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Polymer composites of polyvinyl chloride, PVC, were loaded up with micro and nano
PbO/CuO particles. The added percentage of each by mass was 10 wt.%, 20 wt.%, 30 wt.%,
and 40 wt.%, plus 40 wt.% of mixed composite (20 wt.% CuO + 20 wt.% PbO). The mass
and linear attenuation coefficients of the investigated composites were measured as a function
of gamma-ray energies going from 59.53 keV to 1408.01 keV utilizing standard radioactive
point sources. To confirm the validity of these results the attenuation coefficients for bulk
composites (PVC + PbO and PVC + CuO) were calculated by using the XCOM software.
The results were in good agreement with the values obtained from the experimental work. By
comparing the attenuation coefficients of the different composites it was found that those
loaded with either nano PbO or CuO have higher values than those loaded with bulk sizes
with the same percentage. Also, samples loaded with nano PbO have the highest attenuation
coefficients even by comparing them with (20 wt.% CuO + 20 wt.% PbO), especially in the
energy region below 1 MeV, but for greater energies, the values become very closed. The inves-
tigation of the mechanical properties of such composites due to the injection of bulk and nano
metals reveals that tensile strength and Young's modulus of PVC nanocomposite sheets were
notably increased with the increasing concentration of CuO and PbO nanoparticles. The
CuO nanocomposite showed the highest values of flexural strength, toughness, and tensile

strength among all the fabricated nanocomposite sheets.

Key words: polyvinyl chloride, nano lead oxide, nano copper oxide, characterization,
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mechanical property

INTRODUCTION

The use of radiation in many fields of our daily
life has become a fact that people cannot avoid [1, 2]. It
is very important and interesting to study new materi-
als to protect people against radiation and to minimize
the pollutants in our environment [3]. Currently, the
considering of attenuation of gamma-beams by poly-
mer composites has become an interesting field of re-
search [4]. This is because of the broad utilization of
radioactive gamma sources in medication, farming,
industry, logical research, and in many applied fields
[5]. Gamma-beams present a hazard to living organ-
isms which depends on gamma energy and time. In
turn, this leads to consideration of new protective ma-
terials that depend on the use of radiation [6].

* Corresponding author; e-mail: mahmoud.alabsy@yahoo.com

Consequently, a helpful material as a shield is al-
ways critical to saving lives and different materials due
to the hazardous effect of these poisonous radiations be-
ing emitted from unprotected radioactive sources. The
main task of this shield is to reduce the dangerous dose
by interfacing the source of radiation as well as the di-
minishing intensity of radiation [7]. Large atomic num-
ber compounds, for instance, Pb blocks, concrete mixed
with metals are ordinarily used for that aim [5]. Other
metal-based protecting materials for example steel [8],
tungsten [9], bismuth [10], and copper [11] so forward
(have so far been) used as protecting materials. In any
case, Pb is exceptional among all these materials due to
its great density, low cost, and high atomic weight.
However, Pb shows various essential drawbacks that
limit its applications and usage, for example: high
heaviness, high toxicity, inflexibility, and low chemical
stability. To overcome these limitations, polymer com-
posites were widely investigated as alternative radia-
tion-protecting materials.
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Polymers have very low mechanical characteris-
tics but are useful because of their flexibility in appli-
cations requiring such a property. They are usually de-
formed at high strain under loading [12]. During the
past years, the major development in polymer science
has been enriched by our knowledge of the relation-
ship between the structure of the polymers and their
properties. Polymers are ideal materials for many in-
dustrial applications because they have desirable
properties such as durability, transparency, flexibility,
low cost of synthesis, and fabrication of electric and
thermal resistance. Mechanical properties such as
stiffness, the tensile strength of polymers play a deci-
sive role in industrial applications like extruding oper-
ators, implantation of biochemical sensors, and
waveguiding layers [12, 13].

MATERIALS AND METHODS

This part explains the preparation steps of both
nano PbO and nano CuO plus the composite sheets
used in this work.

