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Measurement of Uranium and
Radon Concentrations in
Wells Water Samples of Some
Farms near the Mosul City in
Iraq

The US Environmental Protection Agency recommended the uranium content
safe limit for drinking water by 30 ugL™", therefore Surface well water samples
from farms near Mosul city were tested for uranium and radon concentrations.
The Rad7 and the CR-39 detector track registration techniques were used in
measurements. The Rad7 technique discovered indicating the samples' radon
levels ranged from 0.072 to 0.713 BqL™’, while the CR-39 detector discovered
radon concentrations ranging from 0.088 to 0.567 BqL~/, uranium concentration
varied from 7.162 to 45.958 ugL™!. The values obtained are below the
recommended safe limits of 4 to 40 BgL™’ by the United Nations Scientific
Committee on the Effects of Atomic Radiation. The results showed that radioactive
material concentrations are moderate in flat agricultural areas, low in areas near
the Tigris River, and increasing in areas where mounds contain rocks. The study

area is free of the effects and dangers of radioactive materials.
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1. Introduction

Because agricultural areas rely on well water for
agriculture and are the primary source of food for
people, radioactive materials such as uranium and its
daughter radon gas must be controlled. Radon and
uranium radionuclides are naturally occurring
radionuclides with varying concentrations in surface
and groundwater around the world. Radon levels in
groundwater generally exceed those in surface water
due to the fact that uranium content in the bedrock
and soil of an aquifer grows as well [1]. Groundwater
radon concentrations vary greatly depending on
aquifer characteristics such as geology and rock
structural properties, as well as chemical form in the
aquifer [2]. Because high concentrations of radon and
uranium are hazardous to public health, they must be
controlled by measuring their radioactivity contents.
Radon concentrations in granite-underlain areas
containing uranium are typically higher than in other
types of rock [3]. Since uranium in the soil and rock
surrounding the water source dissolves in carbonate-
rich, alkaline, and oxidizing water and decomposes to
radon gas, both surface water and groundwater must
contain radium and radon gas [4]. Uranium
concentration in the crust of earth ranged from 13.5
to 123 Bag/kg [5]. Because active fault zones are
generally more permeable than the rocks around
them, they serve as preferred routes for the movement
of fluids [6]. High radon concentrations are linked to
faults in groundwater, and radon gas escapes during
movement from minerals and rocks to fluid phase
environments like air and groundwater, and then to
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the atmosphere. Radium decay produces radon, an
inert radioactive gas with a half-life of 3.8 days [7].
Nonetheless, radon concentrations are generally very
low in surface water and in water bodies, particularly
those used as drinking water sources. Surface water
contains radon from bottom sediments diffusion,
radon-laden groundwater discharge, and radium
suspension and solution [8]. The global radon
concentration mean value in groundwater is
approximately 180 Bg/L [9]. Deposited uranium
transferring to plants from water enters the food chain
and becomes a risk to human health; exposure to
uranium soluble at 0.1 mg/kg of body weight can
damage kidney transients [10]. Drinking water is one
of the human body's uranium sources, accounting for
approximately 85% of ingested uranium, while food
accounts for 15% [11]. The EPA's (Environmental
Protection Agency) drinking water reference level for
uranium is 30 pg/L [12]. Because reservoir and river
water have low radon concentrations due to the
possibility of radon gas escaping into the atmosphere,
underground water is a significant source of radon
[13]. The maximum radon level recommended by the
EPA in drinking water is 11Bg/L [14].

Two methods of measurement were employed:
the electrical RAD7 detector and the CR-39 detector,
which counted the tracks created inside the detector
by the radon's alpha particles before chemically
etching them in (typically with KOH or NaOH, an
alkaline solution) to increase their size, and counting
the tracks per unit area (track density) by counting
using optical microscopy. After that, the tracks were
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transformed into radon concentrations. Radon
detectors that integrate, are portable, inexpensive, and
light weight are called CR-39 nuclear track detectors.

2. Experimental Work

Ten water samples were collected from ten
surface wells on farms in the study area, which is
located near the northwestern Mosul city in northern
Irag, 400 kilometers from Baghdad. The study area is
an open flat agricultural area that is suitable for
growing everything, and it is bordered by the Tigris
River in the south and small mounds rich in rocks in
the north, and it depends on well water for agriculture
and is the main source of food for people, and because
the geographical changes are very small in the region,
it was taken the distance between each water well and
another 3 km to cover the wells of the studied area,
except for the wells of the studied area. That is, each
sample represents an average area of 3km? from the
study area, as in (Fig. 1a). The study area has the
coordinates 36 ° 24'05.1 "N 43 ° 02'31.8" E. Radon
concentration and the annual effective dose AED in
water, measured using two techniques, the RAD7
detector (as in Fig. 1b) and CR-39 detector
techniques, while uranium concentration measured
by CR-39 detector.
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Fig. (1) (a) the site map of the studied area (samples are the red
points), (b) Rad7 measurement set up

Seven samples were sent to Kirkuk University to
perform RAD7 detector measurements at their lab,
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this detector converts radiation energy to the
electrical signal directly, with 0.7-liter hemisphere
the internal cell sample is, coated with the electrical
conductor from inside, at the hemisphere center, a
planar, ion-implanted, solid state, silicon alpha
detector. Water 250 protocol with capacity of 250 ml
vials used, which configures RAD7 automatically to
a test performed according to parameters selected.
Five minutes the pump runs, for the sample aerating
and the radon delivering to the RAD7. Five more
minutes of waiting later, the system starts counting.
Five minutes later, it will print the report. Same thing
each five minutes will happen again consequently.
After 30 minutes the run period from the start,
summary prints out by Rad7, showing the reading of
average radon from counted four cycles, the
cumulative spectrum of these four readings and the
bar chart. The water sample radon concentration is
calculated by the RAD7 automatically after that.
Excluding the spectrum, all data will be printed and
will in the memory be stored [15]. CR-39 Detector
measurements, the radon dosimeter of plastic can
with dimensions (7cm diameter, 29 cm length), with
CR-39 detector placed on the bottom of dosimeters
cover, and used to measure the samples radon
concentration as in (Fig. 2a). Samples filled and
stored in the plastic can for exposure time 60 days,
115.4 ml of water with 3cm highest, placed in the
dosimeter, the distance from water samples to the
detector surface was 26 cm. After 60 days an
exposure time, detectors removed from the dosimeter,
and chemically etched in NaOH solution of normality
6.25N at 70° C for 7 hours. The tracks counted using
a 400x optical microscope.

The sample tracks density (px), obtained by
dividing the number of tracks over the area of optical
microscope field of view. The water sample’s radon
concentrations obtained using the comparison
between the track densities of standard water samples
and the registered by the detectors from the samples,
as shown in (Fig. 2b), using the equation [16]

Cs
Cx = Px (g) (1)
Where Cy is the concentration of radon in the
unknown sample, px (track/mm?) is the unknown
sample track density, Cs is the standard sample radon
concentration, ps (track/mm?) is the standard sample
track density, Cs/ps =1/slope.

Then Crn= Cx is the radon levels in the water
samples measured in units (Bg/L).

Water effective annual dose AED by the radon
intake, obtained from the relation in units of pSv/y
[17].

AEDy = CpnCrwDew (2)
Where Cry is a radon concentration in a unit (Bg/L),
in the ingested water, Cgrw is the rate of water
consumption in (730 L/y), and Dcw (5 x 10° Sv/Bq)
is the factor of conversion to Sievert units from
Becquerel [18].
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Fig. (2) (a) Radon dosimeter (Plastic can), (b) The relation
between the track density, and the radon concentration, in the
standard water samples

Uranium contents calculated by the secular
activity equilibrium between uranium and its
daughters using the radon concentration obtained
from the CR-39 detector. The activity of radon Agn in
the sample calculated from Cgrn the concentration of
radon in the sample using the relation [19]

Apn = CraV 3)
Where (V=nr2 L) =115.4 X 10°® m3=115.4 mL is the
sample volume, the thickness of sample is L = 0.03
m, the radon dosimeter radius is r = 0.035m, thus
ArnNgn = Agn (4)

The uranium atoms number Ny in the samples
calculated from the equation of the equilibrium
between uranium with its daughter (the uranium
activity equal the radon activity) [20]

AyNy = AgnNpn ©)
Where the decay constant of uranium is
Au=(4.883X108s1). The uranium weight in samples
then calculated by the uranium atoms number Ny
using the equation

Wy =" (6)

Where ay is the uranium mass number 28U, Nayo=
(6.02X10% atom/Mol) is the number of Avogadro,
then Wy in micrograms units (jug). The concentration

of uranium, calculated by [21]
="
U=

™
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Cu is the uranium concentration in (pg/L) units,
where Ws = 115.4 mL (millilitre).

3. Results and Discussion

Results from employing CR-39 and RAD7
detectors on well water samples are listed in table (1).
Results from RAD7 revealed the amount of radon
present in water samples Crn varied from 0.072 to
0.713 Ba/L as shown in (Fig. 3a), with a mean value
of 0.320 Bg/L, where the low value is in the sample
number 4 which is taken from 8-meter depth surface
well-located near Tigris river, as in site map of the
samples, the high value in the sample number 5 from
well of 40 meters deep in mounds area rich with
rocks, far from river about 9km so the deeps of well
increased, so concentrations increased by rocks, other
samples showed moderate concentrations of radon
because they are in flat agricultural areas, and the
effective annual dose AEDy are in the range of 0.262-
2.602 uSv/y and a mean value of 1.170 uSvly.

Table (1) The CR-39 and RAD7 detectors, results of radon
concentrations, the annual effective dose, and uranium
concentrations

Sample CR-39 Detector RAD?7 Detector
P Cn | AEDw | Cu Cro | AEDW
No- | trackim? | (BqiL) | (uSvly) | (ugit) | B | (usviy)
1. 32 0.235 | 0861 | 19.099 | 0.89 | 1.054
2 2 0.154 | 0565 | 12534 | 0.134 | 0489
) 47 0.346 | 1264 | 28.052 | 0.363 | 1324
) 12 0088 | 0322 | 7162 | 0072 | 0262
5. 77 0567 | 2071 | 45958 | 0713 | 2602
6. 28 0206 | 0.753 | 16.712 | 0234 | 0854
7. 53 0.390 | 1426 | 31633 | 0439 | 1602
8. 2 0213 | 0.780 | 17.309
9. m 0.324 | 1183 | 26.261
10. 2% 0206 | 0.753 | 16.712
min 12 0088 | 0322 | 7162 | 0072 | 0262
max 77 0567 | 2071 | 45958 | 0713 | 2602
mean 374 | 0273 | 0998 | 22143 | 0320 | 1.470

The radon concentration in water samples was
determined by the CR-39 detector to be varied from
0.088t0 0.567 Bqg/L, shown in (Fig. 3b), and the mean
value of 0.273 Bg/L, the effective annual dose AEDw
are in the range of 0.322-2.071 pSv/ly with mean
value of 0.998 pSvly, and the concentrations of
uranium Cy in water samples are in the range (7.162-
45.958 pg/L) with the mean value of 22.143 pg/L.
The comparison between RAD7 and CR-39 results
for radon concentrations in sample showed that the
results of CR-39 are very small amount less than the
RAD?7 results as seen in (Fig. 3c), and (Fig. 3d)
demonstrates that a strong positive correlation
(0.9854) between the two detectors used to measure
the amount of radon in water samples has been found.
It is indicated that the tow detector’s results are close
together.
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Fig. (3) (@) Radon concentration CRn (Bg/L) in samples using
Rad7 technique, (b) Radon concentration in samples by using
CR-39 technique, (c) Comparison the radon concentration in
samples of tow techniques, Rad7 (Blue), and CR-39 (Red), (d)
Comparison between the Rad7and CR-39 detectors
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The modest variations in radon concentrations
between individual wells in the study area were
caused by changes in the soil's geological
composition. All measured concentrations of radon in
the wells water samples were in the international
recommended safe limits concentration, US Agency
of  Environmental Protection proposed the
concentration level of the radon in water for drinking
is 11 Bg/L equal to 11000 Bg/m?, and a maximum
contaminant alternative level is 148 Bg/L equal to
148000 Bg/m®. The agencies of environmental and
health protection recommended the safe limit of 4-40
Bg/L for human beings of the content of radon in the
drinks water [22]. The obtained results for uranium
concentrations are within the 30 pg/L normal
uranium concentration level rate for the drinking
water based with guidelines of the World Health
Organization. The high rate availability of uranium in
some regions, is the source of dangerous to public
safety and health, so it no danger in studied area to
human life, no treatment is needed. The comparison
of obtained results with other works in this field using
CR-39 and RAD?7 detectors showed in (table 2).

Table (2) The comparison of CR-39 and RAD?7 detectors
results, with the results of the other authors

CR-39 Detector
Radon AEDw Uranium Cy
Research Cro(BalL) (uSvly) (uglL) Reference
0.088 - 0.322- 7.162-45.95
Present work 0.567 2071
Nineveh plain 0.362- 1.32- 28.76-120 [23]
region-Irag 1.485 5.42
ThiQar 0.108 - 0.394- [24]
Governorate -Iraq 0.223 0.814
Wassit 0.325- 0.03- [25]
Governorate -Iraq 0.820 0.08
Kirkuk -Iraq 0.063- 119-363 [26]
0.196
Baghdad-Iraq 0.308- 7.78- [27]
0.881 22.24
Al-Najaf-Iraq 0.254-3.78 [28]
Babylon-Irag 1.7-5.83 [29]
Basra-Iraq 2.050 [30]
Karbala-Iraq 2.156- 7.86-15 [31]
4.112
East Anatolian- 0.1325- [32]
Turkey 3.319
RAD?7 Detector
Present work 0072- 0.262-
0.713 2.602
Kirkuk 0.108- 10.136 [33]
Governorate-Irag 5.630
Basra 0.034- 0.1- [34]
Governorate-Irag 15.531 0.843
Abu- Gharagq, 0.072- 0.315- [35]
Babylon-Iraq 0.688 3.013
Kufa city - Iraq 0.267- [36]
5.662
Qassim area- 0.76-9.15 2.77- [37]
Saudi Arabia 33.39
Ashanti Region- 0.04-0.16 0.28- [38]
Ghana 1.14
Sungai Petani - 5.37-14.7 [39]
Malaysia
NITJ, Punjab- 2.56-7.75 [40]
India

© ALL RIGHTS RESERVED

The obtained results for radon concentrations are
within the measurements of most other researches
results, for CR-39 detector less than the
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measurements of all other authors but higher than
Kirkuk governorate results. The comparison showed
lower results values with the other authors for RAD7
detector, much less than other countries, higher than
Ghana results, the table showed comparison of AEDw
and uranium concentrations.

4. Conclusion

The study's aim was to assess the uranium and
radon contents of water samples in certain farming
wells around Mosul City in Iraq and to introduce the
surface wells water radiation levels due to the
significance of water in the environment and human
existence. Because high radiation levels in water are
hazardous to public health, radiation concentration
measurements in well water are critical. Radon
independent  behavior revealed that uranium
concentrations in well water samples increased in
areas rich in rocks, indicating that water and rock
interact. The results showed that radioactive material
concentrations are moderate in flat agricultural areas,
low in areas near the Tigris River, and increasing in
areas where mounds contain rocks. The research area
is free of the impact and dangers of radioactive
materials.

Acknowledgments

We acknowledge to Prof. Dr. Ahmed Abed
Ibrahim, the Assistant to the President of the
University of Kirkuk for Scientific Affairs, to provide
facilities for making measurements on a RAD7
detector in the laboratory of the Kirkuk University.

References

[1] G.Knutssonand B. Olofsson, “Radon content in
groundwater from drilled wells in the
Stockholm region of Sweden”, Norg. Geol.
Under. Bull., 439 (2002) 79-85.

[2] G. lgarashi etal., “Ground-water radon anomaly
before the Kobe earthquake in Japan”, J. Sci.,
269(5220) (1995) 60-61.

[3] B.W. Cho et al., “Spatial relationships between
radon and topographical, geological, and
geochemical factors and their relevance in all of
South Korea”, J. Env. Earth Sci., 74(6) (2015)
5155-5168.

[4] M.S. Alam and T. Cheng, “Uranium release
from sediment to groundwater: Influence of
water chemistry and insights into release
mechanisms”, J. Contam. Hydrol., 164 (2014)
72-87.

[5] I. Bikit et al., “Radioactivity of the soil in
Vojvodina (Northern province of Serbia and
Montenegro)”, J. Env. Radioact., 78(1) (2005)
9-11.

[6] M.M. Moussa and A.M. El Arabi, “Soil radon
survey for tracing active fault: a case study
along Qena-Safaga road, Eastern Desert,
Egypt”, J. Rad. Measur., 37(3) (2003) 211-216.

ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 3B, September 2023, pp. 3-8

[71 B.W.Choetal., “A preliminary investigation of
radon concentrations in groundwater of South
Korea”, J. Soil Groundwater Env., 12(5) (2007)
98-104.

[8] C.R. Cothern and J. Smith, “Environmental
Radon”, 35, Springer Science & Business
Media (2013).

[9] L. Beach, “Exposure from the Uranium Series
with Emphasis on Radon and Its Daughters,
Report No. 77. National Council on Radiation
Protection and Measurements”, J. Nucl. Med.,
25(11) (1984) 1273-1274.

[10]R. Munitions, “The health effects of depleted
uranium munitions: a summary”, J. Radiol.
Prot., 22(2) (2002) 131.

[11]C.R. Cothern and W.L. Lappenbusch,
“Occurrence of uranium in drinking water”, J.
Health Phys., 45(1) (1983) 89-99.

[12]EPA, “US Environmental protection agency
edition of the drinking water standards and
health advisories tables”, 822-F-18-001 (2018).

