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Abstract

Characteristic X-ray of 35KV (Mo-Tube) was used to determine the
attenuation coefficients of x-ray for some of aluminum alloys with different
thicknesses after oxidized them at different times and temperatures. By
graphic figures and the phases formation on each sample's surfaces, we
studied the effect of oxidation circumstance on absorption. The phases (8-
Al,O3) and (GeO, ) were formatted on alloy A, (6- Al,O3), (GeO, ) and
(AlGegp435) On alloy B, (MgO) and (Al,SiOs) on alloy C hence we found
direct proportion between absorption logarithm with thickness and
equivalent thickness for alloy C , while we got inverse proportions for alloys
A and B which was due to the phases formation on their surfaces, we found
absorption logarithm for alloy C increased with ratio 0.178% after 4 hours
later comparing with the same sample at same circumstances after the first
half hour. The relation between the half value thickness and mean free path
with attenuation coefficients were determined also.

Keywords : x-ray absorption , attenuation coefficients , oxidation , mean
free half thickness .
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1. Introduction

Uncovered tissue can be severely
damaged if it was exposed to the X-
ray for a long time. Long-term
continual exposures at sensible
levels can directly cause  a variety
of skin disorders , while a continual
relatively low-level exposures may
be considered as a factor in
increased cancer risk exposed
workers . Many early workers with
X-rays developed serious ailments
(from skin lesions to various forms
of cancer) as a consequence of their
work . Although there are safeguards
associated with modern X-ray tools
designed to minimize or attenuate
radiation in the work surroundings ,
an awareness of the dangers of

radiation exposure and associated
safety issues is required for any
worker using X-ray laboratories [1] .

2. Theory
X-ray:

The intensity of emitted X-ray by
the  anti-cathode is  directly
proportional to the current inside the
tube and to the square of the applied
voltage .However , the efficiency of
the emission process is very low ,
and even in the best conditions , with
a voltage of 100 kV, only 2% of the
energy provided is transmitted to the
X-rays. Roughly 98% of the electron
beams energy is consumed by the
Joule effect and heats up the
anticathode, which is why it is
important to set up a system to
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evacuate heat. A cooling system by
water circulation is used as shown in

Molybdenum Filament

Fig. (1) [2-6].

Glass

The Oxidation:
The bulk structures of oxides of

p— >
>)
Fig.1 X-ray tube
described in detail in several
textbooks [7 - 11].
Alloys oxidation IS S0

magnesium, aluminum, iron,
titanium and silicon have been

e The metals of the alloys have
different affinities for oxygen
because of difference free energy
to form oxides.

e Form trio oxides or more in the
alloys.

e Disparity in acceptability
dissolution between the oxides.

complication cooperation with pure
metals because of  [12 & 13]:

e Because metal ions are diverse
then they possess different
mobility in oxides phases.

e Metals in the alloys
different diffusion.

e Oxygen dissolution in alloy form
secondary flat precipitation like
interior oxides. Fig (2) show
oxidation of pure metals and
alloys.

have

Metal oxide

Oxidation of Metal

Metal

evaporation of a metal under an oxygen
atmosphere on to inert substrate

Metal \
Metal oxide ) T

Metal oxide

Alloy

Fig. 2 Oxidation in pure metals & alloys [12]
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Experimental , Germanium addition
to Aluminum alloys in general has
high affection to betterment alloy
ductile and oxide plate even
betterment oxidation resist at high
temperature about (550 C ) , the
oxide formation on alloys surface
that container Germanium will stay
right in all temperature (100 to 550)
‘C[13 & 14].

20cm

3em

3. Experimental:
a. Sample Preparation

Melting and Casting: after

checking alloys constituents by a
sensitive electric weighing scale a
suitable quantity put in melting pot
of silicon carbide in a furnace which
corroboration at 700 C, the melting
alloys poured in cast mold , Figure

(3)

Fig.3 Sketch of cast mold.

then set aside to cool to laboratory
temperature , the casting material
then it was cut by cutting machine to
a pieces of (2.75mm) thicknesses by
using a cooling liquid , the alloys

constitution were analyzed by Alloys
Analyzer using X-Ray device , the
results of analyses were given the
Table (1) .