Preparation of PbO nanoparticles

PbO nanoparticles were synthesized chemically

according to the following steps [4]:

— Adding 150 ml of distilled water to 114 g of NaOH
then mixed.

— Adding 180 ml of distilled water with 68.1 g of
lead acetate and warm at 90 °C in an oven.

—  Mix the previous NaOH solution with a lead
acetate solution until the red color is obtained.

— Filtrate the precipitate and dry it at 100 °C
for 8 hours.

—  The dried precipitate has been lightly pounded by
an agate pestle (the Mortar Grinder RM 200) and
mortar to obtain a yellow precipitate.

Preparation of CuO nanoparticles

CuO nanoparticles were synthesized chemically
[14] according to the following steps:
— Adding 15 g ascorbic acid, 2 g CuSO4 to 100,
50 ml hot water, respectively.
— Then mix them for about 3 minutes and put in an
oven at 80 °C for 12 hours.
— The resulting product was removed and lightly
pounded by an agate pestle (the Mortar Grinder
RM 200) and mortar to obtain a black precipitate.

Synthesis of polyvinyl chloride composites

Polyvinyl chloride (PVC) is a generally utilized
plastic material that is one of the most valuable items

for the substance business. In over half of the indus-

trial facility PVC is utilized in development as a

development material since it is modest and simple to

introduce. Lately, PVC has supplanted numerous de-
velopment materials in numerous zones despite wor-
ries about the effect of PVC on the Earth and human

wellbeing [1].

The PVC loaded with 10 wt.%, 20 wt.%, 30
wt.%, and 40 wt.% filler (PbO, CuO) either bulk or
nano by weight was fabricated using a pressure form-
ing system. It was prepared according to the following
steps:

— Preparing the different mixtures from the PVC
powder and filler.

—  The mixture as a powder was placed slowly in the
pressure forming system to be compressed by two
roll mixers at 180 °C for 10 minutes at a speed of
40 rpm to produce a homogeneous soft sample.

— Then the soft sample was poured into a stainless
steel mold with dimensions 40 cm * 40 cm and
0.3 cm thickness.

— Using a laser beam the sheet was cut into discs
with a diameter of 8.4 cm for studying the attenua-
tion of gamma rays.

Structural characterization

A SEM (JSM- 6010LV, JEOL), was employed to
observe the micrographs and the cross-section
morphologies of the prepared PVC composites filled with
micro and nano PbO/CuO particles. To prepare the sam-
ples for SEM observation, the samples were coated with
an ultrathin gold coating using a low-vacuum sputtering
coating device (JEOL-JFC- 1100E). The SEM micro-
graphs were obtained at a magnification order of 10000 at
20 kV. Moreover, the distribution of the PbO and CuO
nanoparticles in the PVC matrix was also analyzed by em-
ploying the field emission transmission electron micro-
scope, FE-TEM, (JEM 2100F, JEOL, Japan) at 200 kV.

Mechanical instrumentation

Tensile tests are utilized to measure the stiffness,
ultimate tensile strength, percentage of elongation at
break, yield stress, and other tensile properties by us-
ing the DVT FU/ DLC Tensile/ Compression test de-
vice (50 kN). The tensile tests are performed to indi-
cate how the prepared composites will react to forces
being applied in tension [15]. The shape of the tensile
test specimen is depicted in fig. 1. The test pieces to be
used should be 3 mm thick. Generally, the test piece
has gripped ends that are wider than the parallel
length. The parallel length, L, has to be connected to
the ends using transition curves with a radius of at least
20 mm and free length between the grips for paral-
lel-sided test piece 140 mm [15].
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Figure 1. Test specimens shape [15]