[13]M.S. Al-Nafiey, M.S. Jaafar and S. Bauk,
“Measuring radon concentration and toxic
elements in the irrigation water of the
agricultural areas in Cameron highlands”, J.
Sains Malaysiana, 43(2) (2014) 227-231.

[14] EPA, “US Environmental protection agency,
“Federal Register: November 2, 1999, Part 2. 40
CFR Parts 141 and 142. National Primary
Drinking Water Regulations: Radon-222:
Proposed Rule”, (Federal Register Washington,
DC 1999).

[15]J.M. Lee and G. Kim, “A simple and rapid
method for analyzing radon in coastal and
ground waters using a radon-in-air monitor”, J.
Env. Radioact., 89(3) (2006) 219-228.

[16]S.A. Durrani and R.K. Bull, “Solid State
Nuclear Track Detection:  Principles,
Methods and Applications”, 111, Elsevier
(2013).

[17]M.H. Kheder, H.N. Azeez and F.M. Al-Jomaily,
“Alpha emitters radioactivity concentrations in
some cosmetics used in Iraq using LR-115
detector”, J. Eureka: Phys. Eng., (2) (2020) 65-
70.

[18] M.N. Alam et al., “Radiological Assessment of
Drinking Water of the Chittagong Region of
Bangladesh”, J. Rad. Protect. Dosim., 82(3)
(1999) 207-214.

[19] K.O. Abdullah, S.Z. Muhammed and A.M.
Hussein, “Assessment of Rn and U
Concentrations in the Soil of Qadafery, Kalar
and Zarayan Located in Sulaimani Governorate
of Kurdistan Region, Iraq”, Am. J. Env. Protect.,
4(1) (2015) 40-44.

[20]H. Cember, T.E. Johnson and P. Alaei,
“Introduction to health physics, Medical
Physics”, 35 (2008) 5959.

[21]M.H.  Kheder et al., “Radioactivity
concentrations in barley and wheat crops in

PRINTED IN IRAQ 7



IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 3B, September 2023, pp. 3-8

Nineveh plain region in Iraq”, Int. J. Nucl. Ener.
Sci. Technol., 14(1) (2020) 50-60.

[22]S. Mittal, A. Rani and R. Mehra, “Estimation of
radon concentration in soil and groundwater
samples of Northern Rajasthan, India”, J. Rad.
Res. Appl. Sci., 9(2) (2016) 125-130.

[23]M.H. Kheder et al.,, “Radon and uranium
concentration in ground water of Nineveh plain
region in lraq”, J. Phys.: Conf. Ser., 1234(1)
(2019).

[24]1L.A. Najam et al., “Measurement of Radon Gas
Concentrations in Tap Water Samples for Thi-
Qar Governorate Using Nuclear Track Detector
(CR-39)”, Detection, 4(01) (2016) 1-8.

[25]L.A. Najam, M.S. Karim and T.K. Hameed,
“Measurement of Radon Gas Concentration in
Tap Water Samples in Wassit Governorate by
Using Nuclear Track Detector (CR-39)”, Int. J.
Phys., 4(5) (2016) 119-122.

[26]N.F. Salih, Z.M. Jafri and M.S. Jaafar,
“Measurement of radon concentration, and
uranium concentration in drinking water in
Kirkuk governorate”, J. Sci. Res. Develop.,
2(13) (2015) 127-131.

[27]1B.K. Rejah et al., “Estimate Level of Radon
Concentration for Drinking Water in Some
Regions of Baghdad City”, Arab. J. Sci. Eng.,
43(7) (2018) 3831-3835.

[28]A.A. Abojassim and H.A. Mohammed,
“Comparing of the uranium concentration in tap
water samples at Al-Manathera and Al-Herra
Regions of Al-Najaf, Iraq”, Karbala Int. J. Mod.
Sci., 3(3) (2017) 111-118.

[29]S.H. Lefta and J.H. Ilbrahim, “Radon
Concentration of Ground Water in Babylon
Governorate”, J. Acad. Res. Int., 4(3) (2013)
260.

[30] A.H. Subber, M.A. Ali and T.M. Al-Asadi, “The
Determination of Radon Exhalation Rate from
Water using Active and Passive Techniques™, J.
Adv. Appl. Sci. Res., 2(6) (2011) 336-346.

[31]11.T. Al-Alawy and A.A. Hasan, “Radon
Concentration and Dose Assessment in Well
Water Samples from Karbala Governorate of
Iraq”, J. Phys.: Conf. Ser., 1003(1) (2018)
12117.

[32] O. Baykara and M. Dogru, “Measurements of
radon and uranium concentration in water and
soil samples from East Anatolian Active Fault
Systems (Turkey)”, J. Rad. Measur., 41(3)
(2006) 362-367.

[33]A.A. lbrahim, 1.Z. Hassan and S.H. Moklofe,
“Radon Concentrations in Tap and Ground
Water in Kirkuk Governorate Using Active
Detecting Method RAD7”, The Int. J. Phys., 5
(2017) 37-42.

[34]M.A. Ali, “Measuring the concentrations of
radon gas 2?2Rn naturally-emitted from water
samples selected from the marshes of Basra
Governorate, southern Iraq”, Iragi J. Aquacult.,
17(2) (2020).

[35]K.H. Hatif, M.K. Muttaleb and A.H. Abass,
“Measurement of Radioactive Radon Gas
Concentrations of Water in the schools for Abu
Gharaq”, J. Univ. Babylon Pure Appl. Sci.,
26(1) (2018) 174-80.

[36] A.A. Al-Hamadwi, A.A. Al-Bayati and A.H.
Al-Mashhadani, “Radon and Thoron
Concentration measurement of Ground Water
in Kufa City by using RAD?7 detector ”, J. Kufa
Phys., 4(2) (2012) 44-49.

[37]W.R. Alharbi, A.E. Abbady and A. El-Taher,
“Radon Concentrations Measurement for
groundwater Using Active Detecting Method”,
Am. Sci. Res. J. Eng. Technol. Sci., 14(1) (2015)
1-11.

[38]1. Opoku et al., “Annual effective dose of radon
in groundwater samples for different age groups
in Obuasi and Offinso in the Ashanti Region,
Ghana”, Environ. Res. Commun., 1(10) (2019)
105002.

[39]N. Ahmad, M.S. Jaafar and M.S. Alsaffar,
“Study of radon concentration and toxic
elements in drinking and irrigated water and its
implications in  Sungai Petani, Kedah,
Malaysia”, J. Radiat. Res. Appl. Sci., 8(3)
(2015) 294-299.

[40] K. Badhan, R. Mehra and R.G. Sonkawade,
“Measurement of radon concentration in ground
water using RAD7 and assessment of average
annual dose in the environs of NITJ , Punjab”,
Indian J. Pure Appl. Phys., 48 (2010) 508-511.

8 ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

PRINTED IN IRAQ



IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 3B, September 2023, pp. 9-14

Indoor Radon Measurements in

Hanaa N. Azeez
Rajaa A. Basheer
Malik H. Kheder

Some Nineveh Plain Region
Homes Using a Small Container

with CR-39 Detector

In the environment and living homes it is necessary to evaluate the radon inhalation
dose and its progeny on a regular basis because Radon is carcinogenic agent. Radon
concentrations in homes in the Nineveh plain region were measured in this study using
a passive personal radon monitor with a CR-39 detector in the small container for
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contact lenses storing. The determined concentrations of radon ranged from 50.50 to
120.65 Bg.m, the excess lifetime cancer risk (ELCR) was in the range of 9.26x10-3to
22.13x10°3, and the lung cancer cases (LCC) incidence per million people per year was

in the range of 103x10-° to 248x10°. The mean radon concentration found fell below
the World Health Organization's (WHO) permitted level of 100 Bq.m-=3. The research
area is still free of significant radon concerns despite certain values being above the

permitted limit.
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1. Introduction

Radon is an ionizing radioactive gas that occurs
naturally as a result of the breakdown of uranium.
Uranium and radium are the primary sources of
indoor radon because they are naturally occurring
elements in rocks, soil, and building materials [1].
When people are exposed to high levels of radon and
its daughters for an extended period of time,
Pathological effects occur, such as changes in
respiratory function and the emergence of lung
cancer. Radioactive particles that can be absorbed and
become stuck in lung tissues are created as radon gas
gradually breaks down [2]. Leukemia and other
malignancies, such as melanoma, kidney, and
prostate cancer, have been related to an increased
chance of developing due to indoor radon exposure
[3], so it is necessary to evaluate radon concentrations
in the environment and living homes on a regular
basis, which can be easily detected using radon
measurement devices. Radon concentrations have
recently been measured using nuclear solid-state
track detectors. Because of their low price, compact
size, and simplicity of use, these detectors are a great
option [4]. Many authors and laboratories around the
world have developed dosimeters and detectors of
various types to assess indoor radon concentrations
using passive-type monitors that record long-term
readings [5]. Small size dosimeters developed are
used as personal dosimeters and to measure indoor
radon concentrations. Some examples of developed
dosimeters include: A little black box with
dimensions of 4.0x7.5x0.5 cm is the Kodalpha radon
dosimeter. A film tag fastened to the interior of the
lid's hinge serves as the dosimeter's actual radon
sensor. The nuclear solid state track detector
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(SSNTD) method was used to develop the LR-115
type-11 track plastic detectors used in these film
badges by Kodak-Path in France. These detectors
were used to gauge radon levels and are particularly
beneficial for direct alpha particle registration.
KODAK's more than 30 years of experience with
SSNTD technology have yielded these superior films
[6- 9]. The NRPB- passive type personal dosimeter of
radon is made from the plastic and is composed of two
parts: the CR-39 track detector, which is housed
inside the dosimetric cassette and measures 5.5 cmin
diameter and 2 cm in thickness. The diffusion cup-
based NRPB dosemeter is intended for use in mines
with high relative humidity levels. The NRPB-type
dosimeter's key design feature is that, after it is
closed, only radon can pass via microcavities and
reach the interior. As a result, Regardless of the
number of radon daughters present in the air, the
radon concentration inside the dosimetric chamber
reaches a level that is identical to that found in the
ambient air. It is possible to establish the average
radon content in the air during a certain measurement
period. An NRPB dosimeter is hence a tool used to
gauge radon exposure [10, 11]. The Altrac model PD
radon personal dosimetry system makes use of
radiation detector diffusion chambers based on
nuclear track detectors. The dosimeters are divided
into lower sections with built-in detector holders and
higher sections with domes. A square CR-39 detector
is placed in the center of the lower parts to provide
security. The housings are created from a special
plastic blend that includes steel fiber. The plastic's
polymer matrix and the dosimeters' interior are
penetrated by radon in about 9 minutes. This
guarantees that the measurements are unaffected by
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the radon isotopes 22°Rn and 2*°Rn, which have half-
lives respectively of 3.96 and 55.6 seconds [12]. It
was possible to create a low-cost, transportable, and
simple-to-find passive personal radon monitor out of
a small contact lens storage container. There was 3.2
cm3 of liquid in each container. One CR-39 piece was
secured at the top of each container using adhesive
clay and a 1 cm? CR-39 detector as the detecting
material. Earlier passive radon monitors' containers
were made of electro-conductive materials to avoid
electrostatic phenomena that can cause an uneven
radon progeny deposition. Thoron is prevented from
entering the monitor by the air gap formed by the
covers on each container. The monitor was placed in
the Institute of Radiation Emergency Medicine's
radon calibration chamber, where the conversion
factor (CF) to radon concentration was later obtained
(IREM) [13].

This study aims to establish the indoor radon
concentration levels in dwellings in the Nineveh Plain
area using a passive radon personal monitor with a
CR-39 detector in a small container for storing
contact lenses, as well as the annual effective dosage
of radon to which people are exposed. The necessity
of radon measurement to routinely monitor radon
concentrations in occupied buildings and guarantee
their suitability for human habitation emphasizes the
significance of this study.

2. Experimental Work

Mean long-term indoor radon concentrations were
measured in 45 homes in the Nineveh plain region
using a passive small container dosimeter with a CR-
39 detector, which is similar to the small size
dosimeters mentioned in the introduction. The used
container was a contact lens storage container similar
to the one used in ref. [13] because it is simple to use,
inexpensive, and widely available. The contact lens
storage consisted of two storage compartments, the
alpha track detector CR-39 was used as a piece
1x1cm? in size and fixed in the top cover of each
storage compartment, the 3 mm diameter hole made
in the bottom of the right hand storage compartment
used to radon measurement, the lift hand without hole
used as background measurement to ensure they were
in the same environment, and each home was coded
with a number. Dosimeters were placed in a room
away from the floor at a height of 2.00-2.25 m, 50 cm
away from walls, windows, and sunlight for 90 days.
Fig. (1) depicts the used container and its diagram.

The measurements were only carried out in rooms
on the ground level of homes in the studied area, the
sitemap of the study area is given in Fig. (2).

The concentration of radon (Cg,,) was determined

by the equation.
Con = C“I’,;’Z"T 6]

where Cg,, is the average radon concentration over the
exposure time in kBg/m®, No and N are the
background and the track density in the measurement
in (tracks/cm?) respectively, and T in unit of hours is
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the exposure time, CF,, is the conversion factor for
radon concentration, which was discovered during a
calibration test and has the value (2.0+0.3 tracks/cm?
per kBg.h/m?) from reference [13].

(b)
CR-39 CR-39

Background | _
3 mm diameter hole

Radon measurement

(©
Fig. (1) View of the small container for storing contact lenses
used as a passive radon monitor; (a) closed storing contact
lenses, (b) opened storing with CR-9 detector, and (c) schematic
representation of the monitor

The effective annual dose (AED) for radon in
units (mSv.y?) was determined using the following
formula:

AED = Cg,,. 0.F.T.D 2)

where Cry is the concentration of radon in (Bg/md), O
is the occupancy factor (0.8), F is the equilibrium
factor (0.4), T (8760 hly) is the one-year duration in
hours [14], and D is the conversion factor from
(Bg.m®) to mSv.h%. Based on recent epidemiological
studies and dosimetric model, the International
Commission on Radiological Protection (ICRP) in
2017 suggested a new dose conversion factor for
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radon in structures and underground mines of (17 nSv
per Bg.h.m™3= 17x10% mSv.h! (Bg.m3)?) [15,16].
LCC is the estimated annual incidence of lung
cancer per million population, as determined using
the equation. [17].
LCC =18 x 107%E,,;, (3)
where 18x10 is a lung induction cancer risk factor
expressed in units of mSv?, and Ejqn is the computed
lung yearly equivalent dose, which can be computed
using the equation.
Epp = AED. Wq. Wy (4)
where Wk is the weighting factor for radiation (20 for
particles) and Wr is the weighting factor for tissue
(0.12 for lung) [18].

Fig. (2) The sitemap of the study area

Excess lifetime cancer risk (ELCR) is defined as
potential carcinogenic effects that estimate the
incidence probability of cancer in individuals in the
population for a specific exposure lifetime based on
dose—response data. The intake is multiplied by the
slope factor to achieve this. The results of the ELCR
are a matter of probability. Cancer is more likely to
develop as a result of a person's lifetime exposure to
toxic substances. The ELCR is concerned about the
lifetime risk of developing cancer as a result of
exposure. The equation produces the ELCR in million
people per year (MPY).

ELCR = AED.DL.RF (5)
where DL is the life duration (70 years), and RF is
the risk factor (0.055 Sv') [19].

Measurements of Alpha Potential Energy
Concentration (PAEC) are necessary to determine the
amount of radon gas and its byproducts in the air and
its effective concentration. This amount eliminates
the need to measure the concentration of each isotope
separately by reflecting the total concentration of
radon and its offspring from short-lived radon
isotopes in one indicator. Its value is expressed in
terms of the unit (WL), which is the work level in
locations where radon gas has been fully dissolved in
lead 2*°Pb. The base working level concentration of
dissolution products in equilibrium with (100 pCi/L)
of parent radon ???Rn. The (100 pCi/L) can be
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converted to (Bq.m), and the concentration-energy
concentration can be measured in units (Bg.m?).
Alpha potential energy concentration is determined
using the equation [20].
F CRrn
PAEC is the short-lived progeny of radon’s
potential alpha energy concentration in air (in WL

units), where 1 WL = 3700 Bg.m™ [21].

3. Results and Discussion

The findings from CR-39 detector of indoor radon
measurements in some Nineveh plain region homes
and other derived parameters are listed in table (1).

Indoor radon levels were measured in 45 homes
in the Nineveh plain region. The levels of radon
knowledge in these homes are critical to the safety
and well-being of civilians, so maintaining a safe
radon concentration in the homes is one of the
primary sustainability plans for ensuring a safe living
environment for people. Indoor radon measurements
are taken in the ground level of homes in the study
area, where radon accumulates due to its heavier than
air nature. Radon levels measured ranged from 50.50
to 120.65 Bg.m=3, with a mean of 72.82 Bg.m™, as
illustrated in Fig. (3).

140

120 1

-
o
o

o
o
L

D
o

S
o

The concentrations of radon Bg/m?

N
o

0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
House sample no.

Fig. (3) Radon concentrations in the studied houses

Figure (3) shows that the home sample number 33
has the highest radon concentration and is located in
Sinharip Q in Al-Hamdaniya city. The sample
number 43 has the lowest radon concentration. Radon
is emitted by the Earth's crust, with the highest
concentrations found in ground-level structures. The
radon concentration values obtained are lower than
the WHO Organization of World Health reference
level of 100 Bg.m-3 [22], with the exception of some
homes, which are higher than this reference level but
have a lower mean value. All obtained values are less
than the European Commission and the UK National
Board of Radiation Protection (NRPB) recommended
level of 200 Bg.m™ [23]. In the studied area, there is
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no high radon risk. Radon concentrations indoors are
reduced by the increased movement and air
exchanges provided by fans and air conditioning.
There is no need to take any action in regards to the
construction materials. Despite the fact that low
levels of radon exposure can cause lung cancer, the
research site is free of radon-related health risks and
radiological risks.

