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1. Introduction

* Radiation is used in many applications
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1. Introduction

In medicine, Zamma ray and

. -V X-ray are mostly used for the
’/ ———— - diagnosis in nuclear medicine.
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1. Introduction

* Fundamental strategies in radiation protection is ALARA
(As Low As Reasonably Achievable)
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TIME DISTANCE SHIELDING

Radiation Shielding: Crucial for protecting
against harmful X-ray and gamma radiation.



1. Introduction

TYPES OF RADIATION

2 Protons and 2 Neutrons
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Paper Alu'll;l:ll:um Thick Lead Water or Concrete

How Penetrating?

Stops neutron
Stops O rays Stops B rays Stops Y, X rays rays
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1. Introduction

High-density glass has been developed to

Due to Q
* Lead has toxicity » reduce toxicity while enhancing opacity for improved
and environmental radiation shielding efficiency.

>5mol% 15 mol%

Omol% ~ 10mol%

concerns.

(65-x)P20g + 5CaFp + 10NaF + 10KF + 10AIF3 + xBiO3 x = 0, 5, 10, 15 mo;%



1. Introduction

Lightweight:

Easier to handle and
install

Durable:

Long-lasting
performance

(

Aesthetic:

Modern and appealing
appearance

Advantages of
glass shielding
material

Transparency \

Allows visibility for
monitoring

Customizable

Tailored for specific
radiation protection

Non-toxic:

Safer alternative to lead

Making it an
attractive alternative
to lead-based
shields.




1. Introduction

Phosphate

s
 —
Low melting point Chemical Durability

High thermal High transparent
stability



1. Introduction

Toxic of Lead

Change to

9999 | 18I

Bismuth

208.980

High atomic number
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1. Introduction

Monte Carlo simulation is a simulation method created to guide decision
making in problems which depends on the principle of chance called law of

chance by take a random of sampling.

PHITS
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1.

Introduction

What is PHITS?
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Capability
Transport and collision of nearly all particles over wide energy range

using Monte Carlo method neutron, proton, ions, 104 eV to 1 TeV/u
electron, photon etc
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Application Fields
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2. Objective

* To create a high-performance, environmentally
safe, and versatile radiation shielding materials
that combines effective protection with optical
transparency of glass
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3. Materials and methods

Glass Preparation:

Composition: (65-x)P,05 + 5CaF, + 10NaF + 10KF + 10AIF3 + xBiz0O3 x = 0, 5, 10, 15 mol%

Casting Annealing Cooled Down Sample
sStainless Steel Mould ©500°C, 3 hr. eRoom Temperature

Melting
eHigh Alumina Crucible

Determination of
Raw Materials




3. Materials and methods: Analysis

Physical
Measurements

Density
Molar volume

Optical Analysis

Transmittance

Radiation shielding
(Gamma ray: Bal33,
Cs137, Co60

* Mass Attenuation
Coefficient

* Half-Value Layer
(HVL)

Compare between
experimental vs
PHITS

—E»—

Radiation shielding
(X-ray 50-120 kVp)

* Mass Attenuation
Coefficient

* Half-Value Layer
(HVL)

* Half-Value Layer
compare with
standard materials
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4. Results and discussions:

Density & molar volume
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4. Results and discussions:
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4. Results and discussions: Radiation shielding

(Gamma)

— BiyO3 0mol%_PHITS B BiyO3 0mol%_Exp.

61,0, mol%._PHITS | ® B0, amolt_Exp. *MAC decreases as energy increases.
——— Bi,039mol%_PHITS | 4 Bi03 9mol%_Exp. eHigher Bi,O, concentrations result in
T PR TR PHITE] T PO oMo B better photon attenuation, especially at
lower energies.
eClose match between experimental
data and PHITS Monte Carlo simulation.
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Energy (MeV)
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Half value layer (cm.)

4. Results and discussions: Radiation shielding

(Gamma)
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eIncreasing Bi,O; concentration enhances
the HVL.
eThis trend indicates that higher energy
gamma rays require a thicker material
to be attenuated to half of their original
intensity.
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4. Results and discussions: Radiation shielding

(X-ray)
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4. Results and discussions: Radiation shielding

(X-ray)
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4. Results and discussions: Radiation shielding

(X-ray)
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5. Conclusion

e enhances density.

e Enhances radiation
attenuation.

~

Higher mass attenuation
coefficients and lower HVL , and

shielding radiation material better
than commercial glass, red brick,
concrete and x-ray window

¢ indicate enhanced
of shielding
efficiency.
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Thank you for your attention
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