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Abstract
This study aimed to evaluate the effect of adding pure calcium
carbonate and eggshell powder to unsaturated polyester resin (UPR)
on the linear absorption coefficient (1) of gamma rays. This study is
a continuation of a previous study conducted on samples of
unsaturated polyester resin reinforced with pure calcium carbonate
and eggshells to investigate the linear absorption coefficient of beta
particles. With the increasing need for low-cost and
environmentally friendly radiation shielding materials, this study
explores the potential use of natural fillers, such as eggshells rich in
calcium carbonate, as alternatives to traditional materials. A total of
39 samples were prepared with varying weight ratios (0.5% - 3%)
of the added materials, and gamma radiation absorption was
measured using a Geiger-Muller counter. The linear absorption
coefficient values were then calculated based on the relationship
between the sample thickness and the natural logarithm of the net
counting rate. The results showed that both types of fillers improved
the resin's ability to absorb gamma rays, with pure calcium
carbonate demonstrating clear superiority in (p) values across all
used concentrations. Although eggshells contributed to enhanced
absorption, the presence of organic residues and a porous structure
limited their effectiveness. The study confirms that incorporating
such materials can significantly affect the radiation absorption
properties of composite polymer materials, thus supporting their
potential use in sustainable radiation protection applications.

Key words: Radioactivity, linear absorption coefficient,
polymer, Unsaturated Polyester Resin (UPR), calcium carbonate,
eggshells.
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LBalall
0 % (Wt %) agysll st
el Jane o) Jane Al 3l Jaee (X)mm salall slass
Ln (R-Rsc) (R-Rsc) Le ey
(Count/sec) (Re.c)count/sec

0.958 2.606 0

0.866 2.378 6

0.887 2.428 6.3

0.925 2.522 0.178 6.7

0.755 2.128 12

0.734 2.083 13

0.682 1.978 19

D9dk dasdal) pudall & — il gl (e cilie aladialy sl Jaa 1(2) Jgaadl
LBalal) dladd Al)ag ddlida Ay caly (lal)

1% 0.5% (Wt %)asish) causil
Al dlods
il Jaee | monaill Jane | sl Jne | mesail) Jae |0
Ln (R-Rgc) (R-Req) Ln (R-Rsg) | (R-Ree) e .
(Re.g) (X)mm
0.958 2.606 0.958 2.606 0
0.850 2.400 0.876 2.400 6
0.854 2.461 0.901 2.461 6.3
0.901 2.672 0.983 2.672 0.178 6.7
0.734 2.295 0.831 2.295 12
0.864 2.595 0.953 2.595 13
0.823 2.228 0.801 2.228 19
2% 1.5% (Wt %)aussll sl
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4aalal) Slade
@aaﬂ\ e @Mam e M‘ e @M‘ﬁn e dpclady) salal)
Ln (R-Rsc) | (R-Rec) Ln (R-Rss) | (R-Rec) Roc) oo
0.958 2.606 0.958 2.606 0
0.889 2.433 0.880 2.411
0.854 2.350 0.804 2.233 6.3
0.875 2.400 0.852 2.344 0.178 6.7
0.781 2.183 0.794 2.211 12
0.788 2.200 0.830 2.294 13
0.783 2.189 0.745 2.106 19
3% 2.5% (Wt %)asyshh canll
aalal) Slads
gl b gl | gl e el e elady) 5
Ln (R-Rg.) (R-Rs.c.) Ln (R-Rgg.) (R-Rs.c.) (Re.o) (X)mm
0.958 2.606 0.958 2.606
0.894 2.444 0.938 2.556 6
0.859 2.361 0.878 2.406 6.3
0.903 2.467 0.878 2.406 0.178 6.7
0.786 2.194 0.910 2.483 12
0.811 2.250 0.758 2.133 13
0.760 2.139 0.763 2.144 19

CiligSs dasdal) gadiall b — Jid Al o il alilinls ) Jina (3) Jsaal
Salal) cladad AN Aalida Axij g caeady Adil) o gudlS)

1% 0.5% (Wt %) cauail
Al ol
el Jie | el Jae | el Qoo | sl Joee |

Ln (R-Rgc) (R-Ree) | Ln(RRss) | (R-Ree) e .
(Rec) | ()mm
0.958 2.606 0.958 2.606 0
0.910 2.483 0.873 2.394 6
0.854 2.350 0.843 2.322 6.3
0.945 2.572 0.847 2.333 0.178 6.7
0.742 2.100 0.818 2.267 12
0.739 2.094 0.718 2.050 13
0.885 2.422 0.771 2.161 19