As radon concentrations, the other parameters are
higher in sample 33 lower in sample 43, the AED
annual effective dose ranged from 2.40 to 5.74
mSv/y, with a mean value of 3.470 mSv/y, the LCC
ranged from 103.97x10°° to 248.38x10° with a mean
value of 149.926x10° implying that this radon
concentration range can cause 103-248 lung cancers
per Billion people per year, and the ELCR due to
radon exposure ranging from 9.266x10° to
22.135x103.  The Potential alpha  energy
concentration PAEC ranged from 2.07 to 6.97 mWL,
with a mean of 4.48 mWL, the relationship between
radon levels and the number of PAEC is depicted in

Fig. (4).

PAEC mWL
©

40 60 80 100 120 140
The concentration of radon Bg/m?

Fig. (4) The relationship between PAEC and radon
concentration

Figure (4) shows the strong positive correlation
(1.00) found between radon concentration and PAEC
demonstrated that as radon content increased, so did
the PAEC. The current study's findings are compared
to some previous studies in Iraq and with Turkey,
which is the closest country to the studied area are
listed in table (2).

The current study's radon concentration results are
lower than previous studies in the Ainkawa region of
Kurdistan in Irag, Izmir in Turkey, and higher than
the other studies. The annual effective dose mean
value is higher than in all previous studies due to the
use of the new recommended dose conversion factor
17 nSv per Bq h m™ for radon in buildings by the
International Commission on Radiological Protection
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(ICRP) in 2017 [15], which is twice the old dose
conversion factor 9 nSv per Bq h m? given by the
UNSCEAR 2006 report on the sources and effects of
ionizing radiation [29]. The variation in mean radon
concentration values across studies could be
explained by radon-influencing factors. The geology
of the various locations is one of the most important
factors in each study.

4. Conclusions

One of the most important long-term plans for
ensuring the levels of radon knowledge in the homes
are critical to the safety and well-being of civilians,
so the primary sustainability plans for ensuring a safe
living environment for peoples is to maintain a safe
radon concentration in the homes. Radon is emitted
by the Earth's crust, and the highest concentrations are
found in ground-level structures. The radon
concentration values obtained are lower than the
WHO Organization of World Health reference level
of 100 Bg.m?3, except in some homes, which are
higher than this reference level but have less of it on
average, and the high-value reason is that the air
conditioning lacks ventilation, causing ventilation in
this building to be reduced. Radon concentrations
indoors are reduced by the increased movement and
air exchanges provided by fans and air conditioning.
There is no need to take any action in regards to the
construction materials. Despite the fact that low
levels of radon exposure can cause lung cancer, the
research site is free of radon-related health risks and
radiological risks. The radon concentration results in
the present study are withen than previous studies, but
the annual effective dose mean value is higher than
all the other previous studies because the using of the
new recommended dose conversion factor for radon
in buildings by the International Commission on
Radiological Protection (ICRP) in 2017, which is
twice the old dose conversion factor given by the
UNSCEAR 2006 report. The LCC values obtained
indicate that implying that this radon concentration
range can cause 103-248 lung cancers per Billion
people per year. There is no high radon risk in the
homes of the studied area.
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Table (1) The track density, concentrations of radon, annual effective dose, LCC, ELCR, and PAEC

S. S. S. p CR. | AED | LCC | ELCR | PAEC
no. Location code | Trackicm? | Bg/m* | mSvly x109 x10 mWL
1 Brt1 327272 | 75757 | 3610 | 155959 | 13.899 | 8.189
2 Bartilla Bri2 387.878 | 89.786 | 4.278 | 184.841 | 16473 | 9.705
3 Brt3 303.030 | 70.145 | 3.342 | 144.407 | 12.869 | 7.582
4 Brt4 242424 | 56116 | 2.674 | 115525 | 10295 | 6.066
5 Baf 339393 | 78563 | 3.743 | 161.736 | 14413 | 8.492
6 Bashiqa Ba? 400000 | 92592 | 4412 | 190.617 | 16.987 | 10.009
7 Ba3 303.030 | 70.145 | 3.342 | 144407 | 12.869 | 7.582
8 Bad 412121 | 95398 | 4546 | 196.393 | 17502 | 10.312
9 Shi 278787 | 64534 | 3075 | 132.854 | 11.840 | 6.976
10 Shikhan Sh2 200909 | 67.340 | 3.09 | 138.631 | 12.354 | 7.279
11 Sh3 412121 | 95398 | 4546 | 196.393 | 17502 | 10.312
12 Shd 315151 | 72951 | 3476 | 150.183 | 13.384 | 7.886
13 Kart 266.666 | 61728 | 2.941 | 127.078 | 11325 | 6672
14 Karales Kar2 | 412121 | 95398 | 4546 | 196.393 | 17502 | 10.312
15 Kar3 | 303.030 | 70.145 | 3.342 | 144.407 | 12.869 | 7.582
16 Kard | 290.909 | 67.340 | 3.209 | 138.631 | 12.354 | 7.279
7| Hamdani Sof 448484 | 103815 | 4947 | 213.722 | 19.047 | 11222
18 ;;"m :r“ga So2 242424 | 56116 | 2.674 | 115525 | 10295 | 6.066
19 : So3 266.666 | 61.728 | 2.941 | 127.078 | 11.325 | 6.672
20 Sod 375757 | 86.980 | 4.145 | 179.065 | 15958 | 9.402
21 ] Ash 315151 | 72951 | 3476 | 150.183 | 13.384 | 7.886
27 | Hamdaniya G o 0o 707 [ 109.427 | 5214 | 225275 | 20.076 | 11.829
Ashur Q.
23 Ash3 | 230.303 | 53310 | 2540 | 109.749 | 9.780 | 5.762
24 Ashd | 242424 | 56116 | 2.674 | 115525 | 10295 | 6.066
25| i | Kal 315.151 | 72951 | 3476 | 150.183 | 13.384 | 7.886
26 Kaiih Qy Kal2 | 424242 | 98204 | 4679 | 202170 | 18.017 | 10615
27 : Kal3 | 412121 | 95398 | 4.546 | 196.393 | 17.502 | 10.312
28 Kald 387.878 | 89.786 | 4.278 | 184.841 | 16473 | 9.705
29 Ra 307272 | 75.757 | 3610 | 155959 | 13.899 | 8.189

30 Hamdaniya Ra2 460.606 | 106.621 | 5.080 | 219.499 | 19.561 | 11.525
31 Rasin Q. Ra3 242424 56.116 | 2.674 | 115.525 | 10.295 | 6.066
32 Ra4 363.636 84.175 | 4.011 | 173.288 | 15443 | 9.099
33 Sn1 521.212 | 120.651 | 5.749 | 248.380 | 22.135 | 13.042
34 Hamdaniya Sn2 242424 56.116 | 2.674 | 115.525 | 10.295 | 6.066
35 Sinharib Q. Sn3 230.303 53.310 | 2.540 | 109.749 | 9.780 | 5.762

36 Sn4 254.545 58.922 | 2.807 | 121.302 | 10.810 | 6.369
37 Sn5 266.666 61.728 | 2941 | 127.078 | 11.325 | 6.672
38 Ak1 290.909 67.340 | 3.209 | 138.631 | 12.354 | 7.279
39 Hamdaniya Ak2 278.787 64.534 | 3.075 | 132.854 | 11.840 | 6.976
40 Akad Q. Ak3 266.666 61.728 | 2941 | 127.078 | 11.325 | 6.672
41 Ak4 290.909 67.340 | 3.209 | 138.631 | 12.354 | 7.279
42 Bk1 303.030 70.145 | 3.342 | 144.407 | 12.869 | 7.582
43 H. Bakhded Bk2 218.181 50.505 | 2406 | 103.973 | 9.266 | 5.459
44 ) Bk3 266.666 61.728 | 2941 | 127.078 | 11.325 | 6.672
45 Bk4 242424 56.116 | 2.674 | 115.525 | 10.295 | 6.066

Min 218.181 50.5050 2406 103.973 | 9.266 5.459
Max 521.212 120.651 5.749 248.380 | 22135 | 13.042
Mean 321.885 72.827 3.470 149.926 | 13.361 | 7.872

Table (2) Comparison of the obtained results to those of other studies

No Reference location Cra 2y
Bg.m? | mSv.y!

1 Present work Irag- Nineveh Plain region homes 72.82 3470
2 (Azeez et al., 2018) ref. [4]. Iraq -Erbil-Ainkawa- the region of Kurdistan 84.30 2.124
3 (Kleeb et al., 2020) ref. [24]. Irag- Samara University Buildings 414 04

4 (Abid et al., 2017) ref. [25]. Irag- Kufa technical institute Buildings. 50 1.2

5 (Hussein et al., 2016) ref. [26]. Irag-Erbil city- the region of Kurdistan 56.72 1.14
6 Bayram Can et al. 2011 ref. [27]. Turkey- Osmaniya 51 1.29
7 (Alkan and Karadeniz, 2014) ref. [28]. Turkey- |zmir 161 0.79
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Radium and Uranium

Malik H. Kheder

Concentrations in Some Fruits

and Vegetables Cultivated in
Nineveh Governorate, Iraq

Environmentally safe factors include clean soil and water that are free of pollution,
particularly radioactive pollution, which has a significant impact on human health.
Concentrations of uranium and radium were measured. in some fruit and vegetable
samples collected from locally cultivated plants in the Nineveh governorate and chosen
from among the people's most popular foods. Radium concentrations ranged from
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0.085 to 0.366 Bg.Kg™* and the range of uranium concentrations was 0.0935 to 0.4010
ppm with a mean value of 0.2327 ppm. The annual total effective equivalent dose from
natural radionuclide ingestion ranged from 6.1988 to 41.883 Sv.y1, with a mean value

of 18.602 Sv.y*. These values are much lower than the background dose from natural
radionuclide ingestion in food, which is approximately 0.25-0.4 mSv per year. The
samples' total radon concentrations were all found to be far below the ICRP's
(International Committee on Radiological Protection) permitted level of 400 Bg.m= in

fruits.
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1. Introduction

Humans consume leafy vegetables at a rate of 30
kg/year worldwide and about 35 kg/year in West
Asia, while fruits and other vegetables are consumed
at a rate of 150 kg/year worldwide and 140 kg/year in
West Asia, implying that they have a high health
impact on human life. Their radiation concentration
must be measured. It is inevitable for humans to be
subjected to ionizing radiation from both
anthropogenic and natural sources; on average, we
are exposed to 2.4 mSv of radiation annually from all-
natural sources. The average annual dose from
cosmic and terrestrial gamma radiation is 0.7 mSv.
Natural radionuclide ingestion in food causes a
portion of the background dose to be 0.25-0.4 mSv
per year [1]. High energy cosmic ray particles striking
air molecules in the atmosphere, In addition, there are
ancient radioactive nuclides in the earth's crust,
naturally occurring radioactive substances, are one of
the primary causes of natural radiation [2]. Primordial
radionuclides enter the soil through weathering of the
earth's crust. It took the radionuclides in the soil by
plants up through their roots and passed them on to
humans when crops are consumed, resulting in
internal exposure to ionizing radiation. Radionuclides
consumed through food are major radiation pathways
for health long-term considerations, significantly
contributing to average doses of radiation to different
human body parts and tissues [3]. Air, water, and soil
are the sources of the elements that plants require.
There are two ways for radionuclides in the
environment to get to plants. The first method is via
indirect uptake from the soil via roots. In polluted
soil, food crops are grown, and the contaminated soil
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migrates to the roots and eventually the shoots.
Activity is then used in relation to human nutrition.
By mineral uptake, radioactive elements and nutrients
are transported into plants where they concentrate in
different areas of the plant and reach edible portions.
Direct absorption via plant aerial parts is the second
method. Several studies have looked into whether
radioactivity can be found in plant organs [4]. Radon
gas, which exists in the air, water, and soil, The most
prevalent natural source of human radiation exposure
[5]. The ICRP recommended natural limits for the
public permissible value of 400 Bg.m in fruits [6].
Soil characteristics, human activities, and geological
formations related to radiation and radioactivity are
all crucial variables in the increasing natural radiation
background levels. By entering ecosystems and
human food chains, natural radioactive elements are
transmitted and cycled across different environmental
compartments and through natural processes.
Vegetables may be contaminated by uranium-series
radionuclides both directly and indirectly. Using
fertilizers causes an increase in uranium-series
nuclides in vegetables [7]. Radium is a radioactive
solid element that is naturally occurring and is found
in sand, soil, rock, plants, water, and animals.
Chemically, it is comparable to calcium and is
absorbed from the soil by plants before entering the
food chain for humans. Consuming radium results in
anemia, bone cancer, and other health issues [8].
Because radon is generated via alpha decay of *Ra,
radium-containing samples contribute to the level of
radon in the environment. Radon and radium emit
alpha particles, which bombard the marrow of bone
to produce blood red cells and destroy the tissues. It
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has been linked to cancer. This radiation of alpha
damages the sensitive lungs, increasing the risk of
lung cancer [9]. Long-term exposure of the populace
to high radon concentrations results in pathological
effects such altered respiratory function and the
development of lung cancer [10]. Deposited uranium
moves to plants from water and then into the food
chain, and it poses a health risk to humans. Food is
one of the human body's uranium sources, accounting
for around 15% of total uranium. The primary
uranium and radium deposition sites are the kidneys,
liver, and bones [11, 12].

This study's objective was to quantify the
radioactivity in samples of fruits and vegetables in
order to assess the dangers to people's health. CR-39
detectors were employed for the measurements.
Using the measurement track method, the detector
measured alpha particles produced by radon.

2. Experimental Work

Seventeen samples of various fruits and
vegetables grown in the Nineveh governorate of Iraq
are in Fig. (1). The most popular foods among Iraqis
were chosen as samples. To clean and eliminate any
sand, all samples were first rinsed with water. They
were then cut into mini pieces followed by drying in
an electric oven at 100 °C for 3 hours to remove
moisture before being measured. The components
were ground into a fine powder and sieved using a 0.8
mm mesh sieve to achieve a homogenous particle
size. The samples were coded to distinguish them. For
80 days, the samples were sealed in the plastic can (10
cm in length, 7 cm in diameter) shown in Fig. (2). The
radon levels in samples was measured by a CR-39
detector using the registration technique for emitted
alpha-particle tracks. CR-39 was cut into 1cm in
width x1 cm in length, these detectors were placed in
the cylinder cover at the closed top of a plastic can,
four pieces were used and the average value was
taken for each sample type to reduce the statistical
errors. Each sample weights 70 gm, has a height of 3
cm, and is placed from the CR-39 detector at 7 cm.
After 80 days the detectors chemically were etched
with a 6.25 N of NaOH solution at 70°C fof about 8
hours. An optical microscope was used to count the
tracks.

Concentration of the radon inside of the can air
volume is determined by the equation [13].
Crn = p /KT (1)
where p denotes the density of tracks which is the
number of tracks per cm? in the microscope's view, T
denotes the exposure time, The calibration factor of
the CR-39 detector is K, and its value (0.05916
Traks.cm2.day/Bg.m3) is determined using the
formula [14].
K==1r (Zcosec - L) 2

4 R;

where 6, is the CR-39 critical angle (35°), r is (3.5
cm) the radius for a sealed can, and R; is the range of
alpha particle in the air which for radon is (4.09 cm)
calculated by [15].
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Fig. (1) Nineveh Governorate map
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Fig. (2) Plastic can for radon measurement

The sample's radon concentrations were
determined using the formula [16, 17].
Cs = AgnCrnHT /1 3)
where Cs: is the radon concentration in the sample
(Bg.m3), Crn: is the radon concentration in the air
space (Bg.m™®), Ara is the constant of radon decay
(0.1814 day™), H; is the air height space inside the
plastic can (7 cm), T; is the exposure time (80 days),
and | is the sample height in the can (3 cm).

Radium concentration Cra (Bg/kg) calculated
using the equation [18].

Cra(Bq.Kg™") = (ﬁ) (%) (4

where A is the sealed container cross-section area in
m?, M is the sample mass in kilograms, H is the
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distance in meters between the sample surface and the
detector, and According to the relation, T, stands for
the effective exposure period during the day.
T, = [T — Az (1 — e &nT))] (5)

T being the exposure time and Ag, is the radon
decay constant.

The sample's radon activity Ar, is determined
from the sample's radon concentration Cs by the
equation.

ARn = Cs |4 (6)

where the sample volume V is (V = nr?l) = 115.39
X 10® md, the plastic can radius r = 0.035 m, [ = 0.03
m is the height of the sample. Therefore:

ARn NRn = ARn (7)

Ay = Agn 8

The number of uranium atoms present in a sample
Ny was calculated by the secular equilibrium
equation between uranium and radon activity.

Ay Ny = Agn Ngn )

The uranium constant decay is 4, = (4.883 X 10
18 sech). Uranium weight in the samples was
determined by the uranium atom number Ny using the
relation.

Wy = Nyay /Nayo. (10)

where ay is the uranium mass of 228U, Nay,= (6.02 X
10%® atom/Mol) is Avogadro number, W, in
microgram units (ug). Concentration of uranium is
then determined.

Cy = Wy /Ws (12)

where Cy is uranium concentration in units (ppm) part
per a million, where the mass of the sample is Ws =
70 grams.

The uranium activity concentration in (Bg.Kg?)

units will be.

Acy = AyNgyo.lay]™'Cy (12)

where Cy in (g/kg) units are required (where
1ppm=10-g/g = 103g/Kg) [19].

The effective dose from food consumption is
useful for assessing the likelihood of various
radionuclides originating from diverse radioactive
sources. The radiation ingested doses are calculated
by  multiplying  the radionuclide  activity
concentration in the food (Bg. kg?) by the food
consumed mass over a specific period (kg/year) and
applying the factor (Sv/Bq) of dose conversion for
each radionuclide [20].

