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In this work, poly mer com pos ites of high den sity poly eth yl ene re in forced by mi cro-sized and
nanosized cad mium ox ide, lead ox ide, and a mix ture of both with filler weight frac tion of
30% were pre pared by com pres sion mold ing tech nique and char ac ter ized by scan ning elec -
tron mi cro scope. This in ves ti ga tion aims to pres ent a com par a tive study be tween cad mium
ox ide and lead ox ide ac cord ing to their sizes as fill ers in high den sity poly eth yl ene poly meric
ma trix for gamma-ra di a tion shield ing ap pli ca tions. 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 g-ray en er gies rang ing
from 59.53 keV to 1408.01 keV us ing stan dard ra dio ac tive point sources (241Am, 133Ba,
137Cs, 60Co, and 152Eu). The mea sure ments were made with a nar row beam ge om e try setup
us ing a well cal i brated hy per pure ger ma nium cy lin dri cal de tec tor. The the o ret i cal val ues of
the mass at ten u a tion co ef fi cients were eval u ated us ing the XCOM pro gram da ta base. The ex -
per i men tal re sults dem on strated that, ac cord ing to the filler size, cad mium ox ide com pos ite is 
better as a gamma ab sorber in the en ergy re gion less than 81 keV, while lead ox ide com pos ite is 
better in the en ergy re gion greater than 81 keV. More over, for the same chem i cal struc ture
and weight frac tion of the com pos ite, nano fill ers show better at ten u a tion per for mance than
mi cro fill ers in high den sity poly eth yl ene based ra di a tion shield ing ma te rial.

Key words: lin ear at ten u a tion co ef fi cient, high den sity polyethylene com pos ites, nano-cad mium ox ide,
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IN TRO DUC TION

In the re cent de cades, the study ing of at ten u a tion 
of g-rays by poly mer com pos ites [1] has be come an in -
ter est ing field of re search. This is due to the ex ten sive
use of ra dio ac tive gamma sources in med i cine, ag ri -
cul ture, in dus try, sci en tific re search and in many ap -
plied fields [2]. The g-rays have a haz ard ous det ri ment
to nearby in stru ments and hu mans in long term ex po -
sure [3]. The at ten u a tion char ac ter is tics of g-rays for a
spe cific ap pli ca tion are re quired to de ter mine the
amount of shield ing nec es sary [4].

Poly mer com pos ites re in forced by in or ganic
metal ox ides were widely stud ied as pro tec tive ra di a -
tion shield ing ma te ri als. In the lit er a ture, many poly -
mers such as poly eth yl ene [5], re cy cled poly eth yl ene

[6], ep oxy [7], poly es ter [8], sty rene bu ta diene rub ber
[9], eth yl ene-pro pyl ene-dine mono mer (EPDM) [10],
polyimide [11], nat u ral rub ber [12] and poly sty rene
[13] were in ves ti gated as ra di a tion shield ing ma trixes.
Var i ous metal ox ides like PbO [8], PbWO4 [10],
Sm2O3 [11], WO3 [14], Bi2O3 [15] and Gd2O3 [3],
with dif fer ent par ti cle sizes, were used as fill ers in the
poly meric ma trix to shield X-rays [16] and g-rays.
How ever, the most  fre quently used filler is PbO due to
its high atomic num ber and high den sity com pared to
other metal ox ides.

El-Khatib et al. [5] stud ied the ef fect of mi cro-
and nano-cad mium ox ide (CdO) par ti cles, of dif fer ent
load ings dis persed in high den sity poly eth yl ene
(HDPE) on the g-rays trans mis sion, rang ing from
59.53 keV to 1480.01 keV and found that the CdO par -
ti cles were more ef fec tive to at ten u ate g-rays spe cially
at lower pho ton en er gies. Hence, the aim of this in ves -
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ti ga tion is to pres ent a com par a tive study be tween
CdO and PbO ac cord ing to their sizes as fill ers, in
HDPE poly meric ma trix for gamma-ra di a tion shield -
ing ap pli ca tions. For this pur pose, HDPE filled with
30 wt.% mi cro CdO, 30 wt.% mi cro lead ox ide (PbO)
and 15 wt.% mi cro CdO + 15 wt.% mi cro PbO com -
pos ites were pre pared and the mass at ten u a tion co ef fi -
cients of these com pos ites were eval u ated at dif fer ent
pho ton en er gies.

