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In this paper we study the effect of the oxidation on the values of total

attenuation coefficient for the samples (Cu ,Zn and their alloys Brass
(70%Cu +30%2Zn), (60%Cu+40%2Zn)) . The samples thicknesses chosen
(0.02-0.1) cm, the Mo-X-ray tube used with the voltages (20-25-30-35)
KV, the effect of oxidation on (u; ,u,,) were studied by using the
graphic relations, where the effect of oxidation at temperature (100 °C)
and oxidation time (1.5,6) hours on the linear and mass attenuation
coefficients are studied .It is concluded that best results were achieved for
(ML , Km) at (100 °C) after six hours where (u.) increased by the ratio
(7.14%,5.76%,8.62%3.77%) respectively, while (M) increased by
(7.05%, 5.79%,10.05%,3.55%) respectively by comparing with oxidized

E-mail: samples for time (1.5) hours at voltage 20 KV, it is found a linear relation

dr-fr-2006@yahoo.com between the linear and mass attenuation coefficient with the oxidation
time. While they are inversely related with increasing X-ray voltages. the

Tel: effect of oxidation on the structural from of the studied materials was also
examined using both the scanning electron microscope and the X-ray
diffraction examination.

1. Introduction

Since the discovery of (X-ray) by Rotengen [1] many
experiments especially that are related to its
attenuation were conducted Thomson ,Held several
experiments on the attenuation of (X-ray) by different
Materials [2] .
The attenuation of (X-ray) occurs through its
interaction with matter . Composite material may
offer additional benefits in chemical resistance |,
physical durability ,and portability, the interaction of
(X-ray) with matter is via three main processes
photoelectric effect, Compton scattering and pair
production. Pair production occurs only for very high
energy (X-ray > 1022kev) , the sum of (photoelectric
effect ,Compton scattering and pair production) per
unit path length were the (X-ray) photon is removed
from the beam is called linear attenuation coefficient
(M)
1, = o(photoelectric) + o (Compton) +
o (pair) (1)

o = Area of the interaction .
u,, can be described by the well known equation [6]:

_lEh ()

L X
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| = Transmitted intensity , I. = incident intensity and
X = thickness of absorbent ,to find the p, for any
alloy me may use the equation :
g (Alloy)=puy(S1) + P2y (s2)  (3)
Where :P ; represents the percentage of the first pure
sample (sy)
P, =1-P; represents the percentage of the

second pure sample (s,)
The fact that linear attenuation coefficient varies with
the density of the absorbent limits its use, even if the
absorber material is the same. therefore ,the mass
attenuation coefficient (w,,) is much more widely
used and is defined as:

M 2 -1
W =25 (em®.gm™ ) (4)
Where (p) refer to the density of the absorbing
medium.
We can introduce a half —thickness, x, /, ,as :

0.693 (5)

ML
Also the average distance or the mean free path for

absorbing medium for a beam of (x-ray) is defined
as[3,4,5,6,7]:

X1/2 =
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2. Oxidation
Oxidation is a chemical reaction of metallic element
with oxygen resulting in the damage of element, this
in turn ,resulting in an increase in the element
positive parity .when an element is combined with
oxygen atom, it is noted that the metal loses electron
which indicates that the oxidation reactions include
oxygen federation with element and transfer of
electron leading to the formation of the oxide layer on
the surface of the element as described in the
equation :
M+ % 0, =M0 (7)
The types of oxides depend on metal parity, whether
single or multi- parity. The speed of the rate of
oxidation depends on energy released freed from the
process as the freed energy is large, the rate of
oxidation is faster, the oxide layer which is formed on
the surface of the metal working as a barrier that
saves the metal and oxygen atoms away from each
other to reduce the interaction of metal atoms with
oxygen atoms to form the oxide .On this basis two
types of oxidization is classified :-
Protective Oxides
Non - Protective Oxides
When the oxide layer is non-porous then it's called
the protective oxide and will have a high adhesion
with the surface of the metal and also have a small
thickness while for the non-protective type will have
a low adhesion, a large thickness and porosity.
(pilling) and (Bedworth) have found that oxide layer
depend on the ratio between the size of the membrane
oxidized on the surface of the metal to the size of the
originl metal are called (pilling — Bedworth ratio
)(PBR) given as[8,9] :-

PBR= % (8)

Vm
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Where V,,. and 1, : size of the membrane oxidized on
the surface of the metal and the metal respectively .
Since the measurement of the rate of oxidation is out
of scope of this paper we may only mention to some
references that give the lows controlled the oxidation
[8-15].