AED = Y A; Iy Fpep (13)

The annual effective equivalent dose (AED) from
radionuclide ingestion in (Svly), Af is the activity
concentration of radionuclide in the sample (Bg/kg),
If is the annual food consumed over a year for leafy
vegetables is 30 in West Asia and 35 in the world, and
fruit with other Vegetables is 140 in West Asia and
150 in the world, and Fpce is the internal conversion
dose factor (Sv/Bq) by radionuclide ingestion. The
radionuclide ingestion dose was calculated for the
entire body use of dosage conversion factors of 0.045
Sv/Bq for uranium and 0.28 Sv/Bq for radium [21].
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3. Results and Discussion
The findings from the samples of fruits and
vegetables are shown in table (1).

Table (1) Shows the CR-39 track density, radon
concentrations, radium activity concentrations, uranium
concentrations, uranium activity concentrations, and the total
annual equivalent effective dose

CRn CRa
e Sz trackp/cm2 Bg/m? Bqg/Kg
1. " Basil 266.6 56.327 | 0.23263
2. b% Celery 284.8 60.173 | 0.24851
3. R Chard 267 56.412 | 0.23298
4. - g Rashad 420 88.738 | 0.36649
5. Leek 327.3 69.152 | 0.28560
6. Pepper 186 39.298 | 0.16230
7. Lemon 104 21.973 | 0.09075
8. Potato 171 36.129 | 0.14921
9. ! Orange 218.2 46.101 | 0.19040
10. 2 Okra 181.8 38.411 | 0.15863
1. s [ Eggplant 318 67.187 | 0.27748
12. % Tangerine 108 22.818 | 0.09424
13. = Garlic 272 57.468 | 0.23734
14. I Onion 211 44580 | 0.18411
15. Olive 98 20.705 | 0.08551
16. Radish 386 81.555 | 0.33682
17. Cucumber 325 68.666 | 0.28359
Min 98 20.705 | 0.08551
Max 420 88.738 | 0.36649
Mean 243.8 51.506 | 0.21278
Ccu Ccu Total AED
No Sample (ppm) | Bakg | sy
1. ” Basil 0.2545 | 3.1442 6.1988
2. b% Celery 0.2719 | 3.3589 6.6220
3. S 2| Chard 0.2549 | 3.1489 6.2081
4. - E’ Rashad 0.4010 | 4.9534 9.7656
5. Leek 0.3125 | 3.8601 7.6102
6. Pepper 0.1776 | 2.1936 20.182
7. Lemon 0.0993 | 1.2265 11.284
8. Potato 0.1632 | 2.0167 18.554
9. 2 Orange 0.2083 | 2.5734 23.676
10. 2 Okra 0.1735 | 2.1441 19.726
1. | & [ Eggplant 03036 | 3.7504 | 34505
12. % Tangerine 0.1031 | 1.2737 11.718
13. = Garlic 0.2597 | 3.2079 29.514
14. o Onion 0.2014 | 2.4885 22.895
15. Olive 0.0935 | 1.1558 10.633
16. Radish 0.3685 | 4.5524 41.883
17. Cucumber 0.3103 | 3.8330 35.264
Min 0.0935 | 1.1558 6.1988
Max 0.4010 | 4.9534 41.883
Mean 0.2327 | 2.8751 18.602

The findings revealed that the range of the radon
gas concentration was 20.705 to 88.738 Bg/m?® with
the mean value 51.506 Bg/m3 the uranium
concentration ranged from 0.0935 to 0.4010 ppm with
the mean value of 0.2327 ppm, the uranium activity
concentration varied from 1.1558 to 4.9534 Bg/Kg
with the mean value of 2.875 Bqg/Kg, and the
concentration of radium varied from 0.08551to
0.36649 Bg/Kg with the mean value 0.2127 Bg/Kg as
shown in Fig. (3).
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Fig. (3) Variation of radium concentrations in fruit and
vegetable samples

These concentrations differed from one sample to
the next depending on the type of sample, with the
low concentration in sample no. 15 being olive and
the high concentration in sample no. 4 being Rashad,
these are normal concentrations even though it absorb
heavy metals from the soil where animal waste and
fertilizers are used. Fertilizers are necessary for
agriculture because they provide nutrients to farming
fields. Radionuclides and some of their daughter
decay products are used to increase agricultural
production. Agricultural fields and the ecosystem are
contaminated by radionuclide-rich  phosphate
fertilizers during cultivation [22]. Fertilizers are
considered a type of technologically enhanced natural
radiation that raises the amount of uranium in the
environment [23]. Phosphate rock fertilizers contain
naturally occurring radioactive nuclides from the
thorium and uranium decay series. Because of the
uptake of these fertilizers, these radioactive nuclides
will end up in fruits and vegetables, and they pose
radiological hazards to human health by consuming
agricultural produce. The obtained results are
comparable with those of similar papers [24-26]
performed on other Iraqi vegetables. The total annual
effective dose equivalent, which is the sum of
uranium and radium annual effective doses, ranges
from 6.1988 to 41.883 Sv/y, with a mean value of
18.602 Sv/y as shown in Figure 4. Whereas the lower
value was in sample no.1 which represents the basil
sample, and the higher value was in sample no.16
which represents the radish sample, the results show
that different samples have a higher concentration of
radionuclides because the annual effective dose
depends on the annual food consumed over a year,
which is for leafy vegetables is 30 in West Asia and
35 in the world, and fruit with the other vegetables is
140 in West Asia and 150 in the world.
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Fig. (4) Variation of total annual effective dose in fruit and
vegetable samples

4. Conclusions

Radium, radon, and uranium concentrations were
measured in samples of fruits and vegetables chosen
among the most popular food of people, collected
from local cultivated in Nineveh governorate. An
agricultural area consists of fertile soil and fields
where fertilizers and animal waste are used, it is
dependent on irrigation. Aside from the rain,
phosphate rock-derived fertilizers contain naturally
occurring radioactive nuclides from the thorium and
uranium decay series. As a result of the fertilizer's
uptake, these radioactive nuclides will wind up in the
crop.

All radon concentration values obtained for the
samples were found to be significantly low than 400
Bg.m= the permissible value in fruits recommended
by (ICRP). The results were compared to other works;
the comparison revealed that the obtained results are
comparable with those of similar papers performed on
other Iragi vegetables. The total annual equivalent
effective dose from natural radionuclides ingestion
was measured and found to be much lower than the
background dose resulting from the ingestion of
naturally occurring radionuclides in food, which is
approximately 0.25-0.4 mSv per year. The fruits and
vegetables under study pose no significant risk due to
the presence of these radionuclides, and they are
considered  radiologically safe  for  human
consumption.
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The goal of this study is to discover the nature of the climatic characteristics in the study
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advantage. The results show that installing solar panels in the study region is best done
facing south. The direction in which solar cells are placed is also determined by the
angle of incidence of solar radiation; as a result, they should be installed at angles that
are consistent with the monthly distribution. Cloud cover also affects the number of

hours of brightness while using solar energy. The study region has limited solar energy
usage, but solar panels can be utilized there to provide electricity for a variety of
purposes, including street lights, security cameras, charging gadgets, and other uses.
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1. Introduction

Energy production and consumption serve as a
barometer for the degree of civilized sophistication of
a country since they reveal how far the economy has
advanced in terms of both its general direction and its
overall scope. Recently, man has come to the
realization that any increase in production and
consumption may result in an increase in cost within
the environmental economic system. As a result, man
has sought to find renewable energy that does not
burden his nature's ecological system, and as a result,
atrend toward producing electricity from solar energy
has emerged. sun cells either directly or indirectly
using techniques like the thermoelectric method and
the thermal ion conversion method [1, 2]. As a result,
the concept of creating a solar cell emerged more than
150 years ago, and it was discovered that, in
accordance with the photovoltage phenomenon, solar
light could be transformed into a potential difference.
In 1839, Edmund Becquerel made the discovery and
observed that the incident light affects the voltage
between electrodes submerged in an electrolyte
solution [3].

In the past, solar cells could only be used to
provide sparsely populated areas with energy. These
cells are already being used in more and more
applications, and usage is predicted to rise,
particularly if prices remain low and take the
anticipated form in the near future [4]. Researchers
have also been compelled to lower production costs
as a result of the rise in the cost of making silicon-
based solar cells. Despite being abundant in nature,
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this material is quite expensive to turn into solar cells,
which is why there is currently a lot of research being
done to lower the costs of producing electricity from
solar radiation [5]. A study was conducted on the
theoretical underpinnings of solar radiation, its
influences, its geographical distribution in the Anbar
Governorate, as well as its uses and potential
applications in the creation of alternative energy
sources [6]. On the Syrian coast during the four
summer months, the ideal angle of inclination of solar
panels was discovered after studying the influence of
the angle of inclination of solar panels on the amount
of water flowing per day to a water pump powered by
solar energy. According to the study, there was no
effect on the curve of the relationship between the
intensity of solar radiation and the flow of the pump
throughout the day when the inclination angle of the
solar panels was changed from 25° to 35.5°. The solar
energy falling on the solar panels per day is
decreasing, which had the consequence of reducing
the hydraulic capacity of the pump. Hence, less water
flows each day [7]. After finishing an analysis of solar
radiation and its major affecting elements, it was
determined how much electrical energy (current and
voltage) was produced by solar radiation in Irag. It
also emphasized the importance of investing in Irag's
potential for using solar energy to provide electricity
[8]. A study also revealed that there are solar radiation
potentials that might be used to produce renewable
energy. As well as researching how each type of solar
radiation is influenced by the climate. The study
concentrated on how to use solar energy to make
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investments in renewable energy sources [9]. Another
study demonstrated the impact of clouds and rain by
using a cell with a 100 watt efficiency that can
produce 5.5 amperes under normal circumstances, but
it was discovered that during the presence of rain, this
panel's production decreased to 0.8 amperes, meaning
that its efficiency decreased by 85.5% of its original
efficiency, or the panel's efficiency is 14.5% of watts.
In other words, clouds and rain are to blame for this
weakness in efficiency [10]. Another study examined
the parameters influencing solar radiation, their
seasonal and geographic distribution, and the existing
applications of renewable energy [11].

The most significant climatic factors in Iraq that
can be used to produce renewable energy in the future
and implement it as a replacement for fossil
traditional energy were the subject of a study [12]. A
study using the Arab countries as a case study
examined the significance of utilizing renewable
energy sources and their preference over fossil fuels
for producing power and safeguarding the
environment. The study came to a number of
conclusions, including: The majority of the energy
used to produce electricity in Arab nations comes
from fossil fuels, but due to their near total reliance
on them, the amount of carbon dioxide that these
nations released into the atmosphere increased,
reaching 1678.2 million tons in 2017. As aresult, it is
imperative that these nations fully utilize their
abundant renewable energy resources to produce
electricity as a viable and environmentally friendly
alternative to fossil fuels [13]. In addition to choosing
the best locations for solar power plant construction
in the Dohuk Governorate, it dealt with the research
of solar radiation and the natural and human variables
impacting it [14]. In the Assiut Governorate of Upper
Egypt, which experiences high temperatures, a study
was done to conduct a practical and theoretical
investigation of the influence of ambient air
temperatures and effect of dust on the efficiency of
solar cells.

Temperatures significantly affect diminishing the
generated capacity, which is one of the study's useful
conclusions. It was discovered that dust had a
significant impact on lowering the electrical capacity
produced by solar cells when considering the factor
of deposition and accumulation of dirt and dust on the
performance of solar cells during the time that saw
notable activity of dust-laden winds throughout the
year. Thus, it is necessary to frequently clean solar
cells every four days, especially after a dust storm
[15].

2. Experimental Work

The solar system and its influencing factors

- Solar panels: A part of the solar energy system
are solar cells. Due to its compact design, the solar
cell converts sunlight into direct current electrical
energy, which is the same energy that is stored in the
battery, as it comes into contact with it. The solar cell
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is referred to as a photovoltaic cell since the
conversion process relies on the photoelectric effect.

- Solar energy batteries: As the public electric grid
serves as a reliable source of electricity when the sun
isn't shining, solar systems that are connected to it do
not need to employ solar energy batteries. Batteries
are needed for solar systems that are not connected to
the national grid in order to store energy when the sun
is not shining as it should. This is especially true for
devices like solar-powered watches that should never
have their power switched off. Instead, this kind of
application necessitates the use of batteries with a
very big capacity, enough to last for several days
without exposure to sunlight.

- Charge Controller: As its name suggests, the
solar charging regulator, also known as the solar
rectifier, serves an important purpose. It controls how
batteries are charged. By cutting off the current from
the batteries if they reach a predetermined amount of
charge that falls short of 100%, it prevents the
batteries from being overcharged. It keeps the
batteries' safety intact in this way. Also, the solar
rectifier or charge controller modifies the energy from
the solar panels so that the batteries can accept the
proper voltage and current. Instead, some types force
solar panels to operate at their full capacity, which
enhances their performance.

- Solar Inverter: The necessity to use these cells to
produce highly variable electricity that can power big
electrical and electronic devices in households or
workplaces gives this stage its importance. In this
case, we must employ equipment known as inverters,
which change direct current whether it be 12 volts, 24
volts, or any other value into a high variable current
(110 V AC or 220 V AC) to power heavy equipment
and gadgets that run on variable current [16].

The final step, without which the solar panels
would be of no real use, is the conversion of the
constant voltage, whether it be 12 volts or 24 volts,
into a variable voltage AC220 V, which can power
devices like a television, a small refrigerator, or a
personal computer inside. This is the same device that
is used in cars to connect to the car lighter. This
device's power is expressed in watts, which represent
the maximum load it can support.

System setup: To charge portable electronics and
simple purposes, a straightforward solar energy
system has been put up. Three solar panels, a DC to
AC inverter, two batteries, and a charging regulator
make up the apparatus. PWM as in Fig. (1).

3. Results and discussion

As a test was conducted in the middle of the day
at 12:00 pm because the solar beam falls
perpendicular to the ground, several directions were
tested practically to obtain the best productivity of the
solar panels. The inclination of the panels was fixed
at an angle of 450 as a reference angle for all four
directions. Obtained the readings depicted in table
(1), which revealed that the direction that produces
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the largest capacity of solar power is the south,
making it the optimum direction for solar panels
(31.32W). For the remainder of the investigation, the
south direction will serve as a guide.

PWM 10A 20A 30A 40A SOA 60A
12V 24V 5V Dual USB

(b)
Fig. (1) System configuration (a) charging regulator, and (b)
solar panels

Table (1) Choosing the best direction

Direction North East South West
(0°) (90°) (180°) (270°)

lin 0.65 0.95 1.76 0.8

Vin 15.3 17.3 17.8 16.9
Pin 9.945 16.435 31.32 13.52

In order to find the ideal angle of inclination,
different angles towards the south were evaluated
when the study first started in October, as shown in
table (2) and Fig. (2), from those, we discovered that
for the month of October, as specified in the direction
of the south, the best angle of inclination for the solar
panels is the angle (45°%, where we acquired the
largest capacity of (31.862W), In the month of
November, the best angle of inclination of the solar
panels mentioned in the direction of the south is the
angle (60°), where we obtained the highest capacity
of (32.578W), and in the month of December, we
discovered that the same is true, with the best angle
of inclination mentioned in the direction of the south
being the angle (60°), where we obtained the highest
capacity of (32.578W) (26.5518W). The best angle of
inclination specified in the south (60°, where we
obtained the largest capacity of) during the month of
January was (27.396W). In February, the angle (45°)
is the best one specified in the direction of the south,
where the largest capacity of (32.199W). The angle
(45° in March month, where the largest capacity of
31.222W is mentioned, is in the direction of the south.
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Table (2) Standard angle of inclination in the months

Angle

peith i3 30 450 600 o0

W | 12 | 162 | 179 | 165 | 156

October | Vi | 175 | 172 | 178 | 172 | 172
P | 21 27864 | 31862 | 28.38 | 26.8%2

W | 10 | 174 176 | 182 | 164

November | Vi | 17 74 |78 |79 [ 113
P | 17 30276 | 31328 | 32678 | 28472

W | 078 | 127 | 142 | 149 | 135

December | Vin | 17.15 17.68 17.79 17.82 17.75
Pin | 13.377 | 22.4536 | 25.2618 | 26.5518 | 23.962
ln | 0.82 1.34 1.38 1.54 1.30
January Vin | 17.2 1745 17.65 17.79 17.7
Pin | 14.104 | 23.383 24.357 27.396 23.01
In | 1.07 1.63 1.81 1.73 1.51
February | Vin | 17.25 17.46 17.79 17.67 17.42
Pin | 18.457 | 28.459 32.199 30.569 26.304
n | 1.1 1.55 1.76 1.69 1.43
March Vin | 1741 17.48 17.74 17.61 17.39
Pin | 18.981 | 27.094 31.222 29.760 24.867

Two days in December were used for this test, one
sunny and the other entirely cloudy. The results are
displayed in tables (3) and (4) and Fig. (3). Using the
above-mentioned tables as a guide. Figure (3)
illustrates the difference in capacity production
between a sunny day and a wholly cloudy day. The
number of hours is shown on the x-axis, and the
capacity created is shown on the y-axis. When
installing solar panels, cloudy days or the percentage
of the sky that is covered by clouds, as depicted in the
included image, are among the most crucial
considerations because this weather phenomenon
restricts or reduces the amounts of solar radiation that
can reach these solar cells. As a result, the more cloud
coverage there is, the less sunlight will reach the solar
cells. The likelihood of investing in the solar radiation
required to produce usable renewable electrical
energy has decreased as a result of the sky becoming
clouded.
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Table (3) Voltages and currents for a sunny day

Hour lin Vin Pin

7:00 | 023 | 17.62 | 4.05
8:00 | 0.57 | 17.66 | 10.06
9:00 | 113 | 17.67 | 19.96
10:00 | 1.38 | 17.70 | 244
11:00 | 1.51 | 17.65 | 26.65
12:00 | 1.68 | 17.46 | 29.33
13:00 | 1.56 | 17.37 | 27.09
14:00 | 1.31 | 17.27 | 22,62
15:00 | 0.85 | 17.24 | 14.65
16:00 | 0.29 | 16.83 | 4.88

Table (4) Voltages and currents for a completely cloudy day

Hour lin Vin Pin
7:00 | 0.05 | 14.90 | 0.745
8:00 | 0.07 | 1640 | 1.148
9:00 | 0.09 | 16.75 | 1.507
10:00 | 0.25 | 17.51 | 4.377
11:00 | 045 | 17.74 | 7.983
12:00 | 0.79 | 17.82 | 14.077
13:00 | 0.60 | 17.50 10.5
14:00 | 048 | 1744 | 8.3M1
15:00 | 0.15 | 16.73 | 2.509
16:00 | 0.10 | 16.38 | 1.638

wl I“ H“ '“ h 'H 'H H“ e

Dayho\us .
Fig. (3) The difference in power capacity production between a
sunny day and a total cloudy day

The impact of shade on solar panel performance
is highlighted since this impact can clearly reduce the
performance of the panels, as shown in the images
below. Since solar panels depend on light from the
sun to function, any shading over them will serve to
lessen the amount of solar radiation that strikes them,
which will result in a large and noticeable decrease in
the value of the electrical power that comes out of the
panel as a result.