MA TE RI ALS AND METH ODS

High den sity poly eth yl ene (HD5403EA grade)
with a melt flow in dex of 0.35 g per 10 minutes and den -
sity of 0.955 gcm–3 was a com mer cial prod uct and sup -
plied by Sidpec Sidi Kerir Pet ro chem i cals Com pany.
The CdO and PbO mi cro fill ers, in pow der form, with
av er age par ti cle size in the range of 0.5 to 1.0 µm, were
pur chased from Loba Chemie, In dia. Lead (II) ac e tate
trihydrate, Pb(CH3COO)2. 3H2O (FW 379.33 gmol–1

and as say >99 %)  was  pur chased  from  Sigma 
Aldrich, USA. So dium hy drox ide NaOH (FW 40
gmol–1 and as say >96 %) was pur chased from BDH,
UK. CdO-nano par ti cles with av er age par ti cle size 50
nm were pro cured from Nanotech Com pany (Egypt).

The PbO nanoparticles were syn the sized by chem -
i cal method [17] by add ing 60 ml of 1.0 M
Pb(C2H3O2)2×3 H2O (lead (II) ac e tate) aque ous so lu tion
at 90 °C to an aque ous so lu tion of 50 ml of 19 M NaOH
in a beaker and stirred vig or ously. When the so lu tion be -
came peach col ored, stir ring was stopped, and the pre cip -
i tate was al lowed to set tle. The supernatant was then de -
canted, washed with de-ion ized wa ter re peat edly, and
dried at 90 °C in an oven, for 8 hours. The re sult ing prod -
uct was then re moved and lightly grinded by an ag ate
pes tle and mor tar to ob tain amor phous struc ture.

The in ves ti gated mi cro and nanocomposite sheets
were pre pared by the com pres sion-mold ing tech nique. In
this pro cess, HDPE was weighted ac cu rately and then
com pletely melted us ing two roll mixer at 180 °C for 10
min with the ro ta tor speed of 40 rpm (rev o lu tions per min -
ute). Then, the pow dered filler was grad u ally added with
con tin u ous blend ing for 15 min to ob tain a homogenously
dis persed com pos ite. Com pletely mixed sam ple was then
poured into a stain less steel molds of 0.25 cm in thick ness
for hot-press ing us ing a hy drau lic press with an ap plied
pres sure 10 MPa at 180 °C. The pro duced sheet was let in
the press to cool down grad u ally to the room tem per a ture.
Fi nally, the com pos ite sheet was cut into cir cu lar discs of
8.4 cm in di am e ter to ex e cute g-ra di a tion shield ing tests. 

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 the range
from 59.53 keV to 1408.01 keV were used in gamma-ra -
di a tion mea sure ments. The ex per i men tal mea sure ments
were car ried out us ing g-ray spec trom e ter which con sists
of a well cal i brated Hy per Pure Ger ma nium cy lin dri cal

de tec tor (HPGe) from Can berra (Model GC1520), am pli -
fier and mul ti chan nel an a lyzer (MCA). The HPGe
de tec tor had a res o lu tion of 1.85 keV at 1.33 MeV g-ray
peak 60Co and rel a tive ef fi ciency of 15 % in the en ergy
range from 50 keV to 10 MeV [18]. The HPGe de tec tor
was housed in a lead shield of 15 cm thick ness with 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 dis tance be -
tween the ra dio ac tive source and the de tec tor sur face was
ad justed at 508.67 mm to get very nar row beam and also to 
ig nore the ef fect of de tec tor dead time [19]. The tested
com pos ite of 2.5 mm thick ness was placed on a holder be -
tween the point source and the de tec tor. The setup of the
mea sure ment sys tem is de picted in fig. 1. 

For each com pos ite of thick ness x and at a cer -
tain en ergy, N(0) and N(x), which are the de tec tor
counts with out and with the com pos ite tar get, re spec -
tively, were de ter mined from the net area un der the
photo peak of the re corded g-ray spec trum. Ac cord ing
to Lam bert- Beer law [8] the lin ear at ten u a tion co ef fi -
cient m [cm–1] of each com pos ite ma te rial can be ob -
tained for g-ray of ap pro pri ate en ergy by eq. (1)
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The mass at ten u a tion co ef fi cient mm [cm2g–1],
can be de ter mined by di vid ing m by the mea sured den -
sity r of the sam ple [20].

