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Poly mer com pos ites of poly vi nyl chlo ride, PVC, were loaded up with mi cro and nano
PbO/CuO par ti cles. The added per cent age of each by mass was 10 wt.%, 20 wt.%, 30 wt.%,
and 40 wt.%, plus 40 wt.% of mixed com pos ite (20 wt.% CuO + 20 wt.% PbO). The mass
and lin ear at ten u a tion co ef fi cients of the in ves ti gated com pos ites were mea sured as a func tion
of gamma-ray en er gies go ing from 59.53 keV to 1408.01 keV uti liz ing stan dard ra dio ac tive
point sources. To con firm the va lid ity of these re sults the at ten u a tion co ef fi cients for bulk
com pos ites (PVC + PbO and PVC + CuO) were cal cu lated by us ing the XCOM soft ware.
The re sults were in good agree ment with the val ues ob tained from the ex per i men tal work. By
com par ing the at ten u a tion co ef fi cients of the dif fer ent com pos ites it was found that those
loaded with ei ther nano PbO or CuO have higher val ues than those loaded with bulk sizes
with the same per cent age. Also, sam ples loaded with nano PbO have the high est at ten u a tion
co ef fi cients even by com par ing them with (20 wt.% CuO + 20 wt.% PbO), es pe cially in the
en ergy re gion be low 1 MeV, but for greater en er gies, the val ues be come very closed. The in ves -
ti ga tion of the me chan i cal prop er ties of such com pos ites due to the in jec tion of bulk and nano
met als re veals that ten sile strength and Young's modulus of PVC nanocomposite sheets were
no ta bly in creased with the in creas ing con cen tra tion of CuO and PbO nanoparticles. The
CuO nanocomposite showed the high est val ues of flex ural strength, tough ness, and ten sile
strength among all the fab ri cated nanocomposite sheets.
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nano lead-cop per-PVC com pos ite, gamma-ray, at ten u a tion co ef fi cient,
me chan i cal prop erty

IN TRO DUC TION

The use of ra di a tion in many fields of our daily
life has be come a fact that peo ple can not avoid [1, 2]. It 
is very im por tant and in ter est ing to study new ma te ri -
als to pro tect peo ple against ra di a tion and to min i mize
the pol lut ants in our en vi ron ment [3]. Cur rently, the
con sid er ing of at ten u a tion of gamma-beams by poly -
mer com pos ites has be come an in ter est ing field of re -
search [4]. This is be cause of the broad uti li za tion of
ra dio ac tive gamma sources in med i ca tion, farm ing,
in dus try, log i cal re search, and in many ap plied fields
[5]. Gamma-beams pres ent a haz ard to liv ing or gan -
isms which de pends on gamma en ergy and time. In
turn, this leads to con sid er ation of new pro tec tive ma -
te ri als that de pend on the use of ra di a tion [6].

Con se quently, a help ful ma te rial as a shield is al -
ways crit i cal to sav ing lives and dif fer ent ma te ri als due
to the haz ard ous ef fect of these poi son ous ra di a tions be -
ing emit ted from un pro tected ra dio ac tive sources. The
main task of this shield is to re duce the dan ger ous dose
by in ter fac ing the source of ra di a tion as well as the di -
min ish ing in ten sity of ra di a tion [7]. Large atomic num -
ber com pounds, for in stance, Pb blocks, con crete mixed 
with met als are or di narily used for that aim [5]. Other
metal-based pro tect ing ma te ri als for ex am ple steel [8],
tung sten [9], bis muth [10], and cop per [11] so for ward
(have so far been) used as pro tect ing ma te ri als. In any
case, Pb is ex cep tional among all these ma te ri als due to
its great den sity, low cost, and high atomic weight.
How ever, Pb shows var i ous es sen tial draw backs that
limit its ap pli ca tions and us age, for ex am ple: high
heavi ness, high tox ic ity, in flex i bil ity, and low chem i cal
sta bil ity. To over come these lim i ta tions, poly mer com -
pos ites were widely in ves ti gated as al ter na tive ra di a -
tion-pro tect ing ma te ri als.
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Poly mers have very low me chan i cal char ac ter is -
tics but are use ful be cause of their flex i bil ity in ap pli -
ca tions re quir ing such a prop erty. They are usu ally de -
formed at high strain un der load ing [12]. Dur ing the
past years, the ma jor de vel op ment in poly mer sci ence
has been en riched by our knowl edge of the re la tion -
ship be tween the struc ture of the poly mers and their
prop er ties. Poly mers are ideal ma te ri als for many in -
dus trial ap pli ca tions be cause they have de sir able
prop er ties such as du ra bil ity, trans par ency, flex i bil ity,
low cost of syn the sis, and fab ri ca tion of elec tric and
ther mal re sis tance. Me chan i cal prop er ties such as
stiff ness, the ten sile strength of poly mers play a de ci -
sive role in in dus trial ap pli ca tions like ex trud ing op er -
a tors, im plan ta tion of bio chem i cal sen sors, and
waveguiding lay ers [12, 13].