Gamma-ray spectroscopy set-up

Five standard radioactive point sources >*' Am,
133Ba, 137Cs, Co, and 'S?Eu, purchased from
Physikalisch-Technische Bundesanstalt PTB in
Braunschweig and Berlin, emitting energies in an in-
terval from 59.53 keV to 1408.01 keV were used in
the gamma-radiation measurements. The experimen-
tal measurements were carried out using a
gamma-ray spectrometer which consists of an
(HPGe) hyper pure germanium cylindrical detector
well-calibrated from Canberra (Model GC1520),
multichannel analyzer, and amplifier (MCA). The
relative efficiency of the HPGe detectoris 15 % in en-
ergy going from 50 keV to 10 MeV with a resolution
of 1.85 keV at 1.33 MeV gamma-ray peak °°Co [16].
The HPGe detector placed in a Pb shield of 15 cm
thickness and a copper lining on the inside to dimin-
ish the background radiations and minimize the
X-ray interferences. The experimental arrangement
for the gamma measurement system is displayed in
fig. 2. The gamma radioactive source was placed at a
height of 508.67 mmto get a narrow beam and to min-
imize the errors due to the dead time and summing ef-
fects [17]. The gamma spectra for all measurements
were collected for sufficient period of time, accord-
ing to the sample thickness, so that the statistical error
would be less than 1 %. The Genie 2000 program was
used to analyze the obtained spectra. The net areas
under each peak in the spectrum as a function of en-
ergy and thickness were tabulated in an Excel sheet
[18].

Lead shield

Radiation source -} —
Holder
Sample
HPGe detector ——

oV

High voltage power |

Multichannel analyzer

Figure 2. Experimental arrangement for gamma
measurement

RESULTS AND DISCUSSION
Structural analysis

Scanning electron microscopy

The SEM micrographs of pure PVC and PVC
composites filled with 40 wt.% micro CuO, 40 wt.%
nano CuO, 40 wt.% micro PbO, and 40 wt.% nano
PbO are displayed in fig. 3. Figure 3 demonstrates that
there is a clear variation between the morphology of
pure PVC, fig. 3(a), and CuO/PVC and PbO/PVC
composites, figs. 3(b)-3(e). From fig. 3, the SEM mi-
crographs of micro- and nano- CuO/PVC and
PbO/PVC composites at 40 wt.% are compared. It is
clear that, in the case of nanocomposites, the
nanoparticles are dispersed uniformly and well em-
bedded in the PVC matrix which provides an inter-
locking structure for shielding. However, in the case of
micro composites, bulky particles are not well covered
with the PVC matrix and some of them are peeled off
from the matrix which acts as voids for shielding.

Field-emission transmission
electron microscopy

Field-emission transmission electron microscopy
(FE-TEM) micrographs of the PVC composites filled
with 20 wt.% nano PbO and 20 wt.% nano CuO are
shown in figs. 4(a) and 4(b) respectively. Figure 4(a),
shows that PbO nanoparticles have a spherical shape
with a particle size around 30 nm. In addition, fig. 4(b)
shows the presence of CuO nanoparticles with an aver-
age particle size of around 15 nm.

Mechanical properties

The reason for adding inorganic particles into
polymers is to improve their mechanical properties via
reinforcement mechanisms as described in the litera-
ture [12, 13]. The stress-strain relationship in poly-
mers is considered as complex dependencies and is
nonlinear in nature [19]. The typical stress-strain
curves of pure PVC, micro composites, and
nanocomposites with a different particle content mea-
sured at room temperature and constant loading rate
(3 mm per min) are displayed in fig. 5. Stiffness (deter-
mined from the slope of the linear part of the
stress-strain curve up to the elastic point), the ultimate
tensile strength, the yield stress, and % elongation at
break are the most important tensile mechanical prop-
erties which are obtained from the test for reinforced
and unreinforced polymeric materials. These tensile
characteristics have been determined from the
stress-strain curve and are summarized in tab. 1.

The typical stress-strain curves of the pure PVC
and PbO/PVC micro composites at different filler load-
ings are illustrated in fig. 5(a). It can be noted that in-
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Figure 3. The SEM micrographs of (a) pure PVC,
(b) 40 wt.% micro CuO /PVC, (c) 40 wt.% nano
CuO /PVC, (d) 40 wt.% micro PbO /PVC, and
(e) 40 wt.% nano PbO /PVC composites

Figure 4. The FE-TEM micrographs of (a) 20 wt.% nano
PbO /PVC, and (b) 20 wt.% nano CuO /PVC
composites

creasing the wt.% of PbO decreases the strain while in-
creasing the ultimate tensile strength. The curves in fig.
5(b) showed that CuO/PVC micro composites improve-
ment the stress-strain curves compared with PbO/PVC
micro composites at the same wt.%. Figure 5(c) includes
data of stress-strain curves of mixed (PbO + CuO)/PCV
micro composites, showing the values between those of
PbO/ PVC and CuO/PVC micro composites.