Table 1. Constituents the alloys which used in this experiment.

Alloy A  99.95
AlloyB  99.65

Alloy C 92.70

0.05 -
0.35 -

- 7
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Rolling:

Through this operation different
thicknesses were obtained (0.02 ,
0.04 , 0.06 , 0.08 , 1) cm the alloys
samples .

Cleaning, Grinding, and Polishing
the samples :

The samples were cleaned by

alcohol and by ultrasonic waves |,
and grinded by electric system for
grinding and polishing to get a soft
Oxidation :
All samples oxidant by the electric
furnace in to (0.5, 1, 1.5, 2, 2.5, 3,
3.5, 4) hours at the temperature (200,
300, 400) C.

Analysis the Oxidation on the
Samples Surfaces:

To know the phases formation on
each sample's surfaces after oxidized
them at temperature under study |,
The X-Ray diffraction system were
used  with (Cu-Tube) and
wavelength (A=1.5406 A"), by Bragg
Law we determined interference
distance (d) as follow in eq. (2):

2dsing =nA ... (2)
After comparison the values with
standard tables The phases

formation were selected on the
surfaces of alloys .

b. Examination of Samples by x —
rays

The (20 , 25, 30, 35) kV Mo -
X-Ray Tube were used to measure

surface , grinding papers were used
also of (800 , 1000 , 1200 , 2000)
micron , the samples then washed by
purified water then by alcohol and
dried by drying system , after that
polishing by a special kind of
polishing cloth and diamond paste
with four stages (1, 3/4, 1/2 , 1/4)
micron incrementally ,from soft to
coarse then wash by purified water ,
alcohol and dried after each stage.

the attenuation coefficients , after
measuring the average counts for
each samples , theoretical values of
attenuation coefficients determined

by :

= e™

................

Such that I/ : absorption ratio .
U : Attenuation coefficient

The experimental values of ( )
and ( 1y,) determined by the slope of
the curves to the logarithmic of
absorption  per thickness and
equivalent thickness on succession
for each sample .

4. The Calculations

A. we determined by weighting their
masses and found their densities by
using the eq.(4) :

mg,

Psample. = 7, = o5 s 4)
Such that:

Psample - represents the density by
gm/cm?® .

X : thickness of the sample in cm .
r : radius of the sample incm .
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ms : mass of the sample in gm . as mean free path and half thickness
V, : volume of the sample in cm®. for alloys A, B & C, the slopes of
the graphic Figures (7 to 14)
represent the linear and mass
attenuation coefficients.

B. In the tables (2-4) experimental
values were given for Linear and
mass attenuation coefficients as well

Table 2 .The experimental results of linear and mass attenuation coefficients,
mean free path and half thickness for alloy A oxidized at 400 °C which rolled to
0.06 cm.

U (kV Iy n 1 0.693
( ) _lnl Mmz— ),=_ X1=—
= p un z un
A Am Xip2, Xip2,
20 38.1375 14.16 0.0262 0.0706 0.0182 0.0489
25 37.6000 13.95 0.0266 0.0717 0.0184 0.0497
30 37.2625 13.84 0.0268 0.0723 0.0186 0.0501
35 36.8375 13.68 0.0271 0.0731 0.0188 0.0507

Table 3. The experimental results of linear and mass attenuation coefficients ,
mean free path and half thickness for alloy B oxidized at 400 °C which rolled to
0.06 cm.

kV Ig H 1 0.693
U (kV) _In7 Uy = — A== Xi=——
= P u 2 u

4 Am Xi2, X2
20 38.288 14.22 0.0261 0.0703 0.0185 0.0500
25 37.913 14.08 0.0264 0.0710 0.0188 0.0507
30 37.550 13.95 0.0266 0.0717 0.0191 0.0516
35 37.100 13.78 0.0270 0.0726 0.0194 0.0524
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Table 4. The experimental results of linear and mass attenuation coefficients ,
mean free path and half thickness for alloy C oxidized at 400 °C which rolled to

