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In this study, a PbO, MnO2, PbO + MnO2 thin film (nano layer) was de pos ited onto a mi cro -
scope glass, in dium tin ox ide glass, and alu mi num with thick nesses 0.1 mm and 0.5 mm sub -
strate, sam ples were pre pared by the ther mal spray tech nique. The coat ing of thin films was
car ried out onto the sub strate at a tem per a ture of 35 °C, fur ther more, the pre pared shield
films were an nealed at 100 °C and 250 °C for one hour. The shield ing ef fi ciency of each thin
film on each sub strate at dif fer ent tem per a tures was an a lyzed us ing ra dio ac tive source 60Co
and NaI(Tl) well-type scin til la tion de tec tor. The ex per i men tal re sults ob tained were sum ma -
rized: add ing PbO or MnO2 thin film to gether or sep a rately to the sub strate in creases the at -
ten u a tion of gamma-rays de pend ing on the type of sam ples and an nealed tem per a ture. The
min i mum gamma re duc tion rate was found 0.3 % for in dium tin ox ide glass de pos ited with
MnO2 and an nealed at 250 °C while the max i mum was found in Al with thick ness 0.1 mm
(9.6 %) de pos ited with both PbO or MnO2 to gether. This means that shield ing ef fi ciency in -
creases by in creas ing the thick ness of the thin film, an nealed tem per a ture and sub strate type. 
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IN TRO DUC TION

The fields of in dus try, med i cine, re search cen -
ters, and par ti cle ac cel er a tors use ra di a tion in their fa -
cil i ties, mak ing it very use ful for reg u lar use. The
work ing of many ap pli ca tions de pends on ra di a tion.
Ex po sure to an ex ces sive amount of ion iz ing ra di a tion
may lead to per ma nent tis sue dam age, can cer and
acute ra di a tion syn drome [1, 2]. Now a days ra di a tion
re search not only has been of high rel e vance to hu man
life but also for mi cro elec tronic and semi con duc tor
de vices. Due to the high de mands in the num ber of
man u fac tured de vices and their ar eas of ap pli ca tion
and de crease in the geo met ric di men sions of
microcircuits and semi con duc tor de vices, which de -
mand to leave most tra di tional meth ods of pro tec tion
against the neg a tive ef fects of ion iz ing ra di a tion, the
as sess ment of mi cro elec tron ics de vice deg ra da tion
un der op er at ing con di tions when ex posed to ion iz ing
ra di a tion and in creased back ground ra di a tion be come
a sig nif i cant area of study [2-4].

Shield ing ma te ri als are use ful for pro tect ing hu -
mans and their back ground from the dan ger of ra di a -
tion [3, 5]. Shields are used to pro tect em ploy ees or pa -

tients from these side ef fects, de creas ing ex po sure to
ra di a tion in volved in these pro ce dures. Ab sorp tion of
ra di a tion by shield ing can pro tect hu mans, this ab sorp -
tion oc curs via the in com ing pho tons through three
mech a nisms, pho to elec tric ab sorp tion, Compton scat -
ter ing, and pair pro duc tion, which have an im por tant
role in the pro cess of gamma ra di a tion [6, 7]. These
three mech a nisms lead to the trans fer of the in ci dent
pho ton en ergy par tially or com pletely and re duce the
in ten sity of ra di a tion to safe lev els [8, 9].

There are dif fer ent types of ra di a tion shields, from
metal sheets to glass and con crete. Sim ple lead is very ef -
fec tive at shield ing gamma ra di a tion and has his tor i cally
been the most com mon shield due to its high den sity
which makes it highly ef fec tive for re duc ing the en ergy
of pho tons. How ever, its use should be lim ited in med i cal 
treat ment fa cil i ties due to its toxic na ture. In this re spect,
much re search has been done through out the world to
study en vi ron men tally friendly shields that sub sti tute
lead [9, 10]. The most suit able can di date for this is con -
crete be cause of its sim ple man u fac tur ing, low cost and
wide range of com po si tion while over time it loses wa ter
and is prone to crack ing, these prop er ties lead most re -
search ers to look for an al ter na tive ra di a tion shield
[11-13]. Through the use of ef fec tive shields this pro tec -
tion can be achieved. For that rea son re search ers re quire
the study ing of the char ac ter is tics of po ten tial shield ing
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ma te ri als, such as ex pected en er gies, avail abil ity of ma -
te ri als, me chan i cal prop er ties, char ac ter is tics of dif fer ent 
ra di a tion at ten u a tion, cost, and ease of pro duc tion.