MA TE RI ALS AND METH ODS

This part ex plains the prep a ra tion steps of both
nano PbO and nano CuO plus the com pos ite sheets
used in this work.

Prep a ra tion of PbO nanoparticles

PbO nanoparticles were syn the sized chem i cally 
ac cord ing to the fol low ing steps [4]:
– Add ing 150 ml of dis tilled wa ter to 114 g of NaOH 

then mixed.
– Add ing 180 ml of dis tilled wa ter with 68.1 g of

lead ac e tate and warm at 90 °C in an oven.
– Mix the pre vi ous NaOH so lu tion with a lead

ac e tate so lu tion un til the red color is ob tained.
– Fil trate the pre cip i tate and dry it at 100 °C

for 8 hours.
– The dried pre cip i tate has been lightly pounded by

an ag ate pes tle (the Mor tar Grinder RM 200) and
mor tar to ob tain a yel low pre cip i tate. 

Prep a ra tion of CuO nanoparticles

CuO nanoparticles were syn the sized chem i cally
[14] ac cord ing to the fol low ing steps:
– Add ing 15 g ascor bic acid, 2 g CuSO4 to 100,

50 ml hot wa ter, re spec tively.
– Then mix them for about 3 min utes and put in an

oven at 80 °C for 12 hours.
– The re sult ing prod uct was re moved and lightly

pounded by an ag ate pes tle (the Mor tar Grinder
RM 200) and mor tar to ob tain a black pre cip i tate.

Syn the sis of polyvinyl chloride com pos ites

Poly vi nyl chlo ride (PVC) is a gen er ally uti lized
plas tic ma te rial that is one of the most valu able items

for the sub stance busi ness. In over half of the in dus -
trial fa cil ity PVC is uti lized in de vel op ment as a
de vel op ment ma te rial since it is mod est and sim ple to
in tro duce. Lately, PVC has sup planted nu mer ous de -
vel op ment ma te ri als in nu mer ous zones de spite wor -
ries about the ef fect of PVC on the Earth and hu man
wellbeing [1].

The PVC loaded with 10 wt.%, 20 wt.%, 30
wt.%, and 40 wt.% filler (PbO, CuO) ei ther bulk or
nano by weight was fab ri cated us ing a pres sure form -
ing sys tem. It was pre pared ac cord ing to the fol low ing
steps:
– Pre par ing the dif fer ent mix tures from the PVC

pow der and filler.
– The mix ture as a pow der was placed slowly in the

pres sure form ing sys tem to be com pressed by two
roll mix ers at 180 °C for 10 min utes at a speed of
40 rpm to pro duce a ho mo ge neous soft sam ple. 

– Then the soft sam ple was poured into a stain less
steel mold with di men sions 40 cm × 40 cm and
0.3 cm thick ness.

– Us ing a la ser beam the sheet was cut into discs
with a di am e ter of 8.4 cm for study ing the at ten u a -
tion of gamma rays.