It is obvious from the previous data that the 40
wt.% in each figure showed better values in mechani-
cal properties than the other wt.%, therefore, fig. 5(d)
is introduced to show the comparison between their
nanocomposites. From the figure, it can be seen that 40
wt.% CuO/PVC nanocomposites give the best values
of mechanical properties. Also, in fig. 5, the stiffness
of the composite is evaluated from the straight-line
portion, whereas the other parameters like tensile
strength, % elongation at break, or ultimate tensile
strength, which are nonlinear mechanical properties,
are evaluated at high strain [20].

Figure 6 displays the variation of yield stress, ulti-
mate tensile strength, percent elongation at break, and
stiffness of the examined composites as a function of re-
inforcing particle concentration. It is observed from the
tab. 1 and fig. 6 that pure PVC has a higher percent elon-
gation than the other composites filled with either micro
or nanoparticles while by increasing the filler wt.%
there is an increase in the values of the stiffness, ulti-
mate tensile strength, and yield stress of the composites
compared to the pure PVC and this is considered as an
improvement in the mechanical properties of PVC. For
PVC composites filled with PbO micro-particles, it was
found that by increasing the filler wt.% there is an in-
crease in the values of the stiffness, ultimate tensile
strength, and yield stress of the composites compared to
pure PVC. The data obtained in the tab. 1 about PVC
composites filled with CuO micro particles showed that
there was an improvement in the mechanical properties
of micro CuO/PVC composites than micro PbO/PVC
composites at the same wt.%. Furthermore, the mixed
micro (PbO + CuO) /PVC composites have the values
of mechanical properties that lie between micro
PbO/PVC composites and micro CuO/ PVC compos-
ites. Also, the composite of 40 wt.% micro filler content
has the highest tensile strength.
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Figure 5. Typical tensile stress-strain curves of pure PVC and (a) micro PbO/PVC, (b) micro CuO /PVC,
(¢) micro (PbO + CuO)/ PVC, and (d) nano (PbO + CuO)/ PVC composites at different wt.%

Table 1. Mechanical properties of PbO/PVC and CuO/PVC composites

Filler [wt.%] Yield stress (N) Ulsttirrgsghteél\?;le Stiffness (N) | Elongation at beak [%]
Pure PVC 188.72 £ 0.4 20047 £0.2 12.86 £0.12 4296+ 1
10 wt.% Micro PbO 207.52+0.5 219.48 £ 0.3 14.01 £0.22 1437+3
20 wt.% Micro PbO 243.70 + 0.1 269.12 £ 0.4 17.73 £0.15 13.40+4
30 wt.% Micro PbO 280.83 + 0.4 314.01 £ 0.4 21.65 +0.33 12.84 +£2
40 wt.% Micro PbO 332.52+0.3 348.33 £ 0.1 25.02+£0.24 11.16£3
10 wt.% Micro CuO 300.99 + 0.2 310.20+0.5 18.59 £ 0.31 1535+2
20 wt.% Micro CuO 317.56+£0.3 330.45+0.2 20.77 £ 0.44 14.61 £1
30 wt.% Micro CuO 324.53 +0.1 350.44+0.2 24.65 +0.28 13331
40 wt.% Micro CuO 366.73 £ 0.4 370.73 £ 0.1 28.18 £ 0.51 12.14+3
5 wt.% Micro CuO + 5 wt.% Micro PbO 227.98+0.5 259.46 £ 0.3 16.90 + 0.21 15.18+2
10 wt.% Micro CuO +10 wt.% Micro PbO 280.63 + 0.3 280.64 £ 0.4 19.21 £0.32 1435+ 1
15 wt.% Micro CuO +15 wt.% Micro PbO 300.58 + 0.1 323.50 £ 0.1 22.65 +£0.42 13.29+2
20 wt.% Micro CuO +20 wt.% Micro PbO 357.92+0.2 362.96 + 0.5 26.51 £0.24 11.93+£3
40 wt.% Nano PbO 32798 +0.3 35246 +0.2 26.84 +0.18 11.80 £2
20 wt.% Nano CuO +20 wt.% Nano PbO 350.76 £ 0.2 371.64+0.3 27.94£0.27 12.35+2
40 wt.% Nano CuO 400.58 + 0.4 405.50+0.3 31.03+£0.11 13.29+3
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Figure 6. Effect of micro fillers on (a) yield stress, (b) ultimate tensile strength, (c) elongation at break in %,

