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Effect of Kawrgosk Oil Refinery byproducts on physicochemical,
microbiological and certain soil enzymes was studied. Contamination of the
Refinery affected physicochemical, biological and enzymatic properties of soil.
Soil pH slightly increased to 8.42+0.173, moisture content and organic matter were
significantly lower than control 0.84%0.116 9% and 15.04+0.301 g¢.Kg*
respectively. Refinery contamination caused reduction in bacterial population to
0.04x107 cfu.g? dry soil and fungal population to 2x10°% cfu.g dry soil and
reduced dehydrogenase activity to 0.020 TPF pg.g™ when compared to control.
Whereas, the Refinery contamination was increased oil residue to 2.6+0.000 pg.kg-
!, Fe to 31.50+0.433 g.kg, Ni to 0.116+0.002 g.kg™, As to 0.300+0.003 g.kg™* and
Cd to 0.227+0.002 g.kg? in comparing with control. The ranges of soil enzymes
were: dehydrogenase 0.020-157.651 TPF pg.g* in both Tobzawa and Agholane
Gichka soils; urease 162-396.96 pg N-NH,*.g* in both Jideda Zab and Agholane
Gawra soils; nitrate reductase 3.126-4.658 pg N-NO,.g* in Agholane Gichka and
Jideda Zab soils; whereas, catalase 0.5-1 ml KMnO4.g'.20 min? in both
Girdarasha and Tobzawa soils respectively. Significant positive correlation (r=
0.582 at p<0.05) between total bacteria and organic matter was observed. Highly
positive correlation (r= 0.863 at p<0.01) between total bacteria and dehydrogenase
activity was observed. A negative correlation among: the studied heavy metals
with dehydrogenase and nitrate reductase; oil residues, microbial population with
dehydrogenase, urease and catalase activities were other findings of the study.
Higher dehydrogenase activity was observed in sandy soils than loamy soils in
Agholane Gawra, Kawrgosk and Agholane Gichka soils which have higher sand
contents 63.77, 69.29 and 68.25% respectively.

1. INTRODUCTION

Soil is a dynamic system in which
continuous interaction takes place between soil
minerals, organic matter and organisms. Each
of these three major soil components influences
the physicochemical and biological properties
of terrestrial system (Anjaneyulu et al., 2011).
Soil is a favourable habitat for microorganisms;
spatially fertile soil is inhabited by tremendous
number of microorganisms. All kinds of

organic matters deposited on soil can be
decomposed by soil microorganisms, releasing
different kinds of enzymes, responsible for
various oxidation-reduction reactions to release
the nutrients (Nath and Samanta, 2012).
Enzyme activities have been used as indicators
of soil quality and changes in biogeochemical
function. Since enzymes catalyse all
biochemical transformations, measurements of
soil enzyme activities are useful indicators of
biological activity as well as to understand how
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human activity is changing biogeochemical
cycles in ecosystems (Verchot and Borelli,
2005). Soil itself has no any enzyme activity
for solubilisation as well as mobilization of
minerals. But the huge number of
microorganisms present in soil makes it
possible to recycle the nutrients from both
organic and inorganic substances (Nath and
Samanta, 2012). Technologies, industrial and
economic progress leads to emission of
pollutants into natural environment including
oil compounds and heavy metals. Soil pollution
with crude oil has become an important
problem of our days (Lipinska et al., 2013).
The growing threat to the natural soil
environment is growing which is caused by oil
products due to leakage from tanks and pipes,
truck tanks, during distribution process as well
as by car and railway transport and petrol
station in addition to the direct emission of
these pollutants, dusts of burning gases along
with oil have managed to add toxic and
harmful substances to the soils (Marinescu et
al., 2010). Toxicity of crude oil or petroleum
products varies widely, depending on their
composition, concentration, and environmental
factors and on the biological state of the
organisms at the time of the contamination
(Eze et al., 2014). Soil pollution with heavy
metals and trace elements has been reported to
have toxic effects on soil biology and
biochemical processes. The sources of these
contaminants can come from various industrial
activities among them deposition from air
pollutants as a result of different fuels burning
(Utobo and Tewari, 2015). Development of
biological indicators to assess changes in soil
quality is an increasingly important research
area in the world. Assessment of soil enzymatic
activities is of particular importance due to
high and rapid development in the oil industry
at the last century in Kurdistan Region of Iraq,
and occurring of many different problems
among them environmental pollution which

began to raise serious questions that need rapid
solutions. Soil pollution is one of these
environmental problems due to such oil
industrial activities because of using huge
amount of consumable fuel in the power plants
and oil refinery and releasing high rate of
fume, solid particulates and toxic gases more
than other industries. The existence of these
industries such as Kawrgosk Oil Refinery, west
of Erbil city is more hazardous effects to the
environment of the Erbil city, urban area and
the agricultural terrains. Therefore, it has been
found an importance to carry out this study to
evaluate effects of oil refinery on environment
of some related areas with particular reference
to some soil characteristics.

2. MATERIALS AND METHODS
2.1. Study area and sample collection

Erbil Refinery is located in Khabat district,
at Kawrgosk village, 40 km west of Erbil city,
and it occupies a land of 2.5 Km?2 to the left of
upper Zab River. The refinery is composed at
this stage of three production lines for crude
Oil refining, production, storage, distribution
and supply of petroleum products as per
applied standards, which represent the first
plant for crude oil refining in Kurdistan region.
Construction of this refinery started in 2005.
The refinery produces the following oil
products: naphtha, kerosene, gasoil (desel), fuel
oil, gasoline and liquid gas (after operating the
second production line), these products are
stored and distributed in storage tanks then
transported through loading stations by tankers,
or may be pumped through a pipe to Erbil
Depot according to the request (KAR website,
2015). For the present study, twelve sites were
studied; Kawrgosk Oil Refinery and ten
different sites located at different distances
from the centre of the Refinery and a control
soil was selected in the Greenhouse of College
of Science faraway from pollution sources
(Figure 1).
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Figure 1: Map showing the studied area in Erbil City in Kurdistan Region of Irag.

During October 2014, triple surface soil
sample (0-15 cm depth) from each site was
collected into polyethylene bags using plastic
garden trowel. The samples were analysed as
soon as possible. Soils were air-dried, crushed
and sieved through 2-mm stainless sieve to
remove debris (Pansu and Gautheyrou, 2006).

2.2. Determination of soil physicochemical
properties

Hydrometer method was used for particle
size distribution and determination of soil
textural classes using ISSS triangle. The pH
and EC of the soils were determined in 1:5

(soil: water suspension) using a calibrated pH-
meter (JENWAY 3505) and an electrical
conductivity meter (JENWAY 4510) according
to the method given in (Ryan et al., 2001).
Gravimetric method was used for soil moisture
content determination as described by (Jaiswal,
2003). Walkly-Black procedure 1934 was
followed for determination of soil organic
matter as given by (Pansu and Gautheyrou,
2006).

2.3. Determination of soil oil content

Oil content in the soil samples was
determined by toluene extraction method
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according to (Amadi et al., 1996). For 10 g of
soil, 200 ml of toluene was added and shake
vigorously for 30 minutes by shaker; the liquid
phase  was extracted and  measured
spectrophotometrically at 420 nm. A standard
curve of the absorbance of different known
concentration of petroleum hydrocarbons in the
extractants was derived using fresh crude oil,
appropriately diluted with the solvent.
Petroleum hydrocarbons concentration in soil
was then calculated and expressed in pug.Kg™.

2.4. Determination of soil heavy metals

Soil heavy metal contents were determined
by using X-Ray fluorescence method using a
portable XRF instrument model (CIT 3000).
Soil samples were dried in air, sieved through 2
mm sieve to remove non-soil particles and then
XRF measured (Ulmanu et al., 2011). The X-
ray fluorescence method is a non-destructive
analytical technique, allowing both qualitative
and quantitative analysis of heavy metals in
soils (Derzi and Naji, 2014) based on the
phenomenon of the emission of x-rays by the
atoms of a sample when excited by an external
source of radiation. This technique can be used
for screening the metal contamination in soil
with significant accuracy and reduced overall
costs. Results expressed in g.Kg™.

2.5. Counting of soil microorganisms

Soil microbial populations including
bacterial and fungal populations were counted
by standard plate method using serial dilution
technique. One gram of each soil sample was
serially diluted (103-107) and one ml was
poured into petri plates of sterile nutrient agar
(pH 7.2) and incubation period of 24 hours at
30 °C for total bacterial count as given by
(Harley and Prescott, 1996). For total fungal
count, 0.1 ml from the diluted sample was
spread with a sterile spreader on potato
dextrose agar containing 0.002%
Chloramphinicol for 7 days at 25 °C (Aneja,
2003). After incubation period, colonies

formed on the surface of growth media were
counted by colony counter. Results of soil total
bacterial population expressed as cfu.g? dry
soil multiplied by 107, and soil total fungal
population expressed as cfu.g?l dry soil
multiplied by 10°.

2.6. Estimation of soil enzyme
activity

2.6.1. Estimation of dehydrogenase

The  dehydrogenase  activity  was
determined by the modified procedure of
Casida 1977 given by (Anjaneyulu et al.,
2011). For 5 g of soil in a test tube, 2.5 ml of
sterile distilled water and 1ml of 3% aqueous
solution of triphenyl tetrazolium chloride
(TTC) was added and incubated at 30 °C for 24
hours. The triphenyl tetrazolium formazone
end product was measured at 485 nm. The
results expressed as pg TPF.g dry soil.24h™.

2.6.2. Estimation of urease

Urease activity was determined by the
modified method of Hoffmann and Teicher
1961 described by (Uzun and Uyanoz, 2011).
For 1 g of soil, 0.25 ml toluene, 0.75 ml citrate
buffer (pH 6.7) and 1 ml of 10% urea substrate
solution were added and incubated for 3 hours
at 37 °C. Formation of ammonium was found
out spectrophotometrically at 636 nm (Bashour
and Sayegh, 2007). Results expressed as pg N-
NHs".gt dry soil.3h™.

2.6.3. Estimation of nitrate reductase

Estimation of nitrate reductase was done
according to (Nath and Samanta, 2012). Into
150 ml conical flasks, 50 ml of peptone water
media amended with 1% KNO3s were poured
and then inoculated with 5 grams of different
soil samples. The flasks were all incubated at
30 °C for 3 hours and then 10 ml of each soil
suspensions were centrifuged at 5000 rpm for
10 minutes and 1 ml of the supernatants were
treated with 1 ml of sulphanilamide. After 20
minutes, 1 ml of N (naphthyl) Ethelene
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Diamine Dihydrochloride (NEDD) was added
to each sample and left for development of a
pink colour. Intensity of the pink colour was
measured at 540 nm and un-inoculated media
(with sulphanilamide and NEDD) used as
blank. Results expressed in pug N-NOz.g* dry
soil.3hL.

2.6.4. Estimation of catalase

The catalase activity was determined by
KMnO; titration method as described by
(Kumar, 2004). Two grams of oven-dried soil
was mixed with 40 ml of distilled water and
put on rotary shaker. Then 5 ml of 0.3% H>0>
was added and the slurry was shaken for 20
minutes at 150 rpm. The remaining peroxide
was stabilized by adding 5 ml 3 N H2SO4 and
25 ml of filtered aliquots were titrated with 0.1
N KMnOg. Results were expressed as ml of 0.1
N KMnOa4.g? dry soil.20 min?, equivalent to
the peroxide decomposed per gram of oven-dry
soil.

2.7. Statistical analysis

Results were analysed using SPSS (version
18) and Microsoft excel 2010. Data is reported
as mean = standard error. One way ANOVA
accompanied with Duncan’s test was used for
comparing the means. Person’s correlation was
done to test the relationship among the studied
parameters from the different sites and the
results considered statistically significant at
(p<0.05) level (Le, 2003).

3. RESULTS AND DISCUSSION

3.1. Soil physicochemical properties

Soil moisture influences both the microbial
and enzymatic activity (Aneja, 2003). From the
studied soils, moisture content was ranged
between 0.84+0.116 and 10.26+0.116 % in
both Qil Refinery and control soils respectively
(table 1) and same results obtained by
Brzezinska et al. (1998) and Barua et al.
(2011).

Soil pH considered as a chemical quality
indicator of soil (Martinez et al., 2010). It
influences a number of factors affecting
microbial activity, like solubility and ionization
of inorganic and organic soil solution
constituents, and these will in turn affect soil
enzyme activity (Paul, 2007). As shown in
table 1, soil pH of the studied sites was ranged
from 7.39+0.003 to 8.42+0.058 in Chaluke
Gawra and Shewarash Zab respectively,
indicating neutral to slightly alkaline soils, and
this finding come in agreement with those
obtained by Khudhur and Abdulla (2016). Soil
electrical conductivity is used as an overall
indicator of the level of macro- and
micronutrients in the soil. The range of soil EC
was 20+0.577 to 199+2.598 uS.cm™ in both
Jideda Zab and Gaenj soils respectively (table
1) and Khudhur and Abdulla (2016) obtained a
range of 14+1.155 to 231+1.155 pS.cm? at
different distances from Kawrgosk Oil
Refinery which may confirm present finding.

Soil organic matter has important effects
on microorganism’s activities and soil enzymes
has considered as an indicator of soil quality
because of its character of nutrient sink and
source that can enhance soil physical and
chemical properties, also promote biological
activity (Fontaine et al., 2003). By the present
study, the highest organic matter 77.27+0.07
g.Kg! was observed in Agholane Gichka soil,
whereas the lowest organic matter was
15.04+0.301 g.Kg? in Oil Refinery soil (table
1). Das and Varma (2011) stated that soil
enzyme activities are often closely related to
soil organic matter and microbial activities,
relating to this, Agholane Gichka soil has the
highest bacterial population 24.81x10" cfu.g?
dry soil and dehydrogenase activity 157.651
TPF pg.g?t dry soil.24h? (table 3), and this
statement may confirm our finding with regard
to the close correlation of organic matter with
enzymatic activities including dehydrogenase,
urease and catalase (Figure 2). Soil organic
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matter protects soil microorganisms against the
effect of hydrocarbons which lead to lower
inhibition of microbial biomass. Organic matter
and clay content can absorb hydrocarbons and
decrease bio-availability during their aqueous
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phase. Higher organic matter level can provide
enough substrate to support higher microbial
biomass, hence higher enzyme production
(Alrumman et al., 2015).

Table 1: Soil physicochemical properties (mean + S.E.) of the studied sites.

Sites Moisture % Clay Silt% Sand  Texture pH EC pS.cmt Organic
% % class matter g.Kg!
Shewarash Zab 3.81+0.029¢ 7.75 4394 4831 L 8.42+0.058%  54+0.577¢° 25.53+0.008f
Agholane Gawra ~ 2.51+0.0299" 0.00 36.23  63.77 SL 8.04+0.006°¢ 59+0.577¢ 30.70+0.001°
Kawrgosk 2.30+0.029" 0.00 30.71  69.29 SL 7.84+0.173¢ 76+0.577° 41.91+0.292¢
Gaenj 1.32+0.006 7.63 45.77  46.60 L 7.98+0.520¢  199+2.5982  22.94+0.5609
Agholane Gichka  3.33+0.038¢f 0.00 3175 68.25 SL 7.84+0.116¢ 65+0.577¢ 77.27+0.0792
Jideda Zab 2.77+0.038% 3949 4212 18.38 SiCL 7.74+0.116°  20+0.577"  47.38+0. 397°
Girdarasha 5.73+0.038> 4243 39.78 17.79 CL 7.75+0.145¢ 28+0.2899 32.43+0.412¢
Khabat 4.25+0.534¢ 52.22 2350 24.28 C 7.53+0.203f 75+0.866° 31.56+0.452°
Chaluke Gawra 4.75+0.145°¢ 4156 36.36 22.08 C 7.39+0.0039 27+0.5779 26.39+0.401f
Tobzawa 2.24+0.173" 9.67 48.34  41.99 L 8.30+0.029%  39+1.155f 44.50+0.144°¢
Oil Refinery 0.84+0.116 40.34 3278  26.89 C 8.24+0.173° 21+0.289" 15.04+0.301
Control 10.26+0.1162  17.87 33.19  48.93 L 8.38+0.006®  66+0.577¢ 16.63+0.471"
Different letters means significant differences between the studied sites.
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Figure 2: Correlation between: soil organic matter and enzymatic activities: (A) Dehydrogenase, (B) Urease and (C)

Catalase.

3.2. Soil oil content
It is for a long time that oil materials and
its derivatives cause soil pollution as a result of

transportation or storage. Oil pollution results
from  rapid  population growth  and
industrialization  process  vastly  around
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exploration and refining installations typically
via transfer of oil materials (Khakbaz et al.,
2012). Results of oil residues of the studied
soils were tabulated in table 2. The highest oil
content was 2.6+0.000 pg.Kg? in Oil Refinery
soil and this come in agreement with a study
conducted by Khudhur and Abdulla (2016)

who found the highest oil residue 0.0022
mg.Kg? five kilometers away from Kawrgosk
Oil Refinery and this may refer to the direct
emission of some pollutants and dusts of
burning gases along with oil into such area
(Khakbaz et al., 2012).

Table 2: Levels of oil residues (ug.kg?) and heavy metals: Fe, Ni, As and Cd (g.kg™) expressed as (mean + S.E.) in

the studied sites.