Ra di a tion shield ing glasses have a sim i lar ad van -
tage to con cretes, ex cept they of fer the ad di tional ben e -
fit of be ing trans par ent. Add ing a sec ond ary layer to
glass may in crease the ab sorp tion of ra di a tion and al ter
the char ac ter is tics of the glass to fit its ap pli ca tion be -
cause thin film ma te ri als, in the size from a few
nanometers to mi crom e ters, have elec tri cal, mag netic,
chem i cal, op ti cal, ther mal, acous tic, me chan i cal and
other prop er ties dif fer ent from bulk ma te ri als due to the
quan tum con fine ment ef fects, large sur face to vol ume
ra tio and many other in ter est ing ef fects [14, 15]. In view 
of this, the main aim of this study is to as sess the pros -
pects of us ing a mi cro scope, in dium tin ox ide glasses
de pos ited and alu mi num sheets with lead (II) ox ide
(PbO), man ga nese di ox ide (MnO2), and both (PbO +
MnO2) thin films by de pos it ing sam ples with PbO,
MnO2 and PbO + MnO2 com po si tion, to eval u ate the
change in the gamma-ray shield ing ef fi ciency and cre -
ate lo cal pro tec tion against the ion iz ing ra di a tion.

EX PER I MEN TAL METHOD

Shield sam ple prep a ra tion

Syn the sis of mi cro scope glass, in dium tin ox ide
(-ITO) glasses, and two pieces of alu mi num with dif fer -
ent thick nesses of 0.1 mm and 0.5 mm with di men sions
of about 2 cm ´ 3 cm were pre pared as the sam ples.
Then, the sam ples were used as a sub strate for the spray
de po si tion of man ga nese di ox ide (MnO2) and lead (II)
ox ide (PbO) sep a rately and both MnO2 + PbO to gether
thin films, fig. 1. The sub strates were soaked in chro mic 
acid for 24 hours, washed with dis tilled wa ter, and
rinsed in ac e tone. Then, the sub strates were ul tra son i -
cally cleaned with eth a nol and dis tilled wa ter, re spec -
tively, for 15 min utes to re move the re main ing re sid ual
and fi nally left to dry in the des ic ca tor be fore be ing used 
for de po si tion. The chem i cal ma te ri als used for the
prep a ra tion of MnO2 and PbO thin films were bought

from the pro anal y sis ACS Com pany with out fur ther
pu ri fi ca tion with molarity con cen tra tion 0.15. Both
MnO2 and PbO sep a rately were pep pered with ac e tone
then the so lu tion was stirred with a mag netic stir rer at
room tem per a ture to get a ho mog e nous so lu tion. 

The pre cur sor growth MnO2 and PbO so lu tion
flow rate is about 1 mL per second, and the dis tance
be tween the glass sub strates and the spray gun at om -
izer is around 30 cm as shown in fig. 2. Each ther mal
spray growth cy cle lasts for three sec onds, af ter which
there is a 10 sec ond break. The wait ing time al lows the
glass sub strate to at tain the re quired tem per a ture for
growth be fore start ing the suc ceed ing growth ther mal
spray cy cle. This sim ple ther mal spray growth pro cess
re quired three cy cles to pro duce con sis tent MnO2 and
PbO through out the en tire sub strates at dif fer ent
growth tem per a tures.