and (d) stiffness of PVC composites

Moreover, it is obvious from the tab. 1 that, the
composites loaded with nanofillers show higher me-
chanical properties than composites loaded with bulk
fillers for the same wt.%. This is attributed to the ho-
mogeneous dispersion of nanoparticles in the PVC
matrix. Thus, at the same particle loading percent, the
nanoparticle filler is more efficient than the bulk filler
in strengthening the polymer matrix which addition-
ally improves the mechanical properties, in other
words, smaller particles give better reinforcement.
Also, the composite of 40 wt.% filler content showed
the highest tensile strength for both nanocomposites
and micro composites which represents the optimal
filler content.

Gamma-ray shielding properties
of PVC composites

From spectral measurements, it was easy to
graph the values of the peak areas per unit time vs. the
thickness x of the composite either free or loaded with
the nanoparticle PbO, CuO, or the mixture PbO +

CuO. According to the well-known formula of the
Beer-Lambert law [21], the linear attenuation coeffi-
cient 4 [em™!] at a particular gamma energy for each
composite material was calculated by eq. (1) [22]

1, [N,
“‘x‘“{zvj (1)

where N, is the net area at zero absorber thickness and
N —the net area at absorber thickness x. The density of
each sample was measured experimentally using the
Archimedes principle [23] and is listed in tab. 2. Sim-
ply by using the values of the measured densities the
mass attenuation coefficients for the investigated sam-
ples were calculated [24]. To confirm the validity of
these values it was important to use the XCOM soft-
ware to calculate their mass attenuation coefficients
theoretically.

Table 2 clarifies both experimentally and theo-
retically calculated values of linear attenuation coeffi-
cients, where the theoretical values of linear attenua-
tion coefficients were obtained by calculating the mass
attenuation coefficient from the XCOM program and
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Table 2. The values of the linear attenuation coefficient [cm™] and density [gmcm‘3] for 40 wt.% CuO, 40 wt.% PbO, and
mix (20 wt.% PbO + 20 wt.% CuO) micro and nano particles

I[)ge;‘;f%]y 2.199 + 0.067 2.315+0.073 2241+ 0.018 2.323 +0.045|2.493 + 0.013 [2.353 + 0.011
Linear attenuation coefficient [cm ']
Micro particles Nano particles

Energy | 40 wt9% Cu0 [XCOM| 40 wt.% Pb0 | XCOM | 20 WVE7 PPO |5 01140 wt.% CuO | 40 wi.% PbO %gcv)vizfi

[keV] wt.% Cu wt.% 20 wt.% CuO wt.% Cu wt.% D
59.530 1.714 1.800 4.819 4.910 2.861 2.970 2.642 5.722 3.983
80.990 0.904 0.920 2219 2.270 1376 1.420 1.293 2.873 1.984
121.000 1.107 1.130 3.276 3.390 1.709 1.760 1.338 4.025 2.557
244.000 0.385 0.300 0.721 0.740 0.457 0.460 0.411 0.801 0.577
343.000 0.261 0.256 0.417 0.430 0.299 0.300 0312 0.533 0.397
356.000 0.252 0.250 0.410 0.412 0.286 0.290 0.308 0.502 0.386
661.000 0.179 0.180 0.218 0.220 0.183 0.180 0.209 0.342 0.263
776.000 0.169 0.170 0.191 0.190 0.161 0.160 0.198 0213 0.196
960.000 0.142 0.150 0.166 0.170 0.147 0.140 0.164 0.196 0.171
1172.000 0.129 0.140 0.151 0.150 0.131 0.130 0.152 0.174 0.155
1332.000 0.119 0.130 0.137 0.140 0.123 0.120 0.137 0.146 0.134
1402.000 0.117 0.130 0.136 0.130 0.119 0.120 0.129 0.140 0.127