Sites Oil residues Fe Ni As Cd
Shewarash Zab 0.9+0.000 26.60+0.173¢¢" 0.108+0.001% 0.173+0.0011 0.221+0.001b°
Agholane Gawra 0.8+0.000 27.05+0.015¢ 0.112+0.0071 e 0.214+0.001¢ 0.223+0.001°
Kawrgosk 0.8+0.000 26.35+0.2454 0.108+0.001% 0.176+0.001"  0.226+0.002%
Gaenj 1.1+0.000 22.80+0.5207 0.117+0.0012 0.197+0.001f 0.210+0.000¢
Agholane Gichka 1.2+0.000 23.00+0.289f 0.119+0.0012 0.257+0.001°¢ 0.209+0.001¢
Jideda Zab 1.2+0.000 21.60+0.1739 0.106+0.002¢ 0.161+0.000 0.214+0.001¢
Girdarasha 1.3+0.000 26.70+0.4919 0.109+0.000% 0.215+0.001° 0.217+0.002¢
Khabat 0.8+0.000 23.70+0.491f 0.109+0.001% 0.218+0.001¢ 0.213+0.001¢
Chaluke Gawra 1.1+0.000 29.00+0.289° 0.114+0.001¢d 0.262+0.001¢  0.226+0.002%
Tobzawa 0.7+0.000 25.60+0.462¢ 0.118+0.0032 0.272+0.001° 0.218+0.002¢
Oil Refinery 2.6+0.000 31.50+0.4332 0.116+0.002b¢ 0.300+0.0032 0.227+0.0022
Control 0.2+0.000 6.25+0.072h 0.085+0.002f 0.185+0.001¢ 0.165+0.001¢

* Different letters means significant differences between the studied sites.

3.3. Soil heavy metals

Soil texture represents abiotic factor and
one of the most important factors that
influences the distribution of organic matter
and ultimately play decisive role in retention of
heavy metals in soil ecosystem (Sethi and
Gupta, 2014). Soil texture classes were: loamy
in Shewarash Zab, Gaenj, Tobzawa and
Control soils; silty loam in Agholane Gawra,
Kawrgosk and Agholane Gichka soils; silty
clay loam in Jideda Zab; clayey loam in
Girdarasha soil and clayey in Khabat, Chaluke
Gawra and Oil Refinery soils (table 1).

The anthropogenic processes results to soil
contamination with heavy metal are numerous
among them refining process which releases
numerous different metals into the atmosphere
and have locally increased the levels of Cd, Co,
Cr, Pb, As and Ni in soil up to dangerous levels
(Ross, 1994). Consequently, there are
substantial air pollution emissions, and a
notable odor normally accompanies the
presence of a refinery (Sharma and Agrawal,
2005). From the present study, the highest Fe

level of 31.50+0.433 g.Kg' was obtained in
Oil Refinery, while the lowest level of
6.25+0.072 g.Kg! was obtained in control
(table 2). Ni was ranged between 0.085+0.002
and 0.119+0.001 g.Kg* in the soils of Control
and Agholane Gichka respectively. However,
As was highest in Oil Refinery soil by a value
of 0.300+0.003 g.Kg™* and lowest in Jideda Zab
soil by a value of 0.161+0.000 g.Kg™, as well
as the highest Cd content 0.227+0.002 g.Kg*
was observed in Oil Refinery while the lowest
Cd content 0.165+0.001 g.Kg* was in control
soil. The anthropogenic sources of soil
contamination by arsenic and cadmium can be
derived from: metalliferous mining and
smelting, industry, atmospheric deposition,
agriculture and waste disposal (Rasheed and
Saleh, 2016).

3.4. Soil microorganisms

In soil environment, changes in microbial
populations can precede detectable changes in
the soil’s physicochemical properties. The
impact of some chemicals on soil health is
dependent on microbial activities. For example,
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the concentration of heavy metals in soil will
not change over small time periods, but their
bioavailability may. In this way, soil enzymes
are acting as important indicators of soil (Das
and Varma, 2011). Moreover, fungal
communities in the soil are an important
component because of their participation in
regulating microbial activities in polluted soils
(Peciulyte and Volodkiene, 2009). Table 3
shows that the maximum total bacterial
population was in Agholane Gichka by a count
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of 24.81x107 cfu.g™? dry soil and the minimum
population was 0.04x107 cfu.g? dry soil in Oil
Refinery soil and total fungal population was
ranged between 2 — 39 x10° cfu.g? dry soil in
both QOil Refinery and Kawrgosk soils
respectively as the same results observed by
Khudhur and Abdulla (2016) and this may
refer to the least amount of total organic matter
in this area (table 1) which affect fungal
population and diversity.

Table 3: Microbial populations and enzymatic activities in the studied sites.

Total bacteria  Total fungi Dehydro- Urease (ug  Nitrate reductase Catalase
Sites (x107 cfu.g?  (x10%cfu.g! genase (TPF  N-NHs*.g* (ug N-NO2.g* (ml KMnOa.g*
dry soil) dry soil) ug.gt.24h) .3h?) .3h1) .20min)
Shewarash Zab 1.24 13 0.823 293.76 3.660 0.70
Agholane Gawra 2.59 12 45.602 396.96 3.712 0.80
Kawrgosk 0.72 39 85.562 302.64 3.254 0.95
Gaenj 1.42 20 0.422 258.00 3.226 0.85
Agholane Gichka 2481 11 157.651 356.16 3.126 0.95
Jideda Zab 2.68 5 2.229 162.00 4.658 0.70
Girdarasha 1.87 11 1.787 236.88 3.916 0.50
Khabat 1.82 16 2.189 186.24 3.162 0.65
Chaluke Gawra 0.58 24 1.586 217.44 3.738 0.80
Tobzawa 2.22 5 1.386 216.24 3.688 1.00
Oil Refinery 0.04 2 0.020 179.28 3.623 0.85
Control 13.96 15 124.116 205.44 3.833 0.90
3.5. Soil enzyme activity microorganisms found as both intra- and extra-
By the present study, activity of cellular enzymes (Uzun and Uyanoz, 2011). As

dehydrogenase ranged from high to low levels
in the research sites (table 3). Maximum
dehydrogenase activity was 157.651 TPF ug.g-
L dry soil.24h in Agholane Gichka and the
minimum activity was 0.020 TPF pg.g? dry
soil.24hl  in  Tobzawa  soil.  Since,
dehydrogenase is an enzyme that is particularly
sensitive to the action of toxic compounds and
it can indicate type and significance of
pollution in soils (Nwaogu et al., 2012).
Therefore, in our studies, the low activity of
dehydrogenases in the soils is an indicator of
decreased microbiological activity in the
environment.

Urease enzyme is responsible for hydrolysis
of urea fertilizers applied to soil into NHz and
CO: with the concomitant rise in soil pH. Soil
urease originates mainly from plants and

shown in table 3, the least activity of urease
was in Jideda Zab by a level of 162 pg N-
NH4*.gt dry soil.3h, while the highest activity
of urease was observed in Agholane Gawra soil
which was 396.96 pg N-NHs*.g*! dry soil.3h*
and this result come in agreement with the
observation of Ptdciniak (2009).

Nitrate reductase activity of soil is the
product of microbial secretion to its nearest soil
particles. It is useful for maintaining nitrogen
ratio in atmosphere as well as removal of
hazardous nitrate compounds of soil (Nath and
Samanta, 2012). Lowest nitrate reductase
activity 3.126 pug N-NO2.g? dry soil.3h? was
detected in Agholane Gichka and the greatest
activity was 4.658 pg N-NO2.g* dry soil.3h*
in Jideda Zab soil and this may refer to the



9 Khudhur .N /ZJPAS: 2018, 30(1): 1-13

activity of anaerobic microbial population in
this area.

Catalase activities were ranged between 0.5
— 1 ml KMnOa4.g.20 mint in both Girdarasha
and Tobzawa soils respectively. Soil catalase
activity shows a significant correlation with
organic carbon content, soil microbial biomass,
oxygen consumption, carbon dioxide evolution
and dehydrogenase activity (Nwaogu et al.,
2012).

The magnitude of the observed changes in
the intensity of enzymatic activity together
with the distance from the Oil Refinery
depended on the enzyme type and properties of
the studied soils. The obtained results were
reflected in the values of the coefficients of
linear correlation among the activity of the
studied enzymes, physicochemical properties,
oil residues and the content of heavy metals in
the soils (table 4).

Table 4: Person’s correlation among: physicochemical, microbial population and enzymatic activities in the studied

soils.
Total_ Total_ Dehydro- Urease Nitrate Catalase
bacteria fungi genase reductase

Moisture 0.374 0.081 0.382 -0.177 0.199 -0.193
pH 0.096 -0.358 0.132 0.116 0.048 0.362
EC 0.041 0.386 0.080 0.241 -0.558 0.214
Organic matter 0.604" -0.036 0.483 0.372 -0.127 0.254
Fe -0.522 -0.021 -0.536 0.159 -0.141 -0.172
Ni -0.154 -0.130 -0.321 0.251 -0.347 0.128
As 0.086 -0.367 -0.082 -0.094 -0.270 0.298
Cd -0.560 0.073 -0.528 0.184 -0.085 -0.152
Total bacteria 1 -0.129 0.864"™ 0.331 -0.227 0.364
Total fungi -0.128 1 0.244 0.273 -0.445 0.181
Oil residues -0.212 -0.387 -0.336 -0.223 0.044 -0.140
Dehydrogenase 0.864™ 0.244 1 0.478 -0.313 0.515
Urease 0.333 0.273 0.478 1 -0.415 0.234
Nitrate reductase -0.227 -0.445 -0.313 -0.415 1 -0.357
Catalase 0.364 0.181 0.515 0.234 -0.357 1

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

The observed increase in soil enzymatic
activity was connected with the relatively high
content of organic matter and microbial
population in the soil (tables 2 and 3 and
figures 2, 3 and 4). The correlation between
total bacterial population and organic matter
was significantly positive when r value was
0.582 at (p<0.05) and the correlation between
total bacteria and dehydrogenase enzyme
activity was highly positive when r value was
0.863 at (p<0.01). In this regard, Ptociniak
(2009) demonstrated that the activity level of

enzymes in the soil is closely depends on the
presence of carbon substrates, as well as
dehydrogenase activity has been referred as
indirect indicator of the number and activity of
soil  bacterial and fungal populations
(Brzezinska, 2006). Jezierska et al. (2004)
reported significant correlations between
dehydrogenase activity, organic carbon content
and crop yields in light and medium-heavy
textured soils.
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Moreover, we found a negative correlation
among the studied heavy metals with
dehydrogenase and nitrate reductase in the
studied area because enzymes are characterized
by high susceptibility to unfavorable
environmental conditions particularly contents
of heavy metals as stated by Ptéciniak (2009).
More findings in our study are the negative
correlations among oil residues with microbial
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population, dehydrogenase, urease and catalase
activities (Figure 5). Hawrot et al. (2005)
recorded regardless of pollution rate, higher
dehydrogenase activity in sandy soils than
loamy soil and this may confirm our finding as
shown in tables 1 and 3 regarding to the soils
of Agholane Gawra, Kawrgosk and Agholane
Gichka which has the higher sand content
63.77%, 69.29% and 68.25% respectively.
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Figure 5: Correlation between: oil residue and enzymatic activities: (A) Dehydrogenase, (B) Urease, (C) Nitrate

reductase and (D) Catalase.

4. CONCLUSIONS

The following were concluded by this study:

1. Soil content of oil residues and heavy metals
Fe, Ni, As and Cd, as well as microbial
population and the activity of the examined
soil ~ enzymes, showed considerable
variability depending on the intensity of
exerted anthropogenic pressure.

2. High inactivation of the examined enzymes
particularly dehydrogenase in soils exposed
to higher anthropogenic influence (area of

Oil  Refinery) indicates that the
contamination of the soil environment by oil
residues and heavy metals reached levels
that reduce microbial population.

3. Influence of oil residue and heavy metals on

4. A

microbial population and enzymatic activity
is related to soil physicochemical properties.
significant ~ correlation ~ between
dehydrogenase activity and total bacteria,
and the content of organic matter and total
bacteria was confirmed.
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5. With the increase of oil residue and heavy
metals content of the soils, the enzymatic
activity was decreased.

6. Dehydrogenase has proven to be the best
indicator for estimating the drop of
microbial activity in such soils.

7. Measuring soil enzymatic activities can
provide information about the function and
structure of soil microbial communities in
contaminated soils.

5. RECOMMENDATION

1. Conducting further studies on determining
total hydrocarbons and polycyclic aromatic
hydrocarbons in different depths of soil in
these areas and determining their effects on
soil biochemical properties.

2. Determing these pollutants from air and
effluents of Oil Refinery.
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1. INTRODUCTION

Activated carbon is a porous
carbonaceous material, whether in a powder or
granular form. It is a structure consisting of a
network of interconnected  micropores,
mesopores and macropores that demonstrates a
good ability for the adsorption of organic
molecules because of its high surface area
(Arvind and Hara, 2016).

However, its applications are limited
due to high cost. To provide economic
solution, the use of low cost of agricultural by-
products has been shown to produce activated
carbon. Different agricultural by-products such
as bean pod (Cabal et al., 2009), almond shell
(Demirbas et al., 2008), cherry stone (Jaramillo
et al., 2009), rice husk (Sahu et al., 2009), date

palm seed (EI Nemr et al., 2008), bamboo
(Hameed and El-Khaiary, 2008), sunflower
seed hull (Thinakaran et al., 2008), coconut
husk (Tan et al.,, 2008a), and waste apricot
(Onal et al., 2007) have been used for
preparation of activated carbons. In addition,
few studies have been reported in the literature
on the use of walnut shell using as agricultural
waste-based activated carbon.

Walnut shell is one of the common
agricultural by-products with large quantity in
Kurdistan. Annually several tons of walnut
shells are produced in Kurdistan. Including
compounds of walnut shell are lignin,
hemicellulose, and cellulose with low ash and a
high carbon content which renders it a
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appropriate precursor for activated carbon
production. Walnut shell because of its
availability as a renewable resource and high
rigidity has been effectively used for activated
carbon production and its use in removing
pollutants by adsorption has been studied
(Srinivasan and Viraraghavan, 2008; Ayrilmis
etal., 2013).

In the impregnation process, the
precursor is mixed with an amount of chemical
agents such as KOH (Ji et al., 2007; Feng-Chin
et al., 2005), NaOH (Cazetta et al., 2011),
H3POs (Yorgun and Yildiz, 2015) and ZnCl2
(Pezoti et al., 2014) which cause the
development of porous structures in the raw
material. In this study, activated carbon has
been produced by using a physiochemical
activation method from Kurdistan walnut shell
using sodium hydroxide as chemical agent.

2. MATERIALS AND METHODS

2.1. Preparation of the Activated
Carbon

The precursor for the preparation of
activated carbon was walnut shells were
collected from local markets in Erbil, Irag. To
remove impurities, the raw material was
washed with hot distilled water and dried. The
raw material was cut into small pieces and then
sieved to an average particle size of 2.5 — 2.0
mm. Sixty grams of raw material was
impregnated in 10 % chemical agent (NaOH)
at 1: 2 ratio (w/v) and heated in a water bath at
85-90 °C for 24 h. The raw material was
separated from the solution, washed with
distilled water until the solution became
neutral, and then dried in an oven overnight at
100 °C. The sample was then placed in a
stainless steel vertical tubular reactor and put in
the furnace. The process of carbonization was
conducted under high purity nitrogen gas (99
%) at a flow rate of 150 cm3/ min with a

heating rate to 400 °C under the pressure of 1
atm and held for 2 h. The product was cooled
to room temperature (25 °C), washed with
distilled water, and then dried in an oven at 100
°C.

2.2. Characterization of Adsorbent
2.2.1. lodine value test

The adsorption of aqueous iodine is
measured a simple test for estimating the
surface area of activated carbons. However, the
relationship between surface area and iodine
number cannot be generalized. It varies with
changes in raw material of carbon and pore
volume distribution. 0.1 g of dry commercial
activated carbon and prepared activated carbon
was separately taken in dried 100 ml conical
flasks. The samples were run in duplicates and
added 5 ml of 5% HCI .The flasks were shaken
until the carbon was dumped.10ml of 0.1N
iodine solution was added to each flask and
was shaken properly for 4 minutes. 10 ml
filtrate was titrated against standard (0.1N)
sodium thiosulphate solution using starch as an
indicator. The concentration of iodine adsorbed
by activated carbon was calculated as amount
of iodine adsorbed in milligrams. The used
solution in this test was performed according to
American Society for Testing and Materials
Standard (ASTM, 2006 ).

2.2.2. Methylene test

Methylene blue adsorption tests were
conducted by mixing 0.1 g of each, WSAC and
CAC separately with 100 ml of 25, 50, 75 and
100 mg L of methylene blue solution. After
shaking for 24 hours, the solutions were
filtered and methylene blue residual
concentration was measured at 660 nm using
UV  /Vis  spectrophotometer for the
determination of concentration. The amount of
adsorption at equilibrium, ge (mg/g) was
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calculated through the follow equation (Alam
etal., 2007) :

_(C,-CV
: w 1)

where Co and Ce (mg/g) are the initial and
equilibrium  concentrations of methylene,
respectively, V (L) is the volume of the
solution, and W (g) is the mass of dry adsorbent
used. The percentage removal of methylene
was calculated using the following equation
(Azam et al., 2009) :

©=C) 100

" @)

Removal (%) =

2.2.3. Determination of moisture content

1.0 g of each of WSAC and CAC
were taken in dried and weighed crucibles
separately. The crucibles were kept in an oven
held at a temperature of 105 °C for 4 hours.
The crucibles were put in a desiccator for 1
hour and weighed. For determination of
moisture content ASTM-D1762 (1990) was
used. The percentage of moisture content was
measured as follows:

Moisture (%) = [@] + 100

(3)

Where A = weight of dried sample, B =
weight of the sample after drying at 105 °C

2.2.4. Determination of ash content

1.0 g of each of WSAC and CAC were
taken in dried and weighed crucibles
separately. The samples were run and put in a
muffle furnace at 750 °C for 6 h. The crucibles
were cooled in a desiccator and weighed. The
percentage of ash content was calculated as
follows:

D
Ash (%) = 7" 100 @

Where D = weight of residue left in gram,
B = weight of dried sample in gram.