CHAR AC TER IZA TION

The size of the syn the sized PbO nanoparticles
(NP) was 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. The FE-TEM sam ple
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Fig ure 1. The ex per i men tal set-up for mea sur ing g-ray
shield ing prop er ties



was pre pared by dis pers ing the pow der in eth a nol by
ul tra sonic vi bra tion on a Cu grid. The av er age par ti cle
size was es ti mated by av er ag ing a num ber of mea sured 
bars in the ob tained im ages of each sam ple. Fig ure 2
dis plays the im age of PbO NP. It is clearly ev i dent
from this im age that the nanoparticles have av er age
par ti cle size of ~50 nm.

A scan ning elec tron mi cro scope (SAM)
(JSM-6010LV, JEOL) was used to ob serve the
morphologies of the pre pared com pos ites. The
SEM im ages were ob tained at mag ni fi ca tion of or -
der 5000x at 20 kV. Fig ure 3 shows the SEM im -
ages of the micro struc tures of HDPE filled with 30 
wt.% mi cro PbO and 30 wt.% nano PbO. As can be 
seen from fig. 3, there is a sig nif i cant vari a tion in
the size and dis per sion of PbO NP com pared to
those of mi cro PbO par ti cles.

Fig ure 4 com pares also the SEM im ages of the
micro struc tures of HDPE filled with (15 wt.% mi cro
PbO +15 wt.% mi cro CdO) and (15 wt.% nanoPbO
+15 wt.% nanoCdO). Fig ure 4 ver i fies the dis crep ancy 

in size and dis tri bu tion of mi cro- and nano-par ti cles in
the poly meric ma trix. Based on the SEM im ages, the
dis tri bu tion of nano-par ti cles should be more uni form
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Fig ure 2. The FE-TEM im ages of PbO NP

Fig ure 3. The SEM im ages of (a) 30 wt.% mi cro PbO/HDPE, and (b) 30 wt.% nanoPbO/HDPE com pos ites

Fig ure 4. The SEM im ages of (a) (15 wt.% mi cro PbO +15 wt.% mi cro CdO) /HDPE, and (b) (15 wt.% nanoPbO +15 wt.%
nanoCdO) /HDPE com pos ites



than mi cro-par ti cles, so that higher shield ing per for -
mance is ex pected by these nanocomposites.

RE SULTS AND DIS CUS SION

Ta ble 1 lists out the vari a tion of the ex per i men -
tally mea sured val ues of mass at ten u a tion co ef fi cients
mm, the o ret i cal val ues of mm ob tained us ing XCOM
pro gram and the dis crep ancy (D%) be tween them as a
func tion of g-ray en ergy for HDPE filled with 30 wt.%
mi cro CdO, 30 wt.% mi cro PbO, 15 wt.% mi cro CdO
+ 15 wt.% mi cro PbO com pos ites. It is noted from the
mag ni tude of D% that the mea sured mass at ten u a tion

co ef fi cients for all com pos ites are in close agree ment
with the da ta base of the ref er ence mass at ten u a tion co -
ef fi cients us ing XCOM pro gram.

As a first ap prox i ma tion from ex am in ing tab. 1,
one can find that shield ing prop er ties ap prox i mately
de pend on the chem i cal com po si tion of the shield ing
ma te rial and the en ergy of the in ci dent g-rays [21]. In
ad di tion, µm for var i ous pho ton in ter ac tion pro cesses
at the start is high and then de creases sharply with the
in crease of the pho ton en ergy up to 200 keV and at
higher en er gies it de creases slightly and this trend is
ob served for all the in ves ti gated com pos ites. Such be -
hav ior can be at trib uted to the dom i nance of dif fer ent
pho ton in ter ac tion mech a nisms for dif fer ent pho ton
en er gies. The type of in ter ac tions be tween the at ten u -
ated pho tons and con stit u ent of the ab sorber at a par -
tic u lar en ergy play an im por tant role in de ter mi na tion
of which prob a bil ity will take place (pho to elec tric or
Compton, or Compton first then fol lowed by pho to -
elec tric ef fect). 