3- Experimental work

The experimental procedure is shown in flowchart
(1), the samples used in experiment are (Cu ,Zn and
their alloys, one of them (70% Cu+ 30% Zn) defined
as alloy (A) and the second alloy is (60%Cu + 40%
Zn), defined as alloy (B)). Oxidation of the samples
takes place at (100) °C. Figures (2-5) show the
analysis of the alloys before and after the oxidation at
time (1.5) hour , all samples were imaged by (SEM)
after oxidation at (1.5)and(6)hours, as it was observed
that the surfaces of oxidizing samples have the same
shape, figures (6-13) shows the microscopies imaging
by (SEM) of the samples before and after the
oxidation at time (1.5) hour and The figures (14-21)
shows the pattern of (X-ray) diffraction for the
samples at (1.5) hour and (6) hours after oxidation .
4- Calculations

4-1 The Calculations of linear (1) and mass (Un)
Attenuation Coefficients :

Equation (2) is used to calculate linear Attenuation
Coefficients for pure sample while equation(3) for the
two alloys, Figures (22 to 25) that show the logarithm
of absorption versus (against) thickness for each
samples oxidized at (100)°C and (1.5) hours. while
we draw the figures (26-29) shows the logarithm of
absorption versus equivalent thickness by unit
(gm/cm?) to the same samples by using equation (4)
which is the mass attenuation coefficients, same
procedure are done for samples after oxidation at
(100)°C and time (6) hours, all are shown in figures
(30-37).
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J Cu, Alloy(A), Alloy (B) and Zn

I .
U Analysis with (EDAX) ’

u Casting and melting ’

U Cutting with (CNC) Machine ’

polishing

U Etching by discloser ’

“ oxidation after (1.5) and (6) hours l

Examination and imaging

H X-ray measurements

Metallographic by Scanning i -
Electron Microscope Mass Attenuation coefficient Linear Attenuation coefficient
. W

Flowchart (1) of in Experimental work
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Figure 2 : shows the analysis of the alloy (B) before the Figure 4 : shows the analysis of the alloy (B) after the
oxidation at time (1.5)h.

oxidation
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Figure 3 : shows the analysis of the alloy (A) before the Ful Scale 159 cia Cursor: 0.000 i ke
oxidation Figure 5 : shows the analysis of the alloy (A) after the

oxidation at time (1.5)h.

109



Tikrit Journal of Pure Science 23 (4) 2018

Figure 6: Mlcroscope photograph by (SEM) WhICh
shows the structure of copper before the oxidation

Flgure 7: Mlcroscope'photograph by (SEM) WhICh
shows the structure of zinc before the oxidation

Angstrom advanced

Figure 8: Mlcroscope photograph by (SEM) which
shows the structure of Alloy(A) before the oxidation

Flgure 9: Mlcroscopephotograph by(SEM) WhICh
shows the structure of Alloy(B) before the oxidation
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AIS2300C SEI WD =140 14 0kV X 220 300urm

Flgure 10: Mlcroscope photograph by (SEM) WhICh
shows the structure of copper after the oxidation(1.5)h

Angstrom advanced 2300C_SEl_WD =13.6 15.0kV X 210 _300um

Figure 11: Mlcroscope photograph by (SEM) which
shows the structure of zinc after the oxidation(1.5)h.

Flgure 12 Mlcroscope photograph by(SEM)
which shows the structure of Alloy(A)after the
oxidation(1.5)h

Angstrom advanced

Figure13:Microscop phtogrphby (SE) WiCh
shows the structure of Alloy(B)after the oxidation(1.5)h
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Figure 14 : Pattern of (X-ray) diffraction for copper

oxidation after (1.5) hours

1200 -
Zn0

1000
5 (101)
= 800
‘A Zn0
< 600
g (002)
£ a00

200 - l

U T T T T T T T T T T A\ T T T
1 611162126313641465156616671
20 (deg)