Struc tural char ac ter iza tion

A SEM (JSM- 6010LV, JEOL), was em ployed to
ob serve the mi cro graphs and the cross-sec tion
morphologies of the pre pared PVC com pos ites filled with
mi cro and nano PbO/CuO par ti cles. To pre pare the sam -
ples for SEM ob ser va tion, the sam ples were coated with
an ultrathin gold coat ing us ing a low-vac uum sput ter ing
coat ing de vice (JEOL-JFC- 1100E). The SEM mi cro -
graphs were ob tained at a mag ni fi ca tion or der of 10 000 at
20 kV. More over, the dis tri bu tion of the PbO and CuO
nanoparticles in the PVC ma trix was also an a lyzed by em -
ploy ing the field emis sion trans mis sion elec tron mi cro -
scope, FE-TEM, (JEM 2100F, JEOL, Ja pan) at 200 kV.

Me chan i cal in stru men ta tion

Ten sile tests are uti lized to mea sure the stiff ness,
ul ti mate ten sile strength, per cent age of elon ga tion at
break, yield stress, and other ten sile prop er ties by us -
ing the DVT FU/ DLC Ten sile/ Com pres sion test de -
vice (50 kN). The ten sile tests are per formed to in di -
cate how the pre pared com pos ites will re act to forces
be ing ap plied in ten sion [15]. The shape of the ten sile
test spec i men is de picted in fig. 1. The test pieces to be
used should be 3 mm thick. Gen er ally, the test piece
has gripped ends that are wider than the par al lel
length. The par al lel length, Lc, has to be con nected to
the ends us ing tran si tion curves with a ra dius of at least 
20 mm and free length be tween the grips for par al -
lel-sided test piece 140 mm [15].
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Gamma-ray spec tros copy set-up

Five stan dard ra dio ac tive point sources 241Am,
133Ba, 137Cs, 60Co, and 152Eu, pur chased from

Physikalisch-Technische Bundesanstalt PTB in

Braunschweig and Berlin, emit ting en er gies in an in -

ter val from 59.53 keV to 1408.01 keV were used in

the gamma-ra di a tion mea sure ments. The ex per i men -

tal mea sure ments were car ried out us ing a

gamma-ray spec trom e ter which con sists of an

(HPGe) hy per pure ger ma nium cy lin dri cal de tec tor

well-cal i brated from Can berra (Model GC1520),

mul ti chan nel an a lyzer, and am pli fier (MCA). The

rel a tive ef fi ciency of the HPGe de tec tor is 15 % in en -

ergy go ing from 50 keV to 10 MeV with a res o lu tion

of 1.85 keV at 1.33 MeV gamma-ray peak 60Co [16].

The HPGe de tec tor placed in a Pb shield of 15 cm

thick ness and a cop per lin ing on the in side to di min -

ish the back ground ra di a tions and min i mize the

X-ray in ter fer ences. The ex per i men tal ar range ment

for the gamma mea sure ment sys tem is dis played in

fig. 2. The gamma ra dio ac tive source was placed at a

height of 508.67 mm to get a nar row beam and to min -

i mize the er rors due to the dead time and sum ming ef -

fects [17]. The gamma spec tra for all mea sure ments

were col lected for suf fi cient pe riod of time, ac cord -

ing to the sam ple thick ness, so that the sta tis ti cal er ror 

would be less than 1 %. The Ge nie 2000 pro gram was

used to an a lyze the ob tained spec tra. The net ar eas

un der each peak in the spec trum as a func tion of en -

ergy and thick ness were tab u lated in an Ex cel sheet

[18].

RE SULTS AND DIS CUS SION

Struc tural anal y sis

Scan ning elec tron mi cros copy

The SEM mi cro graphs of pure PVC and PVC
com pos ites filled with 40 wt.% mi cro CuO, 40 wt.%
nano CuO, 40 wt.% mi cro PbO, and 40 wt.% nano
PbO are dis played in fig. 3. Fig ure 3 dem on strates that
there is a clear vari a tion be tween the mor phol ogy of
pure PVC, fig. 3(a), and CuO/PVC and PbO/PVC
com pos ites, figs. 3(b)-3(e). From fig. 3, the SEM mi -
cro graphs of mi cro- and nano- CuO/PVC and
PbO/PVC com pos ites at 40 wt.% are com pared. It is
clear that, in the case of nanocomposites, the
nanoparticles are dis persed uni formly and well em -
bed ded in the PVC ma trix which pro vides an in ter -
lock ing struc ture for shield ing. How ever, in the case of 
mi cro com pos ites, bulky par ti cles are not well cov ered 
with the PVC ma trix and some of them are peeled off
from the ma trix which acts as voids for shield ing.