2.2.5. Determination of pH

For determine pH of WSAC and
CAC, the standard test method ASTM-D3838
was utilized (ASTM, 1996). 1.0 g of WSAC
and CAC were transferred into 100 ml distilled
water taken in a beaker and stirred by a
magnetic bar for 1 h separately. pH meter was
used for measuring pH.

2.2.6. Determination of pH of point of zero
charge (pHpzc)

pHpc of activated carbon is
significant because it shows the net surface
charge of the carbon in the liquid phase. The
PHpzc is the point where the curve of pHfinal VS
PHinitiai iNtersects the line pHinitia = pHfinal. In
order to determine the pH of point of zero
charge 0.15 g of WSAC and CAC was taken to
eleven 100 ml conical flasks containing 50 ml
of 0.01M NaCl separately, whose initial pH has
been measured and adjusted with NaOH or
HCI for each activated carbon. The conical
flasks were sealed and placed in a shaker for 24
hours after which the pH was measured.

3. RESULTS AND DISCUSSION
3.1. Investigation of sorption parameters
3.1.1 Effect of NaOH

The addition of NaOH solution to the
carbon structure creates the feasibility of
reactions with all four elements concerned,
namely the carbon, the hydrogen, the oxygen
and the sodium. The products of these reactions
include sodium metal, water, carbon dioxide
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and sodium carbonate. Possible general
reactions, for NaOH are as follows:

4NaOH + C < 4Na + COz + 2H:0
(1)

4ANaOH + 2CO; <> 2NaCOz + 2H;0
(2)

The mechanism of surface reactions
will be much less complicated than indicated
by these general reactions which can never take
place as written. Rather, the processes will take
place through a series of much simpler,
simultaneous/consecutive reactions. The first
state of dispersion of the NaOH is significant to
maximize the contact between the carbon
surface and NaOH (Marsh and Rodriguez-
Reinoso, 2006).

3.1.2. Surface characterization of activated
carbon

The low moisture and ash content
showed in Table 1 revealed that the raw
material is capable for the preparation of
activated carbons. A small increase in ash
content causes a reduce in adsorptive properties
of adsorbent. Thus, the activated carbon
content of low ash better for use in adsorption
process (Quershi et al., 2007). The activated
carbon prepared from the raw materials of
walnut shell can be used as a good adsorbent
instead of commercial activated carbon. The
pH of WSAC and CAC was found to be 6.9
and 6.5 respectively. Activated carbon pH
between 6 and 8 is suitable for most application
(Ahmedna et al., 2000). pH is affected by the
reaction of carbon dioxide and organic-
inorganic solutes present in water. Any change
in water pH is accomplished by the
modification in  other  physicochemical
parameters (Parihar et al., 2012). If the solution
pH of activated carbon has greater than pHpzc,
the surface of the carbon will be negatively

charged and cations may be adsorbed on the
surface. On the other hand, at solution pH less
than their pHpzc activated carbon surface is that
it will have a positive charge and hence be a
surface on which anion may be adsorbed. The
PHpzc of WSAC and CAC were found to be 6.5
and 6.2 respectively.

lodine adsorption from liquid phase
was assumed to gain further information of the
porous structure and characterization of
activated carbon. The adsorption of iodine is
measured a simple test for assessing the surface
area of activated carbons associated with pores
larger than 1 nm (Benadjemia et al., 2011).
lodine number is a suggestion of the adsorption
capacity in microspores; so it is often
employed to study the adsorption capacity of
the activated carbons by researchers. Table 1
shows the iodine number of WSAC (976 mg/g)
and CAC (805 mg/g). A higher value of iodine
number for WSAC in comparison to CAC is
due to greater surface area and available pore
sites for adsorption of iodine molecule on the
surface. Adsorption is a natural process by
which molecules of a dissolved compound
collect and adsorb to the adsorbent solid
surface (Bhise et al., 2012). The activated
carbon prepared from walnut shell, it is cheap
and available material can be used as activated
carbon.

Scanning electron  microscopy at
Kurdistan Institution for Strategic Studies and
Scientific Research (KISSR) was used to
characterise the morphology of the adsorbent
surface. Figs. 1(a) and 1(b) demonstrations the
surfaces of the walnut raw material and walnut
activated carbon, respectively, prepared by
impregnation with NaOH solution for 24 h and
a pyrolysis temperature of 400 °C. Many
developed pores can be seen in Fig. 1(b)
compared with Fig. 1(a), which shows a
smooth surface and these pores are not present



18 Hamad B. /ZJPAS: 2018, 30(1): 14-22

in the walnut raw material. The development of
pores is due to the effect of the NaOH
concentration. The expansion of pore sizes
during carbonization is essential for increasing
the surface area of the activated carbon. (Tan et
al., 2008b).

Figurel. SEM micrographs of the Kurdistan walnut shell
(a) before and (b) after  carbonization at 400 -C

3.2. Adsorption isotherms

In order to optimize the design of an
adsorption model, it is significant to set up the
most  appropriate  correlation  for  the
equilibrium curves. In this study, two
adsorption isotherms which are the Langmuir
and Freundlich isotherms were used to describe
the relationship between the amount of
methylene adsorbed onto WSAC and CAC and
its equilibrium concentration in the solutions.

3.2.1. Langmuir isotherm model

According to Langmuir isotherm, the
adsorption occurs at homogenous sites and the
nature of the adsorption is monolayer and once
the adsorbate is attached on the site, no further
adsorption can take place on that site (Hall et
al., 1996). The linear equation of Langmuir
isotherm is given in Eq. 5.

cC 1 ¢
= 4

qe qmaxb qmax (5)

e

where ge and C. are the equilibrium
concentration of methylene in the adsorbed and
liquid phases in mg/g and mg/L, respectively;
gmax (Mg/g) and b (L/mg) are Langmuir
constants, which are associated with the
maximum adsorption capacity and energy of
adsorption, respectively, which can be
calculated from the slope of the linear plot of
Ce/ Qe vs. Ce asshown in Figs. 2 and 3.
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Figure 3. Langmuir isotherm for methylene adsorption
onto CAC

3.2.2. Freundlich isotherm model

The Freundlich isotherm model describes the
heterogeneous  multilayer  surfaces  of
adsorption due to the different trends
supporting the surface sites. It supports that
occupation will occur at the first stage through
stronger binding, and will later decrease with
the increasing degree of sites occupation (Tan
et al., 2008b). The well-known logarithmic
form of Freundlich isotherm is given in Eq. 6.

Ing, =Ink, +1InCe
: (6)

where Ce and qe are the equilibrium
concentrations of methylene in the liquid and
adsorbed phases, in mg/L and mg/g,
respectively. The Kf (mg/g) (L/mg)Y" and n
(L/mg) are the Freundlich constants associated
with the adsorption intensity and capacity,
respectively, which can be measured from the
intercept and slope of the linear plot of In ge
vs. In Ce as shown in Figs. 4 and 5.

Table 2 show Langmuir and Freundlich
constants for methylene blue adsorption onto
WSAC and CAC. The values of coefficient of
determination (R?) were 0.999 and 0.994 for
WSAC and CAC respectively, which is
indicated that the Freundlich adsorption
isotherm  model was representing the
adsorption for removing of adsorbate. On the
other hand, the maximum adsorption capacity
for WSAC was calculated for Langmuir
isotherm equal to (344.8 mg/g) was higher than
other adsorbents as a comparison of methylene
blue adsorption onto different adsorbents as
shown in Table 3.

Inge img/e)
¥
3

I e (el

Figure 4. Freundlich isotherm for methylene adsorption

onto WSAC

In ge (mp/n)

nCal{ex /)

Figure 5. Freundlich isotherm for methylene adsorption
onto CAC

Table 1: Physicochemical properties of WSAC and
CAC

Property WSAC CAC
pH (mole/L) 6.9 6.5
pHpze (mole/L) 6.5 6.2
Moisture (%) (g/m?) 0.21 0.28
Ash (%) (g/m°) 2.37 2.49
lodine number (mg/g) 976 805
Adsorption capacity of 344.8 285.7

Methylene blue (mg/g)
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Table2: Langmuir and Freundlich constants for
methylene blue adsorption onto WSAC and

CAC
Adsorbent Langmuir Freundlich
S
b gm R? Log 1/ R?
K n
CAC 0.0 285 09 257 08 099
7 7 4 2 4
WSAC 0.0 344. 094 293 08 099
5 8 0 4 9

Table 3: Comparison of adsorption capacities of
methylene blue on the studied adsorbent with that
reported in the literature

Precursor Adsorption References
capacity (mg/g)

Sunflower oil  16.43 Karagoz et al.,

cake 2008

Cashew nut 68.72 Kumar et al.,

shell 2011

Pine wood 200.00 Wang et al.,

powder 2009

Lapsi seed 277.00 Shrestha et al.,

stone 2012

Bamboo 286.10 Liuetal., 2010

Cotton stalk 315.45 Deng et al.,
2009

Walnut shell 344.80 Present study

4. CONCLUSIONS

Depend on the experimental results and the
related  discussions, the walnut shell
agricultural by-product was showed to be good
raw material for preparation of activated
carbons using physicochemical activation
methods consisting of NaOH impregnation
plus. N2 gasification. The Freundlich
adsorption isotherm was the best model for
representing the adsorption for removing of
adsorbate.

In conclusion, the present investigations
showed that walnut shell activated carbon
could be used successfully in the removal of
pollutants from aqueous solutions at the
adsorption equilibrium.
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Today, synthetic zeolites are used commercially additional frequently
than natural zeolites due to the purity of crystalline products and the regularity
of particle sizes. A synthesized NaszKs(H20)21[Si27AlsO72] (Lind type L) LTL
zeolite was characterized using X-Ray diffraction (XRD), Field Emission
Scanning Electron Microscopy (FE-SEM) and Transmission Electron
Microscopy (TEM). The work reports the utilization of synthesized zeolite as an
adsorbent for the removal of cadmium (Il) ion from aqueous solution. The
effects of sorption time, temperature, heavy metal concentration and pH, on the
adsorption process were investigated using a batch method. Langmuir,
Freundlich, and Temkin isotherms over the entire concentration range from 20-
50 mg.L? were used to narrate the adsorption isotherms and their constants
evaluated. The equilibrium data were found to be fitted the Langmuir and
Freundlich models. Our study shows that the maximum adsorption of Cd is at

H 8.0 and 313K.
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1. INTRODUCTION

Nowadays, removing the toxic heavy
metal contaminants from aqueous waste
streams is one of the greatest matters of interest
in the literature and studies. The main concern
of environmentalists about heavy metals is that
these elements are highly toxic and their
detrimental impact on human health and
surroundings is grave (Aklil, et al., 2004).
Cadmium is one of the most toxic metals levels
in a low concentration. It is naturally formed in
the environment and is a vital polluting.

Cadmium (Cd) toxicity sources confusions like
heart disease, cancer and diabetes. Cadmium
poisoning may also consequence in lung
cancer, anemia, skin, pulmonary edema, bone
diseases, brain damage and trachea-bronchitis
(Voegelin, and Kretzschmar, 2003). Cadmium
gathers in bone, liver and kidney and is even
more poisonous than mercury. Taking in any
considerable amount of Cd leads to
instantaneous intoxication and damage to the
liver and the kidney (Deng and Ting, 2005).
Cadmium is mainly produced when waste
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streams are released from metallurgical
alloying, ceramics, metal plating and sewage
sludge. Conventional methods including,
reverse osmosis electrodialysis (Mohammadi,
et al., 2005), ion-exchange, chemical
precipitation, ultrafiltration (Ennigrou, et al.,
2009) generally, the adsorption methods are
favorable methods for removing heavy metals
from aqueous solutions because it is
economically advantageous, highly efficient
and easily applicable (Hamedreza, et al., 2015).
Some materials can be used as adsorbents, like
activated  carbon, aluminosilicate  (clay
materials), natural and synthetic zeolites
(Dawodu, et al., 2012). Zeolites are hydrated
aluminosilicate produced under the
hydrothermal states. It can be discovered
naturally, or can be synthesized. Synthetic
zeolites were first deploying commercially as
molecular sieve adsorbent. They are ideally
synthesized from a solution of sodium silicate
and sodium aluminates. Zeolites can then be
synthesized from a variety of raw materials;
natural and synthetic glasses, aluminosilicate
gels, and clay materials, example kaolin
(Vimala and Das, 2009). It has been discovered
that the starting material and shapes for the
preparation have an influence on the resulting
kinds and amount of zeolites to be obtained
(Prasad, et al., 2009). Based on an obtainable
materials and publications, it could be
concluded that due to their unique properties,
zeolites have a considerable potentials as
effective sorbent material for large number of
water treatment applications like water
softening ammonia removal (from municipal
sewage, animal farms, fertilizer mill waste
water, fish breeding pond, swimming pools),
move of heavy metals (from natural water acid
mines drainages, industrial  wastewater),
phosphates  ejection of dissolved organic
compounds and dyes, oil spillage surgery and
many others. lons of heavy metals such as
copper, nickel, zinc, cadmium, lead, chromium

and mercury have a notable impact on the
environment, since they are often detected in
industrial wastewater (Ali and EIl-Bishtawi,
2012). Removal of ions can be an expert by a
variety of techniques, in which adsorption
method is currently considered very acceptable
for water treatment because of its simplicity
and cost success and zeolites is one of the
adsorbents for the adsorption of a heavy metal.
The presence of heavy metals in industrial
wastewater as a result of many construct
process is known to cause malignant effects on
human health and environment (Selvi, et al.,
2011). Removing these heavy metals, demand
high energy or advanced operational
requirements, some conventional technologies
like coagulation, precipitation, extraction,
biosorption and adsorption have been
considered for treatment of contaminated
wastewater. Between  these  methods,
adsorption is found to be very suitable for
wastewater treatment because of its simplicity
and cost effectiveness (Lei, et al., 2017).
Commercial activated carbon is considered as
the most effective material for guide the metal
ions load. Nevertheless, due to its high cost and
10%-15% lost  through regeneration,
unconventional adsorbents such as zeolites
have attracted the attention of various
investigations and adsorption characteristics
have been widely investigated for the removal
of metal ions (Amer, et al., 2010). The aim of
this study was to synthesize LTL zeolite type,
which can be used as adsorbent for adsorption
of Cd from aqueous solution. Additionally the
effects of temperature, pH, Concentration and
time were also studied to find out the
maximum removal percentage, and applying
isotherm  models such as:  Langmuir,
Freundlich, and temkin isotherm models.

2. MATERIALS AND METHODS
2.1. Materials
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An analytical grade of cadmium nitrate
Cd(NO3)2 salt (Merck) was used to prepare the
standard solution of cadmium. Aluminum foil
(Aldrich), pyrogenic silica (SiOz2) (Aldrich),
KOH (Merck), teflon-lined stainless steel
autoclave. Zeolite LTL was used as an
adsorbent. The stock solution was diluted to the
needed concentration and appropriate pH with
drop wise addition of 0.13M NaOH and 0.13M
of HNO3 using a pH meter. Freshly diluted
stock solutions were used for each experiment.
The concentration of metal ions was ponderous
using atomic absorption spectrometer (GBC
932 plus) at the wavelength of 326 nm.

2.2. Zeolite LTL synthesis

In a typical experiment 0.40g of
aluminum foil was dissolved in 50ml KOH and
NaOH (0.3M) solution under stirring to obtain
a clear solution followed by addition of 6.0g of
pyrogenic silica. This particulate suspension
was stirred over night at room temperature
(25°C). After sealing in a teflon-lined stainless
steel autoclave the mixed suspension was
hydrothermally treated at 150°C for 1, 2 and
3h. The resulting solid masses were then
washed with distilled water several times until
the pH of washed liquid become 7.0. At the
end the solid samples were dried at 60°C for
8h. (Rituparna, et al., 2014).

2.3. Characterization

Characterization of LTL zeolite formed
was carried out by X-Ray Diffractometer
(Siemens D5000) with radiation sources Cu Ka
that has A=0.154 nm at 40kV and current of
10mA. The diffractogram was scanned in the
degree of 20 at the range of 5-50 with the step
size of 0.05. The morphology of LTL zeolite
was elucidated using, FESEM and TEM
(JEOL).

2.4. Adsorption procedure

The aqueous solution used, was
cadmium stock prepared at different

concentrations, for different runs, 0.25g of LTL
zeolite was mixed with 25ml of the prepared
cadmium stock solution at a particular
concentration (20mg.L™* - 50mg.L™), of a pH
(4-10). The mixture was placed on a water bath
constant temperature vibrator set at a particular
temperature (303K-323K), for a particular
duration/time (10min-60min). After adsorption,
the solution was filtered and the filtrate’s
concentration was tested using Atomic
Adsorption Spectrophotometer (AAS). The
amount of equilibrium adsorption, Q (mg.g™)
was calculated by

Q

_ (ci—ce )V
m (1)

Where Ci (mg.L™?) is the Initial cadmium
ion concentration in solution, Ce (mg.L™) is the
equilibrium concentration of cadmium ion
concentration in solution, V (liters) is volume
of the solution manipulate, and m (g) is the
mass of the adsorbent (Wang and Chen, 2006).
The percentage adsorbed is given as;

fiCe v 100
i

Percentage adsorbed (%) =

()
3. RESULTS AND DISCUSSION

Figure 1 shows the XRD of the
synthesized zeolite sample LTL phase is
found to match with the zeolite LTL and
confirmed by contrast the diffraction peaks at
20 degree, 5.55, 11.77, 14.71, 19.30, 20.47,
22.66, 23.35, 24.35, 26.21, 27.12, 27.97, 29.12,
29.66, 30.71, 34.21, 35.15 and 41.41. These
peaks correspond to the planes [100], [001],
[210], [220], [301], [221], [311] [320] [202]
[321] [212] [330] [420] [222] [322] [412] and
[313]. It can be seen from Figure 1 that all
synthesized samples showed the formation of
LTL zeolite phase (JCPDS File No. 43-560)
was indicated. Figure 2 shows the FESEM
image of the particles obtains hydrothermally
at 150°C for 3h. It reveals the rod-shaped



26 Amin.A.et al. /ZJPAS: 2018, 30(1): 23-33

morphology of zeolite LTL of the length of 5-
10pum with the diameter ranging from 110-
200nm. Interval Figure 3 shows TEM image
also obeys the rod shaped morphology of
zeolite LTL. The presence of multiple
nanodomains causes a random alignment
among nanocrystallites in the zeolite LTL rods
(Zhang, et al., 2005).

o3 N ST Y

T T T T I
[0 10 20 30 40 50
20 (degree)

Intensity (a.u)

@) |

Figure (1): XRD patterns of (a) reference sample and

(b) synthesized LTL zeolite.