At ten u a tion of ra di a tion by shield ing

Gamma-rays are ion iz ing ra di a tion and are thus
haz ard ous to life. Due to their high pen e tra tion power,
they can dam age bone mar row and in ter nal or gans.
The in ten sity of gamma-rays in ma te ri als fol lows the
ex po nen tial law [16]

I I x= -
Oe m (1)

where I is the in ten sity of the pho tons that passed through 
the  ab sorber,  IO  –  the   ini tial   in ten sity  of   the   pho tons,
x [cm] – the thick ness of the ab sorber, and µ [cm–1] is the
lin ear at ten u a tion co ef fi cient. This co ef fi cient is a con -
stant that de scribes the frac tion of at ten u ated in ci dent
pho tons in a monoenergetic beam per unit thick ness of a
ma te rial.

Count mea sure ment

Thal lium-ac ti vated so dium io dide NaI (T1) as a
de tec tor and 60Co as a ra dio ac tive source were used to
col lect the data. Both de tec tor and ra dio ac tive source
were placed in side the en closed ge om e try of the lead
block, 60Co at one end of the en closed shield and the
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Fig ure 1. Shields that were used in the study; (a) ITO glass sam ples, (b) nor mal glass sam ples, and (c) alu mi num sam ples



NaI (TI) de tec tor on the other side. The back ground ra -
di a tion was mea sured be fore plac ing the ra dio ac tive
source in front of the de tec tor. Then the count rate of
the main gamma peaks (1173 keV and 1332 keV) was
mea sured af ter plac ing 60Co in front of the de tec tor.
Then the at ten u a tion of ra di a tion in each sheet was ob -
tained by putt ing the pre pared shield be tween the
source and the de tec tor and re cord ing the count rate
again. Af ter that, the pre pared shield was put in the
oven at tem per a tures of 100 °C and 250 °C. The same
pro ce dure for count mea sure ment was re corded for
both 100 °C and 250 °C.

Data anal y ses

The ra dio ac tive source spec trum was an a lyzed
by pulse mas ter com put er iz ing soft ware and data mea -
sure ment was re corded. Due to the de cay of ra dio ac -
tive ma te rial be ing a ran dom pro cess and fluc tu a tion in 
the num ber of counts emit ted by the same iso topes, the
count ing sta tis tics were con ducted by re peat ing the
data of the same sam ple many times. To ob tain the
count rate, the mea sured counts were sub tracted from
the back ground ra di a tion and di vided by a fi nite pe -
riod of time. Fur ther more, the Sta tis ti cal Pack age for
So cial Sci ences soft ware and Ex cel soft ware were
used for data anal y ses.

RE SULTS AND DIS CUS SION

This work in ves ti gated the gamma-ray shield -
ing ca pa bil i ties at ten u a tion by de pos it ing mi cro -
scope glass, ITO glass, and alu mi num with thick -
ness of 0.1 mm and 0.5 mm sheets with de po si tion of 
MnO2, PbO, and both MnO2 and PbO to gether with

a thin films com pos ite at three dif fer ent tem per a -
tures 37 °C, 100 °C and 250 °C.

Fig ures 3-6 show the eval u a tion re sults of the ef fi -
ciency of re duc ing the in ten sity of gamma ra di a tion us ing
ITO glass, mi cro scope glass, and Al with two dif fer ent
thick ness sam ples at three dif fer ent tem per a tures, de pend -
ing on the type of thin film de pos ited on the shield.

Com par ing the fig. 3(a)-(d) shield with out thin 
film and shield de pos ited with thin film com po si -
tion, mostly the high est re duc tion rate was found at
250 °C, it is clear that an in crease in the pro cess ing
tem per a ture in creases the post-pro cess ing grain size 
which leads to a re duc tion in the trans por ta tion of
ra di a tion [17, 18]. Re sults of add ing the PbO layer
to all study sam ples found the high est in ten sity re -
duc tion at 250 °C while the low est was found in am -
bi ent tem per a ture, ex cept the mi cro scope glass
shield. In the case of the MnO2 thin film, fig. 5, the
high est re duc tion in ITO glass and Al with a thick -
ness of 0.1 mm was found at 250 °C, while in both
mi cro scope glass and alu mi num shield (0.5 mm) it
was found at room tem per a ture.