In the en ergy re gion be low 200 keV the pre dom -
i nant in ter ac tions of pho tons are pho to elec tric ab sorp -
tion while when the in ci dent pho tons ex ceed 200 keV
this prob a bil ity will drop re mark ably with en ergy and
the pre dom i nant in ter ac tions will be Compton scat ter -
ing. In this prob a bil ity the pho ton, to be com pletely ab -
sorbed, must un dergo through suc ces sive scat ter ing
pro cesses that de crease its en ergy to the en ergy re gion
where the prob a bil ity to be ab sorbed by pho to elec tric
ef fect is high, oth er wise the pho ton will escap from the 
me dium los ing only a part of its en ergy.

In or der to com pare the g-ray shield ing prop er -
ties of com pos ites filled with CdO to com pos ites filled
with PbO and those filled with a mix ture of both, ac -
cord ing to their sizes at dif fer ent g-ray en er gies, fig. 5
is in tro duced. Fig ure 5 shows the lin ear at ten u a tion co -
ef fi cients ver sus pho ton en ergy for pure HDPE, 30
wt.% mi cro CdO com pos ite, 30 wt.% mi cro PbO com -
pos ite and 15 wt.% mi cro CdO + 15 wt.% mi cro PbO
com pos ite.

Fig ure 5 in di cates that the in ter ac tion of pho ton
with the ab sorb ing me dium de pends on the in ci dent
pho ton en ergy, chem i cal com po si tion of the ab sorb ing
ma te rial and the size of the filler. It is ob served from fig.
5 that, at pho ton en ergy in the range from 59.53 keV to
80.99 keV, the lin ear at ten u a tion co ef fi cient of com pos -
ites filled with CdO is higher than those filled with PbO
at the same filler wt.%, which in di cate a higher
absorbance of CdO in this range. The mass at ten u a tion
co ef fi cients of all com pos ites de crease sharply as the
pho ton en ergy in creases in this range.

At en ergy 121.78 keV, it is no ticed from fig. 5 that
the value of the lin ear at ten u a tion co ef fi cient of PbO
filled com pos ites are su pe rior over those filled with
CdO. This peak is due to ap pear ance of the K ab sorp tion 
edge of Pb at 88 keV [22], thus PbO com pos ites have a
higher absorbance of g-ray com pared to CdO com pos -
ites at this re gion. Fur ther more, in the en ergy re gion
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Ta ble 1. The vari a tion of the mea sured val ues of mm,
the o ret i cal val ues of mm ob tained us ing XCOM pro gram
and the dis crep ancy (D%) be tween them as a func tion of
g en ergy for HDPE filled with 30 wt.% mi cro CdO, 30
wt.% mi cro PbO, 15 wt.% mi cro CdO + 15 wt.% mi cro
PbO com pos ites

Com pos ite En ergy
[keV]

Mass at ten u a tion
co ef fi cient [cm2g–1]

Mea sured XCOM D [%]