Figure (2): FESEM. Image of synthesized LTL

zeolite.

Figure (3): TEM. Image of synthesized LTL zeolite.

3.1. Effect of PH

The sequel of the pH of solution
on adsorption was resolute because it is
known to be one of the main factors
affecting sorption. The result of the effect
of pH on the adsorption of cadmium (Il)
ions is shown in Figure 4. The percentage
of adsorption of cadmium was studied
over a pH scope, and the result designated
that maximum removal appeared at pH of
8.0. It has been reported that a relationship
presence between the pH point of zero
percentage removal of material, and
proposed that cations adsorption on an
adsorbent will be recommended at pH
values above the pH point of zero, interval
anions adsorption will be favored at lower
pH worth. Although, metal precipitates at
high pH values i.e. above pH of 8.0
impede the connect of a metal ion with the
adsorbent. The decrease in sorption was
noted with a further increase in pH and
this may be attributed to the low solubility
of cadmium at high pH. This result a good
agreement with the literature reported in
(Fan, et al., 2008).
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Figure (4): Effect of the pH on adsorption of

cadmium on synthesized LTL zeolite.

3.2 Effect of Concentration

The sequel of initial ion concentration
was studied for the initial ion concentration
between 20 to 50 mg.L™? and the results were
presented in Figure 5. The result showed that a
decrease in the percentage removal with an
increase in the concentration of cadmium was
perceived. This can be reported for that all
adsorbents have a fixed number of substances
during a reaction and at a certain metal ion
concentration the active sites suits used up and
saturated (Vimala and Das, 2009). This
involves that further increase in the
concentration of cadmium will decrease in the
percentage transfer as the active sites have been
before occupied. Hence more metal ions will
be surviving in solution after adsorption, the
increase in the concentration of metal ions to
an increase in a clash between the ions and
adsorbent hence increased the power to
overcome resistance to mass transfer and thus
an increase in uptake capacity (Ross, 1980).
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Figure (5): Effect of concentration on adsorption of

cadmium on synthesized LTL zeolite.

3.3. Effect of Temperature

Temperature values varying from 303K
to 323K were used to study the effect of
temperature on adsorption. The consequence of
the effect of temperature is shown in Figure 6.
It was found out that, with an increase in
temperature, the time to reach the parallel
percentage removal was abundant less. This is
due to as the temperature increases, the rate of
dispersal of adsorbate molecules across the
external frontier layer and internal pores of the
adsorbent particles increased. This
consequence indicated that as the temperature
of the solution was increased from 303K to
323K, There was also a corresponding increase
in the amount of cadmium ions adsorbed by the
synthesized LTL zeolite. This increase in
adsorption capacity escorted by an increase in
temperature designated that the adsorption
process is endothermic in nature, it also
recommends chemisorptions process i.e.
adsorption accompanied by a chemical
reaction. It is cramped to just on a layer of
molecules on the surface but may be followed
by a supplementary layer of physically
adsorbed metal ions (Olin, et al., 1998). A
similar result has been reported (Amer, et al.,
2010; Akpomie, et al., 2002). A good literature
search has divulged different types of
consequences on the upshot of temperature on
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the adsorption of heavy metals. A decrease in
adsorption potential accompanied by an
increase in temperature has been perceived, the
sight decrease at high temperature is probably
due to the inhibiting effect of removal
percentage which can be strongly adsorbed on
the zeolite (Stumm, et al., 1996).
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85
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3 80

£ 0 20 40 60 323K
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Figure (6): Effect of temperature on adsorption of

cadmium on synthesized LTL zeolite.

3.4 Effect of Time

All the batch studies were carried out
on time. The study shows that as the time
increases, the percentage adsorbed increases till
equilibrium was reached at regarding 60mins.
The initial adsorption was caused by the
availability of the positively charged surface of
the adsorbent. The influence of time is also the
main factor to be contemplated on the
adsorption of metal ions by an adsorbent. It has
been described that the contact time plays a
main role in the adsorption process. The fast
rate of adsorption discovered at the initial stage
may be explained by an availability of plentiful
active sites on the adsorbent surface which
gradually became occupied with time. As these
sites are progressively filled the more difficult
the sorption becomes as the process tends to
become unfavorable (Kapica, et al., 2002).

3.5 Isotherm Studies

Adsorption  isotherm is  usually
described through isotherms, that is, the
purpose which connects the amount of

adsorbate on the adsorbent. Dispersal of metal
ions between the liquid phase and the solid
phase can be delineated by several models of
isotherm such as Langmuir, Freundlich and
Temkin isotherm, etc. assumes monolayer
adsorption onto a surface containing a limit
number of adsorption sites of uniform schemes
with no transmigration of adsorbate in the
plane surface (Hameed, et al., 2007). Once a
site is packed, no further sorption can happen
at that site. This indicates that the surface
capacities a saturation point where the
maximum adsorption of the surface will be
achieved.

3.5.1 Langmuir isotherm model

The Langmuir isotherm is built on the
theoretical principle that only a single
adsorption layer exists on an adsorbent. It
accepts that all active sites on the adsorbent are
homogenous and there is no influence between
active sites (Langmuir, 1916).

The linear shape of Langmuir equation is given
as:

Ce 1 Ce

ge QKL ¢ 3)

Hence a plot of Ce/ ge against Ce will give

Intercept = —

1
Slope = —

The Langmuir constants KL and Q° is the
amount of adsorption was determined from the
intercept and slope.

Langmuir model assumes that uptake of
cadmium molecules occurs on a homogeneous
surface by monolayer adsorption. For
Langmuir isotherm, the values of specific
adsorption (Ce/ge) were plotted against
equilibrium concentration (Ce) and is shown
figure 7 below. The Langmuir constant KL and
Q° relate to the energy of adsorption and
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maximum adsorption capacity was founded
from the intercept and slope of the linear plot,
and showed in Table 1. The crucial features of
Langmuir adsorption isotherm parameter can
be used to forecast the affinity between the
sorbate and sorbent manipulating a
dimensionless constant called separation factor
(RL), which is expressed by the following
relationship (Malik, et al., 2004):

B 1

" (1+KL Ci) ()

Where KL is the Langmuir constant and Ci
is the initial concentration of Cd (Il). The value
of RL indicated the type of Langmuir isotherm
to be irreversible (RL =0), linear (RL = 1),
unfavorable (RL > 1), or favorable (0 < RL <
1) (McKay and Gardner, 1982). The RL values
between 0 and 1 show favorable adsorption.
The RL value in the present investigation was
found to be 0.0983-0.1980, indicating that the
adsorption of the cadmium ion onto
synthesized LTL zeolite is favorable.

3.5.2 Freundlich isotherm model

The Freundlich isotherm describes the range
of heterogeneity of the adsorbent surface
demanding a multilayer adsorption (McKay
and Gardner,1982). Freudlich equation is given
as:

ge= Kf Ce 1/n 5)
The linear form is

logge = log Kf -I-ilcrg Ce

" (6)
Where Kf = Freundlich constants which
correspond to adsorption capacity, n=
adsorption intensity.

Freundlich isotherm involves an empirical
model, where qge represents the amount
adsorbed per amount of adsorbent at the
equilibrium (mg.gl), Ce represents the
equilibrium concentration (mg.L™?), Freundlich
equilibrium constants were determined from

the plot of logge against logCe shown in figure
8. The values of the freundlich constants Kf
and n are parameters that depend on the
adsorbate and adsorbent. Were indicated from
the intercept and the slope individually then
shown in Table 1. The constant Kf is a
measure of the adsorption capacity while
constant n is a measure of the intensity or
favorability of adsorption (Abdel-Fattah and
Isaacs, 2003). For advantageous adsorption, the
value of n will be between 1 and 10 represent
good adsorption (Ozer and Pirinc, 2006). The n
value designates the degree of nonlinearity
between solution concentration and adsorption
as follows: if the value of n=1, afterward
adsorption is a straight line; if n<1, afterward
adsorption is a chemical process; if n>1,
afterward adsorption is the physical process. In
this work, all the values scope from 3.5498 to
3.5549 showing beneficial adsorption of
cadmium on the adsorbent. The circumstances
n>1 is most habitual and may be due to a
distribution of surface sites or any factor that
sources a decrease in adsorbent adsorbate
interaction with increasing surface density
(Reed and Matsumoto, 1993). The correlation
factor R? ranges from 0.9869 to 0.9937,
indicating that the adsorption followed
Freundlich isotherm model and n lies between
1 and 10 it indicates the physical adsorption of
cadmium ions onto synthesized LTL zeolite so
the process is favorable physical adsorption
(Calace, et al., 2002).

3.5.3 Temkin isotherm
The Temkin equation is given as:

ge = Bln(ACe) @)

The linear form is

ge = Bln A+ Bln Ce ®)

ge = Amount adsorbed at the equilibrium, Ce =
Equilibrium concentration.The constants A and
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B were calculated; hence temkin isotherm was adsorption did not follow the temkin isotherm.
analyzed by plotting ge against InCe as shown Thus R?>0.91 indicates adsorption follows
in figure 9. The values of constants A and B temkin isotherm (Tempkin and Pyzhev, 1940).

were calculated from intercept and slope
respectively then the data was presented in
Table 1. The correlation coefficient R? of about
0.8335 to 0.8743 indicates that cadmium

y=0.1003x + 0.4949 4 303K

Ce/ge(g. L?)
=
(9]

R2=0.9117
y =0.1x+0.3288 308 K
11 R2=0.9756
05 y=0.0941x +0.2052 ¢ 313K
) R?=0.9803
0 T T T T 1
0 5 10 15 20 25

Ce(mg. L?)

Figure (7): Langmuir isotherm for adsorption of cadmium on synthesized LTL zeolite.

0.9 -
y =0.2815x + 0.4896
O R?=0.9868 ¢ 303K
=
k)
y= 0.2817x + 0.4934 308 K
R2=0.9927
: R?=0.9937
I T 0 T T 1
-1 -0.5 0 0.5 1 1.5
log(Ce)

Figure (8): Freundlich isotherm for adsorption of cadmium on synthesized LTL zeolite.
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y =1.8122x + 2.1559 303 K
R?2=0.8734
y =1.2433x + 2.5769 308 K
R?=0.8743
y = 1.26x + 2.6054
R2=0.8335 313K
3 4

Figure (9): Temkin isotherm for adsorption of cadmium on synthesized LTL zeolite.

Table 1: Isotherm parameters for adsorption of cadmium ions onto synthesized LTL zeolite.

Isotherm models Temperature (K)
303 | 308 | 313
Langmuir
Q°(mg.g?) 9.9700 10.0000 10.6269
KL( L.mg?) 0.2026 0.3041 0.4585
RL 0.1980 0.1412 0.0983
R? 0.9117 0.9756 0.9803
Freundlich
n 3.5523 3.5498 3.5549
Kf (L.mg?) 3.0874 3.1145 3.1477
R? 0.9869 0.9927 0.9937
Temkin
A(L.gD 3.2857 7.9454 7.9066
B 1.8122 1.2433 1.2600
R? 0.8734 0.8743 0.8335
4. CONCLUSIONS according the obtained (n) value from

Our study for synthesizing zeolite LTL that
can be used for removal of cadmium ion from
aqueous solution showed that the best time for
synthesizing LTL zeolite is 3h. Adsorption is a
strong choice for removal of heavy metals from
aqueous solution and the equilibrium data was
found to fit the Langmuir and Freundlich
models better than the Temkin model. From
the Langmuir model the RL value in the
existing investigation was less than one,
indicating that the adsorption of the metal ion
onto synthesized LTL zeolite is favorable, and

Freundlich model the process is favorable
physical adsorption. The maximum adsorption
of cadmium occurred at a pH 8 and 313K. On
the other hand increase in temperature
improved adsorption performance for the
zeolite; high metal uptake can be achieved with
careful selection of slurry concentration to
avoid masking of sorption by chemical
precipitation. According to the results of our
study the synthesized zeolite LTL showed
promise as a highly efficient adsorbent for
cadmium removal.
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been investigated, and compared with the available experimental data.
Excellent agreements have been founded which suggest that the present
approach is sufficient for computing the electron swarm parameters via two-

1. INTRODUCTION

A lot of physical problems need to
description the non-stationary high discharge
in non-isothermal spastically homogeneous
plasma. Electron kinetics simulated by using
two term solution of Boltzmann equation,
taking into account anisotropy of electron
energy, ie. Gas laser afterglow discharge,
application of RF discharges and swarm
method for  calculation of electron
atom/molecules cross section from swarm
data.

In non-isothermal, partially ionized
plasma that degree of ionization is less than 1,
effected by applied electric field the non-
stationary electron behavior calculated by the
input power and collisional power dissipation
to atom/molecules in elastic and inelastic
collisions undergo to different types of

excited state. Because of low ionization level
of under 10, electron-electron and electron-
ion are neglected. The plasma instabilities are
less significance. When the plasma state reach
to non-equilibrium, the transport parameters
and electron collision cross section from
swarm experimental swarm data calculated by
using two-term solution of Boltzmann
equation during the past decade (Huxley,
1974, Pichford, 1982, Rumble, 1981).

The study of the electron energy
distribution function (EEDF) in ionized gases
important for the quantitative understanding
of gas discharges, plasma physics, laser
physics. One of the most common techniques
to obtain the distribution function is the
solution of the Boltzmann equation using the
Lorentz approximation (Zoltan and Nikolay,
2016). The role of electron swarm parameters
is an important one because it provides a link
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between eleciron gas coiiision cross section
and gas breakdown and discharge
phenomena. The swarm parameters may be
directly calculated from a set of collision
cross section by using either the Boltzmann
equation or Monte Carlo simulation method
(Yousfi and Benabdessadok, 1996).

A product of such calculations is the
electron energy distributions also evaluated
the percentage of energy loss by different
collision processes. Once the validity of the
swarm parameters are assured, they may be
used to explain pre- breakdown and
breakdown phenomena as well as providing
sum information for understanding of
discharge (Colonna and D'Angola, 1996,
Bychkov et al., 2014).

Germane (GeHs) is a colorless,
flammable and high toxic gas, heavier than
air.lIts structure analogue to silane (SiH4) and
methane (CHs) gas. Germane molecules has
been used in depositing hydrogenated
amorphous silicon-germanium  (a-SiGe:H)
thin films by metal organic vapor phase
epitaxial or chemical beam epitaxial
(Venkatasubramanian et al.,1989). Because of
complex structure of the germane molecule
the basic plasma processes have not been
understood. In particular for germane
molecules mixed with gases are the most
fundamental in understanding the physics in
plasma to fabricate thin film by etching and
deposition in  micro electron  device
fabrication (Gorur et al., 2012). Several
industrial applications can be made using
low-temperature plasmas such as the
production of integrated circuits that involves
deposition and etching (Mario et al., 2016).

Since (GeHs) is mixed with Ar in
semiconductor fabrication plasma processes,
to study the electron swarm parameters for
these mixtures under effect D.C. electric field,
a set of elastic and inelastic cross section
required. Modeling and simulation of
discharge used for this processes (Soejima
and Nakamora, 1993).

The calculated values are obtained by
suitably averaging over the electron energy
distribution function (EEDF), which is itself
obtained by using the cross sections as input
to a Boltzmann solver (Morgan and
Penetrante, 1990). Theoretical method was

used to study the piasma discharge in  Ar-Cl
mixtures, using Boltzmann equation (Smith
and Thomson, 1978). In present work we
explained that a small amount of (GeH.)
effected the electron energy distribution
function in GeHs-Ar mixtures by two term
solution of Boltzmann equation using the
numerical NOMAD code, D.C. discharge is
applied (Rockwood and Greene, 1980).

The drift wvelocity and longitudinal
diffusion coefficient of electrons were
measured in the 0.210% and 0.980% GeHs-Ar
mixtures for the first time  (Soejima and
Nakamora, 1993). We have extended our
study to the mixtures (0.21%, 0.98%, 2%, 5%
and 10% GeHs-Ar mixtures for the second
time.

The object of this paper is to calculate
the (EEDF) and the electron swarm
parameters in GeHs-Ar mixtures in the range
0.04 Td to 100 Td where (1 Td = 1 X 10
V.cm?) and comparison with experimental
results. The calculation was analyzed by using
two term approximation of the Boltzmann
equation.

2. Theory

The fundamental equation governing
the electron distribution function is the
Boltzmann equation. For spatially uniform
gas in the presence of the steady electric field,
the spatially homogeneous Boltzmann
equation for electrons is given by (Morgan
and Penetrante, 1990):

AWV _€Ey twvy=c

ot m (1)
Where C is the collision integral, which, in
the present study, accounts for the following
processes: elastic scattering of electrons from
atoms (the corresponding part of the collision
integral is designated as Cm), excitation of
electronic states and ionization of atoms by
electron impact from the ground state (Cin), as
well as electron-electron collisions (Ce):

C= Cm + Cin + Ce (2)

The conventional method of solving
equation (1) is based on the expansion of the
distribution function f (v) in Legendre
polynomials, Pn(cos®). Retaining the two
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f(v)= fo(v)+f1(Vv) oSO,
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Where v is the magnitude of the velocity, @ is
the angle between v and —E, fo (v) is the
symmetrical (isotropic) part of the distribution
function and f1(v) (the anisotropic part)
describes the directed motion of the electrons
along the electric field. In weakly ionized
gases, most collisions occur between
electrons and neutral atoms, the collisions
between electron-electron and electron-ion
are rare.

