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Abstract

The theoretical study of ion ranges and stopping powers of (60-250) MeV protons from medical
cyclotron on Havar and Bronze alloys have been carried out by SRIM Computer Code. It is
shown that the results are nearly the same for both alloys. The sputtering of Havar and Bronze
alloys bombarded by (60-250) MeV protons was also calculated by Anderson Model. The
results show that the sputtering yield from Bronze alloy is larger than that of Havar alloy, which
indicates that the survival treating time for Havar alloy is greater than that of Bronze alloy.
From this study, we concluded that Havar alloy is preferred alloy for manufacturing the nozzle
system, in addition to the physical properties of Havar alloy that has high melting point and
high modulus of elasticity, which allows easy formation of nozzle system in various forms and
different volumes according to required usage treatment, in contrary to Bronze alloy.

This study is the tool to indicate the preferable alloy used in manufacturing the treating nozzle

system for proton therapy which lasts longer in use and saves effort and money.
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Introduction

Proton Beam Therapy is developed cancer treatment based on the smart physics of the proton
[1]. Protons deposit extreme active energy in exactly controlled range directly into tumor and
saving healthy tissues. Proton therapy is progressively considered as one of the most advanced

and objective cancer treatments due to, its maximum distribution dose and few side effects.
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The beam imparted through the nozzle (transport system) to the treatment rooms is
comparatively narrow and it has definite energy value. The main design of this nozzle system
is passive spread of the beam or active scanning.

Because of protons are charged particles, a pencil protons beam can be precisely guided towards
the tumor. As protons are heavy particles so they penetrate with minimal spread and they slow
down relatively fast when entering biological tissues [2]. Moreover, protons beam offers the
advantage of exact dose localization and convenient dose-depth distribution [3], compared with
the photon radiotherapy in which adjoining healthy tissues to tumor might receive the same
dose that causes the destruction [4].

The nozzle is a relatively complicated system, (the nozzles design defines the beam delivery
techniques) [1]. The preferred property of proton is that it acts only at certain depth and in
narrow range (Bragg peak) [5]. However, the tumor has definite area and an irregular shape so
the beam must be extended laterally and distally to cover it [6].

The continuous collisions of proton with nozzle system may form cracks and cause radiation
leakage to the outside affecting patients and workers [7], so Havar or Bronze alloys may be
used for the manufacture of some parts of the nozzle system.

Theoretical Methods

A. Stopping power
The ion is slowed down by outer electrons of atoms of the physical medium at high energy, and
it moves nearly in a straight path. When the ion is slowed, the collision with the nucleus would

be more probable. Finally, the nuclear stopping power dominates in the slowing down process [8].

Total stopping power is the ratio of energy loss (E) and length of the path (x) as shown in the
following equation [8]:

S(E) = =N, &

dE

e Loss of Energy.

N, - Atomic density (atom.cm™3)
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If the target is composed of more than one element, it is presumed that each component
contributes to stopping power, for compound A, B, where g + r =1, then the stopping power
is given by the following equation:

Sig = qSa +718p

Where,

S, , Sg - Stopping powers of atoms, A and B, respectively.

B. lon ranges
lon range, (R) of projectile with energy E,, is determined by the rate of loss of energy along ion
path until stopping (E, =0) [8].

= Lol asiai ] eiwsd
Sputtering Yield
The sputtering process includes complex series of collisions, angular deflections and
transferring of the energy among many atoms in solid.
According to "Anderson Model" the energy deposited on a matter surface is given in the

following equation [9, 10]:

Y = A Fo (Eo) 1)
A 1s the material factor which is represented by:
A=42/NUo nmeV! (2)

N - The atomic density (atom. nm3), Uo. binding energy of the surface (eV.atom™).

Fo (Eo): deposited energy per unit length due to nuclear processes at surface, depends on type,
direction and energy of incident ion with atomic number (Z1) and the target composition
atomic number (Z2), mass number (M2), and atomic density (N) [11, 12].

Fo (Eo) = a N Sn (Eo) (3)
Where,

(o) - constant and depends on (M2/M3) [13].

Sh (Eo) - the nuclear stopping power which may be represented by:
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N Sn (Eo) = dE/dx | n

dE/dx | n- nuclear energy loss.

Substitute the equations (2- 4) into equation (1) we get:
Y =4.2 a dE/dx | n / (N Uo)

Equation (5) represents sputtering yield in (atom.ion™) units.

Properties of Havar and Bronze alloys

The chemical composition of Havar and Bronze alloys are shown in tables (1, 2) [8].

Tablel: Chemical compositions of Havar (ICRU-470)

elements Atomic No. Mass(amu) %
Carbon, C 6 12.011 0.2
Chromium, Cr 24 51.996 20.01
Manganese, Mn 25 54.938 1.6
Iron, Fe 26 55.847 17.47
Cobalt, Co 27 58.933 42.52
Nickel, Ni 28 58.69 13
Molybdenum,Mo 42 95.94 2.4
Tungsten, W 74 183.85 2.79

The physical properties for these alloys are shown in table (3).

Table 2: Chemical compositions of Bronze

elements Atomic No. Mass(amu) %

Copper, Cu 29 63.546 84.94
Zinc, Zn 30 65.59 8.84
Lead, Pb 82 207.19 6.22

Table 3: Physical properties of Havar and Bronze alloys

Properties Havar Bronze
Density at/cm38.6304 x 1022 at/cm37.9769 x 1072

Melting point 1480 °C 1035 °C
Modulus of elasticity 190-210 GPa 115 GPa

Tensile strength 1158 MPa 600-760 MPa

Elongation A5 (%) 15 5-15

Hardness 335 170-220

Thermal conductivity 42.7 Wim.K 37.7 W/m. K
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Results and Discussion

Nuclear stopping powers and ion ranges are calculated by “SRIM Computer Code” as shown
in figure (1) and figure (2) respectively which showed the same results for Havar and Bronze
alloys. The sputtering yields are calculated for Havar and Bronze alloys, which showed that the
sputtering yield of Bronze alloy is larger than that of Havar alloy as shown in figure (3). This
means that the nozzle system manufactured from Havar alloy lasts longer in use than Bronze
alloy.

The sputtering yield is produced from continuous collisions of protons with nozzle system,
cracks may be formed causing radiation leakage and putting patients and workers at risk.

It is seen from physical properties of Havar alloy that has high melting point and high modulus
of elasticity larger than those for Bronze alloy as shown in table (3). These physical properties
allow easy formation of nozzle parts in various forms and different volumes according to

required usage treatment.
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Figure 1: Nuclear stopping power versus proton energy
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Figure 2: lon ranges versus proton energy
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Figure 3: Sputtering yield versus proton energy
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Conclusions

Nozzle rupture is one of the major emergencies which puts the workers and patients at risk
during proton therapy. This study evaluates the importance of the selection of preferable alloy
which lasts longer in use for manufacturing of treating nozzle parts. Theoretical procedure for
calculating the sputtering yield for Havar and Bronze alloys of (60 — 250) MeV protons for
proton therapy showed that the sputtering yield of bronze is larger than that of Havar alloy. This
indicates that cracks are produced faster for Bronze alloy. On the other hand, the physical
properties of Havar alloy make it easily formed in different shapes and volumes according to

the required treatments.

In conclusion, Havar alloy is proven to be more efficient than Bronze alloy, as it is more

affordable and lasts longer.
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