Fur ther more, one can dem on strate that fig. 3(d)
shield ing ef fi ciency in creases by in creas ing the thick -
ness of the thin film as well, add ing both PbO and
MnO2 lay ers to gether to the shield could change the in -
ten sity of the gamma-ray, these re sults in di cate a good
agree ment with other re search ers [19, 20]. Also, one
can note that the in flu ence of mi cro scope glass com po -
si tion was more pro nounced than ITO glass. This dif -
fer ence is due to the coat ing glass sub strate with a thin
and uni form layer of in dium tin ox ide, mak ing the
glass both highly trans par ent and low re sis tance.

At the same time, chang ing the com po si tion of
mi cro scope glasses, ITO glass, and Al by add ing PbO,
MnO2 or both com po si tion lead to an in crease in
shield ing ef fi ciency, de pend ing on the thin film tem -
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Fig ure 2. Ther mal spray
de po si tion sys tem used for
pre par ing MnO2 and PbO
thin film sep a rately and
to gether



per a ture pro duc tion. This ef fect was due to the ab sorp -
tion ca pa bil i ties of MnO2 and PbO, as well as a change
in the grain size of the sub strate and thin film at a dif -

fer ent tem per a ture, which had a di rect ef fect on the
shield ing ef fi ciency. Ta ble 1 dem on strates the re duc -
tion rate per cent age of a gamma-ray by add ing thin
film, and in di cates an im prove ment in the shield ing
en hance ment of both used types of glasses and alu mi -
num sheet sam ples.

The gen eral view of the pre sented trends in the
re duc tion rate in di cates that a change in the com po si -
tion of the stud ied sub strate led to an in crease in the
gamma ra di a tion ab sorp tion ef fi ciency, as well as a de -
crease in its ef fi ciency if the shield did not con tain
MnO2 and PbO. More over, re sults in di cate that the re -
duc tion rate of the sub strate con tain ing MnO2 is more
than PbO while the sub strate that con tains both PbO
and MnO2 has the high est re duc tion rate. Fur ther more, 
the paired sam ple T-test was ap plied to the data to ex -
am ine whether there were sig nif i cant dif fer ences be -
tween the shield be fore and af ter add ing the thin film.
The sig nif i cant (p < 0.05) cor re la tion was found be -
tween the ra di a tion shield ing be fore and af ter add ing
PbO, MnO2 and both com po si tions.

On the other hand, be hav ioral changes were seen 
in each shield dif fer ent from the other one, namely
low, me dium, and high re duc tion rates, as a con se -
quence of the in ter ac tion be tween the sub strate and
thin film. Our re sults in di cated that the min i mum at -
ten u a tion of ra di a tion of 0.3 % found in the ITO glass
shield de pos ited with MnO2 thin film at 250 °C while,
the max i mum re duc tion rate (9.6 %) of ra di a tion noted 
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Fig ure 3. Count rate of dif fer ent shields de pos ited with; (a) no de po si tion, (b) Pb thin-film, (c) MnO2 thin film, and 
(d) both PbO and MnO2 thin-film at three dif fer ent tem per a ture de grees

Fig ure 4. Am er i cium spec trum anal y ses at ten u ated
us ing the ITO glass shield com pared to; (a) ITO glass
added with PbO thin film and (b) ITO glass added with
MnO2 thin film



in the sub strate alu mi num with (0.1 mm) thick ness de -
pos ited with both PbO and MnO2 com po si tion to -
gether. Fig ure 4(a) and 4(b) de picts the com par i son of
be hav ioral changes of at ten u a tion of the am er i cium
spec trum us ing the ITO glass sub strate added by PbO

and MnO2 com po si tion, re spec tively. This ef fect was
most pro nounced for gamma rays with low en ergy.