HDPE filled
with 30 wt.%
mi cro CdO

59.53 1.66864 1.68200 –0.79 %

80.99 0.79184 0.79330 –0.18 %

121.78 0.34174 0.34250 –0.22 %

244.69 0.14662 0.14650 0.08 %

344.28 0.11655 0.11670 –0.13 %

356.01 0.11512 0.11450 0.54 %

661.66 0.08369 0.08359 0.12 %

778.90 0.07706 0.07720 –0.18 %

964.13 0.06937 0.06943 –0.08 %

1173.23 0.06318 0.06287 0.49 %

1332.50 0.05857 0.05888 –0.53 %

1408.01 0.05746 0.05725 0.37 %

HDPE filled
with 30 wt.%

mi cro PbO

59.53 1.42788 1.42400 0.27 %

80.99 0.69596 0.69660 –0.09 %

121.78 1.01637 1.01500 0.14 %

244.69 0.25658 0.25600 0.23 %

344.28 0.16220 0.16170 0.31 %

356.01 0.15613 0.15580 0.21 %

661.66 0.09212 0.09210 0.02 %

778.90 0.08297 0.08283 0.16 %

964.13 0.07259 0.07267 –0.11 %

1173.23 0.06487 0.06481 0.09 %

1332.50 0.06039 0.06033 0.10 %

1408.01 0.05868 0.05856 0.21 %

HDPE filled
with 15 wt.%
mi cro CdO

+
15 wt.% mi cro

PbO

59.53 1.55104 1.55300 –0.13 %

80.99 0.74765 0.74490 0.37 %

121.78 0.67822 0.67880 –0.08 %

244.69 0.20215 0.20120 0.47 %

344.28 0.13893 0.13920 –0.19 %

356.01 0.13549 0.13510 0.29 %

661.66 0.08788 0.08785 0.03 %

778.90 0.08002 0.08001 0.02 %

964.13 0.07124 0.07105 0.27 %

1173.23 0.06388 0.06384 0.06 %

1332.50 0.05951 0.05960 –0.16 %

1408.01 0.05800 0.05791 0.16 %



(121.78 keV-661.66 keV), the lin ear at ten u a tion co ef fi -
cient of both com pos ites de crease with in creas ing the
pho ton en ergy at all the filler wt.%. 

More over, in the en ergy re gion (661.66 keV
-1408.01 keV), the val ues of m of com pos ites filled
with CdO and com pos ites filled with PbO ap prox i -
mately have the same value over this en ergy range.
This is be cause at this in ter me di ate en ergy range, the
ef fect of pho to elec tric ab sorp tion de creases and the
Compton scat ter ing be come the dom i nant mech a nism. 
The prob a bil ity of Compton ef fect de pends on the
num ber of elec trons per unit mass which is pro por -
tional to the ra tio of the atomic num ber to the atomic
weight (Z/M) and this ra tio is ap prox i mately equal to
0.5 for all el e ments ex cept for hy dro gen and the heavy
el e ments [23]. That is to say, at en er gies where the
Compton scat ter ing dom i nates, val ues of m tend to be
nearly the same for all el e ments. As a re sult, chang ing

the filler in poly eth yl ene ma trix in this en ergy range
does not have a re mark able change in the value of m at
cer tain en ergy.  

As can be seen from fig. 5, the curves of µ vs.
pho ton en ergy of the HDPE com pos ites filled with a
mix ture of both CdO and PbO are al ways be tween
those of CdO/HDPE com pos ites and PbO/HDPE
com pos ites in any en ergy re gion. It is ob served that the 
mix ture com pos ites are better than PbO/HDPE com -
pos ites as gamma ab sorber in the en ergy re gion less
than 81 keV, while the mix ture com pos ites are better
than CdO/HDPE com pos ites in the en ergy re gion
greater than 81 keV. 

Ta ble 2 pres ents a com par i son be tween the mea -
sured val ues of lin ear at ten u a tion co ef fi cients of
nanocomposites vs. mi cro com pos ites for HDPE filled 
with 30 wt.% CdO, 30 wt.% PbO, 15 wt.% CdO + 15
wt.% PbO com pos ites at 59.53, 80.99, 121.78, 244.69, 
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Fig ure 5. The lin ear at ten u a tion
co ef fi cients vs. pho ton en ergy for 
pure HDPE, 30 wt.% mi cro CdO 
com pos ite, 30 wt.% mi cro PbO
com pos ite and 15 wt.% mi cro
CdO + 15 wt.% mi cro PbO
com pos ite

Fig ure 6. The lin ear at ten u a tion
co ef fi cients vs. pho ton en ergy for 
pure HDPE, 30 wt% nanoCdO
com pos ite, 30 wt% nanoPbO
com pos ite and 15 wt%
 nanoCdO + 15 wt% nanoPbO
com pos ite



344.28, 356.01, 661.66, 778.9, 964.13, 1173.23,
1332.5, and 1408.01 keV. The rel a tive in crease rate d
[%] val ues be tween m of nanocomposites and mi cro
com pos ites are also tab u lated in tab. 2 and cal cu lated
by eq. (2)

d
m m

m
=

-nano micro

micro

100[%] (2)

Fig ure 6 de picts the lin ear at ten u a tion co ef fi cients
vs. pho ton en ergy for pure HDPE, 30 wt.% nanoCdO
com pos ite, 30 wt.% nanoPbO com pos ite, and 15 wt.%
nanoCdO + 15 wt.% nanoPbO com pos ite. The same be -
hav ior and trends were ob tained as in fig. 5 for the case of 
mi cro com pos ites, how ever, nano com pos ites al ways
have higher m val ues than mi cro com pos ites over the en -
tire range of pho ton en er gies.