Field-emis sion trans mis sion
elec tron mi cros copy

 Field-emis sion trans mis sion elec tron mi cros copy
(FE-TEM) mi cro graphs of the PVC com pos ites filled
with 20 wt.% nano PbO and 20 wt.% nano CuO are
shown in figs. 4(a) and 4(b) re spec tively. Fig ure 4(a),
shows that PbO nanoparticles have a spher i cal shape
with a par ti cle size around 30 nm. In ad di tion, fig. 4(b)
shows the pres ence of CuO nanoparticles with an av er -
age par ti cle size of around 15 nm.

Me chan i cal prop er ties

The rea son for add ing in or ganic par ti cles into
poly mers is to im prove their me chan i cal prop er ties via 
re in force ment mech a nisms as de scribed in the lit er a -
ture [12, 13]. The stress-strain re la tion ship in poly -
mers is con sid ered as com plex de pend en cies and is
non lin ear in na ture [19]. The typ i cal stress-strain
curves of pure PVC, mi cro com pos ites, and
nanocomposites with a dif fer ent par ti cle con tent mea -
sured  at  room tem per a ture and con stant load ing rate
(3 mm per min) are dis played in fig. 5. Stiff ness (de ter -
mined from the slope of the lin ear part of the
stress-strain curve up to the elas tic point), the ul ti mate
ten sile strength, the yield stress, and % elon ga tion at
break are the most im por tant ten sile me chan i cal prop -
er ties which are ob tained from the test for re in forced
and unreinforced poly meric ma te ri als. These ten sile
char ac ter is tics have been de ter mined from the
stress-strain curve and are sum ma rized in tab. 1.

The typ i cal stress-strain curves of the pure PVC
and PbO/PVC mi cro com pos ites at dif fer ent filler load -
ings are il lus trated in fig. 5(a). It can be noted that in -
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Fig ure 1. Test spec i mens shape [15]

Fig ure 2. Ex per i men tal ar range ment for gamma
mea sure ment



creas ing the wt.% of PbO de creases the strain while in -
creas ing the ul ti mate ten sile strength. The curves in fig.
5(b) showed that CuO/PVC mi cro com pos ites im prove -
ment the stress-strain curves com pared with PbO/PVC
mi cro com pos ites at the same wt.%. Fig ure 5(c) in cludes
data of stress-strain curves of mixed (PbO + CuO)/PCV
mi cro com pos ites, show ing the val ues be tween those of
PbO/ PVC and CuO/PVC mi cro com pos ites.

It is ob vi ous from the pre vi ous data that the 40
wt.% in each fig ure showed better val ues in me chan i -
cal prop er ties than the other wt.%, there fore, fig. 5(d)
is in tro duced to show the com par i son be tween their
nanocomposites. From the fig ure, it can be seen that 40 
wt.% CuO/PVC nanocomposites give the best val ues
of me chan i cal prop er ties. Also, in fig. 5, the stiff ness
of the com pos ite is eval u ated from the straight-line
por tion, whereas the other pa ram e ters like ten sile
strength, % elon ga tion at break, or ul ti mate ten sile
strength, which are non lin ear me chan i cal prop er ties,
are eval u ated at high strain [20].