0.06 cm.
U (k) Ink _M
_ I} Hm =

M= p

20 52.15 19.30

25 49.88 18.45

30 48.03 17.71

35 45,53 16.83

C. Effect of the oxidation:

To know the important of
oxidation effects on attenuation
coefficients of X-ray for alloys, it is

0.693
X1=———

2 u
Xip2, X2,
0.0133 0.0359
0.0139 0.0376
0.0144 0.0391
0.0152 0.0412

1
A==
u

/11 Am
0.0192 0.0518
0.0200 0.0542
0.0208 ' 0.0565
0.0220 0.0594

oxidation times and temperatures .
The Phases formation on the
samples after tested them by X-ray
diffraction shown in Figures (4,5,
6) for example:

necessary  knowing oxidation
circumstances from different
ool
m.
(GeO, )

Intensity (coun./sec.)

(8- AL,Oy)

3|

“22)

30 35 40

20

45 50 55

Fig.4 X-Ray diffraction pattern for oxidized Alloy A at temperature
400 °C which rolled to 0.06 cm
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Fig.5 X-Ray diffraction pattern for oxidized Alloy B at temperature
400 °C which rolled to 0.06 cm.
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Fig.6 X-Ray diffraction pattern for oxidized Alloy C at temperature
400 °C which rolled to 0.06 cm.

D. Results and Discussion:
1. Figs. (7, 8, 9, 10) shows the

relation between logarithm of
absorption with  thickness for
alloys A , B & C at temperature
(400 °C) it 1s found an inverse
relation for alloys A & B, this
means that their absorption of X-
ray decreased with increasing
time , while the relation between

logarithm of absorption with
thickness for alloys C is linear
this agrees with [15 - 17] , which
due to the phases formation as
shown in Figs. (4, 5, 6).

. Figs. (11, 12, 13, 14) shows the

same resultasinl.

3. Absorption Logarithm for alloy C

oxidized at temperature (400 °C)
after 4hr increased with ratio
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(0.178%) compared with the
same sample in the first half hour
of oxidation at same temperature
at 20kV , even the same sample
oxidized at (400 °C) increased
with ratio (0.097%) comparing
with second alloy in [15] at room
temperature at voltage 20kV .

. The absorption decreases with
increasing of voltage for alloys A
,B&C.

. Relation of absorption logarithm
with thickness and equivalent
thickness for alloys A, B & C
that oxidized at temperature (200

, 300) °C were the same as in
results (1) & (4) .

38

6. Attenuation coefficients of X-ray
for these alloys oxidized at
(200,300,400) °C have the same
trend as in results (1) , (4) & (5) .

7. In Tables 2 to 4 we determined
attenuation coefficients from the
slope of the curves to the
logarithm of absorption per
thickness and equivalent
thickness on succession for each
sample .

8. In Tables 2 to 4 half thickness
and mean free path had inverse
relation with attenuation
coefficients of x-ray .

36
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Fig.7 The relation between Logarithm of absorption with
thickness for Oxidized alloys at 20kV.
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Fig.8 The relation between Logarithm of absorption with
thickness for Oxidized alloys at 25kV.
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Fig.9 The relation between Logarithm of absorption with
thickness for Oxidized alloys at 30kV .
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Fig.10 The relation between Logarithm of absorption with
thickness for Oxidized alloys at 35kV
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Fig.11The relation between Logarithm of absorption with
Equivalent thickness for Oxidized alloys at 20kV .
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Fig.12 The relation between Logarithm of absorption with
Equivalent thickness for Oxidized alloys at 25kV .
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Fig.13 The relation between Logarithmic of absorption with
Equivalent thickness for Oxidized alloys at 30kV.
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Fig.14. The relation between Logarithm of absorption with
Equivalent thickness for Oxidized alloys at 35kV .

E. Conclusion: 3. Linear relations for (U, py) of X-
Ray for alloy C , while it was
inverse for alloys A and B .

X172 and mean free path decrease for
alloy C, while both of them

2. Trio alloy give best result increase for alloys A & B at
comparing with double alloy different temperatures.
even change alloys constituents.

1. Increasing of sample thickness
hadn't any affection for alloys A
& B as shown in the Figs. 7-10.
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