3. Transport Coefficients

The swarm parameters are defined in term
of the collision cross section (Q) and the
electron energy distribution f(u, E/N) as
follows: The relation between drift velocity
and electron energy distribution function is
(Al-Amin and Lucas, 1988):

-1

_ 1(2e\?EZ df
Vd——3(J ﬁ}[ u|:§5stm(U)} Edu 4)

m
N/ :
where , & :N—S represents the fractional

S
S

concentration of the (s) species and N/ is

the number of molecules of species (s )in the
excited state (j). Where the energy
distribution is constant in time and space and
normalized by

[u¥ £, (u) du=1 (5)
0
The mobility is defined as the proportionally
coefficient between the drift velocity of a
charged particle and electric field. The
mobility of electrons is:
e V4

= 6
He =0 E (6)

v, Represent the electron momentum

transfer frequency, the electron mobility
decreased with E/N increase; these occurrence
energy loss results of an electron through the
collisions between electrons and neutral
molecules. From the computed drift velocity,

At Al N1\,
ciar., culs),

1(2e\* % u df
HN = ( J JZéfésm() 0

The diffusion coefficient D is given by (Al-
Amin and Lucas, 1988):

2e\"?%
DN_—(—j IZ& smf(u)olu (8)

If the dlstrlbutlon is not Maxwellian, the
Einstein relationship is useful in defining a
characteristic energy (Christophorou and
Hunter, 1984)

£="2 ©)
u

Using the distribution function one can
compute the electron mean energy (Morgan
and Penetrante, 1990),

<g> =T f(u)u*?du (ev) (10)

For a Maxwellian energy distribution
2 D
(&) =—
3 Iz

The primary ionization coefficient is a
basic parameter in discharge physics and is
defined as the number of ionizing collisions
made by an electron in moving (1 cm) in the
direction of the applied electric field. The
coefficient is used in describing the behavior
of a swarm of electrons traveling through a
gas is the ionization coefficient (Frost and
Phelps, 1964),

12«

2. 1[2&‘) > j Ny Q,(u)f(uyu du (cm¥s) (11)
N v, <1 N

where e and m are the charge and mass of the
electron, Ni/N the relative concentration of
the k- component, vq is drift velocity given by
equation (4), (1) is the ionization onset energy,
and Qi(u) are ionization cross-section. The
values of f(u) are calculated from
Boltzmann’s equation using all the collision
Cross sections.

4. Cross Section
We use the argon cross sections from our

calculation for electron swarm parameters.
The momentum transfer cross section was
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37 <en from Frost and Phelns (Frost and
ielps, 1964), and the sets of excitation cross
sections were taken from Chutjion and
Cartwright (1981). The ionization cross
sections having onset energy 15.8eV is taken
from Rapp and Englander-Golden (1965). To
obtain the best agreement with experimental
and theoretical swarm data, it was necessary
to reduce the magnitude of some of these
cross sections. For GeHs; the momentum
transfer cross sections, vibrational excitation
cross sections and ionization cross section
having onset energy 12.3eV is taken from
Soejima and Nakamora (1993).
5. Results and Discussions

Germane (GeH4) has been widely used as
an amorphous thin film in plasma processing,
thus we need sets of electron collision cross
sections for (GeHs). Germane is an active the
main attaching constituent in the mixtures, it
different from argon gas that have two
vibration and electronic levels in addition to
the ionization with threshold energy 12.3 eV.

The electron swarm parameters as
functions of E/N for the binary mixtures
GeHs-Ar have been calculated in the E/N
range 0.04 Td < E/N < 100 Td by a two term
solution of the Boltzmann equation.

The influence of different discharge
parameters on the electron distribution
function is shown in figure (1). The EEDF is
strongly affected by a change of the gas
mixture, the figure shows the change of
distribution function with the growth of the
portion of Germane (GeHs) at the constant
value of the electric field strength E/N.
Therefore, for the distribution functions at
E/N= 10 Td in two gases GeHs and Ar quite
different and the distribution function for the
mixture 10% GeHs-90%Ar is different as
shown in figure (1). This is because of the
threshold energy at the vibration level
0.1015eV in the case of GeHs gas. For this
reason, the inelastic collision of an electron
with GeHs molecules occurs at low value of
E/N. Therefore, the number of electrons at
low energy increases at specified E/N value
and they will also increase as a result of
increase of GeHs gas concentration in the
mixture.

inelastic collisions with Argon atoms, the
Germane gas molecules causing these atoms
and molecules to be excited to higher
different electronic levels. However, electron
Kinetic is strongly affected by the electric
field and also by inelastic collisions due to the
inefficiency of elastic collision in the energy
transfer. It is seen from the shift of the curve
that the 10% GeHs-90%Ar mixture reduce the
mean energy of electrons. A significant shift
of tails of EEDF on pure Argon towards
higher energies results from different
mechanisms of electron energy dissipation
through the inelastic collision in this gas.

The best set of cross - sections for
germane molecules used to calculate swarm
parameters ( drift velocity and diffusion
coefficient ) are shown by dashed lines in
figures (2 and 3). This cross - sections are
shown to give very good agreement between
present calculation and measured drift
velocity and diffusion (Soejima and
Nakamora, 1993) in mixtures 0.21% and
098% GeHs in Argon. The calculated values
in pure Germane and Argon are also shown in
the same figure. Drastic changes in drift
velocity were observed by adding small
amounts of GeHs into Ar, because of
momentum transfer and vibrational excitation
sections of GeHs at low energy. As shown in
figure (2), drift velocities showed negative
differential conductivity over the E/N range
0.1 to 0.4 Td in the 0.21% mixture and over
range 2.5 to 6 Td in the 0.29% mixture, the
decrease was not smooth but contained a
small hump when the concentration of GeHs
in mixtures is small.

The calculated electron drift velocities in
GeHs-Ar  mixture gases are shown in
figure(4), the drift velocity values in GeHas-Ar
mixture gases are suggested to be between
those of the pure gases over the range of E/N
> 6 Td. In the range of E/N > 6 Td, the drift
velocity values in these binary mixtures are
higher than those of GeHgs, especially on E/N
= 2 Td corresponding to electron energy of
about 0.1015 eV. To the best of our
knowledge, the electron drift velocity strongly
depends on momentum transfer cross sections
and vibrational excitation cross sections. In
these cases, the reasons could be suggested

The electron at high energy suffers
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of Ar gas and the momentum transfer cross
sections of GeHs and Ar gases are deeply
decreasing to the minimum points (Soejima
and Nakamora, 1993).

The electron drift velocities in the GeHs—
Ar mixtures are very sensitive to the mixture
ratio of the GeHs molecule, especially in the
low E=N range. Small regions of the NDC in
these binary mixtures are observed in the E/N
ranges of 0.3-4Td for 0.21%GeHs—Ar, 0.6—
6Td for 0.5%GeHs-Ar, 1-10Td for 2%GeHs-
Ar, 2-20Td for 5%GeHs-Ar and 4-20Td for
the 10%GeHs-Ar mixtures. The occurrences
of these phenomena are due to the Ramsauer—
Townsend minimum (RTM) of the elastic
momentum transfer cross sections of the
GeHs molecules, and the Ar atom. At a higher
E/N, the electron drift velocities in 2, 5, and
10% GeHs—Ar mixtures are close to that in
pure GeHs. This is due to dominant inelastic
collision processes in the swarm shifting from
those proceed by the vibrational excitation of
the GeHs molecule to those caused by
electronic excitations of the majority Ar atom
because the mean energy of the electrons is
enhanced at a higher E/N.

The characteristic energy as a function of
E/N is shown in figure (5), the calculated
values of characteristic energy for pure
Germane are also shown in the same figure
for comparison. The characteristic energy
increases as a function of E/N, but at a
specified value of E/N the characteristic
energy decrease by increasing GeH4 in
mixtures.

The electron mobility is also one of the
important parameters of electron swarm
behavior, like the drift wvelocity. The
dependence of electron mobility on E/N for
different GeHs content in the mixture is
shown in figure (6). The behavior of the
electron mobility decreases with increasing
GeH4 concentration in the mixture at fixed
E/N (0.01 to 1 Td), while the dependence of
electron mobility on the partial concentration
of GeH4 is reversed in the range 1 to 100 Td.
For comparison, the calculated values for pure
Germane are also shown in the same figure.
Although electron mobility strongly depends

aimouint of Gerimane in Argon and the

. /ZJP/r}éra%-ﬁé%FOQap?é? ated to that in pure

Geiimaie at nignei /N, it aepends on E/N. It
should be noted that the hump in electron
mobility occurred at roughly the same E/N.
The calculated ionization coefficients in
GeHs-Ar mixture gases are shown in figure
(7). The variation of ionization coefficient
a/N, with E/N for pure GeHs and Ar are also
shown in the same figure, the o/N values in
GeHs-Ar mixture gases are suggested to be
between those of the pure gases over the
ranges of E/N > 4 Td. For pure Argon, the
ionization coefficient is higher than the value
of ionization coefficient in pure Germane
over the same range of E/N. There are five
further curves between the ranges mentioned
later, with different mixtures of GeHs and Ar,
i.e 0.21%, 0.98%, 2%, 5% and 10% GeHj in
Argon, respectively. As shown in figure (7),
the increase of GeHs content in mixture
decreases the ionization coefficient. However,
the growth of the inelastic collisions of
electrons with germane molecules which are
proportional to their concentration, reduce the
number of fast electrons and causes lowering
of  ionization  coefficient at  higher
concentration of the GeHs in the mixture.

6. Conclusion

The electron EEDF and transport
coefficients  (electron  drift  velocity,
longitudinal diffusion coefficient, electron
mobility, ionization coefficient) in binary
mixtures of GeHs-Ar was calculated by a
two-term solution of the Boltzmann equation
for the range ( 0.04 <E/N< 100 Td ) in the
0.21%, 0.98%, 2%, 5%, and 10% GeHs-Ar
mixture. Drastic changes in swarm parameters
were detected by adding Germane into Argon.
The drift velocity of electrons showed an
unusual negative differential conductivity,
with the decrease in the drift velocity not
being smooth but having a small hump in
both mixtures. These observed feature in the
electron swarm parameters are due to the
inelastic processes of germane molecules,
possibly vibrational and electronic excitation.
Models of gas discharge plasmas could be
constructed using the binary mixture gases of
GeHs gas with a high concentration of Argon.
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Figure (1 ): Comparison of calculated electron energy distribution function (EEDF) at
E/N=10Td. Solid line GeH,, dashed line 10%GeH4+90%Ar, dotted line pure Ar.
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Figure (2): Electron drift velocity as a function of E/N in GeH,-Ar mixtures with
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Figure (3): Density-diffusion coefficient as a function of E/N in GeH,-
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spectra of the prepared compounds were conformed to their proposed structures

1. INTRODUCTION

The treatment of infectious diseases still
remains an important and challenging problem
because of a combination of factors including
emerging infectious diseases and the increasing
number of multi-drug resistant microbial

pathogens. In spite of a large number of
antibiotics and chemotherapeutics available for
medical use, at the same time the emergence of
old and new antibiotic resistance created in the
last decades revealed a substantial medical
need for new classes of antimicrobial agents
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and is very important to explore additional
sources for substances with  potential
antimicrobial activity, which could possibly
have different modes of activity or affect
different sites in the bacterial and fungal cells
[aras 2016]. Compounds incorporating ester
moiety play an important role in modern drug
discovery and medicinal chemistry, and have
long been used as anti-cancer [Claudriana et al
2013, Azmat et al 2013 and Shima et al 2013],
anti-bacterial [Bartzatt et al 2004 and Bartzatt
et al 2003], anti-fungal [Boussalah et al 2013,
Martin et al 2012 and HUHTANEN and GUY],
anti-viral [Nothias et al 2015 and Hisashi et al
2011] , anti-inflammatory [Bassem et la 2013
and Mounir et al 1985], anti-convulsant
[Mariia et al 2016 and Waters et al 1986], anti-
diabetic [Vaiyapuri and Shruthi 2014] And
also as stimulate hair growth agents [Joseph
and Gregory 2001]. Looking to the diversified
biological activities an attempt was made on
the way to synthesis a series of new 1,2-
thiazine system incorporating various ester
moieties as outlined in Scheme 1.

2. MATERIALS AND METHODS

Uncorrected melting points  were
determined in open capillaries on a Gallen
Kamp electrothermal apparatus. IR spectra
were recorded on a Thermo-Mattson-300
Spectrophotometer, as KBr disc (Chemistry
Department, College of Science, Salahadden
University/Erbil), 1H and 13C-NMR spectra
were measured using a Bruker ultra shield 300
MHz with internal TMS (Central Lab., Al-al-
Bayt University/ Jordan), chemical shifts are
given in ppm. MS were recorded on a GCMS,
shimadzu, QP505 and Lc/MS/API5000
(Pharmaceutical research  Unit, Amman-
Jordan).

2.1. Synthesis of 3,5-dimethyl-2-phenyl-1,1-
dioxo- 1,2-thiazine (2) :-

A mixture of (200 mmol) of 3,5-dimethyl
1,1-dioxo-1,2-oxathine (1) ( which_prepared by
[Fanghanel et al 1982] from the reaction of
mesityl oxide, acetic anhydride and sulfuric
acid at 0 °C for 48h ) and (210 mmol ) of
aniline was heated at 130-135 °C for about 1-
1.5 h. Then the reaction mixture was cooled to
room temperature and 100 mL of 10% cold
HCI solution was added, the obtained product
was collected by filtration, washed several
times with cold water then air-dried and
recrystallized from methanol. Pale yellow;
yield 47%; m.p.: 112-114; FT-IR (KBr) cm"
1:1152.2s, 1384.0s (SO2); H-NMR (CDClIs,
300 MHz): 1.894 (s, 3H, 5-CHa); 2.115(s, 3H,
3-CH3);5.654 (s, 1H, 4-CH); 6.210 (s, 1H, 6-
CH); 7.363-7.4 (m, 2H, HBz); 7.445-7.478(m ,
3H, HBz); !3C- NMR (CDCls;, 300 MHz):
144,002 (C3), 106.874 (C4), 145.196 (C5),
111.936 ( C6), 21.452 (C3-CHz3), 21.888 (C5-
CHs), 134.120 (C7), 129.464 (C8,8-), 129.928
(C9,9-), 129.516 (C10). MS (m/z, (relative
abundance, %): 235.3(81.5), 236.3(24.1),
237.3(8.1), 170.2(100), 171.2(82.8),
156.2(48.2), 129.1(52.9), 115.1(37.9),
77.2(97.1), 67.1(), 51.1(79.5).

2.2. Synthesis of 4,6-dibromo-2-phenyl-5-
methyl-3-bromomethyl-1,1-dioxo-1,2-
thiazine (3):-

4,6-dibromo-2-phenyl-5-methyl-3-bromom-

eth-yl-1,1-dioxo-1,2-thiazine (3) was prepared
according to the method of [Fanghanel et al
1983]. Pale yellow; yield 55.3%; m.p.:160-162
°C; 'H-NMR (CDClIs, 300 MHz): 2.487(s, 3H,
5-CHg3); 4.174(s, 2H, 3-CH.Br); 7.282-7.322
(m, 2H, HBz ); 7.473-7.494 (m, 3H, HBz); *C-
NMR (CDClz, 300 MHz): 137.469 (C3),
109.887 (C4), 141.603 (C5), 113.198 (C6),
29.026  (C3-CH2Br), 24.08 (C5-CH3),
134.431( C7), 128.592( C8,8-), 130.037 ( C9,9-
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), 129.77( C10). MS (m/z, (relative abundance,
%): 471.1(15.1), 473.1(40.2), 475.1(40.5),
477.1(15.7), 326.2(66.6), 328.2(100),
330.2(683), 246.2(17.1), 248.2(18.2),
168.2(82.4), 167.2(34), 117.1(18.5),
83.7(87.7), 63(30), 51.1(74).

2.3. General procedure for the synthesis of
esters (4a-g):-

To a stirred solution of (1.5 mmol) of tribromo-
1,2-thiazine (3) in 25mL of dimethyl sulfoxide
was added (2 mmol) of dry sodium carboxylate
(Formate, acetate, propanoate, N-acetyl
glycinate,benzoate,glycolate and salicylate) in
one portion, and then the resulting pale-yellow
mixture was further magnetically stirred at
room temperature. The progress of the reaction
was monitored by thin layer chromatography
using dichloromethane until the disappearance
of starting material. After completion of the
reaction, the mixture was poured into 60 mL of
ice-cold water, stirred for 20 minutes and the
corresponding 1,2-thiazinyl carboxylate (4a-g)
was extracted from the obtained milky solution
using 30 mL of diethyl ether (twice). The
ethereal solution was washed with water, dried
over anhydrous sodium sulphate, then the
diethyl ether was evaporated under rotary
evaporator, and the residue was purified by
recrystallization from 95% ethanol to yield

2.3.1 (4,6-dibromo-5-methyl-2-phenyl-1,1-
dioxo-1,2-thiazine-3-yl meth)yl formate (4 a):

Pale yellow crystal with yield 85.7%; m.p.: 138-
140 °C; FT-IR (KBr): 1176.4s & 1360.7 (SO2),
1719.1s (CO); *H NMR (CDCls, 300 MHz):
2.502 (s, 3H, 5-CHa); 4.940 (s, 2H, 3-CH:-0);
7.977 (s, 1H, -CHO); 7.216-7.248 (m, 2H, HBz );
7.437-.458 (m, 3H, HBz); **C-NMR (CDCls, 300
MHz): 135.772 (C3), 111.730 (C4), 141.512
(C5), 113.462 (C6), 61.879 ( C3-CH20), 24.18
(C5-CHs), 134532 (C7), 128.146 (C8,8-),
129.821(C9,9-), 129.602 (C10), 159.419 (C11).
MS (m/z, (relative abundance, %): 473.1(14.3),

475.3(30.3), 441.1(16.4), 326.2(76.6),
328.2(100), 330.2(72.3), 264.1(10.6), 266.1(8.9),
246.2(17.1), 248.2(21.2), 168.2(73.4), 167.2(34),
100(86.1), 77.1(96.8), 51.1(86.1).