Fig ure 6 dis plays the vari a tion of yield stress, ul ti -
mate ten sile strength, per cent elon ga tion at break, and
stiff ness of the ex am ined com pos ites as a func tion of re -
in forc ing par ti cle con cen tra tion. It is ob served from the
tab. 1 and fig. 6 that pure PVC has a higher per cent elon -
ga tion than the other com pos ites filled with ei ther mi cro 
or nanoparticles while by in creas ing the filler wt.%
there is an in crease in the val ues of the stiff ness, ul ti -
mate ten sile strength, and yield stress of the com pos ites
com pared to the pure PVC and this is con sid ered as an
im prove ment in the me chan i cal prop er ties of PVC. For
PVC com pos ites filled with PbO mi cro-par ti cles, it was
found that by in creas ing the filler wt.% there is an in -
crease in the val ues of the stiff ness, ul ti mate ten sile
strength, and yield stress of the com pos ites com pared to 
pure PVC. The data ob tained in the tab. 1 about PVC
com pos ites filled with CuO mi cro par ti cles showed that
there was an im prove ment in the me chan i cal prop er ties
of mi cro CuO/PVC com pos ites than mi cro PbO/PVC
com pos ites at the same wt.%. Fur ther more, the mixed
mi cro (PbO + CuO) /PVC com pos ites have the val ues
of me chan i cal prop er ties that lie be tween mi cro
PbO/PVC com pos ites and mi cro CuO/ PVC com pos -
ites. Also, the com pos ite of 40 wt.% mi cro filler con tent
has the high est ten sile strength.
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Fig ure 3. The SEM mi cro graphs of (a) pure PVC,
(b) 40 wt.% mi cro CuO /PVC, (c) 40 wt.% nano
CuO /PVC, (d) 40 wt.% mi cro PbO /PVC, and
(e) 40 wt.% nano PbO /PVC com pos ites

Fig ure 4. The FE-TEM mi cro graphs of (a) 20 wt.% nano
PbO /PVC, and (b) 20 wt.% nano CuO /PVC
com pos ites
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Fig ure 5. Typ i cal ten sile stress-strain curves of pure PVC and (a) mi cro PbO/PVC, (b) mi cro CuO /PVC,
(c) mi cro (PbO + CuO)/ PVC, and (d) nano (PbO + CuO)/ PVC com pos ites at dif fer ent wt.%

Ta ble 1. Me chan i cal prop er ties of PbO/PVC and CuO/PVC com pos ites

Filler [wt.%] Yield stress (N) Ul ti mate ten sile
strength (N) Stiff ness (N) Elon ga tion at beak [%]

Pure PVC 188.72 ± 0.4 200.47 ± 0.2 12.86 ± 0.12 42.96 ± 1

10 wt.% Mi cro PbO 207.52 ± 0.5 219.48 ± 0.3 14.01 ± 0.22 14.37 ± 3

20 wt.% Mi cro PbO 243.70 ± 0.1 269.12 ± 0.4 17.73 ± 0.15 13.40 ± 4

30 wt.% Mi cro PbO 280.83 ± 0.4 314.01 ± 0.4 21.65 ± 0.33 12.84 ± 2

40 wt.% Mi cro PbO 332.52 ± 0.3 348.33 ± 0.1 25.02 ± 0.24 11.16 ± 3

10 wt.% Mi cro CuO 300.99 ± 0.2 310.20 ± 0.5 18.59 ± 0.31 15.35 ± 2

20 wt.% Mi cro CuO 317.56 ± 0.3 330.45 ± 0.2 20.77 ± 0.44 14.61 ± 1

30 wt.% Mi cro CuO 324.53 ± 0.1 350.44 ± 0.2 24.65 ± 0.28 13.33 ± 1

40 wt.% Mi cro CuO 366.73 ± 0.4 370.73 ± 0.1 28.18 ± 0.51 12.14 ± 3

5 wt.% Mi cro CuO + 5 wt.% Mi cro PbO 227.98 ± 0.5 259.46 ± 0.3 16.90 ± 0.21 15.18 ± 2

10 wt.% Mi cro CuO +10 wt.% Mi cro PbO 280.63 ± 0.3 280.64 ± 0.4 19.21 ± 0.32 14.35 ± 1

15 wt.% Mi cro CuO +15 wt.% Mi cro PbO 300.58 ± 0.1 323.50 ± 0.1 22.65 ± 0.42 13.29 ± 2