Fig ure 5(a)-5(c) shows the dependences of the
change in the lin ear at ten u a tion co ef fi cient of gamma
ra di a tion with a dif fer ent sub strate for the dif fer ent
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Fig ure 5. Re sults of lin ear at ten u a tion co ef fi cients (cm–1) of (a) PbO to the glass shield, (b) MnO2 to the glass shield
(c) PbO and MnO2 to the glass shield, (d) PbO to the alu mi num shield, (e) MnO2 to the alu mi num shield, and (f) PbO and
MnO2 to the alu mi num shield, as a func tion of tem per a ture

Ta ble 1. The per cent age of the re duc tion rate of gamma ra di a tion in ten sity of the shield con tain ing PbO, MnO2, or both
com po si tion thin film

Shield type

Re duc tion rate [%]

PbO MnO2 PbO + MnO2

37 °C 100 °C 250 °C 37 °C 100 °C 250 °C 37 °C 100 °C 250 °C

ITO glass 4.2 5.5 0.6 4.4 5.8 0.3 5 7.1 1.6

Nor mal glass 2.2 0.5 0.4 8 0.6 0.9 3.7 0.8 0.9

Al 2.9 3.2 2.2 8.4 2.6 1 5.3 4.2 2.1

Al (0.1 mm) 7.3 3.9 5.5 8 4.2 4.8 7.4 2.1 9.6

Minimum 2.2 0.5 0.4 4.4 0.6 0.3 3.7 0.8 0.9

Maximum 7.3 5.5 5.5 8.4 5.8 4.8 7.4 7.1 9.6



tem per a tures de pos ited by PbO, MnO2, and both com -
po si tions (PbO and MnO2), re spec tively. The gen eral
view of the pre sented trends in the change in the co ef -
fi cients lin ear at ten u a tion in di cates that a change in the 
thin film de pos ited on sub strate com po si tion or pre -
par ing thin films at dif fer ent tem per a tures led to vari a -
tion in gamma-ray in ten sity. A dif fer ent trend was ob -
served about the lin ear at ten u a tion co ef fi cient
be tween mi cro scope glass and ITO glass, es pe cially at
100 °C. With in creas ing tem per a ture, ITO glass de -
pos ited with PbO, MnO2, and both com po si tions re -
corded the high est µ at 100 °C while mi cro scope glass
re corded the low est one at this tem per a ture. By in -
creas ing tem per a ture, es pe cially at ~200 °C, amor -
phous thin films of ITO un dergo a phase tran si tion and
de velop polycrystalline phases with in creased op ti cal
gap en er gies [21].

Fur ther more, the µ vari a tions with in creas ing
tem per a ture are no tice able at dif fer ent sub strate thick -
nesses. Fig ure 5(d)-5(f) shows how shield ing ef fi ciency 
de pends on the lin ear at ten u a tion co ef fi cient, de pend -
ing on the thick ness of the pro tec tive alu mi num. As can
be noted from the pre sented data, the shield ing ef fi -
ciency in creases by in creas ing the thick ness of Al,
which can be ex plained quite sim ply: by re duc ing thick -
ness of the pro tec tive shield, the min i mum quan tity of
ion iz ing ra di a tion was ab sorbed into it.

Fig ures 6-8 show the chang ing trend of
half-value layer (cm) val ues of in ves ti gated glass and
alu mi num shield de pos ited with stud ied thin film as a
func tion of tem per a ture. In the fig ures, the ver ti cal pri -
mary axis rep re sents the com par i son be tween the
half-value layer be tween ITO and mi cro scope glass,
while the sec ond ary ver ti cal axis pres ents the dif fer -
ence be tween two alu mi num shields with dif fer ent
thick nesses (0.5 mm and 0.1 mm). The mi cro scope
glass sam ple de pos ited with all study thin film has the
great est value of the half-value layer across most tem -
per a ture de grees when com pared to the ITO stud ied
glasses ex cept add ing the MnO2 thin film at 250 °C.

At the same time, the shield thick ness in com bi -
na tion with the thin film was the most ef fec tive pa ram -
e ter in shield ing prop er ties [20, 21]. The ef fi ciency of
the shield in creased by add ing the thin film to the thin
sub strate with min i mum thick ness. This means that
the ef fec tive ness of shield ing by add ing a thin film on
alu mi num with a thick ness of 0.1 mm was more than
Al with 0.5 mm. In terms of the half-value layer, re -
sults showed that the half-value layer of Al with a
thick ness of 0.5 mm sam ples greater than Al with 0.1
mm. All ob tained ob ser va tions con firm that the ad di -
tion of PbO and MnO2 sep a rately and to gether in thin
films to the study sam ples can be con sid ered prom is -
ing ma te ri als for nu clear ra di a tion at ten u a tion.

