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The radiation shielding properties of three different stainless steels have been investigated. For
this purpose, linear attenuation coefficients at photon energy levels of 662 keV and 1250 keV
have been measured. The obtained results showed that ferritic stainless steecl was more capable
in stopping the high energy photons than its non-magnetic counterpart.
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INTRODUCTION

The radiation shielding of personnel and the
public at theworkplace means placing asuitablemate-
rial between the radioactive source and the personnel.
Itiswell known that some materialsare moreeffective
than others in shielding particular types of radiation.
On the other hand, the type and amount of shielding
material needed for the shielding vary with the type
and quantity of radioactive materia being shielded
[1]. The shielding of gamma-rays and neutrons by 12
concrete specimens prepared with and without min-
eral additiveswasstudied by Yilmaz et al. [2]. There-
corded values showed a change in energy of the inci-
dent beam and concrete composition. In addition to
this, Akkurt et al. [3] measured the linear attenuation
coefficients for concrete containing zeolite as an ag-
gregate in different concentrations (0%, 10%, 30%,
and 50%). Thelinear attenuation coefficient measured
on four concrete blocks decreased by increasing the
quantity of zeolite. It was concluded that the addition
of zeoliteasan aggregateinthe concreteisnot an ater-
native option to be used for the purposes of radiation
shielding. In the meantime, Rezaei-Ochbelagh and
Azimkhani [4] studied the gamma-ray shielding prop-
erties of concrete containing varying percentages of
lead powder and silica fume. The authors reported a
slight decrease in the gamma-ray attenuation with the
addition of silicafume. They suggested the usefulness

* Corresponding author; e-mail: adnancalik@sdu.edu.tr

of 15% silicafume cement concrete containing lead as
agammashield.

Carbon steel or stainless steel, as lead, has been
commonly used as materialsfor thermal and radiation
shields [5, 6]. Corresponding to this, it has been
foundthat the measured effective linear attenuation
coefficient of carbon steel gives an average value of
0.340 cmrL. On the other hand, it has been shown that
the total mass attenuation coefficients (u/p) values of
steel decrease by increasing the photon energy [7].
This result shows that the mass attenuation coeffi-
cients vary with the variation of the atomic and elec-
tronic number for different steel compositions. Thus,
understanding the basic principles involved in the
physical interactions of gamma radiation with matter
can help in the choice of shielding for agiven applica-
tion. Inaddition, themagnetizationisanimportant pa-
rameter for the steel and under the magnetic field the
behavior of those materials can be different for differ-
ent characteristics. It is therefore necessary to further
examine the radiation shielding of steel with different
magnetic properties. Inthisstudy, the magnetic behav-
ior on the radiation shielding of three different stain-
less steelsisinvestigated.

EXPERIMENTAL METHOD

Thesubstratesused for thisstudy were Al S| 304,
AISI 316 L, and AlSI 430 stainless steel, received in
the anneal ed condition. Chemical compositions of the
test materials arelisted in tab. 1.
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Table 1. Chemical composition of steel used [wt.%]

C Cr Ni Si P S Mn

316L | 0.03 | 18 10 10 | 0.04 | 003 | 15
304 | 0.08 | 18 10 10 | 0.04 | 003 | 15
430 | 012 | 18 - 10 | 0.05 | 003 | 1.0

Thesampleswere cut into dimensionsof 2 mm x
x 2 mm x 15 mm and the magnetization of the steel
specimens was measured using a Cryogenic Q-3398
vibrating sample magnetometer (V SM). Themeasure-
ments of magnetic hysteresis|oopswere performed at
295K withtheapplied magneticfieldsof upto+7T.

Finally, to investigate the radiation shielding
properties of the AlSI 304, AISI 316 L, and AISI 430
stainless steel, the linear attenuation coefficients (i)
were measured at the photon energy of 662 keV and
1250 keV obtained from the ¥Cs and %°Co y-ray
sources, respectively. For this purpose, y-rays trans-
mitted through the steel were detected using agamma
spectrometer that consists of a3 x 3-inch Nal(Tl) de-
tector connected to a multichannel analyzer (MCA).
The detector system communicates with a PC using
the Genie 200 software. If N and N, are the measured
count rates in the detector with and without the ab-
sorber of thicknessx[cm], respectively, thentheradia-
tion absorption coefficient i can be extracted by the
standard equation

N =Ny e

The slope of theIn(N/N,) vs. x plot givesu. Fur-
ther experimental details are described in [8].

EXPERIMENTAL RESULTS
AND DISCUSSION

Stainless stedl is an iron-based aloy primarily
known for its excellent corrosion resistance, which is
largely due to the steel's chromium concentration.
Thereareseveral different typesof stainlesssteel. The
two main types are austenitic and ferritic, each of
which exhibits adifferent atomic arrangement. Dueto
thisdifference, ferritic stainless steel isgenerally mag-
netic while the austenitic stainless steel usually is not
[9].