20 wt.% Mi cro CuO +20 wt.% Mi cro PbO 357.92 ± 0.2 362.96 ± 0.5 26.51 ± 0.24 11.93 ± 3

40 wt.% Nano PbO 327.98 ± 0.3 352.46 ± 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



More over, it is ob vi ous from the tab. 1 that, the
com pos ites loaded with nanofillers show higher me -
chan i cal prop er ties than com pos ites loaded with bulk
fill ers for the same wt.%. This is at trib uted to the ho -
mo ge neous dis per sion of nanoparticles in the PVC
ma trix. Thus, at the same par ti cle load ing per cent, the
nanoparticle filler is more ef fi cient than the bulk filler
in strength en ing the poly mer ma trix which ad di tion -
ally im proves the me chan i cal prop er ties, in other
words, smaller par ti cles give better re in force ment.
Also, the com pos ite of 40 wt.% filler con tent showed
the high est ten sile strength for both nanocomposites
and mi cro com pos ites which rep re sents the op ti mal
filler con tent.

Gamma-ray shield ing prop er ties
of PVC com pos ites

From spec tral mea sure ments, it was easy to
graph the val ues of the peak ar eas per unit time vs. the
thick ness x of the com pos ite ei ther free or loaded with
the nanoparticle PbO, CuO, or the mix ture PbO +

CuO. Ac cord ing to the well-known for mula of the
Beer-Lam bert law [21],  the lin ear at ten u a tion co ef fi -
cient µ [cm–1] at a par tic u lar gamma en ergy for each
com pos ite ma te rial was cal cu lated by eq. (1) [22]

m =
é

ë
ê

ù

û
ú

1

x

N

N x

ln o (1)

where No is the net area at zero ab sorber thick ness and
Nx – the net area at ab sorber thick ness x. The den sity of
each sam ple was mea sured ex per i men tally us ing the
Ar chi me des prin ci ple [23] and is listed in tab. 2. Sim -
ply by us ing the val ues of the mea sured den si ties the
mass at ten u a tion co ef fi cients for the in ves ti gated sam -
ples were cal cu lated [24]. To con firm the va lid ity of
these val ues it was im por tant to use the XCOM soft -
ware to cal cu late their mass at ten u a tion co ef fi cients
the o ret i cally. 

Ta ble 2 clar i fies both ex per i men tally and the o -
ret i cally cal cu lated val ues of lin ear at ten u a tion co ef fi -
cients, where the the o ret i cal val ues of lin ear at ten u a -
tion co ef fi cients were ob tained by cal cu lat ing the mass 
at ten u a tion co ef fi cient from the XCOM pro gram and
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Fig ure 6. Ef fect of mi cro fill ers on (a) yield stress, (b) ul ti mate ten sile strength, (c) elon ga tion at break in %,
and (d) stiff ness of PVC com pos ites



then mul ti ply ing by the den sity of the com pos ite. It is
well known that for any attenuator the val ues of the at -
ten u a tion co ef fi cients drop grad u ally with the in crease 
in the pho ton's en ergy ex cept in the re gion of the
K-edge at low pho ton's en ergy where there is a sharp
in crease in the at ten u a tion co ef fi cients and then drops
again where the pre dom i nant in ter ac tion in this re gion
is the pho to elec tric ef fect. Any how, these facts il lus -
trate the val ues of at ten u a tion co ef fi cients men tioned
in tab. 2 for all the tested sam ples.