4. Conclusions
The most significant finding from the study of this
project is that solar energy initially produces less
electricity than anticipated. However, as time goes on
and the solar system is used, it will become clearer to
what extent it is important and of great benefit. With
enough knowledge of how the system operates and its
generating capacity, solar energy can be considered a
reliable source of energy for the majority of the time.
Another key finding is that the solar system's
effectiveness is significantly influenced by the
atmosphere and its position.
e The best direction for solar panel installation in
the research region is toward the south.
e The solar cells should be positioned within
angles that are suitable with the monthly
distribution because the angle of incidence of
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solar radiation determines the direction in which
they should be put.

e  The amount of solar radiation coming on cloudy
days is lower than on sunny days with a clear sky
and a bright sun because clouds reduce the
number of hours of brightness when it comes to
using solar energy.

e The location of the solar panel installation must
be far from any obstructions to the solar cell's
ability to receive solar radiation.

e One of the biggest environmental risks
associated with solar energy is dust, which builds
up on the glass surface of the solar panels and
blocks the light from reaching the cells inside.
This requires cleaning the solar panels every
month to prevent a reduction in the amount of
energy they produce.

e According to the data, there are climatic factors
that can be used in conjunction with solar cells to
generate and make up for a lack of electrical
energy. There are also other factors and
potentials, but they have not yet been fully
utilized, and despite these factors, there are only
a few solar energy applications in the study area.
In the study region, solar energy can be employed
and benefited from in many different industries
and activities, such as (electric power generation,
street lighting, security cameras, charging
gadgets, and other purposes).
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Zinc oxide thin films' nonlinear optical characteristics of thickness of 425 nm
were studied throughout the research. Using a laser diode with a wavelength
of 650 nm and a low laser power of 2 mW, the well-known Z-scan technique
was employed. The measurements were made at various frequencies between
1 kHz and 100 kHz. The results indicate a positive sign for two photon
absorption coefficient at both the low and high frequency range. The Kerr
coefficient starts with a positive sign at low frequency range that switch to a
negative sign when the frequency range gets higher.
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1. Introduction

Due to its significance in numerous scientific
applications, the study of the nonlinear optical (NLO)
response has garnered a lot of attention during the
past few decades [1-3]. NLO phenomena occur when
the light with high intensity travel through medium
[4]. When high-intensity lasers interact with a
transparent material, a collateral laser-induced
damages (L1Ds) can easily occurs. By using materials
that have high damage thresholds one can avoid the
damage [5-7]. Pulse lasers allow this response to
occur within low laser energies. In the process of light
interacting with matter, pulse-based laser operation
instead of continuous (CW) generates significant
control (time-space) for nonlinear optical response.
The properties of the pulse laser, such as frequency
[8], polarization [9], repetition rate [10], and
wavelength [11] showed a modification of material
property. The impact of laser pulse frequency and
polarization on NLO characteristics has received
significant attention from the scientific community
[12,13]. In which the effect of varying laser frequency
on NLO depends on molecular property. All materials
display defocusing and focusing effects depending on
the frequency of the laser pulses [14,15]. Many
investigations on the impact of high repetition rate
laser pulse have recently been conducted. where the
heat load from the laser pulse train overflows NLO
effects. There were many attempts to achieve NLO
property without thermal suppression from condense
laser pulses. Recently, pulse picker and optical
chopper were used to maintain the accumulative heat
effect in a medium [16]. These methods do have
limitations, though, because of how they work. For
instance, the cumulative heat effect from condensed
laser pulses is reduced when the NLO property is
obtained via an optical chopper [17]. Alternately,
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increasing the signal-to-noise ratio to account for the
effect of NLO [18].

The mechanics underlying the focusing and
defocusing phenomena in materials can be
understood when the material molecule interacts with
light [19]. Thermal load may develop close to the
lighted volume as a result of energy loss through
radiative and non-radiative processes [20]. Thermal
degradation occurs over a period of milliseconds or
longer. The material is heated as a result, changing its
nonlinear refractive index (nz). The material's
refractive index may change in one of two ways,
including a positive refractive index change (light
converges), also known as self-focusing. Self-
defocusing is a negative refractive index change
(divergence of light) [21].

The Z-scan approach was proposed as one of the
most simple, accurate, and well-established methods
for examining a material's NLO characteristic [22]. Z-
scan method is a very sensitive approach for
identifying the sign and values of the real and
imaginary components of ¥ respectively. They are
connected to the nonlinear absorption (NLA)
coefficient and the nonlinear refractive index (NLR).
Due to the method's ease of use in both the
experimental setup and data processing, it has been
widely adopted [23]. This paper's main goal is to
discuss the thermal effect that results from the
interaction of laser pulses with ZnO thin films.
Depending on the target material, zinc oxide (ZnO)
thin films was used in this research for its wide
properties such as, high thermal conductivity [24],
good transparency [25], has a 60 meV high exciton
binding energy with a large 3.37 eV straight band gap
[26]. Making it use in many application in
optoelectronic devices such as solar cells [27],
photodetectors [28,29], light emitting diodes [30],
etc. The nonlinear property of this material will
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determine how well it can be used to analyze how
thermal load affects nonlinear refraction and
absorption.

In this study, we present a straightforward way for
investigating, using the Z-scan method, the impact of
laser frequency operation on the NLO characteristics
of ZnO thin films. We show that this technique works
well for estimating the third-order nonlinearities of
Zn0.

2. Experimental Work

Experiment Setup: For ZnO thin films, the NLR
index and NLA coefficient were measured using the
Z-scan technique. ZnO thin films were applied to the
glass substrates using the air pressure chemical vapor
deposition (APCVD) process. The samples were
deposited for 20 min at a temperature of 500 °C. To
eliminate all the impurities, substrates were first
ultrasonically cleaned with acetone, ethanol, and
distilled water for around 15 min in each solution.
These substrates were then dried in a hot air stream.
The grown film's estimated thickness was close to
425 nm. Further experimental details can be found
elsewhere [31]. The material was placed on a
rotational stage controlled by an ARDUINO and
moved through the incident laser path as it moved
closer to the focus. A CW red laser diode operating in
continuous-wave mode with a maximum output
power of (<3mW) was used as the light source.

The laser transmission was measured using the
experimental Z-scan technique setup, which is
depicted in Fig. (1). Using a lens with a focal length
of around 30 cm, the laser beam was focused. In a
closed aperture arrangement, it is applied to an
aperture with a diameter of (0.5 mm).

FUNCTION
GENERATOR

LENE T
STAGE
TEMPERATURE
CONTROLLER ARDUINO

Fig. (1) The Z-scan experimental setup; where PD is a
photodetector, LD is a laser diode, L-in-A is a Lock-in-
Amplifier

Using the edge knife technique, the laser beam
waist radius (w) was measured, and it was discovered
to be 27 m. 3.52 mm, which was used to compute the
Rayleigh length equation [32]

Zy =2t 1)
where Zg is the Rayleigh length (also referred as Zy),
and 4 is the laser wavelength

The laser beam was detected by a Silicon photo
detector silicon photo detector (DET10A). Stable
temperature is required in the setup. As it can affect

the laser parameters such as the laser efficiency,
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wavelength and threshold current. leading to an
alteration in the material’s nonlinearity. The used
temperature controller accuracy is of £0.05 °C. The
CW laser diode was converted to a pulse laser diode
as the study dependent on the frequency variation, a
Function Generator was employed in the setup.

The Lock-in-Amplifier (L-IN-A) of the model
SR830 DSP was used to take an accurate
measurement even when the signal is small. The
measurement is rejected and unaffected by noise
signals at frequencies other than the reference
frequency.

To investigate the NLA coefficient, the linear
absorption coefficient determination from Eq. (2). is
required [33]. The material’s absorbance is taken at
different wavelengths, as shown in Fig. (2). Where it
can clearly notice a decrease in both the NLA
coefficient and the absorbance with the increasing of

wavelength.
__ 23034

Qo = — 2
where ag is the linear absorption coefficient, A is the
material’s absorbance, and L is the sample thickness
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Fig. (2) Absorption spectra and linear absorption coefficient of
ZnO thin films

3. Results and Discussion

Figure (3) displays the normalized transmittance
curves for ZnO thin films at various frequencies using
an open aperture Z-scan. The measurements were
taken at a fixed laser intensity, which is equal to
2mW. When the nonlinear sample is moved in a
Gaussian laser beam path toward the focal point in the
(-2) direction. The transmission of the laser beam
shows a decrease until it reaches its minimum value
at the focus of the lens. Whereas the sample continues
to move toward the (+Z) direction, then the laser
transmission will be increased. The laser transmission
will exhibit a valley shape, which indicates the
occurrence of the multi-photon process represented in
the two-photon absorption (TPA). Making the sign of
the TPA coefficient to be positive, as shown in table
(1). In Fig. (3b), a widening and sharp decrease can
be noticed in the (-Z) area compared with the curves
in Figure 3a. For the valley, we can notice a lack of
symmetry between (-Z) and (+Z). This shows that not
all the transmitted light by the sample were collected
by the detector [34].
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Table (1) The extracted values of nonlinear absorption
coefficient (B), nonlinear refractive index (n,), imaginary
(Im(x®) and real (Re(x®) parts of nonlinear susceptibility and
total nonlinear optical susceptibility (x®) of ZnO thin films

f [ n2x10% | Im(x @) Re (x @) x@
kHz | cm/W | cm?W | x102esu | x102esu | x102esu

1 7.502 1.774 0.397 1.814 1.85
15 6.924 1.647 0.366 1.685 1.72
40 8.255 -2.02 0.436 -2.066 2.1
100 6.137 -1.998 0.324 -2.044 2.06

The data have been collected from the
experimental setup for Z-scan technique, as shown in
Fig.1, and fitted through equations (3) and (4) [35]:

_ 1+qo(2)
T@="w @)
Here
Blo[l_e_:OL]
Go=——77— 4)
1+(%)

where o is the laser intensity at the focus, which can
be calculated from the following: 1¢=2P/nwq?

Figure (4) shows the normalized transmittance
curves at closed aperture Z-scan for ZnO thin films at
different frequencies, in which a nonlinear refractive
index can be detected. The nonlinear index has the
maximum change at the center, for a beam that has
the highest intensity at the center [36]. When the
nonlinear sample is moved along the Gaussian laser
beam path, two processes occur when changing the
frequency. The self-focusing and defocusing
processes occur at low and high frequencies,
respectively.

At low frequencies of 1-15 KHz, a valley-to-peak
shape occurs when the sample is moved along the axis
toward the focus. This leads to a positive sign for
NLR index. While at higher frequencies of 40-100
kHz, a peak-to-valley shape occurs when the sample
transitions along the axis toward the focus. This
indicates a negative sign for the NLR index, as shown
in table (1). Here, the NL processes will convert from
the self-focusing to self-defocusing and the NLR
index sign will convert from a positive value to a
negative one as the frequency is increased.
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Fig. (4) The normalized transmittance curves at closed
aperture Z-scan for ZnO thin films at different frequencies.
P=2mW, the peak intensity at focus 1,5=174.74 W/cm? (a)
f=1kHz; f=15kHz, (b) f=40kHz; f=100kHz

This variation in the NLR sign with increasing the
frequency is because of the thermal effect [22], this is
due to the laser heating of the sample [37]. Where the
thermal effects can’t be neglected at those frequencies
[38]. As the self-defocusing process is strongly
correlated with the variation of the NLR index with
temperature [39]. Generally, figure (4) shows a
widening and depth with increasing in frequency
because of the thermal effect. They occur as the
frequency is increased, even at low frequencies
started from 1 kHz [40]. The curves exhibit an
improvement in the peak and valley-shape.
Improving nonlinearities at higher frequencies
compared with at low frequencies. The NLR index
can be obtained by fitting the data to equations (5) and

(6) [35]: ]
(489 I0)0o(3)-(2)
T(2) =1+ 7 (5)
[Gs) o} [G5) +1]
Here,

AP(1.),(3) = K An[1 —exp(—a,Ll)/a] (6)
where A¢(1,),(3) is the third-order phase, K is the
wavenumber that equals to 2n/A, and An=n2l, is the
nonlinear change in the refractive index

The imaginary and real parts of nonlinear
susceptibility were obtained using equations (7) and
(8) [40]:
Im (x®) = (10 — 2n,2 g,c2 A/4w2)B  (7)
Re (x®) = (107*n,% &, c?/m) n, (8)
where ng is the linear refractive index, &, is the
vacuum permittivity, ¢ is the speed of light in
vacuum. The de-termination of the total third-order
nonlinear optical susceptibility (x®) can be
performed as follows [41,42]:

x| = [Re ()2 + [Re )2 (9)

4. Conclusions

With the use a simple Z-scan technique, the NLR
index and NLA coefficient were measured separately.
The data were extracted at different frequencies
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within the range 1-100 kHz with a laser diode
operating at 650 nm as an excitation source. The ZnO
thin films’ results indicate a positive sign for the TPA
coefficient at both the low and high frequency range,
a positive sign for the Kerr coefficient at a low
frequency range that switches to a negative sign when
the frequency range is higher.
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Materials from X-Ray
Characteristics

The composite materials with polymer-based were prepared by using hand lay-up of epoxy
resin as a base material supported by Al.O3 nanoparticles and by weight (5%, 10%, 15%).
Radiation attenuation measurements were carried out using Cu tube x-ray unit of
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different voltages (13, 15, 17, 19, and 21 kV) to demonstrate the effect of the addition of
epoxy alumina to x-ray radiation blocking. The linear attenuation coefficient and
coefficient mass attenuation for the same range of voltages above, and through the
correlation between the absorption logarithm and thickness as well as the equivalent

thickness, respectively. The results obtained on the efficiency of the material produced in
x-ray absorption and attenuation, and this efficiency is relatively variable according to
the added ratio, indicating the positive effect of this additive on the properties of radiation
shielding of epoxy and alumina composite.
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1. Introduction

Polymeric materials are derived from oil, natural
gas, coal. Polymers are known as giant chemical
bonds consist of a large number of atomic aggregates.
These chains named as repeated units and called as
monomer, which is the basic unit of polymer
construction [1].

Polymers are widely used in technology,
industrial and electronic applications. However, there
are still some engineering problems for polymers
such as their lack of stiffness, strength relative to
metals, many methods have been used to improve
these defects such as fiber reinforcement such as
Fakers, Fillers or Particles to strengthen polymer
particle cohesion [2,3]. Thus, it is possible to obtain
good industrial materials called composite materials,
which are defined as the solid systems resulting from
the participation of two or more materials, each
material represents a separate phase in the system,
including the reinforcement phase in order to obtain
new materials with suitable properties between the
properties of the raw materials involved in the
preparation of the composite materials to pass the bad
properties of the materials to be reach more suitable
for industrial applications [4,5].

The present study aims to study the effect of
addition ratios of alumina nanopowder on linear and
mass attenuation coefficients of epoxy resin in range
of energy 13-21 kV and conduct a theoretical study to
calculate the mass attenuation coefficient of x-ray of
the composite materials and compare it with the
practical results.
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2. Experimental work

One of the most important x-ray characteristics is
represented by its ability to penetrate different
materials. This penetration is not absolutely but
relatively. When a pack of x-ray photons passes
across a degenerated medium, each photon in this
package does not react at all medium or interacts with
absorption and scattering reactions as a result of the
release of photons. The intensity or energy decreases
with the length of the path that the ray travels through
this medium [6].

When the intensity of package single-photon
energy (lo) falls on the target of the thickness (dx), the
decrease in intensity (dI) from the initial intensity
value (lp) due to the photon's interaction, emission
and absorption can be represented by the following
equation [7]:

dl = —pulydx 1)
By complementing Eq. (1) we obtain:
I=1,eH0 )

The magnitude of e represents the probability
that the photon will intersect the distance (x) within
the interceptor medium (dissolved) without any
interaction, and that it may react after the distance (x)
directly crossed, and the beam has suffered an
exponential decrease (u) in intensity with the length
of the distance, where (I<lg), and then Egq. (2)
becomes as follows:

IL = (-1 3
0
Thus, « can be calculated by Eq. (2) to be as
follows:
p="="0 )

X
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As x is the samples thickness (cm), A=/l is the
attenuation ratio [8].