The typical hysteresis loops obtained from the
steel areshowninfig. 1. Fromthisfigure, themagnetic
behaviour of the AISI 430 ferritic stainless steel is
shown clearly. The high magnetic saturation of the
AlS| 430isduetoitsFeand C concentration. Inlitera-
ture, it has been pointed out that the saturation magne-
tization is known to be insensitive to the structure in
the sense that it does not depend on the details of the
fine structure, such as the strain, lattice imperfection
and/or small amounts of impurities [10, 11]. Crangle
[12] showed that iron with carbon exists as Fe;,C
through high temperature, i. e.
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Figure 1. Thetypical hysteresisloops of steel used in
this study

3Fe+C— Fe;C

The Fe,C is ferromagnetic. In addition, it has
been shown that the stainless steel that containsnickel,
generally referred to asa 300 series, isnot magnetic at
al. Thereason isthat the presence of the nickel alters
the physical structure of the stainless steel and re-
moves or inhibits any magnetic qualities. From fig. 1
and the microstructure (fig. 2) obtained from this
study, we say that the AISI 304 and AlISI 316 L steel
areaustenitic-stainless steel and do not show magnetic
properties, whereasthe Al S| 430 ferritic stainlessstedl
shows magnetic behaviour. This result is in a good
agreement with the literature.

Now let us consider the relation between the ra-
diation shielding and magnetic behaviour of steel. The
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Figure 2. The microstructure of steel; (a) AlSI 430, (b)
AlSI 304, and (c) Al SI 316L

linear attenuation coefficients of steel were measured
at the photon energy of 662 keV and 1250 keV ob-
tained from *3’Csand 8°Co y-ray sources, respectively.
This measurement has been performed for steel with
different magnetic properties. Thisisdisplayed infig.
3 whereit can clearly beseenthat the AISI 430 ferritic
stainlesssteel hasahigh 1 both at the photon energy of
662 keV and 1250 keV.

The radiation shielding is based on the principle
of attenuation, whichisthe ability to reduce awave's or
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Figure 3. Linear attenuation coefficients for steel at the
photon energy of 662 keV and 1250 keV

ray'seffect by blocking or bouncing particlesthrough a
barrier material. Charged particles may be attenuated
by losing the energy to the reactions with electronsin
the barrier, while gamma radiation is attenuated
through the scattering or pair production [13]. Thus,
lead can effectively attenuate certain kinds of radiation
because of its high density and high atomic number;
principaly, it is effective at stopping gammarays, and
X-rays. The high density of the lead is caused by the
combination of its high atomic mass and the relatively
small size of itsbond lengthsand atomic radius[14]. In
addition to the lead, it has been shown that the
steel-magnetite has higher linear and mass attenuation
coefficients [15]. From our study, firstly, we say that i
depend on theincoming photon energies asthe interac-
tion mechanism of photonswith themediumisdifferent
for different photon energies(fig. 3). By comparingu of
different steel, the linear attenuation coefficients of
AIlSI 316 L and AlSI 304 stedl are very close together
and these steel display the austenitic behaviour. On the
other hand, it is clear that the highest 1 was found for
Al S| 430 steel whilethelowest valuefor AISI 304 stedl.
Thiscould betheresults of the different components of
the steel. Ascan be seen from thetab. 1, theferriticand
austenitic steel have different Fe, C, and Ni concentra-
tions. The same results has been obtained in the study
by Han and Demir [16]. They showed that the linear at-
tenuation coefficients depend on the concentration of
elements within the aloy.

In conclusion, thereisarel ationship between the
attenuation coefficient and the magnetic saturation,
i. e, theferritic stainles steel which displaystheferro-
magnetic behaviour hasahigh linear attenuation coef-
ficient due to the composition of the steel. Thus, the
ferritic stainlesssteel wasmore capablein stopping the
high energy photonsthan the non-magnetic steel. This
could giveachanceto the use of ferromagnetic steel in
terms of radiation shielding purposes instead of the
standard shielding material such as lead.
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Anmnan YAJIUK, Caxun ATBYHAP, Hazum YKAP,
Huxat JUIMA 3, Mycraga Cepaap KAPAKAC, Uckennep AKYPT

INOPELEILE PAIUJAIIMOHNX 3ANITUTHUX CBOJCTABA
YE/IUKA PA3SINYUTUX MATHETHUX OCOBUHA

IIpukaszanu cy pesyiaTaTH HCTpa)KuBamwa PaAMjallMOHUX 3aLUTUTHUX CBOjCTaBa TPH BPCTE
Jenuka. MepeHu cy JTMHeapHu KoecpHuI/I]eHTI/I cnabibea npu HUBOMMaA eHepruje poToHa off 662 keV n
1250 keV. [1o6ujeHn pe3ynTaTu nMokasyjy fa (poTOHE BUCOKHMX eHepruja 00Jbe 3aycTaBba (DEpPUTHU HETO
HEMarHeTHU YeJIHK.

Kmwyune peuu: weauk, mazhemuzayuja, 3auiiiuitia 00 3paierba