The vari a tion of lin ear at ten u a tion co ef fi cients
as a func tion of the pho ton's en ergy for mi cro
PbO/PVC, mi cro CuO/PVC, and mi cro (PbO+CuO)/
PVC com pos ites are shown in fig. 7. The lin ear at ten u -
a tion co ef fi cients de pend on the kind of in ter ac tions
be tween the at ten u ated pho tons and con stit u ents of the 
ab sorber at spe cific en ergy as sumes a sig nif i cant task
to de ter mine what prob a bil ity will take place (pho to -
elec tric ef fect or Compton scat ter ing ef fect, first at that 
point fol lowed by a pho to elec tric im pact) [25]. For en -
ergy less than 200 keV the most prob a ble in ter ac tions
of pho tons are the pho to elec tric ef fect but for pho tons
greater than 200 keV this prob a bil ity will drop strik -
ingly with en ergy and the dom i nant in ter ac tions will
be the Compton ef fect. In this ef fect in or der for the
pho ton to de posit all its en ergy, it must un dergo nu -
mer ous scat ter ing pro cesses that its en ergy di min ishes
to lower than 200 keV where the prob a bil ity of be ing
ab sorbed by the pho to elec tric ef fect is high, gen er ally,
the pho ton will be re moved from the beam [5]. There is 
an im por tant role in the in ter ac tion of pho tons in side
the com pos ite is the ef fect of the K-edge where the Cu
has a K-edge at 8.9 keV [26] and that for Pb at 88 keV
[27]. 

Fig ure 8 dis plays the Lin ear at ten u a tion co ef fi -
cient as a func tion of pho ton en ergy for 40 wt.% nano
CuO/PVC, 40 wt.% nano PbO/PVC, and (20 wt.%

nano CuO + 20 wt.% nano PbO)/PVC com pos ites
com pared with pure PbO and pure Pb. The ex am in ing
of fig. 8 clar i fies that com pos ites loaded with nano
lead ox ide have the pre dom i nant ef fect on the at ten u a -
tion of pho tons rather than those loaded with nano
cop per ox ide es pe cially in the en ergy re gion be low 1
MeV but for higher en er gies, the val ues be come
closer. An im por tant ob ser va tion must be men tioned
here that the ma jor ity of pho tons in this en ergy re gion
will in ter act with the ab sorb ing me dium through
Compton scat ter ing where the pho ton will suf fer mul -
ti ple scat ter ing to reach the re gion of low en ergy to be
ab sorbed by the pho to elec tric ef fect or oth er wise will
es cape from the sides of the de tec tor. These pro cesses
are de pend ent on the atomic num ber of the ab sorb ing
me dium and the en ergy of the pho tons [28]. On the an -
other hand, to min i mize the use of lead as an ab sorber
one can re place this with com pos ites loaded with a
mix ture of nano CuO and nano PbO to pro tect work ers
from the haz ards of the en er getic pho tons, be sides it
helps to min i mize lead con tam i nants in the en vi ron -
ment. The re li abil ity in these ex per i men tal mea sure -
ments could be re al ized from their good agree ment
with those de ter mined by uti liz ing the XCOM pro -
gram for the same com pos ites loaded with the same
per cent age of nano ox ides.

The half-value layer (HVL) is one of the im por -
tant shield ing pa ram e ters be sides the at ten u a tion co ef -
fi cient, so the work is ex tended to cal cu late the HVL
val ues for the dif fer ent sam ples ac cord ing to the sim -
ple eq. [29].

HVL =
0693.

m
(2)

The cal cu lated HVL val ues of PbO/PVC com -
pos ites have been com pared with that of CuO/PVC
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Ta ble 2. The val ues of the lin ear at ten u a tion co ef fi cient [cm–1] and den sity [gmcm–3] for 40 wt.% CuO, 40 wt.% PbO, and
mix (20 wt.% PbO + 20 wt.% CuO) mi cro and nano par ti cles

Denisity
[gcm–3] 2.199 ± 0.067 2.315 ± 0.073 2.241± 0.018 2.323 ± 0.045 2.493 ± 0.013 2.353 ± 0.011

Lin ear at ten u a tion co ef fi cient [cm–1]

Mi cro par ti cles Nano par ti cles

En ergy
[keV] 40 wt.% CuO XCOM 40 wt.% PbO XCOM

20 wt.% PbO 
+20 wt.% CuO

XCOM 40 wt.% CuO 40 wt.% PbO
20 wt.%
PbO+20

wt.%CuO

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 2.219 2.270 1.376 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 0.312 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 0.213 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



com pos ites and de picted in fig. 9(a) and fig. 9(b), re -
spec tively, with the same vari a tion of per cent age by
weight to as sess their shield ing abil ity. The re sults of
the HVL val ues of PbO/PVC and CuO/PVC com pos -
ites needed to de crease the trans mit ted in ten sity to half
of its orig i nal in ten sity show that as the en ergy in -
crease the HVL val ues will also in crease. 