The term w is the proportionality constant (denotes
x-attenuation coefficient), which is generally
dependent on the photon energy, the type of
interaction of the incident photon, structure and
density of the intercepting medium. The attenuation
role is described by the type of attenuation medium.
It demonstrates mathematical formula of the incident
particle. There are many attenuation functions include
[9]:

Mathematical formula of attenuation. It occurs in
medium with a thickness of dx. The probability will
be very small of the aborted photon in this medium
(mdx<<1). Therefore, the attenuation can be as
following form:

I=I,(1— pdx) ®)

Gaussian attenuation is the important factor to
describe the attenuation of charge particles which is
related this attenuation of Gauss’s function (Gaussian
distribution).

Exponential attenuation is used to describe photon
energy of the attenuated medium. Additionally, the
intensity of the beam decreases into the medium.
Every photons in the package are deleted from the
reactive package individually with the attenuated
center atoms [10]. The attenuation coefficient (u) is
calculated by cm™ of the incident photon, it is called
the total linear attenuation coefficient (u).
Furthermore, the total mass attenuation coefficient
(um) is measured by units (cm?/g) as the following
equation:

iy (6)

p px
where p and x are the density and thickness of the
medium, respectively [11]

The free path rate is defined as the average
distance traveled by photon in the interceptor medium
before it is removed from the beam, and is expressed
mathematically by the relationship [12]:

A== )

u
where A is in cm or gm/cm? depending on the
coefficient of attenuation («) whether linear or mass,
and the standard deviation of the g; will be calculated
from the following relationship:
X

gy = m O'u (8)
where A=lo/l is the attenuation ratio

The thickness required to attenuate the intensity
of radiation passing through it to half value of its
original value is known as half thickness (Xi), its
units are cm or g/cm?,

The half thickness associated with the attenuation

coefficient by the following physical equation:
n2

X1=-" ©)
2

To adopt half thickness on attenuation
coefficients, it will have a standard deviation
accordingly and given the following relationship:
01=0;.(Ln2) (10)

2
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where o, represents the standard deviation of the
average of free-pass

The materials used in this study are:

(1) Matrix material: The base material used is the
Turkish epoxy resins, transparent viscosity medium
its density is 1.05 g/cm?® and prepared by mixed with
DEBE-A (Dia Ethylene Bis Epoxy-A) with the
material of the crucifixion (DT) (Hardener: Dia
Tetrawen), and for volume of (3R./1H.).

(2) Reinforcement material: Alumina powder in grain
boundary nanotubes (30nm) of Chinese origin with
density of 3.98 g/cm?®, has been exclude micrometric
volume for deposition below the sample.

The compound was prepared from Al;O; and in
the following weights for samples A(95%, 5%),
B(90%, 10%) and C(85%, 15%). The composite was
placed in a plastic mold in form of parallel rectangles,
before the casting process, the mold was cleaned with
acetone followed by drying and placing a vaplon
sticker inside walls of mold and then coated with a
thin layer of sliding material such as Paraffin Wax to
facilitate the removal of the molded material from the
mold. After extracting the mold left for 5 days to
harden and then placed in oven at temperature of 50-
55°C to complete the tangling process.

A PHYWE x-ray instrument equipped with a Cu-
tube and a Geiger-Miller thermometer was used,
where the equivalent thickness and all samples were
measured in cubes, with a square base of 10 mm
length with different thickness after measuring its
mass by means of the sensitive electrical balance and
determining its density using the following equation:

Psample = (?/1_:) = n:,nzsx (11)
As ms is the mass of sample, V. is the size of sample,
X is the thickness of sample

The tables from (1) to (3) cleared the values of
thickness, mass, apparent density and thickness
equivalent to the different research samples on the
sequence as in tables (1-3).

Table (1) Thickness, mass, apparent density and thickness
equivalent to sample (A)

Thickness | Mass Appar_ent Thic_kness

(cm) () Density Equivalent
(gfem?) (glem?)
0.25 0.29807 | 1.192282164 0.3153
0.23 0.27447 | 1.193343343 0.2900
0.20 0.23872 1.1936 0.2524
0.17 0.20285 | 1.193224886 0.2146
0.15 0.17892 | 1.192788836 0.1893

Table (2) Thickness, mass, apparent density and thickness
equivalent to sample (B)

Thickness | Mass Appar_ent Thic_kness

(cm) () Density Equivalent
(glem?) (glem?)
0.25 0.31531 | 1.261227903 0.3153
0.23 0.28999 | 1.260811558 0.2900
0.20 0.25238 | 1.26188919 0.2524
0.17 0.21457 | 1.262160161 0.2146
0.15 0.18931 | 1.262098524 0.1893
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Table (3) Thickness, mass, apparent density and thickness
equivalent to sample (C)

- Apparent Thickness
Th'&'::; sS M(as)s Density Equivalent
9 (g/lcm3) (g/cm?)

0.25 0.3498 | 1.399200286 0.3498
0.23 0.322 | 1.400006365 0.3220
0.20 0.28001 | 1.400053763 0.2800
0.17 0.23826 | 1.401549293 0.2383
0.15 0.21008 | 1.400565379 0.2101

3. Results and Discussion

The linear attenuation (x.) and mass attenuation
(um) values were obtained through the linear
equations. Figures (1), (2) and (3) represent the linear
relationship between x-ray and x(cm), and that the
slope the linear line of linear equations represents the
practical values of the linear attenuation coefficient.

The study of these forms showed that the increase
in thickness is accompanied by an increase in the
absorption logarithm and the voltage range is 13-
21kV.

24 W13k = 772424 + 0.7108
22 | &15kw=71528x+ 04751
20 | +17ky=62154¢4 12234
18 | *1%ky= 560410+ 0.7802
@21k = 42.907% + 1.4355

013 014 0.-15 II.II.G D,II.T D,II.B 0.19 0:1 c-,h 022 023 024 025 0.26
X lem)
Fig. (1) Relationship between x-ray absorptive logarithm and

thickness

24 | me(s kw = 8e.472x + 05857
A B{15KVY = 77.492% + 0.8256
| e B(a7kvy = 67.53x + 1.39a3
20 {  B[15KVY = 59.656x + 1.548
18 | @ Bl21KvY = 36.526% + 1.9892

] - - - - - -
013 014 015 016 017 018 019 02 021 022 023 024 025 026
X(em)
Fig. (2) Relationship between x-ray absorptive logarithm and
thickness

26

W13ky y=93.78x + 0.871

24 | A15kvy = 87.975x + 0.9349
#17kvy = 78.123x + 1.7452
#19kvy = 67.486x + 2.2005
20 | ®21kvy =52.517x + 2.9602

Ln{ I,/T)

013 014 015 016 017 018 019 02 021 022 023 024 025 026
X(em)

Fig. (3) Relationship between x-ray absorptive logarithm and
thickness

Figures (4), (5) and (6) show that the linear
relationship between x-ray absorptive logarithm and
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equivalent thickness xm (cm/cm?), the linear slope of
linear equations represents the practical values of
mass attenuation coefficient (um) for all the samples.

23
# 13 kvy = 64.7580 + 0.7095
1 W 15 kvy = 59.962x + 0.4755

A 17 kw =52.105x + 1.1222
19 ¥ 19 kwy = 46.982x + 0.7796
21 kvy = 35.977x + 14337

0.14 0.16 0.18 0.2 022 0.2a 0.26 0.28 03 0.32
X{em?fgm)
Fig. (4) Relationship between x-ray absorptive logarithm and
thickness

s

"

1¥ke y = 66.995% + 0.5755
23 15 ke y = 61055 + 0.8174
21 | o 170 ¥=53557x+ 13866

| Sample (B)

« 19ke ¥ =47.312x # 1.5413
r 2lkw ¥=36.9x+ 19836

)

\ /_/—,
pis 017 019 021 023 028 027 029 03 033
X(em?fgm)

Fig. (5) Relationship between x-ray absorptive logarithm and
thickness

LN(L,/1)
5

& 13kvy=67.137x + 0.826
B 15 kv y=62.982x + 0,892
A 17kv y=55.931x + 1.707B
10 * 19kv y = 48319 « 21668

¥ 21kw y = 37.598x + 2.935|

0.17 0,19 0.21 0.23 0.25 0.27 0.29 031 033 0.35 0.37
X(em?/gm)
Fig. (6) Relationship between x-ray absorptive logarithm and
thickness

The total linear attenuation coefficient of x-ray
(«w) in the range of voltages used in the present study
for all the research samples after measuring the
counting rates of (lo, 1) was measured by using Eq.
(4). The results of this equation represent the
theoretical values, in table (4).

Table (4) Total linear attenuation coefficient for samples A, B,
and C

L (exp) yi(theo)

A B C A B C
13 77.242 | 84.472 93.78 78.381 | 85.589 | 94.951
15 71529 | 77492 | 87.975 | 73.622 | 78.604 89054
17 62.154 67.53 78.123 | 63.074 | 68.427 | 79.396
19 56.041 | 59.656 | 67.486 | 57.298 | 60.522 | 68.561
21 42907 | 46.526 | 52517 | 43411 | 47.734 | 53422

The total mass attenuation coefficient (um) from
Eqg. (6) was also calculated, the virtual density of the
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research samples was calculated according to Eq.
(11), which was included in tables (1), (2) and (3) as
shown in table (5).

Table (5) Total mass attenuation coefficient for samples A, B,
and C

Hm (exp) m (theo)
sy A B c A B

13 64.785 | 66.976 | 67.024 | 64.182 | 65.836 | 66.115
15 59.94 | 61462 | 62.839 | 59.227 | 60.823 | 61.259
17 52071 | 53.515 55.8 51661 | 52.615 | 54.903
19 46.966 | 47.265 | 48.151 | 46.159 | 46.941 | 47.44
21 35972 | 36.864 | 37.497 | 35248 | 35908 | 36.677

The average free path values of linear and mass x-
ray attenuation coefficients of the research samples
were calculated with standard deviation values
according to the equations (7) and (8), respectively,
increasing in values are shown in tables (6) and (7) by
increasing voltages [13].

Table (6) Values of average free path and standard deviation
of linear attenuation coefficient for samples A, B, and C

Average Free Path A.=1/pL Standard Deviation

A B c A B c
13 0.0129 | 0.01184 | 0.0107 | 0.0037 | 0.0038 | 0.0034
15 0.0140 | 0.0129 | 0.0114 | 0.0035 | 0.0037 | 0.0033
17 0.0161 | 0.01481 | 0.0128 | 0.0031 | 0.0034 | 0.0032
19 0.0178 | 0.01676 | 0.0148 | 0.0027 | 0.0033 | 0.0030
21 0.0233 | 0.02149 | 0.0190 | 0.0024 | 0.0031 | 0.0028

Table (7) Values of average free path and standard deviation
of mass attenuation coefficient for samples A, B, and C

U (k) Average Free Path A=1/pL Standard Deviation
A B c A B c
13 0.0154 | 0.01493 | 0.0149 | 0.0044 | 0.0048 | 0.0047
15 0.0167 | 0.01627 | 0.0159 | 0.0041 | 0.0047 | 0.0047
17 0.0192 | 0.01869 | 0.0179 | 0.0037 | 0.0043 | 0.0045
19 0.0213 | 0.02116 | 0.0208 | 0.0033 | 0.0042 | 0.0042
21 0.0278 | 0.02713 | 0.0267 | 0.0028 | 0.0040 | 0.0039

The half-thickness values of linear and mass
attenuation coefficients of x-ray for all samples were
calculated with standard deviation values according
to the equations (9) and (10), respectively, as shown
in tables (8) and (9) by increasing half thickness for
linear and mass attenuation of all samples by
increasing voltages.

Table (8) Values of half thickness and standard deviation of
linear attenuation coefficient for samples A, B, and C

Half Thickness X12=Ln2/u. Standard Deviation

A B c A B c
13 0.0090 | 0.0082 | 0.0074 | 0.0022 | 0.0020 | 0.0018
15 0.0097 | 0.0089 | 0.0079 | 0.0020 | 0.0018 | 0.0017
17 0.0111 | 0.0103 | 0.0089 | 0.0019 | 0.0018 | 0.0016
19 0.0124 | 0.0116 | 0.0103 | 0.0019 | 0.0016 | 0.0015
21 0.0162 | 0.0149 | 0.0132 | 0.0017 | 0.0015 | 0.0014

Table (9) Values of half thickness and standard deviation of
mass attenuation coefficient for samples A, B, and C

Half Thickness X12=Ln2/p. Standard Deviation

A B C A B c
13 0.0107 | 0.0103 | 0.0103 | 0.0025 | 0.0025 | 0.0025
15 0.0116 | 0.0113 | 0.0110 | 0.0023 | 0.0023 | 0.0024
17 0.0133 | 0.0129 | 0.0124 | 0.0023 | 0.0022 | 0.0023
19 0.0148 | 0.0147 | 0.0144 | 0.0023 | 0.0021 | 0.0020
21 0.0193 | 0.0188 | 0.0185 | 0.0021 | 0.0020 | 0.0019
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Scanning electron Microscope (SEM) images in
Fig. (6) show Al;O; nanoparticles deposited on
epoxy. It can be seen that the distribution of
nanoparticles was uniform for all different weights of
Al,O3 layers. Moreover, it was found that the
deposited alumina covered all the surface of
substrate. However the surface roughness was
increased with increasing of Al,Os thickness because
the particles size is associated with the film thickness
[14].
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Fig. (7) SEM images of Al,O3; nanoparticles for weight (5%,
10%, 15%) on Epoxy

4. Conclusions

The results obtained on the efficiency of the
material produced in the x-ray absorption and
attenuation showed that the efficiency is relatively
variable according to the added ratio, indicating the
positive effect of this added on the radiation shielding
properties of the epoxy and alumina composites.

References
[1] M.P. Stevens, “Polymer Chemistry”, Oxford
University Press (NY, 1999).
[2] A. Nadhim et al., J. Al-Qadisiyah Pure Sci., 17
(2012) 1-16.
[3] R.A. Rasool, G.G. Ali and N.A. Hussein, “The
Effect of Epoxy Layer Supported by Carbon,
Alumina and Silica Grains on the solar cell”, Dig. J.
Nanomater. Biostruct., 14(3) (2019) 743-750.

IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 3B, September 2023, pp. 30-34

[4] P.A. Thomton and V.J. Colengelo,
“Fundamentals of Engineering Materials”,
Prentice Hall, Inc. (1985).

[5] M. Grayson, “Encyclopedia Materials and
Components”, John-Wiley and Sons (NY, 1983).
[6] W.R. Leo, “Techniques for Nuclear and
Particle Physics Experiments”, Springer-Verlag
(Berlin, 1987).

[7] A. Azzouz, “Introduction to Nuclear Physics”,
University of Mosul (Mosul, 1983).

[8] A.E. Profio, “Radiation Shielding and
Dosimeter”, John-Wiley and Sons, Inc. (1979).

[9] P.P. Pawar and C.S. Mahajan, “Measurement of
Mass and Linear Attenuation Coefficient of Gamma-
Rays of Glycine for 0.360 MeV Photons”, Sci. Res.
Report., 3(1) (2013) 53-56.

[10] C. Laxman and R. Dayanand, “Attenuation
Coefficient of Soil Samples by Gamma Ray Energy”,
J. Recent Sci., 1 (2012) 41-48.

[11] S.L. Mitkar, “Measurment of Linear and Mass
Attenuation coefficient of Alcohol soluble compound
for Gamma rays at energy 0.511 Mev”, Archiv. Appl.
Sci., 4 (2012) 1748-1752.

[12] W.H. Tait, “Radiation
Butterworths (UK, 1980).

[13] Y.K. Yasir, G.G. Ali and M.H. Younus,
“Irradiation Effects on The Sensitivity of ZnO Thin
Films Synthesized on Glass Substrate by Sol-gel
Method”, Iraqi J. Sci., 62(1) (2021) 130-137.

[14] L. Rabih, G.G. Ali and M.H. Younus,
“Evaluation of optical and electrical properties of
TiO; thin films doped Cu ions”, AIP Conf. Proc.,
2201 (2019) 020001.

Detection”,

34 ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

PRINTED IN IRAQ



IRAQI JOURNAL OF APPLIED PHYSICS
Vol. 19, No. 3B, September 2023, pp. 35-38

Influence of Light Intensity and

Muna Y. Slewa
Rajaa A. Basheer
Malik H. Kheder
Balsam W. Jarjees

Irradiation Time on Efficacy of
Polymerization Temperature
Using Diode Laser and Light-

Emitting Diodes

When composite resin light-curing is used in dental treatment, a significant amount of
heat is produced, which can result in dental injury. This study used two LED processing
units versus diode laser methods to measure the temperature increase caused by
changes in light intensity during polymerization. At each irradiation time, three samples
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were collected (10, 20, 30, 40, 50, and 60 s). The findings revealed that light intensity
and irradiation time had a significant impact, accounting for 85 percent of the
temperature variations. When using a continuous light-cure LEDB with the intensity

of light (1400 mw.cm-?) the temperature rises, which has a negative impact on tooth
restoration. Temperatures do not rise when using a light-cure device at intensity levels
of light (250 mw.cm2 or 900 mw.cm-2). As a result, for tooth restoration, a laser diode
with a lower light intensity (250 mw.cm2) is recommended.
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1. Introduction

In recent years, dental lasers have grown in
popularity. Many areas of dentistry benefit from laser
technology, including surgery, conservative care,
polymerization, tooth whitening, and photodynamic
therapy. Nonetheless, scientists have expressed
interest in the visible region of the electromagnetic
spectrum, where a variety of wavelengths are used,
including red laser diodes at 655 nm, green KTP
lasers at 532 nm, blue argon lasers at 488 nm, and
diode lasers at 405 nm [1-3].

Blue laser diodes have been a significant
advancement in laser diode history. The 405 nm blue
diode laser interacts with the in vivo material in such
a way it is greatly absorbed by hemoglobin and is
more than an order of magnitude more absorbed by
melanin than near-infrared light [4, 5]. Other studies
have shown that this laser type is effective as a device
for tooth whitening procedures [6-8]. Studies have
shown that this laser has the potential to be used in
Photodynamic Therapy as a photosensitizer for PDT.
In conservative dentistry, halogen lamps are typically
used to polymerize composite materials for teeth and
LED modules are used. However, in recent years,
dentists have been using low-power lasers. Intense
visual light with wavelengths ranging from 400 to
500 nm was used to excite the dikton, resulting in the
production of free radicals [9].

