nanopowder with 99.995 % purity 50nm particle | 2
S1z¢ Bullk Density [zicm]: (] -
True Density [g/cm’]: 1.4
Color: black
Crvstal Structure: cubic
Poverage Particle Size [nm]: 40-30
Specific Surface Area [m*/g]: 10.0-13.0

The nanopowders morphostructure used and the
composites obtained were evaluated by SEM technique
with a type INCA Energy 250 energy dispersive spectro-
meter (EDS) - Oxford Instruments belonging Auriga (Zeiss)
field emission scanning electron microscope (FESEM)
equipment. The powders granulometric distribution used
was determined by processing with the imageJ software
of the SEM images obtained.

Dielectric behaviour of composite samples was
investigated at 20 = 2 °C by dielectric spectroscopy
technique with 1296 Dielectric interface / AMTEK - Solartron
Analytical.

Sample code Composition
M1 pure HOPE (reference)
LI HOPE + 3 % AT 300 nm
M3 HDFE + 7 % Al 800 nm
PR ES HOPE + § % AT 300 nm
M3 HDPE + 3 % Al 30 nm
LI HDPE + 3 % Al S0 nm Table 4
M7 FDPE = 7% AT 50 nm SAMPLES OF
R3S FDPE = 3 % Fe 700 im |0 o\pOS|TE PREPARED
] HOPE + 5 % Fe 190 nm
MID HOPE - § % Fe 190 nm
Mi1 HDPE + 3 % Fe S0 nm
M2 HDPE + 3% Fe Y nm
JNE] HDPE - 8% Fe 30 nm
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The content in metal nanopowders and samples code
is shown in table 4.

Results and discussions

The DSC diagram obtained on the HDPE granules used
for sample preparation is shown in figure 1.

Analyzing the DSC curve in figure 1 it is noticed that at
progressive heating of the material at 133.47°C shows an
endothermic peak corresponding to the melting process
ending at 149.11 °C. Upon continued heating at 230.15°C,
it begins the first thermooxidation endothermic process of
polymer which takes place at a maximum speed of 243.55
°C.

M1

Heat : -203.538 (Mg)
T: 18032 and 289.53 ('C)

Peak Waximum © 243.555("C
231505 {"C)

) T Determination :_306.86 (°C)
o =EH

f

Heat: 134 248 (ig)
T 10463000 1
Peak Haximum
Oreget ;. 131 47,

Onset

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 3860
Sample Temperature (*C)

Fig. 1. DSC diagram of HDPE used

The range relatively low of temperatures at which takes
place melting, as well as the process energy (134.25J/q)
indicates a relatively high degree of ordering (crystallinity)
of the polymer. These data and the start temperature of
the first thermooxidation process (230.15 °C), indicate that
high crystallinity is due to a relatively high degree of polymer
crosslinking (large weight of tertiary and quaternary carbon
atoms) [46-48].

Based on these results, the processing zone
temperatures were determined for both extrusion (table
1) and injection (table 2) so that in each area the
temperature was above the melting temperature, but
below the first starting temperature of the thermooxidation
process.

SEM assessments results of the metal powders used
are shown in figures 2 - 5.

Analyzing the SEM images in figures 2 - 5, it is noted that
the powders of Al 50 nm (fig. 2) have a cavernous
morphology (which explains a relatively large specific
surface area of 20-30 m? / g) unlike the other powders
(figs. 3 - 5) which have a spherical shape.

In figures 3-5 shows a tendency of particle
agglomeration and a relatively large dispersion of
diameters.

In view of these observations, digital image analysis of
SEM images and plotting particle distribution histograms
using the imageJ software were performed.
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Fig. 2. SEM image of Al 50 nm powder

Mag= SRR T um
Oparaion =W

W L - BT A g d SRS
Pl maging = SEU Siems Redurmon = s b

e
Syatem Vi = d1e-000

Fig. 4. SEM image of Fe 790 nm powder

The results obtained by processing the data provided by
imageJ are shown in figures 6 - 9.

Analyzing figures 6 - 9 it is found that the histograms
obtained are in accordance to the SEM images of figures 2
- 5, but present significant deviations from the supplier’s
technical specification [45].
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Fig. 6. Histogram -Ggranulometric distribution of Al 50 nm powder
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Fig. 7. Histogram -Granulometric distribution of Al 800 nm powder
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Fig. 3. SEMimage of AI'800 hm powder

Mag o0 KK 100mm WO ad e ENT=1000RY BgnalA=iles  Dse SFAw o Tims ool
paratir = WV Filimaging= SIM  Mus Reuren = P A Byaten Ve » 610008

Fig. 5. SEM image of Fe 50 nm powder
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Fig. 8. Histogram -Granulometric distribution of Fe 790 nm powder
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Fig. 9 Histogram -Granulometric distribution of Fe 50 nm powder

In figures 10-13 show the representative SEM images of
the injected samples.