then multiplying by the density of the composite. It is
well known that for any attenuator the values of the at-
tenuation coefficients drop gradually with the increase
in the photon's energy except in the region of the
K-edge at low photon's energy where there is a sharp
increase in the attenuation coefficients and then drops
again where the predominant interaction in this region
is the photoelectric effect. Anyhow, these facts illus-
trate the values of attenuation coefficients mentioned
in tab. 2 for all the tested samples.

The variation of linear attenuation coefficients
as a function of the photon's energy for micro
PbO/PVC, micro CuO/PVC, and micro (PbO+CuO)/
PVC composites are shown in fig. 7. The linear attenu-
ation coefficients depend on the kind of interactions
between the attenuated photons and constituents of the
absorber at specific energy assumes a significant task
to determine what probability will take place (photo-
electric effect or Compton scattering effect, first at that
point followed by a photoelectric impact) [25]. For en-
ergy less than 200 keV the most probable interactions
of photons are the photoelectric effect but for photons
greater than 200 keV this probability will drop strik-
ingly with energy and the dominant interactions will
be the Compton effect. In this effect in order for the
photon to deposit all its energy, it must undergo nu-
merous scattering processes that its energy diminishes
to lower than 200 keV where the probability of being
absorbed by the photoelectric effect is high, generally,
the photon will be removed from the beam [5]. There is
an important role in the interaction of photons inside
the composite is the effect of the K-edge where the Cu
has a K-edge at 8.9 keV [26] and that for Pb at 88 keV
[27].

Figure 8 displays the Linear attenuation coeffi-
cient as a function of photon energy for 40 wt.% nano
CuO/PVC, 40 wt.% nano PbO/PVC, and (20 wt.%

nano CuO + 20 wt.% nano PbO)/PVC composites
compared with pure PbO and pure Pb. The examining
of fig. 8 clarifies that composites loaded with nano
lead oxide have the predominant effect on the attenua-
tion of photons rather than those loaded with nano
copper oxide especially in the energy region below 1
MeV but for higher energies, the values become
closer. An important observation must be mentioned
here that the majority of photons in this energy region
will interact with the absorbing medium through
Compton scattering where the photon will suffer mul-
tiple scattering to reach the region of low energy to be
absorbed by the photoelectric effect or otherwise will
escape from the sides of the detector. These processes
are dependent on the atomic number of the absorbing
medium and the energy of the photons [28]. On the an-
other hand, to minimize the use of lead as an absorber
one can replace this with composites loaded with a
mixture of nano CuO and nano PbO to protect workers
from the hazards of the energetic photons, besides it
helps to minimize lead contaminants in the environ-
ment. The reliability in these experimental measure-
ments could be realized from their good agreement
with those determined by utilizing the XCOM pro-
gram for the same composites loaded with the same
percentage of nano oxides.

The half-value layer (HVL) is one of the impor-
tant shielding parameters besides the attenuation coef-
ficient, so the work is extended to calculate the HVL
values for the different samples according to the sim-
ple eq. [29].

HVL = 0693 2)
u

The calculated HVL values of PbO/PVC com-
posites have been compared with that of CuO/PVC
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- use of lead as an absorber one can replace this with
composites loaded with a mixture of nano CuO and
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Figure 7. Linear attenuation coefficient as a function of
photon energy for (a) micro PbO/PVC, (b) micro
CuO/PVC, and (¢) micro (PbO+CuO)/ PVC composites
at different wt.%

composites and depicted in fig. 9(a) and fig. 9(b), re-
spectively, with the same variation of percentage by
weight to assess their shielding ability. The results of
the HVL values of PbO/PVC and CuO/PVC compos-
ites needed to decrease the transmitted intensity to half
of its original intensity show that as the energy in-
crease the HVL values will also increase.