The unavoidable outcome of the chemical
reaction is high temperature. The rising temperature
is influenced by more than just the heat generated by
polymerization during illumination and the chemical
reaction that occurs during the material-setting
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process [10]. The authors found that as the density of
the light source grew, so did the exothermic reaction
speed of the visible-light activated composite resin.
They came to the conclusion that the resin rather than
the source light had a higher impact on the
temperature rise during curing [11]. The unit of the
light-activation generates the greatest amount of heat
during light-activated restorative polymerization, not
the material itself [12]. The curing lights emit thermal
energy, which a professional dentist is concerned
about. Heat transferred to the tooth can cause pulp
damage [13]. Although it is feasible to cure LED
lights so that the semiconductor source emits less heat
laterally, it is unknown whether this means that the
heat release is any less than that of the light guide tip.
First-generation LED curing lights have a lower
power density than the most recent light generation.
LED curing lights produce less heat as a result of their
limited emission range. Just a modest power density
can be produced by the original LED lights. The
concentrating effect and power density of light guides
can be impacted by modifications to their curing
distance, diameter, or material [14]. An LED light
with a narrow emission spectrum has a higher curing
efficiency [15,16].

This study sought to locate the best device and
compare it to the one that emits the least heat by
evaluating the polymerization effectiveness of laser
diodes and light-emitting diode LED devices utilizing
light intensity and laser diode with light irradiation
time.
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2. Experimental Work
The following light source units were used in this
study:

Laser light intensity of 250 mw.cm from a

1. diode laser beam with a wavelength of 405 nm
[Fig. (1a)].

2. Lightsource unit with a wavelength range of 430-
490 nm and a light intensity of 900 mw.cm. [Fig.
(1b)].

3. LED.B light source unit with a wavelength range
of 440-490 nm and a light intensity of 1400
mw.cm? (both pulse and continuous) radiation

[Fig. (1c)].

(a) Diode laser

°

(b) LEDition

(c) LED.B
Fig. (1) Light sources used in this work

An HTC-2 digital LCD thermocouple with a timer
was used to measure the irradiation time. Figure (2)
shows the arrangement of these devices. The
laboratory temperature was recorded every 10

36 ISSN (print) 1813-2065, (online) 2309-1673

© ALL RIGHTS RESERVED

seconds for a minute, and the temperature was
recorded for 1 min with three repeated readings.

,
Light cure

(mnnnnn 'O Thermocouple

Laser beam HTC-2

LEDition
Fig. (2) The experimental setup used in the study

3. Results and Discussion

We obtained the results shown in table (1) after
conducting the experiments in the laboratory. To
determine the temperature increase from the
laboratory temperature caused by the light intensity,
we subtracted the laboratory temperature from each
recorded temperature for each irradiation time,
yielding table (2) and Fig. (3).

The rise in average temperatures using continuous
light cure LED.B with light intensity (1400 mw/cm?)
at the times of irradiation (20, 30, 40, 50, and 60
seconds) is clearly greater than the rise in average
temperatures using other light intensity levels, as
shown in table (2) and Fig. (3). Consequently, we
anticipate that the mean temperature using this light
intensity level will be significantly different from
other means.
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Table (1) The recorded average temperature at the time of
irradiation using different levels of light intensity for laser
diode and three light cure LED devices

Pulse . .
Nesy Light CW light nght_c.;ure
. 9 Cure LEDition
- Diode with Cure " g
Irradiation . . LED.B with with
; Light LED.B with . ;
Time n e Light Light
Intensity Light ’ ;
(s) . Intensity Intensity
(250 Intensity
7 (1400 (900
Aaddn fisty mWicm?) mWi/cm?)
mWicm?)
10 21.10 26.00 25.50 2540
20 21.90 26.95 28.05 26.20
30 22.35 27.80 29.45 26.80
40 22.75 28.70 30.65 28.25
50 22.95 29.35 31.00 28.65
60 23.15 29.65 31.55 29.10

Line Plot of Mean (Temperature)

Irradiation-Time
—_— 10 seconds
20 seconds
30 seconds
40 seconds
50 seconds

75
70
65
60
55
50
45
40
35
30
25
20

Mean of Temperature

2

15
10
05

Laserdiode Pulse-LEDB Continuous-LED.B LEDition

Light Sources Units

Fig. (3) Increase in average temperatures for different levels of
light intensity at different irradiation times for all devices

Table (2) The increase in average temperatures (Ta-To) °C
during irradiation time with various levels of light intensity

Pulse " .

e Light CW light nght_ cure

. . Cure LEDition
Diode with Cure LED.B with With

Irradiation Light LED.B with " .

" n h Light Light
Time Intensity Light " .

. Intensity Intensity
(s) (250 Intensity (1400 (900

pic) 1L mW/cm?) mW/cm?)

mW/cm?)

To=19°C To=24°C To=24°C To=24°C
10 2.10 2.00 1.50 1.40
20 2.90 2.95 4.05 2.20
30 3.35 3.80 5.45 2.80
40 3.75 4.70 6.65 4.25
50 3.95 5.35 7.00 4.65
60 4.15 5.65 7.55 5.10

Furthermore, as shown in Fig. (4), the average
temperature increases with increasing radiation
interval for all light intensity levels. We must
understand the type and characteristics of radiation
emitted by light cure units, as it can have
characteristics within different emission spectral. The
light and beam output can change dramatically during
exposure. Also, laboratory instrumentation should to
be used to describe the real-time spectral radiation
intensity and spectral emission of the light cure units
[17]. The diode laser with low radiation intensity was
chosen to measure the temperature rise in this study.
Dental clinics cannot wuse this gadget, so
manufacturers should be encouraged to offer correct
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information about the light-producing properties of
these devices.

Line Plot of Mean (Temperature)

Light Sources Units
7.5 —_— Laser diode

70 —_— Pulse LED.B

Continuous LED.B
65 LEDition

60
55
50
45
40 /
35
3.0
25
2.0
15
10
05

Mean of Temperature

10se. 20sec. 30sec. 40sec. 50sec. 60sec.
Irradiation Time

Fig. (4) Increase in average temperatures for various light
intensities and irradiation time levels

When light sources are used, radiometers can be
used to track changes in the light output, but care must
be taken when checking the absolute radiation value.
Researchers found a considerable difference between
the radiation values recorded by radiometers and
those measured in a lab, with the exception of light
emitting diode (LED), which provided accurate data
[18]. Because of its benefits, including energy
efficiency, long life, and ergonomics, the light-
emitting diode (LED) device is becoming more and
more popular in the treatment of dental restorative
materials. Another application of LED technology is
a high-intensity beam positioned inside the body or at
the far end of a gun or pen-like device [19]. The light
that these devices emit does not contain infrared
energy, but because it can reach energy densities
higher than 2000 mW/cm?, a large amount of heat can
be anticipated to be emitted at the target [20]. Despite
the fact that laser diode beam and LED curing
modules produce light in different ways, these
variations can be explained by a greater temperature
rise, a greater output intensity, and longer exposure
times than the same light beam profile. Evaluating the
thermal changes during the photo polymerization of
the composite must take into account all the variables,
which include the type of device, wavelength, the
intensity of the light produced, irradiation time, as
well as the dental composite material. However, the
use of new processing equipment must be considered,
mainly due to the power achieved by those devices,
as this study showed that we used a diode laser, which
is used for the first time, as it achieved less heat
generation with less intensity than the heat generated
by a device LED. Hence, it is also necessary to use a
pulsed mode or even modular medium-intensity to
ensure a successful and exciting dental treatment.

4. Conclusions

Temperature is classified as a major operator in
the occurrence of dental lesions; when the
thermocouple is directly exposed to a laser beam for
a while and the temperature is observed over time,
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temperature differences and apparent differences
between high temperatures for each device used in the
study can be observed. The results showed that the
light intensity and irradiation time had a significant
influence, accounting of the temperature variations.

Using a continuous light cure LED.B at light
intensity (1400 mw/cm?) results in a significantly
high temperature, which results in dental treatment,
increasing the temperature of the tooth surface, and
thus increasing the temperature, whereas using a light
cure device at light intensity levels (250 mw/cm? or
900 mw/cm?) does not result in a significant increase
in temperature.

According to the results, it is preferable to use a
low-intensity laser diode, which was used for the first
time and according to the specifications that
distinguished it and became ready for use with these
specifications in the polymerization of the dental
material, as the results showed good effectiveness,
and here it turns out that the device worked to
strengthen the outer layer of the material used in
dental restoration. Increasing the irradiation time in
this process reduces the shrinkage of the materials
used in tooth restoration. By registering low
temperatures, increasing irradiation time, and low
intensities, diode lasers are highly effective in
phototherapy treatment.
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Effect of Laser Power on
Optical Properties of CN-85
Nuclear Track Detector

The effect of a diode laser on the optical properties of a thin CN plastic
detector was investigated. A laser with a wavelength of (632 nm) and different
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operating currents were used to control the power of the laser beam falling on
the CN detector. The relationship between the laser's operating current and
the intensity measured by the photodetector in the absence of a detector, with
a detector that has not been exposed to radiation, and with a number of
detectors that have been exposed to radiation with various energies and alpha
particles from the americium source (2.3, 3.0, 3.5, 4) MeV in order to research
how the photodetector's detector absorption affects the laser intensity
detection. Intensity through the detector is reduced as irradiation with alpha

particles is increased, increasing the detector's absorption and quenching

coefficient.
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1. Introduction

The cellulose nitrate detector is a type of organic
reagent having the chemical formula (CgHsN2Os),
with a chemical makeup that includes carbon,
hydrogen, and nitrogen. It is regarded as one of the
materials with excellent efficiency in detecting
fission fragments as well as thermal and rapid neutron
doses. It is used to determine radon flow and uranium
contents. Protons, detrons, and alpha particles are
among the charged particles that can be detected
using it [1, 2]. Since some materials change color
when exposed to radiation and heating, optical
absorbance is used to calculate the radiation dose
from ionizing radiation (such as gamma rays,
neutrons, charged particles, etc.). For instance, a
detector's color changes and tends to turn yellow at
high temperatures, but glass samples exposed to
gamma rays will change to a blueish hue. When
heated, these samples lose their brown color. The
absorption coefficient and the value of the energy gap
are both determined using optical absorbance [3-5].
The analysis of the thermal luminescence spectra and
the understanding of the damage centers that happen
when the single crystals are heated or exposed to
ionizing radiation both make use of the optical
absorption spectra [6. 7]. There are three sorts of
bonds: metallic, ionic, and covalent, and the radiation
causes more damage in the particles of the substance
on which it falls. Compared to its impact on other
bonds, radiation has a greater impact on covalent
bonds [8]. The influence of radiation is significant
since it was in those reagents because organic
reagents are made up of molecules joined by covalent
bonds. The penetration of the particles into the
nuclear trace detectors, including a detector, causes
the dissociation of the long polymeric chains, which
results in the production of free radicals at the impact
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of the falling particle. The particles affect the weak
group in the polymer, which is unstable, and because
the group is present, oxygen with carbon atoms acts
as a catalyst in breaking the bond. This cycle is
repeated [9-11]. In addition to playing a significant
part in creating the polymer structure, it also plays an
essential part in decomposition and the beginning of
new decompositions, which lowers the polymer's
thermal stability. The polymer undergoes physical
and chemical modifications as a result of the
produced free radicals, resulting in a polymer with
broken short chains and a drop in the molecular
weight of the polymer. Free radicals entering certain
processes may cause the polymer to crosslink,
increasing its molecular weight [12-17].

In this study, a solid-state laser with a wavelength
of 632 nm and various operating currents were used
to explore some of the optical features of the CN
detector and adjust the power of the laser beam
impinging on it.

2. Experimental Work

The samples used in our study were CN-85
nuclear trace detectors with a thickness of (100 pum)
and a cut area of (1 cm?), and they were exposed to
alpha particles using the element americium, which
has a half-life of (432 years), for seven minutes at
various energies (2.3, 3.0, 3.5, and 4) MeV using a
special holder. The energies were calculated for each
of these dimensions. Using a solid-state laser with a
wavelength of (632 nm) and various operating
currents to regulate the power of the laser beam
falling on the CN detector, some of the optical
features of this detector were investigated. where the
laser's strength and intensity were measured using a
photodetector and sent through the CN detector.
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When a radiation of intensity (lo) falls on the
surface of a material of thickness (t), the radiation of
intensity (1) will escape from the other side, and the
intensity (1) will be less than the incident (l,) due to
absorption and scattering within the material and
reflection from its surface. The model's absorption
process is the primary factor in reducing the intensity
[18].

I = 1,exp (—at) @
where alpha denotes the absorption coefficient, which
is a property of the substance. The absorbance A is
[19].

A = Log 170 2

Based on the determined absorption coefficient
from the subsequent relationship [20].

a=2303% ©)

The amount of energy that is absorbed by the
medium's electrons from the energy of the incident
radiation photons is known as the quenching
coefficient [21,22].

al
K, = o 4)
3. Results and Discussion

The relationship between the intensity measured
by the photodetector and the amount of operating
current for the laser without a detector, in the
presence of a non-irradiated detector, and in the
presence of a number of detectors irradiated with
alpha particles and different energies was conducted
and studied to better understand the characteristics of
the laser used in the study of the optical properties of
the CN trace detector.

The results of applying current to the laser and
measuring the intensity transmitted through the
plastic detector are shown in table (1) and Fig. (1).
We observe that the intensity transmitted through the
detector decreases as the energy of the alpha particles
used to irradiate it rises to 3.5 MeV, and then it begins
to rise again. This phenomenon is due to the fact that
higher doses of radiation cause more damage to the
metallic, ionic, and covalent bonds found in the
metallic, ionic, and covalent bonds that the detector is
exposed to. Compared to its impact on other bonds,
radiation has a greater impact on covalent bonds.

8
e S g

7 E=4 MeV

@

—e—E=3.5MeV
E=3 MeV

v

E=2.3 MeV

Inensity (mwWw/mmz2)
- o w -~

o

45 47 49 51 53 55 57 59 61
current (mA)

Fig. (1) The relations of applied currents and measured
intensity
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Table (1) The applied current of laser and measured intensity
of different irradiation energies

Current l(eWfnim)
(mA) Without £ = ER ER I
detector =0 =23 MeV =3 MeV = 3.5 MeV =4 MeV

49.1 1.25 0.65 0.84 0.64 06 079
51.1 243 1.52 1.98 1.7 145 1.65
55.4 5.21 28 4.57 3.34 3.28 3.59
57.3 6.37 4.34 5.65 4.95 4 4.42
59.2 75 5.12 6.7 5.82 4.82 5.23

The effect of radiation is significant since it was
in those reagents because organic molecules are
joined together by covalent bonds. The penetration of
the particles into the nuclear trace detectors, including
a detector, causes the dissociation of the long
polymeric chains, which results in the production of
free radicals at the impact of the falling particle. The
particles affect the weak group in the polymer, which
is unstable, and because the group is present, oxygen
with carbon atoms acts as a catalyst in breaking the
bond. This cycle is repeated. In addition to playing a
significant part in creating the polymer structure, it
also plays an essential part in decomposition and the
beginning of new decompositions, which lowers the
polymer's thermal stability. The molecular weight of
the polymer decreases as the produced free radicals
engage in transformations that cause physical and
chemical changes in the polymer. This results in a
polymer with broken short chains. In some processes,
the presence of free radicals can cause the polymer to
crosslink, increasing its molecular weight. The
detector becomes stronger, harder, and heavier as a
result of the complex network structure that results
from this interconnection. When the polycarbonate
surface was exposed to the laser, the surface particles
interlocked, hardened, and re-adhered to one another.
As a result, the amount of laser light that passes
through the detector is reduced, and absorption is
increased. The same is true for the relationship
between laser power and alpha particle energy, as
shown in table (2), Fig. (2) and the absorption with
alpha particles energy shown in table (3), Fig. (3) and
the quenching coefficient with alpha particles energy
shown in table (4), Fig. (4).