2% 1.5% (Wt %)aussll sl
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4aalal) Slade
@L‘Aﬂ‘ e @Mam e M‘ e @M‘ﬁn e dpclady) salal)
Ln (R-Rsc) | (R-Rec) Ln (R-Rss) | (R-Rec) Roc) oo
0.958 2.606 0.958 2.606 0
0.804 2.233 0.852 2.344 6
0.887 2.428 0.788 2.200 6.3
0.914 2.494 0.847 2.333 0.178 6.7
0.845 2.328 0.676 1.967 12
0.811 2.250 0.873 2.394 13
0.665 1.944 0.699 2.011 19

3% 2.5% (Wt %)asyshh canll
aalal) Slads
gl b gl | gl e el e elady) 5
Ln (R-Rg.) (R-Rs.c.) Ln (R-Rgg.) (R-Rs.c.) (Re.o) (X)mm
0.958 2.606 0.958 2.606 0
0.859 2.361 0.781 2.183 6
0.750 2.117 0.818 2.267 6.3
0.752 2.122 0.813 2.256 0.178 6.7
0.796 2.217 0.742 2.100 12
0.685 1.983 0.763 2.144 13
0.648 1.911 0.688 1.989 19

padial) g il Aga) clisad Lals dasl i) alatad) Jalaa :(4) Jgaad
AR g ey gand) [ pdly B agaadlel) gy das sl

Ll o gl ilig S sl a8
MM~ ladll gabaia¥) dabee | mMM™ ladl) paloaiaV) ol | (WE %)l consill
)’ )’

0.0164 0.0164 0%

0.0107 0.0071 0.5%

0.0079 0.0073 1%

0.0121 0.0098 1.5%

0.0136 0.01 2%

0.0127 0.0107 2.5%

0.0147 0.011 3%
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3l Jandd (10 GY) mipleslll o Al Jiias o5 clgale Ulas Al w53 (4
JEEY) 8 mmse 58 LS Sy J<a X(MM) dald) salal) éladss LN(R-Ryg)
Clilell LDl slal & 385 .(12)5 (11) «(10) «(9) «(8) «(7) «(6) :ada
S ¢ Pl any ST aifieaal) Jadl) Jue alaly [3] 5 [2] ¢[1] Jglaall & daiasall
LS ) b dendiindl) cilinal) o Lels &adl adl) GaleaiaV) dalae Jia

(13) U8l 4 miase a

S}
(1]
wi
~
4=
c
3
=}
o
i
2
e
o
=
s
—

e eadsd) Sl X(MM) Zald) salall @lalig LN(R-Ryg) o 48l 1(6) I

- il )

Siwdsd) e Ciliaad X (MM) dciaal) sal) lag LN(R-Rypg) o 48l (7)) J<a)
%.0.5 U,)} 2\44.4.\.\.\ 3:\5.\3\ ejéu.\nsn Qbyﬁj 04:‘-‘3‘ J)&EA dac dall b““‘“ ‘)ér_
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o algll Gl X (M) Lald) 33l dlews LN(R-Rpg) o 38l 3(8) J<all
Yol (i sty Al el ligs Sy il s dac 2l adial

o eadsl) Gl X (MM) Lald) salal) dawg LN(R-Ryg) o 4831 3(9) J<a
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Swadsll (e ciliaad X (MM) Lalall salall dlews LN(R-Ryg) o a8l 1(10) J<all
%2 (33 Aty Al psadlSl ilignSy Gl 3 dac el gadall e

Saealsll e Sliad X (MM) il salall elaws LN(R-Rpg) G a8l (1) J<al)
2.5 (1 dansis Atil) psallSl) gy S5 mal) s A dall gaial)
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Seadsdl g il X (MM) Zalal 535U eless LN(R-Ryg) o 283al) 1(12) <l
%3 S)Y) Ay :\:fé.ﬂ\ e):wanS]\ A*_ihy)s} ua...uj\ g dacadl culvd\ Py