2.3.2. (4,6-dibromo-5-methyl-2-phenyl-1,1-
dioxo-1,2-thiazine-3-yl meth)yl acetate (4 b):

Pale yellow crystal with yield 88.3%, m.p.:
129-131°C; FT-IR (KBr): 1176.2s & 1363.7
(SO2), 1733.5s (CO); 'H-NMR (CDCls, 300
MHz): 2.001(s,3H,CO-CHg); 2.486(s, 3H, 5-
CHg); 4.852 (s, 2H, 3-CH2-0); 7.207-7.226 (m,
2H, HBz); 7.419-7.439 (m,3H , HBz); 3C-
NMR (CDCls, 300 MHz): 136.542 (C3),
111.069 (C4), 141.607( C5), 112.950 (C6),
62.586 (C3-CH20), 24.233 (C5-CHs), 134.714
(C7), 128.133 (C8,8-), 129.693 (C9,9-),
129.469 (C10), 169.706  (C11), 20.34 (C12).
MS (m/z, (relative abundance, %): 449.2(22.3),
451.2(44.9), 453.2(16.4), 326.2(63.6),
328.2(100), 330.2(61.3), 264.1(50.1),
266.1(46.5), 246.2(25.1), 248.2(26.7),

168.2(50.6), 167.2(24), 104.1(33.8),
77.1(54.2), 51.1(37.2), 43.1(73.1).

2.3.3. (4,6-dibromo-5-methyl-2- phenyl-1,1-
dioxo-1,2-thiazine-3-yl meth)yl propanoate
(4 c):

Pale yellow crystal with yield 88.6; m.p.: 87-88
°C; FT-IR (KBr): 1180.0s & 1365.2 (SO>),
1743.9s(CO); H- NMR (CDCls, 300 MHz):
1.108 (t, 3H, OCH:CHs); 2.299(q, 2H,
OCH2CHg) ; 2.5 (s, 2H, 3-CHy) ; 7.197-7.259
(m, 2H, HBz); 7.415-.449 (m, 3h , HBz); 13C-
NMR (CDCl;, 300 MHz): 136.622(C3),
111.095 (C4), 141.589 (C5) ,112.910 (C6),
62.528 (C3-CH:0), 24.264 (C5-CHs), 134.699
(C7),128.127 (C8,8-), 129.659 (C9,9-),
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129.447 (C10), 173.239 (C11), 27.114 (C12)
, 9.002 (C13). MS (m/z, (relative abundance,
%): 463(18.2), 456(39.5), 467(19.9),
326.2(73.5), 328.2(100), 330.2(72.1),
264.1(60.1), 266.1(58.5), 246(30.3), 248(29.8),
168.2(69.1), 167.2(35.6), 104(29.6),
77.1(76.2), 51.1(85.1).

2.3.4. (4,6-dibromo-5-methyl-2-phenyl-1,1-
dioxo-1,2-thiazine-3-yl  meth)yl  N-acetyl
glycinate(4 d):

Pale yellow crystal with yield 80.%, m.p.: 105-
106 °C; FT-IR (KBr):  1182.9s & 1363.9s
(SO2), 1760.5s & 1640.5s(CO), 3290.6s
(NH); *H-NMR (CDCls, 300 MHz): 2.046 (s,
3H, CO-CHa); 2.497 (s, 3H, 5-CHs3) ; 4.015 (d,
2H, OCO-CH>-NH); 4.943 (s ,2H, 3-CH2-0O);
5.955(s, 1H, NH); 7.195-7.214 (m, 2H, HBzZ) ;
7.439-7.459 (m, 3H, HBz ); *C-NMR (CDCls,
300 MHz): 135.732 (C3), 111.936 (C4),
141.434 (C5), 113.711(C6), 63.228 (C3-
CH20), 24.160 (C5-CHas), 134.569 (C7),
127.992 (C8, 8-), 129.783 (C9, 9-), 129.609
(C10), 170.175 (C11), 41.047 (C12),
168.926 (C14), 22.868 (C15). MS (m/z,

(relative  abundance, %): 506.1(18.5),
508.1(38.3), 510.1(19.1), 326.2(56.6),
328.2(100), 330.2(54.3), 264.1(40.6),
266.1(38.9), 246.2(22.1), 248.2(24.2),
168.2(65.2), 167.2(33.2), 100(86.1),

77.1(66.8),65(18.1) 51.1(86.1), 41(85).

2.3.5. (4,6-dibromo-5-methyl-2-phenyl-1,1-
dioxo-1,2-thiazine-3-yl meth)yl benzoate (4
e):

Pale yellow crystal with yield 89.3%; m.p.:
120-121°C; FT-IR (KBr): 1181.6s & 1368.4s
(SO,), 1728.0s (CO); *H NMR (CDCls, 300
MHz): 2.52(s, 3H, 5-CHg3); 5.118(s, 2H, 3-
CH0); 7.24-7.271(m, 2H, HBz); 7.383-
7.490(m, 3H, HBz); 7.464(t, 2H, H-benzoate);
7.604 (t, 1H, Hbenzoate); 7.991(d, 2H,

Hbenzoate); *C NMR (CDCls, 300 MHz):
136.634(C3), 111.349 (C4), 141.608 (C5),
113.238 (C6), 63.081 (C3-CH:0), 24.269 (C5-
CHz), 134.70 (C7),128.130 (C8,8-), 129.70
(C9,9-), 129.541(C10),165.369 (C11), 129.793
(C12), 129.077 (C13,13-), 128.512 (C14,14-),
133.435 (C15). MS (m/z, (relative abundance,
%): 511(7.1), 513(14.1), 515(8.1), 326.1(16.1),
328.1(32), 330.1(15.6), 246(8.2), 248(9.1),
168.2(18.2), 167.2(8.1), 105(100), 77.1(57.2),
51.1(21).

2.3.6. (4,6-dibromo-5-methyl-2-phenyl-1,1-
dioxo-1,2-thiazine-3-yl meth)yl glycolate (4
f):

Pale yellow crystal with yield 77.1%; m.p.:
144-145 °C; FT-IR (KBr): 1168.9s &,
1346.2s (SO2) 1740.16s (CO) 3514.0s (OH);
'H-NMR (CDCl;, 300 MHz): 2.256(s, 1H,
OH); 2.495(s, 3H, 5-CHa); 4.126(s, 2H, CO-
CH2-OH); 4.979(s, 2H, 3-CH»-0); 7.196-
7.227(m,2H, HBzZ); 7.435-7.456(m, 3H, HBZ);
13C-NMR (CDCls, 300 MHz): 135.699 (C3),
111.803 (C4), 141.485(C5) ,113.563 (C6 ),
63.246 ( CH20), 24.173 (C5-CHg), 134.594
(C7), 128.020 (C8,8-), 129.815 (C9,9-),
129.588 (C10), 172.130 (C11), 60.281(C12).
MS (m/z, (relative abundance, %): 465.1(13.3),

467.1(27.9),  469.1(14.4),  407.1(8.3),
409(16.1), 411.1(8.2), 326.2(77.6), 328.2(100),
330.2(76.1),  264.1(22.1),  266.1(20.5),
246.2(13.1),  248.2(15.2),  168.2(66.6),

167.2(27.1),104.1(42.7),  86(22), 85(47.2),
77.1(93.2), 65(13.5), 51.1(58.2).

2.3.7. (4,6-dibromo-5-methyl-2-phenyl-1,1-
dioxo-1,2-thiazine-3-yl meth)yl salicylate (4
9):

Pale yellow crystal with yield 73.9%; m.p.:
116-117 °C; FT-IR (KBr): 1158.3s & 1362.1s
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(SO2), 1680.1s (CO), 3126.3w (OH); H-
NMR (CDCIs, 300 MHz): 2.527 (s, 3H, 3-
CHzs); 5.144 (s, 2H, 3-CH20); 6.952 (m, 2H, H
salicylate); 7.502 (m, 1H, H-salicylate);
7.769,7.8 (dd,1H, H-salicylate); 7.227-7.284
(m, 2H-, HBz); 7.384-7.434 (m, 3H, HB2z);
10.305 (s, 1H, OH); 3C- NMR (CDCls, 300
MHz): 136.271(C3), 111.732 (C4), 141.540
(C5), 113,587 (C6 ), 63.148 (C3-CH:0),
24.283 (C5-CH3,134.565 (C7), 128.054(C8,8-),
129.811(C9,9-), 129.625 (C10), 168.795
(C11), 130.037 (C12), 161.684 (C13),
117.674(C14), 135.931(C15), 119.464(C16)
,141.540 ( C17). MS (m/z, (relative abundance,
%):  527(19.2), 529(38.1), 531(20.3),
326.2(73.5), 328.2(100), 330.2(72.1),
264.1(12.3), 266.1(11.5), 246(24.5), 248(25.1),
168.2(81.1), 167.2(37.6), 121(97.2),
77.1(59.6), 51.1(37.1).

3. RESULTS AND DISCUSSION

The first impartial of this study was to
synthesize and spectroscopic study of some
new 1,2 thiazine system incorporating various
esters groups. The required 3, 5-dimethyl-2-
phenyl-1,1-dioxo-1,2-thiazine (2) for this study
was readily prepared through a single-step
reaction as outlined in Scheme 1. From the
reaction of 3,5-dimethyl-2-phenyl-1,1-dioxo-
1,2-oxathine (1) and aniline [Tawada et al
1990]. The formed 3,5-dimethyl-2-phenyl-1,1-
dioxo- 1,2-thiazine (2) in the presence of

potassium carbonate in chloroform at room
temperature reacts with bromine to afford 4,6-
dibromo-2-phenyl-5-methyl-3-bromomethyl-
1,1-dioxo-1,2-thiazine (3) [Shen and Dryhurst
2001]. In the present study, 3-bromomethyl
1,2-thiazine (3) easily undergoes nucleophilic
substitution reaction in dimethyl sulfoxide at
room temperature for giving (4,6-dibromo-5-
methyl-2-phenyl-1,1-dioxo-1,2-thiazine-3-yl
meth)yl formate (4a) in high yield. Since at
room temperature-condition, the reaction was
progressed smoothly and products were
obtained in very good yields and in high purity,
the esterification process of 3-bromomethyl
groups of compound (3) was extended for the
preparation of (4,6-dibromo-5-methyl-2-
phenyl-1,1-dioxo-1,2-thiazine-3-yl meth)yl
acetate (4b) propanoate (4c), N-acetyl glycinate
(4d) and benzoate (4e) using sodium acetate,
propanoate, N-acetyl glycinate and benzoate.
To further expand our understanding of
esterification-reactions of 1,2-thiazine system,
reaction  of 4,6-dibromo-2-(substituted
phenyl)-5-methyl-3-bromomethyl-1,1-dioxo-
1,2-thiazine (3) with sodium glycolate and
salicylate in dimethyl sulfoxide at room
temperature was carried out to the
corresponding (4,6-dibromo-5-methyl-2-
phenyl-1,1-dioxo-1,2-thiazine -3-yl  meth)yl
glycolate  (4f)
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NH,

130-135C°
1-1.5h, Stirring

3Br,,CHCl , KHCO;

CHs Stirring, R.T.

(2)

4a R=H, 4b R=CH3,
R= C6H5(2-OH)

4c R=CH3CH?2,

4d R=CH2NHCOCH3, 4e R=CG6HS5,

O=
B RCOONa //S\N

C
DMSO, RT Y H, \W

(4a-9)

4f R=CH20H, 4g

Scheme (1): preparation of compounds (4a-g)

salicylate and (4g) in yields lower than those
of (4 a-e). Herein, steric effects come into play;
the hydroxyl groups of the glycolate and
salicylate anions in two modes lowering the
product-yield. In the former, the hydroxyl
group through its negative inductive effect
decreases the nucleophilicity of the glycolate
anion, while in the latter; the formed
intramolecular  hydrogen bond  between

carbonyl oxygen atom and the hydroxyl group
at ortho position decreases the nucleophilic
power of the salicylate anion toward the bromo
group of the 3-bromomethyl moiety of (3), and
this interpretation was in agreement with their
infrared and proton NMR data of the hydroxyl
groups and also with the reported data
[Hosangadi and Dave 1996].
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formate (4a) and glycolate(4f).

signal at 4.174 ppm due to the protons of the 3-
methylene group in (3), on esterification
process was shifted to around 5 ppm. For our
knowledge the depicted molecular ion peak in
the mass spectrum of each ester is in covenant
with the molecular weight of the obtained
esters (4a-g). In addition to that in the mass
spectra of ester 4a the base ion peak, which
results from the loss of  sulfur dioxide
molecule and carboxylate radical from its
molecular ion appears at M/Z = 326.2, and the
isotope patterns at 328.2 and 330.2 revealed
the presence of the two bromo groups in it.
Another two prominent peaks at 246.2 with its
M+2 at 248.2 were due to 4-bromo-2-phenyl-

2-azabicyclo  [3.1.0] hexa-1(5)-3-diene-2-
methylene cation and it could be seen in the
mass spectra of all ester compounds. The ions
at M/Z at = 264.2 and its M+2 at 266.2 due to
formation of 3-bromo-4-methyl-2-phenyl-6-
oxa-2-azabicyclo[3.2.0]hepta-1-,3-diene cation
and at 168 due to 4-methyl-2-methylene-1-
phenyl-2H-pyrrolium cation were shown in the
mass spectra of all ester compounds. Herein,
we can say that the mass fragmentation of the
ester compounds were similar to each other
except for showing some different ions which
were references to the carboxylate moiety.
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4. CONCLUSIONS

In this work a series of new 1,2-
thiazine system incorporating various ester
groups was prepared through a classical,
convenient and practical method. In this
method, the products can be separated
conveniently from the reaction mixture in
high purity and no chromatographic method

%Transmittan ce
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needed for their isolation. Another notable
advantage of this method is that the reaction
condition was mild and the products were
obtained in very good vyields in suitable
time. The present approach has the ability to
synthesize a variety of 1,2-thiazines bearing
various group.
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1. INTRODUCTION

Survey of chemistry of the Betti’s
bases started at the beginning of the 20th
century, when Betti (Betti,1901),informed
that condensation of 2-naphthol,
benzaldehyde and ammonia provided a good
product.  Preparation of the substituted

Betti’s base derivatives via the modified
Mannich reaction had subsequently become
an important area in synthetic chemistry
because of C—C bond formation under mild
experimental conditions. In last years a
similar reaction were achieved can by either
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using other naphthols (Pirrone,1940) or
quinolinols (Phillips,1956) or by replacing
ammonia with alkyl amines (Brode &
Littman, 1930), (Wang & Ding, 2002),
(Cardellicchio et al., 1999) and (Szatmari,
2003). In addition, a variety of racemic
structures related to the Betti’s bases have
been synthesized recently by addition of
naphthols to the preformed imminium
salts(Grumbach et al.,1996). In recent years,
the effort were done to synthesized the
Betti’s base derivatives in organic solvents
such as EtOH, MeOH, and Et;O at room
temperature or thermally under solvent less
condition .The literature also reveals that
such compounds are gaining interest of
chemists who are working in the field of
asymmetric synthesis because of utility in
preparation of chiral inductors or chiral
precursor. Betti’s base derivatives have also
2. MATERIAL AND METHODS

2.1 Experimental Notes

Thin Layer Chromatography (TLC)
was carried out by using pre coated plate
with slic agel plate. IR-Spectra were
recorded on FT-IR spectrophotometer, 1000
(USA) Perkin Elmer (USA) as KBr disc.
Nuclear Magnetic Resonance (NMR)
spectrophotometry H-NMR,*C-NMR
spectra was recorded on Ultrashield-500
plus instrument(BRUKER, Germany -
600MHz) spectrometers using DMSO
&CDCl3 as a solvent. Mass Spectra (MS)
instrument used in this work is ISQ Single
Quadrupole MS, Germany. Gas
chromatography — mass spectroscopy (GC-
MS) was recorded on QP 2010 GC
instrument  (Shimadzu, Japan).Elemental
analysis used Euro EA Elemental Analyzer

provided convenient access to many useful
synthetic building blocks via the amino and
phenolic  hydroxy  functional  groups
(Szatmari et al., 2004) and (Heydenreich et
al.,2006). Several more and green
procedures for Betti reactions have also been
successfully developed (Csutortoki, 2013)
and (Kidwai, 2013). A new environmentally
benign multicomponent reactions were
synthesis (Sun et al, 2012)
(Gong,2014).Synthesis of new type of Betti
bases via three-component reaction of beta-
naphthol, cyclic amines and isatins was
reported (Gao & Sun, 2015). The Betti
bases afforded a number of chiral bis
phosphorylated thioure reported by (
Metlushka et al, 2017). In the present work
we have synthesized bis Betti Bases via
traditional and microwave methods.

type Euro EA 3000/Italy. Melting Point
were determined using Automate Melting
point System Digital Image Processing
Technology Stanford Research Systems.7-
The Sonication was performed by
Elmasonic type E 30H.The Microwave
Irradiation was carried out by domestic
microwave oven 900 w,2500MHZ.

