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Cement Paste as a Radiation Shielding Material
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Cement, mainly, natural limestone and clay mixture after being heated at high temperature is obtained by
milling and it is de�ned as a hydraulic binder material. Especially, cement is used in production concrete. The
photon attenuation coe�cient (µ, cm−1) for cement paste has been measured using gamma spectrometer containing
NaI(Tl) detector and MCA at 835, 1173, and 1332 keV. Cement paste was prepared with types of Portland cement
which is CEM I 52,5 R- and CEN reference sand has been used according to TS EN 196-1 standard. The mass
attenuation coe�cients have been calculated at photon energies of 1 keV to 100 GeV using XCOM and the obtained
results were compared with the measurements at 835, 1173, and 1332 keV.
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1. Introduction

The cement industry is one of the basic industries that
play an important role in the developing countries. Also,
cement is one of the most common structural materials
used in constructions such as home, o�ce, hospital, etc.
For this reason, investigation of radiation shielding prop-
erties of cement have been important.
The probability of a photon interacting in a particular

way with a given material, per unit path length, is called
the linear attenuation coe�cient [1]. The linear attenua-
tion coe�cient per unit mass of the material is expressed
as a mass attenuation coe�cient to avoid the e�ects of
variations in the density of a material for reference pur-
poses [2].
There is a lot of studies in literature related with lin-

ear attenuation coe�cients of di�erent materials such
as building materials, concrete, glass systems and steels
[3�8]. These studies are based on experiment and theory.
A signi�cant number of studies related with attenuation
coe�cients of concretes which including di�erent aggre-
gates and having di�erent percentages of water-cement
have been realized.
In this study, for determination of radiation shielding

properties of cement paste, photon attenuation coe�-
cients have been measured at 835, 1173, and 1332 keV.
The used results half value layer thickness (HVL) and
tenth value layer thickness (TVL) have been calculated.

2. Materials and methods

Cement paste was prepared with type of Portland ce-
ment which is CEM I 52,5 R and CEN reference sand has
been used according to TS EN 196-1 standard.
The photon attenuation coe�cients of cement paste

have been measured using the gamma spectrometer sys-
tem containing NaI (Tl) detector coupled to a digital
spectrum analyzer (DSPEC LF) which was a full featured
16 K multichannel analyzer on advanced digital signal
processing techniques, were recorded on the MAESTRO-
-32 gamma spectroscopy software. The measurements
have been carried out at 835, 1173, and 1332 keV which
were obtained from 54Mn and 60Co radioactive sources.

The schematic arrangement of the experimental setup
used in the present study is shown in Fig. 1.

Fig. 1. Schematic view of the experimental setup.

The photon attenuation coe�cients have been evalu-
ated comparing I and I0, which are the measured count
rates in detector, respectively, with and without the ab-
sorber of thickness x (cm)

µ =
1

x
ln

(
I0
I

)
. (1)

The e�ectiveness of γ-ray shielding is described in terms
of the HVL or the TVL of a material. The HVL is the
thicknesses of an absorber that will reduce the radiation
to half, and the TVL is the thicknesses of an absorber
that will reduce the γ-radiation to one tenth of its origi-
nal intensity. Those are obtained as

HVL =
ln 2

µ
, (2)

TVL =
ln 10

µ
. (3)

The measured photon attenuation coe�cients (µ) were
compared with the calculation obtained using XCOM
computer code. The XCOM is a data base and can run
on a PC and it uses pre-existing data bases for coherent
and incoherent scattering, photoelectric absorption, and
pair production cross-sections to calculate mass attenu-
ation coe�cients at photon energies of 1 keV−1 [9]. In
the XCOM code chemical contents are input and output
is the mass attenuation coe�cients (µ/ρ). The chemical
compositions of cement paste is shown in Table.
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TABLEChemical compositions of cement paste.

Chemical
compositions [%]

SiO2 Fe2O3 Al2O3 CaO MgO SO3

CEM I 52,5 R 20.09 3.87 4.84 64.02 1.15 2.83

3. Results and discussion

The linear attenuation coe�cients (µ) for cement paste
have been measured at the photon energies of 835, 1173,
and 1332 keV. The obtained results are displayed in
Fig. 2. It can be seen that the measured results decrease
with increasing photon energy.