Figure 9(c) presents the HVL values as a function
of photon energy for 40 wt.% nano CuO/PVC, 40 wt.%

energetic photons, besides it helps to minimize lead
contaminants in the environment.
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Jexna M. ABAC, Axmen M. EJI-KATUB, Moxamen C. BAITABU,
Maxmyn T. ATABCH, Ocama M. XATAT

IF'AMA CJIAB/BEILE KPO3 HAHO-0J10BO - HAHO-BAKAPHE IIBII KOMIIO3UTE

ITornMapHu KOMITO3UTH MONMBUHUIXIOPU/A HCIYHCHU Cy MEKPO U HaHO YecTtuiiama PbO/CuO.
IopaTtn mpomeHaT cBakor MaceHor yaena 6mo je 10 wt.%, 20 wt.%, 30wt.%, u 40 wt.%, y3 40 wt.%
MemoBuTor kommnosura (20 % CuO + 20 % PbO). KoedunumjeHTn MaceHOT U IHHEAPHOT ClIabiberbha
UCTIUTUBAHMUX KOMIIO3UTA U3MEPEHU Cy Y (PYHKIUjU eHepruje rama 3padewma y pacnony of 59,53 keV no
1408,01 keV, kopucrehn crangapgHe paguoakTUBHEe Taukacte u3Bope. Ja Ou ce MOTBpAMIa BAIUTHOCT
OBHX pe3yJiTaTa, KoeuIujeHTH cnabibema 3a pacyte no 3anpemuuan kommnosure (PVC + PbO + PVC +
CuO) m3pauynatu cy nomohy coprepa XCOM. Pesynratu cy ce moGpo ciiaraim ca BpeJHOCTAMA
NOoOWjeHnM eKCIepHMEHTATHUM pajioM. YnopebuBameMm koeduiujeHaTa cinablbema pa3iuIuTHX
KOMITO3UTa YTBPhHEHO je ma OHM KOju Cy HCIymeHHM min ca HaHo PbO mmm ca mano CuO mmajy Behe
BPEJHOCTH Off OHMX PACYTHX IO 3aIIPEMHUHY ca HCTHM IponieHToM. Takobe, y3opuu ucnymeHu ca HaHo PbO
nMajy HajBuIe KoeduIujeHTe cnabbema 9ak u ynopebmBamem ca (20 wt.% CuO + 20 wt.% PbO),
noceGHO y eHepreTckoM peruony ucrnop 1 MeV; mebyTum 3a Behe eHepruje BpeIHOCTH IOCTajy BPIIO
6nucke. McnuTuBame MEXaHMUKUX CBOjCTBA TAaKBUX KOMIIO3MTA ycief] yOpusraBama IO 3allPEeMUHU, U
HaHO MeTaja, OTKpuBa fia cy uBpcToha Ha ucre3ame u JaHros mopyn PVC HaHOKOMIIO3UTHHX JICTOBA
3HaTHO noBehanu ca nopacrom koHueHTpanuje HaHouyectuna CuO u PbO. Hanokomnosur CuO nokasao je
HajBehe BpetHOCTH UBpcTOhe Ha caBHjam-e, SKIIIaBOCTHU 1 YBpcTohe Ha cTe3ame Mehy cBM Ipon3BeieHuM
HAaHOKOMIIO3UTHHUM IUIOYaMa.

Kmwyune peuu: i0AU8UHUA XA0PUO, HAHO 0A0BHU OKCUO, HAHO 6aKapHu oKcuo, Kapaxitepusayuja,
HaHo on060-6axap-PVC xomito3uill, 2ama 3paverse, Koeguyujeriti caabmwersa,
MEXaHU4Ka ceojcitiea