Fig ure 9(c) pres ents the HVL val ues as a func tion
of pho ton en ergy for 40 wt.% nano CuO/PVC, 40 wt.%

nano PbO/PVC, and (20 wt.% nano CuO +20 wt.% nano
PbO)/PVC com pos ites com pared with pure PbO and
pure Pb. It is clear that at 40 wt. %, the HVL val ues for the 
nano-PbO/PVC and nano-CuO/PVC com pos ites are
much lower than that of mi cro com pos ites at the same
wt.% shown in fig. 9(a) and 9(b).

CON CLU SION

From this study, it is con cluded that the com pos -
ites 40 wt.% nano CuO/PVC and 40 wt.% nano
PbO/PVC were se lected as shield ing ma te ri als due to
the high est at ten u a tion co ef fi cients. The re sults of the
half-thick ness value show that PbO/PVC com pos ites
are pref er a ble to CuO/PVC com pos ites in ra di a tion
shield ing pro tec tion for var i ous ra dio ac tive sources
used. On the other hand, the ten sile strength and
modulus of elas tic ity reach the high est value for the 40
wt.% CuO nanocomposite. There fore, to min i mize the 
use of lead as an ab sorber one can re place this with
com pos ites loaded with a mix ture of nano CuO and
nano PbO to pro tect work ers from the haz ards of the
en er getic pho tons, be sides it helps to min i mize lead
con tam i nants in the en vi ron ment.
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GAMA  SLABQEWE  KROZ  NANO-OLOVO ‡ NANO-BAKARNE  PVC  KOMPOZITE

Polimarni kompoziti polivinilhlorida ispuweni su mikro i nano ~esticama PbO/CuO.  
Dodati  procenat  svakog masenog  udela  bio  je  10 wt.%,   20 wt.%,   30 wt.%,  i  40 wt.%, uz 40 wt.%
me{ovitog kompozita (20 % CuO + 20 % PbO). Koeficijenti masenog i linearnog slabqewa
ispitivanih kompozita izmereni su u funkciji energije gama zra~ewa u rasponu od 59,53 keV do
1408,01 keV, koriste}i standardne radioaktivne ta~kaste izvore. Da bi se potvrdila validnost
ovih rezultata, koeficijenti slabqewa za rasute po zapremini kompozite (PVC + PbO + PVC +
CuO) izra~unati su pomo}u softvera XCOM. Rezultati su se dobro slagali sa vrednostima
dobijenim eksperimentalnim radom. Upore|ivawem koeficijenata slabqewa razli~itih
kompozita utvr|eno je da oni koji su ispuweni ili sa nano PbO ili sa nano CuO imaju ve}e
vrednosti od onih rasutih po zapremini sa istim procentom. Tako|e, uzorci ispuweni sa nano PbO
imaju najvi{e koeficijente slabqewa ~ak i upore|ivawem sa (20 wt.% CuO + 20 wt.% PbO),
posebno u energetskom regionu ispod 1 MeV; me|utim za ve}e energije vrednosti postaju vrlo
bliske. Ispitivawe mehani~kih svojstva takvih kompozita usled ubrizgavawa po zapremini, i
nano metala, otkriva da su ~vrsto}a na istezawe i Jangov modul PVC nanokompozitnih listova
znatno pove}ani sa porastom koncentracije nano~estica CuO i PbO. Nanokompozit CuO pokazao je 
najve}e vrednosti ~vrsto}e na savijawe, ̀ ilavosti i ~vrsto}e na istezawe me|u svim proizvedenim 
nanokompozitnim plo~ama.

Kqu~ne re~i: polivinil hlorid, nano olovni oksid, nano bakarni oksid, karakterizacija,
                          nano olovo-bakar-PVC kompozit, gama zra~ewe, koeficijent slabqewa,
.........................mehani~ka svojstva