Fig. 2. Measured photon attenuation coe�cients.

Fig. 3. Percentage transmission for composite samples
as a function of thickness at di�erent photon energies.

The transmission rate is an important parameter in
order to test the radiation shielding properties of a ma-
terial. This is shown in Fig. 3, where it was displayed
as a function of cement paste thickness at three di�erent
photon energies. It is clear from this �gure that larger
thickness of materials is needed to stop higher energy
photons.
The measured and calculated results are compared in

Fig. 4. It can be seen from this �gure that the linear
attenuation coe�cients of photon depends on the energy
of the photon that interacts with the material. This is
because of the di�erent photon absorption mechanism
which are photoelectric at low energy, Compton scatter-
ing low and mid-energy range and pair production after
process (after 1022 keV) [5]. In Fig. 5 it can be seen that
there is a good agreement between experimental and cal-
culated results.

Fig. 4. The photon attenuation coe�cient of cement
paste as a function of photon energies.

Fig. 5. Correlation between experimental and calcu-
lated results.

References

[1] I.I. Bashter, A. el-Sayed Abdo, M. Samir Abdel-Azim,
Jpn. J. Appl. Phys. 36, 3692 (1997).

[2] M.F. Kaplan, Concrete Radiation Shielding, Long-
man Scienti�c and Technology, Longman Group UK
Limited, Essex, England 1989.

[3] C. Singh, T. Singh, A. Kumar, Ann. Nucl. En. 31,
1199 (2004).

[4] M.I. Awadallah, M.M.A. Imran, J. Environm. Ra-
dioact. 94, 129 (2007).

[5] S. Narveer, J.S. Kanwar, S. Kulwant, S. Harvinder,
Radiat. Measur. 41, 84 (2006).

[6] I. Akkurt, H. Aky�ld�r�m, B. Mavi, S. Kilincarslan,
C. Basyigit, Ann. Nucl. En. 37, 910 (2010).

[7] I. Akkurt, R. Altindag, K. Güno§lu, H. Sar�kaya,
Ann. Nucl. En. 43, 56 (2012).

[8] I. Akkurt, A. Calik, H. Aky�ld�r�m, B. Mavi,
Z. Naturforsch. 63a, 445 (2008).

[9] M.J. Berger, J.H. Hubbell, NBSIR 87-3597, Photon
Cross Sections on a Personal Computer. National
Institute of Standards, Gaithersburg, MD, USA 1987.

[10] I. Akkurt, B. Mavi, A. Akkurt, C. Basyigit, S. Kil-
incarslan, H.A. Yalim, J. Quant. Spectrosc. Radiat.
Transfer 94, 379 (2005).

http://dx.doi.org/10.1143/JJAP.36.3692
http://dx.doi.org/http://dx.doi.org/10.1016/j.anucene.2004.02.002,
http://dx.doi.org/http://dx.doi.org/10.1016/j.anucene.2004.02.002,
http://dx.doi.org/http://dx.doi.org/10.1016/j.jenvrad.2006.12.015
http://dx.doi.org/http://dx.doi.org/10.1016/j.jenvrad.2006.12.015
http://dx.doi.org/10.1016/j.radmeas.2004.09.009
http://dx.doi.org/http://dx.doi.org/10.1016/j.anucene.2010.04.001
http://dx.doi.org/http://dx.doi.org/10.1016/j.anucene.2011.12.031
http://physics.nist.gov/PhysRefData/Xcom/Text/XCOM.html
http://physics.nist.gov/PhysRefData/Xcom/Text/XCOM.html
http://dx.doi.org/10.1016/j.jqsrt.2004.09.024
http://dx.doi.org/10.1016/j.jqsrt.2004.09.024

	J.W. Kim, H.S. Kim, D.G. Lee, Effect of Molding Condition on Waviness Profile of GFRP Composites in Compression Molding