2.2. Synthesis of N,N’-bis-[(2-hydroxy-
napthalene-1-yl ) (substituted phenyl)
methyl]2,6-diamino pyridine (1a-1Kk):

Method[A] Traditional method:

A mixture of 2,6-diaminopyridine
(0.136g9, 1.25mmol) and  substituted
aromatic aldehydes (2.5mmol) was dissolve
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in (. 5mL ) of ethanol after appropriate
time (2-30min) the precipitate formed then
dissolve it( in 15mL) THF and 2-naphthol
(0.2g, 2.5mmol) was added. The mixture
was heated under reflux with stirring for an
appropriate time(24-120 hrs.), then the
solvent was removed at reduced pressure by
rotatory evaporator. Completion of reaction
was indicated by TLC monitoring using (n-
hexane: ethyl acetate) (4:1). The reaction
mixture was cooled to ambient temperature
and the crude solid residue was
recrystallized in ethanol to afford pure
crystals.

Method[B] Microwave assisted :

A mixture of 2,6-diaminopyridine
(0.136g, 1.25mmol) ,substituted aromatic
aldehydes (2.5mmol) and 2-naphthol (0.2g,
2.5mmol) triturated using mortar and pestle
.The mixture was transferred to a (50mL)
beaker, then placed vertically in the center
of domestic microwave oven ,and irradiated
between (2-6 min) table (1) at high Power
(400-900 W) the products were sonicated
in cold ethanol filtered and dried in vacuum
desiccator

2.2.1 N,N -bis-[(2-hydroxy-napthalene-1-
yl) (phenyl) methyl]2,6-diamino
pyridine(la):

deep Yellow solid; IR (cm™) :3392 (-OH),
3200 (-NH), 3058 (Ar-H), 2850 (-CH), 1600
(C=C), 1225 (C-N).HNMR (600MHz,
CDCls) :5 =5.19 (s, 2H, CHA), 6.0-7.60 (m,
25H, ArH), 5.0 (s, 2H, ArOH), 4.0 (brs, 2H,
NH) ppm. .3CNMR (100MHz, DMSO.ds):
o = (51, 98.3, 115, 118, 122, 125, 126, 128,
128.4, 128.7, 129, 133, 140, 153.7, 160.2)
:Anal.calc.for CagH3102N3:C,81.67; H, 5.41;

N, 7.32%, found : C, 81.25; H, 5.0; N, 7.10.
MS :m /z =573 (M").

2.2.2 N,N’-bis-[(2-hydroxy-napthalene-1-
yl)4-fluoro(phenyl)  methyl]2,6-diamino
pyridine(1b):

light yellow solid ;IR (cm™) :3400 (-OH),
3290 (-NH), 3058 (Ar-H), 2912(-CH), 1601
(C=C), 1227 (C-N HNMR (600MHz,
CDCI3) :5 =5.19 (s, 2H, CHAr), 5.9-7.60
(m, 23H, ArH), 5.0 (s, 2H, ArOH), 4.0 (brs,
2H, NH) ppm. BCNMR  (100MHZ,
DMSO.d6) :5 =(40.5, 98.0, 115, 116, 118,
122, 124.6, 125, 127.6, 128, 128.7, 130, 133,
140.3, 153.7, 160.0, 162.0) :Anal.calc.for
CsgH2002N3F2: C, 76.86; H, 4.76; N, 6.89%,
found :C, 76.44; H, 4.50; N, 6.45. MS :m/z
=609 (M")

2.2.3 N,N’-bis-[(2-hydroxy-napthalene-1-
yl)2-fluoro(phenyl)  methyl]2,6-diamino
pyridine(1lc):

deep Brown solid; IR (cm™?):3421 (-OH),
3200 (-NH), 3070 (Ar-H), 2974(-CH),
1613(C=C), 1227 (C-N).*HNMR (600MHz,
CDCls) :6 =5.19 (s, 2H, CHAr), 5.9-7.60 (m,
23H, ArH), 5.0(s, 2H, ArOH), 4.0 (brs, 2H,
NH) ppm. .3CNMR (100MHz, DMSO.d6)
:0=(40.5, 98.0, 115, 116, 118, 122, 124.6,
125, 127.6, 128, 128.7, 130, 133, 140.3,
153.7, 160.0, 162.0):  Anal. calc. for
CagH2902N3F2:C, 76.86; H, 4.76; N, 6.89%,
found : C, 76.40; H, 4.23; N, 6.45. MS :m/z
=609 (M")

2.2.4 N,N’-bis-[(2-hydroxy-napthalene-1-
yl)2-chloro(phenyl)methyl]2,6-diamino
pyridine(1d):

light orange solid ;IR (cm™):3500 (-OH),
3200 (-NH), 3061 (Ar-H), 2850 (-CH),
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1607 (C=C) ,1234  (C-N). ‘HNMR
(600MHz,CDCls) :5 =5.19 (s, 2H, CHAT),
5.92-7.60 (m, 23H, ArH), 5.0 (s, 2H,
ArOH), 4.0 (brs, 2H, NH) ppm. .3CNMR
(100MHZ, DMSO.ds) :5=(42.0, 98.0, 115,
118, 122, 122.8, 125.9, 125, 127.4, 127.1,
128, 128.7, 129.4, 129.8, 130, 133, 133.5,
140.0, 143 ,153.7, 160.0) :Anal. calc. for
Ca9H2002N3Clo: C, 72.90; H, 4.55; N, 6.54
%, found :C, 71.72 ;H, 5.92 ;N, 6.43 MS
:m/z =652 (M").

2.2.5 N,N -bis-[ (2-hydroxy-napthalene-1-
yl) 2-hydroxyl (phenyl) methyl] 2,6-
diamino pyridine (1e):

light Yellow solid; IR (cm™) :3500 (-OH),
3200 (-NH), 3042 (Ar-H), 2900(-CH), 1604
(C=C), 1245 (C-N).!HNMR (600MHZ,
CDCI3) :6 =5.19 (s, 2H, CHAr), 5.92-7.63
(m, 23H, ArH), 5.0 (s, 2H, ArOH), 4.0 (brs,
2H, NH) ppm.*CNMR  (100MHZ,
DMSO.ds) :6=(41.1, 98.3, 115.4, 116.2, 118,
121.6, 122.2, 122.8, 125.9, 127.4, 128.0,
128.7, 129.8, 130.2, 133.5, 140.3, 153.7,
157.2, 160.2) :Anal. calc. for C3gH3104N3:C,
77.3; H, 5.1; N, 6.9%, found: C, 77.7; H,
4.5; N, 6.389 MS :m/z =605 (M").

2.2.6 N,N -bis-[ (2-hydroxy-napthalene-1-
yl) 4-hydroxyl (phenyl)methyl] 2,6-
diamino pyridine (1f):

Light Brown solid; IR (cm™) :3500 (-OH),
3200 (-NH), 3019 (Ar-H), 2910 (-CH), 1611
(C=C), 1236(C-N). HNMR (600MHz,
CDCls) :5 =5.19 (s, 2H, CHAT), 5.92-7.63
(m, 23H, ArH), 5.0 (s, 2H, ArOH), 4.0 (brs,
2H, NH) ppm.  .’CNMR (100MHz,
DMSO.d6) :6=(51.0, 98.2, 115, 116, 118,
122.2, 122.8, 125.9, 128.0, 128.7, 129.8,
133, 135.5, 140.3, 154.8, 153.7, 160.2)

:Anal.calc. for CgzH3104N3 :C, 77.3 :H,
5.1;N, 6.9%, found: C, 77.2 :H, 5.0; N, 6.7 .
MS :m/z=605 (M™).

2.2.7.N,N -bis-[(2-hydroxy-napthalene-1-
yl)4-methoxy(phenyl)methyl]2,6-
diaminopyridine (1g):

Light brown solid; IR (cm™): 3450 (-OH),
3200 (-NH), 3021Ar-H), 2920(-CH),
1602(C=C), 1224(C-N). HNMR (600MHz,
CDCI3): 5=3.73 (s, 6H, -OCHs), 5.19 (s,2H,
CHAr), 5.927.63(m, 23H, ArH), 5.0(s.2H,
ArOH), 4.0(brs, 2H, NH)ppm. ¥CNMR
(100MHz, DMSO. ds) :6=(51.3, 56.0, 98.2,
115, 116, 118, 122.2, 122.8, 125.9, 128.0,
128.7, 129.4, 133, 135.5, 140.3, 153.7,
159.5, 160.2) : Anal. calc. for Cs1H3504Na:
C, 77.72; H, 5.529; N, 6.63%, found: C,
77.52; H, 5.5; N, 6.62. MS: m/z =633 (M").

2.1.8.N,N -bis-[(2-hydroxy-napthalene-1-
yl)4-methyl(phenyl)methyl]2,6-
diaminopyridine (1h):

Yellow solid ; IR(cm™): 3445 (-OH) ,3200
(-NH), 3064 (Ar-H), 2838 (-CH), 1602
(C=C) ,1240 (C-N). 'HNMR (600MHz
,CDCl3) :6=2.35 (s ,6H ,-CH3), 5.19(s, 2H,
CHAr), 5.92-7.60(m, 23H, ArH), 5.0(s, 2H,
ArOH), 4.0(brs, 2H, NH)ppm. *CNMR
(100MHz, DMSO d6): 6= (20.9, 51.3, 98.2,
1154, 118.2, 122.2, 122.8, 125.9, 128.0,
128.3, 128.7, 129.7, 133, 135, 140.0, 140.3,
154.8, 153.7, 160.2): Anal. calc. for
C41H3502N3: C, 81.86; H, 5.82; N.6.98% |,
found: C, 81.80; H, 5.81; N, 6.96. MS: m/z
=601 (M").

2.2.9.N,N"-bis-[(2-hydroxy-napthalene-1-
yl)2,4-hydroxy(phenyl)methyl]2,6-
diaminopyridine (1i) :
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Brown solid; IR (cm™): 3500 (-OH), 3200
(-NH), 3010 (Ar-H), 2912 (-CH), 1610
(C=C) , 120 (C-N). HNMR (600MHz,
CDCl3) :6 =5.19 (s, 2H, CHAr), 5.92-7.60
(m, 21H, ArH), 5.0 (s, 6H, ArOH), 4.0 (brs,
2H, NH) ppm.°CNMR  (100MHz,
DMSO0.d6) :6 =(41.0, 98.3, 103.4108.8, 115,
116, 118, 122.2, 122.8, 125.9, 128.0, 128.7,
129.8, 131.2, 133.4, 140.3, 156.2, 158.6,
153.7, 160.2) :Anal.calc. for C39H31N30s :C,
73.46; H, 4.86; N, 6.59 % found :C, 73.44;
H, 4.85; N, 6.58. MS :m/z =637 (M*).

2.2.10 N,N’-bis-[(2-hydroxy-napthalene-1-
yD4-nitro(phenyl) methyl]2,6-diamino
pyridine(1j):

Orange solid ;IR (cm™) :3445 (-OH), 3200
(-NH), 3086 (Ar-H), 2912 (-CH), 1595
(C=C), 1229 (C-N). HNMR (600MHz,
CDCI3) :6=5.19 (s, 2H, CHAr), 5.92-8.7 (m,
23H, ArH), 5.0 (s, 2H, ArOH), 4.0 (brs, 2H,
NH)ppm. 3CNMR (100MHz, DMSO.d6)
:0 =(51.0, 98.3, 115, 118, 122.2, 122.8, 124,

125.9, 128.0, 128.7, 129.3, 133.4, 140.3,
145.9, 149.1, 153.7, 160.2) :Anal. calc. for
C3gH2006Ns :C, 70.58; H, 4.37; N, 10.55 %,
found :C, 70.57; H, 4.35; N, 10.55 .MS: m/z
=663 (M™).

2.2.11 N,N -bis-[(2-hydroxy-napthalene-1-
yl)4-dimethylamino(phenyl)methyl]2,6-
diaminopyridine(1k):

Orange solid ;IR (cm™) :3445 (-OH), 3200 (-
NH), 3042 (Ar-H), 29881 (-CH), 1604
(C=C) ,1245 (C-N). 'HNMR (600MHz,
CDCls) :5 =(2.89S, 12H, -CH3), 5.19 (s, 2H,
CHAT), 5.92-7.63 (m, 23H, ArH), (5.0 (s,
2H, ArOH), 4.0 (brs, 2H, NH) ppm.
BCNMR (100MHz, DMSO.d6) :5 =(43.6,
51.3,98.2,113.6, 115.4, 118.2, 122.2, 122.8,
125.9, 128.0, 128.7, 129.3, 132, 133.5,
140.3, 142.0, 153.7, 160.2) :Anal.calc.for
C43H41Ns502:C, 78.27; H, 6.26; N, 10, 61%,
found :C, 78.51; H, 5.92 ;N, 10.55 .MS :m/z
=657(M").

Scheme.1 Synthesis of Bis Betti bases (1a-1k)

A-ethanol, THF
B-Ethanol

N ad
P P |
‘O LA O‘
o o
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Compd. | R Molecular Rf M.P. Method[A] Method[B]
formula Time/hr. | %yield | Time/min | %yield
la H CaoH3102N3 05 | 277-276 | 24 71 4 42
1b 4-F CaoH2002NsF, | 0.2 | 178-180 | 96 28
1c 2-F CaoH2002NsF, | 0.4 | 229-231 | 44 42 2 28.5
1d 2-Cl CaoH3002N3Cl | 0.87 | 215-217 | 44 87 2 25
2
le 2-OH CagH3104N3 0.6 | 223-225 |44 98 4 28

Table.1 some physical property of Synthesized Bis Betti bases (1a-1k)
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1f 4-OH CaoH3104N3 0.44 | 180-182 120 1.42 1.4
19 4-OCH3 | Ca1HasOsN3 0.93 | 198-200 72 63.29 285
1h 4-CH; | CaHasO2Ns 0.5 | 184-186 72 71 71
1i 2,4-OH | CsoH21N3Os 0.8 | 180-182 72 63 1.2
1j 4-NO, | CsoHasO6Ns 0.55 | 256-258 48 36 12
1k 4- Ca3H39Ns0, 0.33 | 231-233 72 25
N(CHs):

3. RESULTS DISCCUSION

Reactions  between  2-naphthol, neat conditions under  reflux reactions in

aromatic aldehydes and 2,6-diaminopyridine
were resulted in the synthesis of N,N’-bis-
[(2-hydroxy-napthalene-1-yl  )(substituted
phenyl) methyl]2,6-diamino  pyridine(la-
1k): (Scheme 1). These reactions were
studied under two conditions, as follows: A)
Reflux in ethanol for(24- 120)hr.at(80)°C:
B)Solvent-free microwave at 400- 900 W
for 2-6 minutes in absence of any catalyst;
All final compounds reported in this paper
are new and not found in the chemical
literature and were completely characterized
by spectroscopic means. The popularity of
employing microwave energy in organic
synthesis has tremendously increased in past
decade owing to the simplicity, rapidity,
high turnover and green nature of the
reactions. As evident from data presented in
Table 1, we were able to obtain Bis Betti
bases la-1k in absence of any catalyst using

ethanol benefitted. The comparison of
isolated yields, reaction time and material
requirements of the two conditions
employed showed  microwave-assisted
solvent-free reactions as the most efficient
synthetic method in terms of energy and
time consumption but low amount of
product compared with other method. The
products obtained through the reflux
reaction protocol had the inherent advantage
of digestion of insoluble product precipitates
and therefore the purity of the obtained
product were consistently better as
evidenced by the sharper and higher melting
point as compared to same products
obtained by employing other conditions. The
structures of all the synthesized compounds
were confirmed by elemental analysis and
from spectral data (MASS,*HNMR,"*CNMR
spectra).
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4. CONCLUSION

Eleven Bis Betti bases of 2-naphthol were
successfully  synthesized and purified.
Although  reflux  conditions provided
products with higher purity, the use of
microwave-assisted conditions was shown to
be the most efficient method of synthesizing
compounds of this type in terms of atom
economy, energy consumption and time
required.
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To control the quality of concrete during concreting works, there are
various moulds that are used for casting concrete samples according to different
standards at different countries. And these differences in the shapes and sizes of
concrete samples can cause variations in the results of measured compressive
strength. Self-compacting concrete (SCC) have a structural strength and high
flowability. This material used in modern concrete technology and extensively
in the construction applications of high-rise buildings and long-span concrete
structures. This research concentrated on the effect of specimen sizes and shapes
on compressive strength of High strength SCC, Specimens were normally cured
in the Lab. and tested at age of 28 days. Results were plotted, and indicated that
for all testing specimens, there was a significant Influence of size and shape of
the specimens on the measured compressive strength. Common sizes that have
used for testing compressive strength of concrete were investigated; (100 X100
X100), (150X150X150) mm for cubes and (100 X 200), ( 150 X300) for
cylinders. To determine the best conversion factors, linear relationship added as
a trend line between compressive strength measured based on testing cylinders
to that measured based on testing cubes, on the other hand relationships was
conducted to relate compressive strength tested on cubes and cylinders of

different sizes.

1. INTRODUCTION

To control the quality of concrete, there
are lots of experiments, each one designated to
specify different properties of concrete. Among
these experiments, compressive strength is the
most important and useful property of concrete.
There are many factors that effect on the
compressive strength test results, such as
environmental condition, loading rate and size
and shape of the testing specimens.