0.02
=
N’
S 0.015
=
~N—
=
S 0.01
.
£E
.e = 0.005 W Eggshells
S
é 0 W Pure Calcium
o Carbonate
o
)
=
-

Weight percentage (%0)

il e = il el e cilinal Lals s Jadl) Galeaia¥) dalas 2(13) J<all
LAahae AYs ety anll edly AR a sl lignSs dac

— sl Jell clie 4 lls desY el palaaia¥) Jalae Jsn dadjall el
ol ddhide 4y iy panll edBy 8 o guallSl ligy)Sh 5 jaall pdiall
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bl pabaia¥) dalee of ) Joaall 8 desial) i) puds Cus Lidisale

) (ol dshian ] diliaall Lpal) s2le Loy g Al
0.0164 mm™ sl (aliaiaV) Jelee dad of 225 <%0 Gaill il Al
ligs Sy andl 58 Adlial (535 .Ailiaall dgal) il sl 5acE i (53l ¢
Cun o all Galaia) Jalee 8 Bagale (alaas) ) %0.5 s L) o 5l
S oRliay) 13 s . sl e 0.0107 mm™! 5 0.0071 mm™! Ll el
e lols Aedl Jelan yuty jedadl digheas Gt 38 dsall o3¢l 1Y) ALy o
Gl 9l duus 5L pe ASBSH b iy o) ol @b sl cua aldl)
) dear Qs il 5ol (adl) Galaaial) dales jeld %155 %1
O ) clalasy) sda pin . gl e 0.0098 mm™!, 0.0073 mm™!
S 8 dealall 3 125 cpaundl QI ilisy S e Lalad 05S5 J (piand) )5l
Ll plad) s e s 5 e ASGal salall (63 2aally ddlea)
s g WY 8 LA paaedlQl g1 asl aleaia¥) Jales e ¢ Jilaally
Afled ST Ailadl) okl sdn e Lala Andl Jelis of I et Lae U Jaeas oIS
Ol DS (5 Loy %02) eV anail) tie . S5 8315 pe (aleaial ] Jujas
2988 Juat s ¢ ol (aliaia¥) cDlalas (& dan i 52L) () Glage (L)
ve 0.0147 mm™ ) gl Sl clis €y 0.011 mm™t 1) ()
cassedl Sl g€ e YT 50 W ddssalal) 5ol (g3 o (K . %3 dacal
SV Gl )5l S5 0k 8 L Lels g L] Caaids 8 Alladll Lpailiads 48 yadl)
GlisySs Lgai)lie die gl JgaS Lghallad ol JSa5 dagunc dlse o (g5
el Al s eI i€ o Al cad el e sdle LAl o gl
all paen die ) 558 e ol Lils 2l s Galiaie) cBlelea lyainly
ciy Al (Alsaweeb, & Elnari,. 2024)  dalall dahall il (e 5y044])

psneallSll iligs € g el b s ot aliaial Jalae Jasd ) 58 o

Al
LMY .16

Ll 3 iyt aal 8 5sS 38 TRsse Ly A el iy o il < pglil
Lo (il Las 4 el sl digpnd) (aa Slsdall mjsh 3 ol Cliell 340)
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3% Cpa (s AL &) sall (g e @l DS o aa g Lala Al Galiatal) sl e
el 21l cupelal Al o sadlI g€ o V) clals Aadl abiaial e il
& aals panll )58 of alys «anll s A3jlhe Lertiead) S aas
Ao L) Leillad (e S Alal) dpalinall 5 (5 pemall Lews€ 5 5 V) ¢ paliaia¥) e
Al a5y S ae 55l die L gead

Vo panal b lays slads Doend Aille se plasial AlKe) i) o385
Gkl Jlaa) 75k b ¢ o lady) pabaial) o difak 58 @3 483 Dyl
Lnidie Ly ol ) dalall vie Lals cdieled) Llal) clVlae b 50
FHN

Sluagil) . 17

Al Glyadgd) (el @dall 5Y) wasil Advas fldiee Slaly ehal @
ols 2asY Y lgumped e e ledY) LeSsle o ol il (aag ¢l Ay
be o Ahs dallas Gllee shaly 383 U panll )58 (uSi ddas o
Mgl ] daaliadl) (g Lguanll algall A113Y

ol sdd ae daclia o duuh (oAl Llle dse zed il GliSiul o
cpabaial] ddled 53l
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