It is ob vi ous from tab. 2, the val ues of the lin ear
at ten u a tion co ef fi cients for nanocomposites are all
higher than those of mi cro com pos ites for the same
wt.%  at all the in ves ti gated g-ray en er gies. As the par -
ti cle size of the filler de creases to nanoscale, the par ti -
cles will be homogenously dis persed over a la ger sur -
face area within the poly meric ma trix, lead ing to an
in crease of the prob a bil ity of in ter ac tion of in ci dent
pho tons with nanoparticles in nano com pos ites com -
pared with mi cro com pos ites [24]. There fore, the pho -
ton will un dergo sev eral scat ter ing pro cesses till its en -
ergy be comes less than 200 keV, then it will be
ab sorbed through pho to elec tric ef fect. Thus, for the
same chem i cal struc ture and weight frac tion of the
com pos ite, nanoparticles show better at ten u a tion per -
for mance than mi cro par ti cles in HDPE based ra di a -
tion shield ing ma te rial.

CON CLU SIONS

A com par a tive study was per formed to com pare 
the g-ray shield ing prop er ties of com pos ites filled
with CdO to those filled with PbO ac cord ing to their
sizes. It is found that CdO com pos ite is better as a
gamma ab sorber in the en ergy re gion be low 81 keV,
while PbO com pos ite is better in the en ergy re gion
above 81 keV. Also, the com pos ites filled with a mix -
ture of both CdO and PbO are better than PbO/HDPE
com pos ites as gamma ab sorb ers in the en ergy re gion
less than 81 keV, while the mix ture com pos ites are
better than CdO/HDPE com pos ites in the en ergy re -
gion greater than 81 keV. In ad di tion, for the same
chem i cal struc ture and weight frac tion of the com -
pos ite, nanoparticles show better at ten u a tion per for -
mance than mi cro par ti cles in HDPE based ra di a tion
shield ing ma te rial. There fore, it is sug gested for fu -
ture work to de sign a multilayer shield ing ma te rial
con sist ing of nano CdO/HDPE com pos ite fol lowed
by nano PbO/HDPE com pos ite to shield or to pro tect
work ers against neu trons and gamma rays.
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KOMPARATIVNA  STUDIJA  NANO  ^ESTICA  KADMIJUM  OKSIDA  I  OLOVO 
OKSIDA  KAO  POJA^AWA  U  KOMPOZITIMA  POLIETILENA  VISOKE  GUSTINE  

ZA  POTREBE  ZA[TITE  OD  GAMA  ZRA^EWA

U ovom radu primenom tehnike kompresijskog oblikovawa pripremqeni su polimerni
kompoziti polietilena visoke gustine poboq{ani mikro i nano ~estica kadmijum oksida, olovo
oksida i wihove sme{e sa te`inskim udelom od 30 %, dok je karakterizacija izvr{ena pomo}u
elektronskog skeniraju}eg mikroskopa. Ova ispitivawa imaju za ciq prikaz komparativne studije
izme|u kadmijum oksida i olovo oksida o mogu}nosti wihove primene u za{titi od gama zra~ewa u
zavisnosti od veli~ine ~estice i udela u poboq{awu polietilena visoke gustine. Maseni i
linearni koeficijenti atenuacije ispitivanih kompozita izmereni su kao funkcija energije gama 
zra~ewa u opsegu od 59.53 keV do 1408.01 keV primenom standardnih ta~kastih radioaktivnih
izvora (241Am, 133Ba, 137Cs, 60Co, i 152Eu). Merewa su sprovedena u geometriji uskog snopa koriste}i
kalibrisani cilindri~ni detektor sa germanijumom visoke ~isto}e. Teorijske vrednosti masenih
koeficijenata slabqewa odre|ene su primenom XCOM baze podataka. Eksperimentalni rezultati 
pokazali su da su, u zavisnosti od veli~ine udela, kompoziti kadmijum oksida boqi apsorberi u
opsegu energija ispod 81 keV dok su kompoziti olovo oksida boqi apsorberi u oblasti energija
iznad 81 keV. Dodatno, za istu hemijsku strukturu i te`inski udeo, poboq{awa sa nano ~esticama
pokazuju boqe sposobnosti slabqewa nego mikro ~estice kod za{titnih materijala zasnovanih na
polietilenu visoke gustine.

Kqu~ne re~i: linearni koeficijent slabqewa, polietilenski kompozit visoke gustine, nano
..........................kadmijum oksid, nano olovo oksid, za{tita od gama zra~ewa