CON CLU SION

This re search sum ma rizes the pos i tive ef fect of
add ing thin film to nu clear shield ing. To achieve that
PbO and MnO2 sep a rately and to gether as thin film
com po si tion  were  added  to  four dif fer ent shields
(mi cro scope glass, ITO glass, Al with a thick ness of
0.1 mm, and Al with a thick ness of 0.5 mm) at three
dif fer ent tem per a tures. Dur ing the ex per i men tal study, 
it was found that the ad di tion of PbO and MnO2 sep a -
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Fig ure 6. Vari a tion of the half-value layer (cm) of
in ves ti gated sub strate added with PbO thin film as
a func tion of tem per a ture

Fig ure 7. Vari a tion of the halfvalue layer (cm) of
in ves ti gated sub strate added with MnO2 thin film as
a func tion of tem per a ture

Fig ure 8. Vari a tion of the halfvalue layer (cm) of
in ves ti gated sub strate added with both PbO and MnO2

thin films as a func tion of tem per a ture



rately or to gether to the com po si tion of glasses or alu -
mi num led to an in crease in the ef fi ciency of shield ing
gamma ra di a tion. Ac cord ing to the tem per a ture of the
shield prep a ra tion, the dif fer ence be tween the sub -
strate de pos ited with PbO and MnO2 in terms of at ten -
u a tion was dif fer ent. How ever, when PbO and MnO2

were used to gether as glass and Al de pos its, the
screen ing ef fi ciency in creased more com pared to the
cases of de pos it ing with only one of the PbO and
MnO2. There fore, one can con clude that the shield ing
ef fi ciency had  not only de pend ence on the type of thin
film com po si tion but also on their thick ness, lay ers,
and tem per a ture as well, the vari a tion of which played
a very im por tant role in de ter min ing the ab sorb ing and
shield ing char ac ter is tics.

AU THORS' CON TRI BU TION

The cor re spond ing au thor W. A. Alhamdi mea -
sured the at ten u a tion of gamma-rays, an a lyzed the
data and wrote the pa per while au thor H. Khalil pre -
pared the shield sam ples.
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ISTRA@IVAWE  EFIKASNOSTI  GAMA  ZA[TITE
DEPONOVAWEM  PbO  I  MnO2  SASTAVA  NA  RAZLI^ITE  VRSTE  PODLOGA

Kqu~ne re~i: za{tita od gama zra~ewa, MnO2, PbO sastav, termi~ki sprej, scintilacioni
..........................detektor

 U ovom radu, tanak film PbO, MnO
2
, PbO + MnO 

2
(nano sloj) nanesen je na mikroskopsko 

staklo podloge od indijum kalajoksida i aluminijuma debqine 0,1 mm i 0,5 mm i uzorci su 
pripremqeni tehnikom termi~kog spreja. Oblagawe tankih filmova na podlogu vr{eno je na 
temperaturi od 35 °C, a zatim su pripremqeni filmovi ̀ areni na 100 °C i 250 °C, tokom jednog sata. 
Efikasnost za{tite svakog tankog filma na svakoj podlozi na razli~itim temperaturama 
analizirana je kori{}ewem radioaktivnog izvora60Co i NaI(Tl) scintilacionog detektora oblika 
jame. Dobijeni eksperimentalni rezultati sumirani su na slede}i na~in: dodavawem tankog filma 
PbO ili MnO

2
, zajedno ili odvojeno na podlogu, pove}ava se slabqewe gama zra~ewa u zavisnosti od 

vrste uzoraka i temperature ̀ arewa. Minimalna stopa gama redukcije iznosila je 0.3 % za staklo 
od indijum kalajoksida deponovano sa MnO 

2
i `areno na 250 °C, dok je maksimalno slabqewe od 

9.6 % prona|eno u aluminijumu debqine 0,1 mm deponovanim sa PbO, ili MnO 
2
zajedno. Utvr|eno je 

da se efikasnost za{tite pove}ava sa pove}awem debqine tankog filma, temperature ̀ arewa i da 
zavisi od vrste podloge.