Analyzing figure 10 it is observed that the pure HDPE
morphostructure injected is homogeneous. In figures 11 -
13 it is observed that in the HDPE composites, the metal
powders are distributed relatively uniformly.

It is also observed that during extrusion and injection
the dust agglomerations (visible in figs. 2-5) do not
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Fig. 10. SEM image of the M1 blank sample - pure
HDPE
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Fig. 11. SEM image of sample M10
(composite with 8 % Fe 790 nm)
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Fig. 12. SEM image of sample M7
(composite with 8 % Al 50 nm)

disintegrate - they are found entirely in the composite.
Dielectric spectroscopy determinations in the investigated
field 1 Hz - 100 kHz indicated that the dielectric losses tgd
decrease continuously and monotonously.

Figures 14-16 show details about the dielectric losses
evolution of the achieve composites (compared to the
blank sample - HDPE pure) in the extremely low
frequencies range (5-50 Hz) and in the high frequencies
range (6-10 kHz).

Analyzing figure 14a it is found that HDPE composites
with 3 % metallic powder systematically investigated have
dielectric losses (in the 5 - 50 Hz frequency range) by 1.7 to
2.3times higher than the pure HDPE reference composite.
The highest increases (about 2.3 times) were recorded for
the Fe 50 nm powder and the smallest (about 1.7 times)
for the Al 800 nm powder.

The tgd increases for 3 % Al 50 nm powder and Fe 790
nm are approximately equal. Figure 14 b shown that the

Fig. 13. SEM image of sample M13 (composite with 8
% Fe 50 nm)

trend of fgd evolution in the high frequencies domain is
similar to that of extremely low frequencies.

Analyzing figure 15a it is found that HDPE composites
with 5 % metallic powder systematically investigated have
dielectric losses (inthe 5 - 50 Hz frequency range) by 1.8 to
2.6 times higher than the pure HDPE reference composite.
The highest increases (about 2.6 times) were recorded for
the Al 50 nm powder and the smallest (about 1.8 times)
for the Al 800 nm powder. Figure 14 b) shown that the
trend of g evolution in the high frequencies domain is
similar to that of extremely low frequencies, with the
observation that tgd increases following the addition of
dusts are systematically lower than in the 5 - 50 Hz
frequency range.

Analyzing figure 16 itis noted that - both in the extremely
low frequencies and in the high frequencies range - for the
HDPE composites with 8 % metallic powder investigated,
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Fig. 14. Comparative evolutions of tgd in extremely low frequencies a) and at high frequencies b) of the composites
with addition of 3 % metallic powder

106 http://www.revmaterial eplastice.ro

MATERIALE PLASTICE ¢ 56¢ No. 1 ¢ 2019



Zax1a? T T T T

1.8x107% 4

o 1Ex1T?

14x10% 4

1.0x107 4

20x17%

£,0x10%

LOx1d? T T T T T T T T T
a E Th| 50
Freecvency [Ha

—a— M1
—o— M3
—o— MG
5107 a— o
—— M2
=
i
g 4ot E
;
m
B 3 w4 % 1
‘}_‘:"\—uq—ch—._
Ere— —_—
Zm10* : . T T b
5000 7000 8100 =000 10000
Frecwency [Hz]

Fig. 15. Comparative evolutions of tgd in extremely low frequencies a) and at high frequencies b) of the composites with addition
of 5 % metallic powder
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Fig. 16. Comparative evolutions of tgd in extremely low frequencies a) and at high frequencies b) of the composites with addition
of 8 % metallic powder

the evolution of dielectric losses is almost the same as for
HDPE with 5 % metallic powder.

By comparative analysis of figures 14-16 one can see
that the highest tgd increases by the addition of Al 50 nm
powders and the smallest increases by addition of Al 800
nm - suggesting that the increase in the powder specific
surface area leads to increasing dielectric losses. The
electrical conductivity values, a, of the composites obtained
at different frequencies, both ELF range and high frequency
range are presented in table 5.

Analyzing the values in table 5 it is found that in the ELF
range (below 1 kHz) the electrical conductivity of the
samples increases approximately linearly with the
frequency (within the experimental errors limit).