Figure 15 : Pattern of (X-ray) diffraction for zinc
oxidation after (1.5) hours.
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Figure 16 : Pattern of (X-ray) diffraction for Alloy(B)

oxidation after (1.5) hours
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Figure 17 : Pattern of (X-ray) diffraction for Alloy(A)

oxidation after (1.5) hours
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Figure 18 : Pattern of (X-ray) diffraction for copper

oxidation after (6) hours
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Figure 19 : Pattern of (X-ray) diffraction for zinc
oxidation after (6) hours
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Figure 20 : Pattern of (X-ray) diffraction for Alloy(A)

oxidation after (6) hours
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Figure 21 : Pattern of (X-ray) diffraction for Alloy(B)

oxidation after (6) hours



Tikrit Journal of Pure Science 23 (4) 2018

ISSN: 1813 — 1662 (Print)

E-ISSN: 2415 - 1726 (On Line)

Figure 22
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Figure 23 : The relation between Log absorption and Thickness for zinc at 100 °C
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: The relation between Log absorption and Thickness for copper at 100 °C at (1.5)h.
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The relation between Log absorption and Thickness for Alloy (A) at 100 °C at (1.5)h.
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Figure 25 : The relation between Log absorption and Thickness for Alloy (B) at 100 °C at (1.5)h.
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Figure 26 : The relation between Log absorption and equivalent thickness (gm/cm?) for copper at 100 °C
at (1.5)h.
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Figure 27 : The relation between Log absorption and equivalent thickness (gm/cm?) for zinc at 100 °C at
(2.5)h.
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Figure 28 : The relation between Log absorption and equivalent thickness (gm/cm?) for Alloy(A) at 100 °C
at (1.5)h.
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Figure 29 : The relation between Log absorption and equivalent thickness (gm/cm?) for Alloy(B) at 100 °C
at (1.5)h
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Figure 30 : The relation between Log absorption and Thickness for copper at 100 °C at (6)h.
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Figure 31 : The relation between Log absorption and Thickness for zinc at 100 °C at (6)h .
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Figure 32 : The relation between Log absorption and Thickness for Alloy (A) at 100 °C at (6)h.
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Figure 33 : The relation between Log absorption and thickness for Alloy (B) at 100 °C at (6)h .
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Figure 34 : The relation between Log absorption and equivalent thickness (gm/cm?) for copper at 100 °C
at (6)h.

45 4
4 Curve 20 kvy=18.28*X

B Curve 25 kvy=16.87*X

4 - A Curve 30 kvy=15.47*X
“ Curve 35 kvy=14%X

Log Absorption
w
w i

1

™~
wu
1

2 -
1.5 T T T T T T T 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Xu{gm/cm?)
Figure 35 : The relation between Log absorption and equivalent thickness (gm/cm?) for zinc at 100 °C at
(6)h.
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Figure 36 : The relation between Log absorption and equivalent thickness (gm/cm?) for Alloy (A) at 100
°C at (6)h.
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Figure 37 : The relation between Log absorption and equivalent thickness (gm/cm?) for Alloy(B) at 100 °C
at (6)h.

5- Discussion and Result

1. Figure (2,3,4,5) shows the analysis of the alloys
brass (A) and (B) before and after the oxidation at
time (1.5) hour by EDAX , it is clear from the figures
the effect of oxidation on changing the shape, the
shifts and the phase of the peaks while the phase of
Cu and Zn will be changed by increasing the
temperature to 100 °C and increasing the time period
of oxidation we got the differences .

2. Figure (6-9) shows (SEM) photograph at the same
magnification which indicates the decrease in grain
size when the thicknesses decrease after cold working
for the samples under study before oxidation while
the figure (10-13) shows (SEM) photograph which
indicate an occurs oxidation process for the same
samples after oxidation at time (1.5) hour at
temperature to 100 °C which conforms with [9] .

3. Figures (14-21) shows the X-ray diffractions for
all samples after oxidations for time periods (1.5) and
(6) hours it is noted that as the time period of
oxidation increases the quality and the structure of the
material seems to be more enhanced which are
satisfying and agree with are earlier conclusions
[16,17,18,19]

4. Figures (22-29) shows the relations between the
logarithm of absorption versus the thicknesses and
same with equivalent thicknesses by the unit of
(gm/cm? ) for all samples after oxidation for the time
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