Table (2) The irradiation energy and the measured power for
applied currents

E, P (mW)
(MeV) 1=49.1 1=51.1 1=55.4 1=57.3 1=59.2
mA mA mA mA mA
4 0.51 1.06 23 2.83 3.35
35 0.39 0.93 2.1 2.56 3.09
3 0.41 1.09 2.14 3.17 3.73
23 0.54 1.27 2.93 3.62 4.29

Table (3) The measured absorption with irradiated energy for
applied laser current

E Abs.
(MeaV) 1=49.1 1=51.1 1=55.4 1=57.3 1=59.2
mA mA mA mA mA
4 0.19 0.168 0.165 0.158 0.156
35 0.31 0.22 0.2 0.202 0.192
3 0.29 0.15 0.193 0.109 0.11
2.3 0.17 0.08 0.056 0.052 0.048
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Table (4) The irradiation energy with the quenching
coefficient for each laser current

E k, x 10°°
(Mea\/) 1=49.1 1=51.1 1=55.4 1=57.3 1=59.2
mA mA mA mA mA
4 216.3 194.2 190.7 182.6 180.6
35 358.7 254.6 2314 2339 2224
3 335.6 1735 2234 126.2 127.3
2.3 196.7 92.5 64.4 59.8 55.3

——1=49.1 mA

—e—51.1mA
4
. 1=55.4 mA
T 35
e —8—1=57.3mA
= 3
§ . 1=59.2 mA
2
o 2
[
&1s
1 .‘\\5_\_.___,_.
0.5 e PP ———
0
2 25 3 35 4

Ea(MeV)

Fig. (2) The relationship between laser power and irradiation
energy

Fig. (3) The relation of absorption with irradiation energy for
each laser current

400 —e— =491
350 ——I=511
1=55.4
300
—8—|=57.3
250 /‘\‘ 1=59.2
« 200 /—\
150 p
100 :ﬁ/ 7
50
0
2 2.5 3 3.5 4 4.5
Ea(MeV)

Fig. (4) The irradiation energy with the quenching coefficient
for each laser current

4. Conclusions

In this study of the optical properties of the CN
trace detector using the laser, the relationship
between the intensity measured by the photodetector
and the amount of operating current for the laser
without a detector and in the presence of a non-
irradiated detector and a number of detectors
irradiated with alpha particles and different energies
was conducted and studied. The intensity transmitted
through the detector decreases with the increase in the
energy of the alpha particles. The intensity of the
laser's detector is absorbed more quickly as alpha
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particle exposure is increased. A drop in laser
intensity through the detector and an increase in
absorption were seen after exposing the
polycarbonate surface to the laser. This was due to the
surface particles interlocking and hardening as well
as the particles' and free radicals' re-adhesion with
one another.
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temperatures, investigates the type of carriers, carrier concentration, and Hall
mobility at room temperature. The thin films were n-type, the Hall mobility
had the highest value (36.45 cm?V.s) for films prepared with substrate
temperature of 150°C and annealing temperature of 200°C and the lowest
value (6.08 cm?/V.s) for films prepared films with substrate temperature of
350°C and annealing temperature of 400 °C (thickness of 1200A). It was

found that the substrate and annealing temperatures have changed the Hall
mobility and carrier concentration.
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1. Introduction

Recently, the preparation of structured I-11.VI,
ternary compound semiconducting materials has been
one of the important methods for studying the
physical properties of these materials, and has played
an important role in solid state physics research as
well as advanced technical applications [1-5]. Due to
their expanding range in the industry, they are utilized
in current technological applications through the
manufacture sold state technology, including
photovoltaic ~ cells,  electronic ~ components,
photoconductors, sensors, and solar coating [6-9].
CuGaS,, CuGasSe,, and CuAlSe; are three of the I-111-
VI compounds that are quite significant. These are
tripartite compounds with chalcopyrite structures
similar to sphalerite structures, which are referred to
as (zincblende) [10,11]. Because the chalcopyrite
atoms' locations are similar to those of the diamond
atoms, each type forms a face-centered cubic lattice
network [12]. The conductivity of nonmetal and
semiconductor crystals can be calculated by knowing
the change in activation energy (of electrons) with
temperature, then (273°C) electrons are bound to the
atoms that make up the semiconductor crystal lattice,
and as the temperature rises [13,14]. Because the
energy of some electrons can escape from covalent
bonds due to thermal fluctuation is greater than the
activation energy of the intrinsic semiconductor, the
number of freely moving electrons under the
influence of the electric field increases, and thus the
conductivity of the semiconductor increases with
temperature [15,16]. There is no completely free
electron or hole (273°C) if the semiconductor
contains donor or acceptor impurities. The electrons
of the semiconductor atoms are ionized, which causes
the impurity atoms to be ionized [17,18]. As the
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temperature rises, self-conductivity becomes more
important because the electrons of the valence band
will require a sufficient amount of thermal energy to
cross the energy gap as the impurity centers run out,
allowing packet electron conduction [19,20].

The purpose of this work is to determine the
impact of substrate temperature and annealing on the
fluctuation of the Hall effect and activation energy of
the chemical (CulSey).

2. Experimental Work

The CulSe; films were deposited on soda glass
substrates using the thermal evaporation coating
technique before beginning membrane deposition
(CulSe) with a boat of molybdenum (Mo), when the
pressure is reduced (10 mbar), we begin the process
of heating the tank by gradually passing continuous
current through the tank, and the material begins to
evaporate at a constant rate (2A/s) to achieve the film
thickness (1200-1400A). As a result, we obtained the
membrane during the preparation process at room
temperature. The floors are heated to different
temperatures during the deposition process in order to
obtain the preparation process at different deposition
temperatures.

A Phillips X-ray diffractometer (XRD) was used
to inspect the CulSe; films in the angle range 15-70°
after they had been prepared to ensure their
formation. The optical interference technique and a
quartz crystal monitor were used to determine the
thickness of the film before it was deposited [21], and
the film’s electrical conductivity was measured using
a Philips DC power supply (40V, 1A), a digital
electrometer, electronic thermometer, resistance box,
and a cryostat (Leybold vacuum unit of turbo and
rotary pumps LTC 60).
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The Hall experiment was designed to determine
the type of conductivity of membranes and to
calculate Hall's factor, charge concentration, and
carriers’ mobility.

3. Results and Discussion

The crystalline structure of the prepared CulSe;
alloy was confirmed by the XRD results in
accordance with the ASTM cards [22]. For
semiconductors, the change in electrical conductivity
with temperature is described by the following
relationship [23]:

o = g,e FalkT (1)
where E, is the thermal activation energy, T is the
temperature in Kelvin, k is the Boltzmann’s constant,
and o, represents the conductivity when the
temperature is extremely high [24,25]

The presence of crystal grain boundaries
complicates the situation in polycrystalline films, as
the size of the grains and the natural barriers that form
at the grain boundaries affect the movement of charge
carried through the film. Polycrystalline films are
effectively affected by potential barriers at the grain
boundaries. As a result, the conductivity of these
films is represented by the following equation [22]:
o = enp,e /KT 2
where e~¢#b/KT represents the effective mobility, Ho
is the mobility of No the single crystal, and e¢,, is the
height of the grain potential barrier [26]

The Hall effect is a standard tool for studying the
mobility and type of charges in materials by
measuring the Hall potential difference (Vu) and
Hall's coefficient, as shown in the following equation
[27]:

Ry = Vy/1 X t/B (3)
where t is the conductor thickness and B is the
magnetic field produced by the current flowing
through the conductor

The Ru sign in Eq. (3) is negative for n-type
semiconductors  and  positive  for  p-type
semiconductors. The Hall mobility can be expressed
as [28]:

Hy = Ry.0 4

Table (1) displays the electrical conductivity
values at room temperature with the first activation
energy Ea at each Ts, while table (2) displays the
electrical conductivity values at room temperature
with the second activation energy Ea; at each Ts.

Table (1) Values of electrical conductivity at room
temperature with the first activation energy (Ea;) at each Ts

o o (Q.cm)! Temperature range
T, (°C) (@ o) Eut (eV) o
150 17602 | 0.0184 +0.002 -120 to -40
200 14.3+0.15 | 0.0308 £0.002 -120 to -30
300 2.97 £0.09 | 0.0655+0.003 -110 to - 35
350 16+£1.0 0.076 + 0.002 -62 to -10

Tables (1) and (2) distinguish the two activation
energies; the second activation energy ranges in
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degrees of the first activation energy. Figures (1) and
(2) show how the electrical conductivity of CulSe;
films changes with temperature when prepared and
annealed at substrate temperature ranging from 150 to
350°C and annealing temperature from 200 to 400°C.
The appearance of the electrical properties of CulSe;
films is the source of detects (negative defects)
caused by deviation from the pure structure. Figures
(4-7) show how Hall effect measurements were used
to determine the type of charge carriers in CulSe;
films prepared at various temperatures.

Table (1) Values of electrical conductivity at room
temperature with the second activation energy (Ea,) at each Ts

o (Q.cm)! Temperature range

.00 | “GRr. Exz (eV) e
150 | 176402 | 0.032+0.001 -40 to 30
200 | 14.3+0.15 | 0.00575 +0.0015 30 to 25
300 | 2.97£0.09 | 0.0938+0.0014 -50 to 34
350 | 16+10 | 0.097+0.0025 10 to 30
20
15
g 10
<
15}
5

0
150 175 200 225 250 275 300 325 350
T °c
Fig. (1) Variation of electrical conductivity of the prepared
films with substrate temperature
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Fig. (2) Variation of the Hall voltage with current at Ts=150°C

The outcomes were presented using tables (1) and
(2), as deposition temperature increases, the
relationship between the density of charge carriers (n)
and Ts and Ta decreases. The Se atom and the vacuum
created by removing the Se atom will both leave two
weakly bonded electrons, resulting in this vacuum
being a double donor. At room temperature, the
electrons are insufficient for the electron to jump to
the conduction beam, but mobility decreases as Ts
increases for the same reason mentioned above [29-
32].

The reason for the decrease in charge carrier
concentration with increasing Ts and atomic structure
shift, and thus the energy of electrons below room
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temperature is insufficient for jumping into the
conduction beam with increasing Ts when preparing
and for the same reason as above.

V(volt)

0 1 2 3

I(amp)

Fig. (3) Variation of the Hall voltage with current at Ts=200°C
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Fig. (4) Variation of the Hall voltage with current at Ts=300°C
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Fig. (5) Variation of the Hall voltage with current at Ts=350°C

4. Conclusions

Taking into account the findings of this study, it is
possible to draw the following conclusions. The
electrical conductivity was defined by two activation
energies at different substrate and annealing
temperatures. Based on Hall-effect investigations of
the type of carriers, carrier concentration, and Hall
mobility at room temperature, the thin film was
determined to be of the n-type. We found the highest
value of the carrier concentrate for films prepared at
Ts=150°C with the deposit thickness t=1200A, and
lowest value for films at temperature 350°C with the
same thickness. The Hall mobility was highest for
films prepared with substrate and annealing
temperatures of Ts=150°C and Ta=200°C, and lowest
for films prepared with substrate and annealing
temperatures of 350°C and 400°C, respectively, for
films prepared at t=1200A.
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The effect of molar concentration on the performance of the In2Sa/Si
photodetectors prepared by thermal chemical spray technique was studied in
this work. The characteristics of photodetectors include the 1-V in dark using
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the forward and reverse bias conditions, were also investigated. The n-1n2Sa/p-
Si heterojunction is an asymmetric. The ideal factor (n) was found to be
greater than one and decreasing with increasing molar concentration. The
spectral responsivity of the prepared photodetectors was also studied. The
results showed it has two peaks, the highest value 0.8 A\W at wavelength of

450 nm and 1.05 A\W at wavelength of 700 nm. Specific detectivity of
2.38x10M cm.Hz"%/W was determined and the value of quantum efficiency

was 3.5%.
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1. Introduction

Indium  sulfide  (In;Ss) has  interesting
photoluminescence properties and it was used in
many applications in optoelectronic devices due to its
wide band gup and photoconductive behavior, which
makes it promising candidate for many technological
applications [1,2]. Heterojunctions are important
devices because of their wide applications in many
electrical devices such as solar cells and
photodetectors [3-8]. It is defined as a contact
between two semiconducting materials those are
different in their energy gap, dielectric constant,
electronic affinity and work function [9]. There is also
a difference in the lattice constants called lattice
mismatch [10-12]. Junctions are classified into abrupt
and gradient depending on the distance through which
the transitions from one of the two materials to the
other is carried out [13]. Also, heterojunctions are
classified according to their sides. If the same type of
connection appears, it is called isotype heterojunction
(p/p and n/n). Otherwise, it is called anisotype
heterojunction (p/n or n/p) [14].

There are many techniques for preparing the
heterojunctions, including the chemical spray
pyrolysis (CSP), molecular weight spray pyrolysis
(MWSP), chemical bath deposition (CBD), vacuum
thermal deposition (VTD) [15-17]. The properties of
the heterojunction are functions of the preparation
method, which is related to the exact composition
[18]. Heterojunctions have been used in the
manufacture of many semiconductor devices such as
solar cells, high efficient transistors, photodetectors,
semiconductor lasers and other applications [19].
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2. Experimental Work

Indium sulfide (In2Sz) thin films were deposited
on single-crystal p-type silicon wafers with a
crystalline directional of (111), electrical resistivity
of 5 Q.cm, thickness of 400 um, area of 1 cm? and the
mirror surface thin films were obtained by using
thermal chemical spraying technique (CSP). Indium
chloride (InCl,) in the form of white powder with a
molecular weight 221.18 g\mol and purity of 99.9%
was used as a source of indium ions and is easily
dissolved in water. Thiostamide (CS(NH,)). with a
molecular weight of 75.13 g\mol was also used. The
thin films were prepared with different molar
concentrations (0.05, 0.15, and 0.2 M) at temperature
of 310°C with spraying time of 3 minutes and stop
period of 15 minute to reach the same temperature for
each spray after 12 sprays.

3. Results and Discussion

The forward and reverse bias conditions were
used at an applied voltage of -1.5 to 1.5V. The highest
value of the forward current was recorded at
concentration of 0.2 M. The behavior of the forward
current in the dark condition was close to the
exponential  function. The diffusion current
dominated the recombination current and the current
flowing through the junction increased with
increasing applied voltage. This increase arises
because the difference in the applied voltage works to
inject the majority carries, resulting in a decrease in
the built-in potential as well as in the width of the
depletion region .In case of reverse bias, as shown in
Fig. (1), the reverse bias current was low due to the
low values of the applied voltage as well as the
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increase in the width of depletion region and decrease
in the concentration of carriers.

Table (1) The values of ideal factor

Ideality factor (n) | Molar concentration
10 0.05
6.5 0.15
4 0.2
—o—0.2M 140 1
—=O=0.15M — 120 A
£
—0=—10.05M 3
= 100 A
>
.‘é
S 80 -
o
3 60
40 1
20 1
-1.2 0.7 0.2 0.3 0.8
220 - Applied voltage (V)

Fig. (1) The variation of 1-V characteristics in dark

It was also noted that the heterojunction is
anisotype due to the different behavior of the forward
bias current from that of the reverse bias current. The
ideality factor of the heterojunctions prepared using
different molar concentrations was calculated from
the following equation n=qV\ks.In(l¢/lsa), Were V is
the applied voltage, It is the forward bias current, and
Isat is the saturation current. They were found in order
the ideality factor be more than one. This behavior is
attributed to more than one mechanism to transmit the
current due to the lattice mismatch between In,Sz and
Si, and also due to the crystal defects that may occur
during the deposition process. Note that the value of
ideality factor decreases with increasing molar
concentration.

Figure (2) represents the I-V characteristics of the
heterojunctions under the irradiation in the reverse
bias condition. The detector was exposed to white
light and the photocurrent increased with the
increasing of the incident light intensity, which leads
to an increase in the generation of photocarriers
within the depletion region. The diffusion of carriers
results in the generation of electron-hole pairs. Also,
the internal electric field prevents the recombination
of electrons with the holes. As well, the photocurrent
increased with the increases in the applied potential
difference in the reverse bias because the width of the
depletion region increases with the increase in the
applied potential difference and the absorption of
light within the region close to it. As it is clear from
Fig. (2), the deposited films at 0.2M show rough
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surfaces, which help the film material interacting with
more incident photons and at different angles of
incidence, which leads to an increase in the
absorption of photons by trapping light, and thus
increases the optical sensitivity of the photodetector.

et ). 05M

current (um)

0.2M 100
TUU

Voltge(v)

Fig. (2) The 1-V characteristics of the heterojunctions under
irradiation in the reverse bias

Figure (3) shows the variation of the spectral
responsivity (R,) of the In,Ss/Si photodetector as a
function of the wavelength for different molar
concentrations. It is noted from the figure that there
are two peaks in the responsivity spectrum, the first
belongs to the detector material In.Ss and the second
peak belongs to silicon. The highest value of the
responsivity was about 0.8 A/W at 450 nm and up to
1.05 A/W at 700 nm at a concentration of 0.2 M. We
found from the spectral responsivity curves that the
responsivity increases with the increase in molar
concentration due to the increase in the growth rate,
the improvement of crystalline structure of the films,
and the lattice and thermal mismatch of the two
heterojunction materials, which leads to a decrease in
the series resistance due to the increase in the
conductivity of the reagent material as well as to the
increase in the film thickness. These results agree

with the results of reference [20-22].
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Fig. (3) The variation of the spectral responsivity of the 1n,Ss/Si
photodetector as a function wavelength
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Figure (4) indicates that the quantum efficiency
(n) of the In,Sa/Si heterojunction photodetector as a
function of the wavelength for different molar
concentrations. It was found that the highest value of
the efficiency of 3.5% at 700 nm was recorded at
concentration of 0.2 M. This is due to an increase in
the particle size and the film thickness as well.

4
02 —
015 —
0.05 —

3 u

2 4

Quantum Efficiency (%)

0

350 450 550 650 750 850 950
Wavelength (nm)

Fig. (4) The variation of the quantum efficiency of the In,Ss/Si
photodetector as a function wavelength

Figure (5) shows the specific detectivity of the
In,S3/Si photodetector as a function of the wavelength
with different molar concentrations. The optimum
value was 2.94x10* cm.Hz"¥/W at 450 nm. The
increase in the molar concentration leads to increase
the specific detectivity due to the increase in the
spectral responsivity.

w

—O0—0.05M
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1
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0
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Fig. (5) The variation of the specific detectivity of the In,S4/Si
photodetector as a function wavelength

4. Conclusions

Photodetectors were fabricated from I1n,S3/Si thin
film heterojunctions by thermal chemical spraying
technique with molar concentrations of 0.05, 0.15,
and 0.2 M at temperature of 310°C. The I-V
characteristics of the In,Ss/Si heterojunctions in the
dark was determined and the heterojunction was
found to be anisatype. The value of the ideality factor
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of the prepared heterojunctions was greater than one
due to the lattice mismatch between the In,S; and
silicon as well as because of the presence of some
crystalline defects that may occur during the
preparation process. Two peaks of spectral response
were obtained, the first belongs to the In,S; material
and the other belongs to silicon. The highest quantum
efficiency of the prepared photodetectors was
obtained to be 3.5% at a concentration 0.2 M. The
possibility of using these In,Ss/Si heterojunctions
prepared by thermal spraying technique in many
applications can be confirmed.
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