The smallest growth slope, k, (kM1 approximately 1.6 x
102 S/m/Hz) is recorded at the blank sample, pure HDPE
and the highest slope at composite with 8 % Al 50 nm

(kM7 about 2.6 x 10%? S/m/Hz), the hierarchy being kM1
<kM2 <kM3 <kM4 <kM8 <kM11 = kM9 <kM5 <kM10
<kM12 <kM13 <kM6 <M7.

It is also found that both at the aluminum powder and
the iron powder, a smaller granulation leads to an increase
in conductivity.

In the high frequencies range (greater than 5 kHz) the
evolutions of o are almost linear, but with k’ slopes higher
for the blank sample (k'M1 of about 1.8 x 102 S/m/Hz -
minimum value) and lower for samples with metallic filler
(2.26 x 102 S/m/Hz - maximum value) at the composite
with 8 % Fe 50 nm - the hierarchy being: k'M1 <k’'M8 <k’'M2
<k’M3 <k’'M9 <k’M4 = k'M10 <k’M11 <k’M5 <k’M6
<k'M7 <k’'M12 <k'M13.

This behavior of slopes k’<k in the case of HDPE
composites with metal powder filler, can be due to the
film effect and the high frequency currents tendency to

Table 5
ELECTRICAL CONDUCTIVITY VALUES, o, OF THE COMPOSITES OBTAINED AT DIFFERENT FREQUENCIES

Sample/ code Elecirical conductivity x 107 [5/m]
powder 5Hz S0Hz 350H=z 1kHz | akHz 10kHz S0kHz | 100kH=z
pure HDPE % 0.0e 0183 0803 1.8l i 933 Bal 180
al 3% MDA 0.0345 0.1%7 1.08 2.12 1148 127 101 203
j[a m 3% | Wb 00406 0237 124 248 121 148 110 215
| BT 0.0420 0326 1.30 T.ol 1235 123 117 21
al 3% M2 0.0249 0.153 0831 1.72 903 10.1 908 185
SDI]nm Fal| L3 00283 0.167 1.04 1.91 a1 111 103 JE
8% M4 | 00314 0182 1.06 1.97 972 114 106 198
Fe 3% MIT | 00254 0185 1.10 211 11.7 123 99 F 201
50 om 3% M12 | 0.0300 0.1%6 1.13 222 12.1 129 103 222
e MI3 | 00330 0251 1.14 2.28 1232 134 104 235
Fe 3% | MR 0.0323 0.17% 1.03 2.09 113 125 978 183
790 om 3% | MO 00529 0183 1.08 211 114 15.1 a7 187
8% [ MI10 0.033% 0191 1.08 219 11.7 13.2 101 198

MATERIALE PLASTICE ¢ 56¢ No. 1 ¢ 2019

http://www.revmaterial eplastice.ro 107



circulate on the surface and not in the conductor volume,
which leads to a corresponding increase of the metal
resistivity and the current frequency increase.

The increases in tgd and o of the composites
investigated as compared to pure HDPE, clearly indicate
that, the HDPE composites with metal powder achieved,
have better electromagnetic shielding capability.

Taking into accountthe tgd and o frequency evolutions,
it results that the composites obtained have a higher
coefficient of attenuation in the extremely low frequencies
range with many adverse effects on human health [50]).

Conclusions

For use in various applications such as semiconductor
polymeric layers and / or electromagnetic shielding, the
composites based HDPE nanostructured powder filler of
alumina and iron have been characterized by comparative
determinations of dielectric spectroscopy and SEM
microscopy. SEM images have indicated that the powders
used (especially those of 50 nm) exhibit multiple
agglomerations that are persistent, since they do not
disintegrate during extrusion and injection processing.

Thermal analysis determinations have indicated that the
HDPE used for the composite obtained can be processed
(by extrusion and / or injection) without the risk of
degradation by thermooxidation at temperatures between
149.11°C (end of the melting process) and 230.15°C (the
beginning of the first thermooxidation process).
Determinations by dielectric spectroscopy have
demonstrated that the composite HDPE materials with
metallic nanopowders filler have dielectric losses higher
than pure HDPE (reference). The highest increases in tgd,
up to 2.6 times, were recorded for 50 nm nanopowders
with a large specific surface area (over 20 m?/g).

For the investigated samples the electrical conductivity
increases (both in pure HDPE and in HDPE with metallic
powder filler) at increasing frequency. As a result of the
film effect, in the case of HDPE with metal filler, increases
in the high frequency range are lower than in the extreme
low frequency range.
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