The cylinder specimen of concrete (150
diameters and 300 heights) is a standard
specimen to test the compressive strength in
United States (ASTM C39-2003). While in

Britain and Europe, the standard specimen for
testing the compressive strength is a cube
specimen of concrete by size 150 X 150 X150
mm (BS EN 12390-3,2009, A.M. Neville, J.J.
Brooks,2010) The cubes are smaller compared
with the cylinder specimen of concrete, and the
advantages of cylinders do not depend on the
quality and condition of the moulds and that
their density can be more readily and
accurately established by weighing and
measuring(Day, K.W, 2006). The main
difference  between cylinder and cube
specimens is that the cylinder specimens need
capping before loading because the top surface
of the cylinder finished by the trowel causes no
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plane for testing. Two methods are used to
obtain the plane surface of the cylinder. (i)
Capping method: using sulphur mortar, high
strength gypsum plaster and cement paste in
order to have plain loading surfaces, the
thickness of the capping should be 1.5-3 mm
and have the same strength of the concrete. (ii)
Grinding method: is satisfactory but expensive

Cubes do not require capping as they are
turned over on their sides, when being loaded.
The height / diameter ratio equal to 2, the
compressive strength of cylinder specimens
with varying diameter, the larger the diameter,
the lower will be the strength (Day, K.W, 2013,
A.M. Neville, J.J. Brooks, 2010, Jin.-keum.
Kim, Y. Seong-Tae,2002). The cylinders are
cast and tested in the same position, but the
cubes are cast in one direction and tested at
right angles to the position cast and thus no
need of capping or grinding. In actual
structures in the field, the casting and loading
are similar to those of the cylinder and not like
the cube (Neville A.M, 2012). The comparison
between the compressive strength of cube and
compressive strength of cylinder, a factor of
0.8 to the cube strength is often applied for
normal strength concrete (E.l. Al-Sahawneh
2013). Fig. 1 shows the influence of the height
to diameter ratio on the compressive strength
of concrete. If a cylinder with an aspect ratio
h/d = 1, then it will be able to resist higher
loads than a cylinder with an aspect ratio of 2
(E.l. Al-Sahawneh, 2013, A.M. Neville, J.J.
Brooks, 2010, Jin.-keum. Kim, Y. Seong-
Tae,2002). The wusual fracture of cylinder
specimens is columnar and there are other
types such as cone, cone and split, cone and
shear and shear (ASTM (C39-2003). And
typical failure modes of cubes are non-
explosive, semi-explosive and explosive (BS
EN 12390-3,2009). It’s found that the
restraining effect of the platens of the testing
machine extends over the entire height of a
cube but leaves unaffected a part of a test

cylinder. It is, therefore, to be expected that the
strengths of cubes and cylinders made from the
same concrete differ from one another (Neville
A.M, 2000).

Because European Standard (ENV
206:1990) recognizes the use of both cylinders
and cubes it includes a table of equivalence of
strengths of the two types of compression
specimens up to 50Mpa (measured on
cylinders). The values of the cylinder/cube
strength ratio are all around (0.8). These tables
should be used for purposes of conversion of a
measured strength of one type of specimen to
the strength of the type. For any one
construction project, a single type of
compressive strength test specimen should be
used.

It is difficult to say which type of
specimen, cylinder or cube, is better but even
in countries where cubes are the standard
specimen, there seems to be a tendency, at least
for research purposes, to use cylinders rather
than cubes, and this has been recommended by
RILEM -an international organization of
testing laboratories. Cylinders are believed to
give a greater uniformity of results for
nominally similar specimens because their
failure is less affected by the end restraint of
the specimen, their strength is less influenced
by the properties of the coarse aggregate used
in the mix, and the stress distribution on
horizontal planes in a cylinder is more uniform
than on a specimen of square cross section
(Neville A.M, 2000, Al-Hayderi H.S, 2003,
Carino N.J., Guthrie W.F. and Lagergren E.S,
1994).

It may be recalled that cylinders are cast
and tested in the same position, whereas in a
cube the line of action of the loads at right
angles to the axis of the cube as-cast. In a
structural compression members, the situation
is similar to that existing in a test cylinder, and
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it has been suggested that, for this reason, tests
on cylinders are more realistic, the relation
between the directions as-cast and as-tested
has, however, been shown not to affect
appreciably the strength of cubes made with
unsegregated and homogenous concrete (Aitcin
P.C. 1998). The size of test specimens for
strength testing is prescribed in the relevant
standards, but occasionally more than one size
IS permitted. Moreover, from time to time
arguments in favor of use smaller specimens
are advanced. These point out their advantages,
smaller specimens are easier to handle and are
less likely to be accidentally damaged, the
moulds are cheaper, a lower capacity testing
machine is needed, and less concrete is used,
which in the laboratory means less storage and
curing space, and also smaller quantity of
aggregate to be processed(Aitcin P.C, 1994).
This paper was conducted to study the size
and shape effect on the high strength SCC.
The shapes used were the cubes and cylinders.
The size of cubes were 150 X150 X150 mm
and 100 X100X100m against the size of
cylinders which were 150 X 300 mm and 100
X 200 mm. These sizes were chosen because it
represented the sizes that are most commonly
used locally and universally in concrete

construction.
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Figure 1. Influence of the height/diameter ratio on the
apparent strength of a cylinder for
Different strength level [5].

1.1 Research significance

The use of SCC is spreading worldwide
because of its very attractive properties in the
fresh state as well as after hardening. Three
mixes of high strength SCC were considered
starting approximately from 60 to greater than
100 MPa . It must be remembered that the
same concrete will not give the same
compressive strength when tested as cubes and
cylinders. The compressive strength measured
on cubes is always higher than that obtained on
cylinders. The importance of this investigation
is to determine the conversion factors for
compressive strength tested by specimens
having different shapes and size. Specifically
in Kurdistan region, different design methods
have been followed for the design of concrete
structures.  This consequently needs more
accurate conversion factors among cubes and
cylinders to satisfy strength of concrete for the
quality control. From the literature it is shown
that there are several previous works and
standards on this topic. No standard or research
works have been done to determine these
conversion factors in specific for self-
compacting concrete.

2. MATERIALS AND METHODS
2.1. Materials

The following Materials are used for the
preparation of self-compacting concrete
specimens

Cement: - Ordinary Portland cement of 42.5
grade , manufactured by Mass cement factory-
Irag, and its chemical composition confirmed
the requirements of ASTM type | grade having
a specific gravity of 3.15.

Silica Fume: Type SikaFume-HR was used to
increase the stability and flowability of SCC
mixtures with replacement rate approximately
9% by weight of total cementitious material.
Size of particles extremely was 0.1 p and
specific gravity of 2.24.
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Fine Aggregate: Natural river sand from Erbil
city quarries, with 95 % passing sieve of 5 mm
was used. Percentage passing conformed the
requirements of ASTM C-33 ,with the apparent
specific gravity 2.67 and fineness modulus of
2.85.

Coarse Aggregate: Natural river gravel, un-
crashed type, with a maximum size of 12.5 mm
was used and their gradation in accordance to
ASTM C-33. Specific of gravity was (2.71).
Filler: - Limestone Powder obtained by
grinding limestone rocks , particles passing
sieve 150 p  were used as inert filler to
enhance the particle size distribution of
Portland cement.

Admixture: A polycarboxylates  based
polymer superplasticizer type Sika Visco
Crete-PC 15 having a specific gravity of 1.09
used in all the mixtures to obtain the required
flowability.

Water: - Tap water was used for mixing and
curing.

Table-1 Quantities of materials selected for 1 m3 of
SCC mixtures.

Mix. C Ac A S P SP Wr

No. F %

SCC-1 384 859 910 3 5 133 157

SCC-2 437 794 893

S

213 164

SCC-3 494 926 741

S

213 143

2.2. Mix design

The procedure adopted by (ACI committee
237-2007) was followed to select three
mixtures of SCC with different powder
contents; SCC-1, SCC-2- and SCC-3. Their
w/cm ratios were 0.265, 0.345, and 0.375,
respectively. Cementitious material contents
ranged from 422 kg/m3to 543 kg/m3. Several
trial mixes were conducted to obtain the
proper mixture proportions. The quantities of

materials selected for 1 cubic meter are shown
in Table-1.

2.3. Laboratory Tests

The following tests were conducted
on fresh SCC mixtures: the slump flow and
T50, according to ASTM C 1611, V funnel
test, and L-Box test according to BS EN
12350- 2010. Test results indicated that the
selected mixtures of SCC had a good filling
and passing abilities. Rheological properties of
fresh SCC are shown in table-2. SCC
specimens were cast without any compaction.
Fresh concrete samples moulded into cubes
and cylinders with two different sizes which
are most commonly used in concrete works.
Cubes of size 150 mm and 100 mm and
cylinders of size (150 X 300) and (100 X 200)
mm were produced. The specimens were de-
moulded after one day of casting and
immersed in water until testing age was 28
days.

In this research, as concrete specimens
were chosen from different sizes and shapes,
for executing compressive strength test,
different standards were followed. For
measurement of

compressive strength of cubes, BS EN
12390-3:2009 was followed. Compressive
strength test of cylindrical specimens were
carried out according to ASTM C39/C39M-
2011. Testing cylinders in compressive

strength has an additional stage of capping.
Table-2 rheological properties of SCC mixtures.

Mix No. Slump  Tseo V- L-Box
Flow Funnel ratio
(Sec)  time
(mm) H2/H1
(Sec)

SCC-1 645 4.45 9.65 0.88
SCC-2 675 3.12 8.4 0.91
SCC-3 565 5.85 12.32 0.8
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3. RESULTS AND DISCUSSION

Totally three different factors were
investigated to find out their influence on
concrete compressive strength test results. The
factors are two different shapes of moulds, two
different size of moulds and three different
concrete mix proportions. The employed
moulds were 2 different cubes (100 and 150
mm) and two different cylinders (100x200 mm
and150x300 mm). Twelve specimens of
concrete were cast for each case of testing and
analyses. Totally 144 concrete specimens with
different sizes and shapes were prepared and
tested
3.1. Effect of Size

The compressive strength test results for
different size cubes and different size cylinders
are plotted as shown in figure-3. The best fit
linear equations without intercept (started from
zero) are added as a trend lines for the current
results. Equations that relate compressive
strength of concrete cubes of size 150 mm to
cubes of size 100 mm are presented in figure 3-
a. and equations that relate compressive
strength of cylinders of size (150 X 300 ) mm
to cylinders of size (100 X 200) mm are
presented in figure 3-b, for three mixture
proportions. It can be seen that strength of
cubes or cylinders of smaller sizes were higher
than compressive strength of bigger sizes of the
corresponding shape and for the same mixture
proportion. Moreover the conversion factor
depended upon the strength grade of concrete,
which is represented by type of the mix. The
slope of the trended lines represents the
average value of the ratio of compressive
strength measured on big specimens to that
strength  measured on small specimens.
Therefore the slope is always less than 1. The
value of slopes determined from the plots are
listed in Table-3

Table-3 correction factors taking the effect of size of
specimens

Mixes for cubes  for cylinders
feun(150) fet1s0x300)
Feun(100 Fet100x200)

scc-1 088  0.86

SCC-2 0.91 0.89

SCC-3 0.92 0.91

3.2 Effect of shapes

The compressive strength test results for
different shape of moulds cubes and cylinders
are plotted as shown in figure-4. The best fit
linear equations without intercept (started from
zero) are added as a trend lines for the current
results. Equations relate compressive strength
of concrete measured on cubes to that
measured on cylinders for three mixture
proportions. It can be seen that strength of
cylinders were lower than strength of cubes of
the same corresponding size and for the same
mixture proportion. Moreover the conversion
factor also depended upon the strength grade of
concrete, which is represented by type of the
mix. The slope of the trended lines represents
the average value of the ratio of compressive
strength measured on cylindrical specimens to
that strength measured on cubes. Therefore the
slope is always less than 1 and called as
conversion factors, thus to convert from cubes
to cylinders , the following values as listed in
table-4 were determined to be multiplied by
strength on cubes.
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Table-4 correction factors taking the effect of shape
of specimens

Mixes  for small
specimens

for big specimens

fe vi(150X 300} mm

feyii100 x zo0) feur(150)mm

feun(100)
SCC-1 0.83 0.81
SCC-2 0.89 0.87
SCC-3 0.91 0.90

3.3. Discussion

It has been reported [5] that within the range
of sizes of specimens normally used, the effect
of size on strength is not large, but it is
significant and should not be ignored in work
of high accuracy or in research. Analysis of
numerous test data applied for normal type
concrete has suggested a general relation to
determine conversion factor as a function to the
shape and size of the specimen in terms of (

i + hd), where V = volume of specimen, h =
its height, and d = its least lateral dimension.

Conversion factor is defined as the ratio of
strength of concrete cylinder £, of any size to

the strength of cubes f..; of 150 mm size. The

relation has been confirmed also for high
strength concrete.

£ ose._ 0697
,:p = = . - —
fcu (152 —V E
— (5272t a)

To make the comparison between the equation
suggested and the analysis of current results, it
can be obtained that conversion factor
suggested by the equation equal to 0.84 to
convert from cylinders of size (100 X200) mm
to cube of size 150 mm, and equal to 0.81 to
convert from cylinder of size (150X300) mm to
cube of size 150 mm.

Analysis of current results proposes the
following conversion factors:

1. From cylinder (150X300) to cube of size

150 mm, for SCC and high strength SCC.

when the cylinder strength was 80MPa. It has
been reported that there is no simple relation
between the strength of the specimens of the
two shapes. The ratio of the strength of the
cylinder to the cube increase strongly with an
increase in strength 4 and is approximately
equal to (1) at strengths of more than
(100MPa.).

In the current results the average ratio of the
compressive strength of the cubes (f.,z.) IN

size 150 x 150 x 150 mm to the cubes of size
100 x 100 x 100 mm was 0.90 and the average
ratio of the compressive strength of the
cylinders (f,;) in size of 100 x 200 mm to the

cylinder of size 150 x 300 mm determined was
0.88. These results very close to the results
obtained by Hamad , who studied the effects of
size and shape of specimens on the
compressive strength of high performance
lightweight foamed concrete ,their ratios
determined and averaged were 0.909 for cubes
and 0.87 for cylindrical specimens.

50 Mpa. The cylinder/cube strength ratio rises
progressively, and was reaching (0.89).

g3 =0.90 for strength grade-3 or SCC-3

From cylinder (100X200) to cube of size 150
mm, for SCC and high strength SCC. 1=

0.95 for strength grade-1 or SCC-1
g2 =0.98 for strength grade-2 or SCC-2

¢@1=0.81 for strength of grade-1 or SCC-1
@2 = 0.87 for strength grade-2 or SCC-2
@2 = 0.99 for strength grade-2 or SCC-2

The (CEB-FIP Design Code)[15] gives a
similar table of equivalence strength, but above



71 Amen. D. etal. /ZJPAS: 2018, 30(1): 65-72

110.00 y =0.9183x
R2=0.8747

100.00
“
o
E} . 90.00 y=0.9113x
] R2=0.9337
o 2 80.00

4 Mix-
w2 y = 0.8829x mix-1
¢ £ 7000
> £ : RZ=0.8519 B mix-2
ﬁ o ,
E_ 2 60.00 mix-3
E
(o] 50.00 T T T
()
50 70 90 110
Compressive
strength of 100
_ 110.00
2z y=0.9112x
£ 10000 R? = 0.8044
-
Q
- 90.00
o E y=0.8951x
£ = 8000 - 2-0, ,
w O @ mix-1
5
v 70.00 .
7 X y=08372¢ W mix-2
O] 2=
2 3 60.00 0 ?QT;), mix-3
Z 2
v
v 50.00 ‘ . .
o
£ 50 70 90 110
O .
v Compressive strength
of 100 mm cubes

Figure-2 Relation between the compressive strength of
SCC for different shapes and sizes of testing specimens;
(A) tested by 150 mm cubes versus by 100 mm cubes; (
B) tested by cylinders (100 X 200) mm versus to that
tested by 100 mm cubes.

110.00
% 100.00 y-=0.914x
£ R? = 0.9487 /
Z 9000
“
c £

£ 80.00 y = 0.8879x

£ = N + mix-1
S 5000 R? =0.9452 ,
5 2 : B mix-2
% X 6000 miX=3—
v .| -
@ 2 y|=0.8625x
= = 50,00 EZ—:Q.Q.S‘Z,’
vl
o
a  40.00 : : ; |
g 40 60 80 100 120
(&)

Compressive strength of cylinder

Figure-3 Relation between the compressive strength of
SCC for different shapes and sizes of testing specimens;
(A) tested by 150 X 300 mm cylinders versus to the

_  110.00
B
£ 100.00 y=0-9069x
= RZ=0.898
“  90.00 Vs
s E
< ESU.OU y=0.8722x% & mix-1
9 R? =0.8398
S e 70.00 ! H mix-2
E >
© 60.00 .
g9 y: 0.8179x mix-3
2 5000 R°=
g
E 40.00 : . . |
S 40 60 80 100 120
Compressive strength of
150 mm cubes

strength tested by 100X 200 mm cylinders; ( B) tested
by cylinders (150 X 300) mm versus to that tested by
150 mm cube.

4. CONCLUSIONS

Based on the results of this study the following

conclusions can be drawn.

1. On average the ratio of compressive
strength of Self compacted concrete of 150
X 300 mm cylinders to 150 mm cubes was
0.86

2. On average the ratio of compressive
strength of self-compacted concrete of 100
X 200 mm cylinders to 150 mm cubes was
0.97

3. On average the ratio of compressive
strength of self-compacted concrete of 100
mm to 150 mm cubes was 1.10

4. On average the ratio of compressive
strength of self-compacted concrete of 100
X 200 mm to 150 X300 mm cylinders
was 1.13

5. The obtained results indicated that
increasing strength of concret

6. increased strength ratios of cylinders to
cubes regardless of size and increased
strength ratios of big specimens to that of
small specimens regardless of shape of
specimens.
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1. INTRODUCTION

Reinforced concrete deep beams are used as
load-distributing structural elements, such as
transfer girders pile caps, foundation walls, and
offshore structures. The shear strength evaluation
of reinforced concrete beams has been the
subject of several studies that aimed to determine
the influences of major parameters.  The
combination of stresses (bending and shear) in
the shear span results in inclined cracks, which
transform the beam into a tied arch. In general,
reinforced concrete deep beams should have
adequate shear reinforcement to prevent sudden
and brittle failure after the formation of diagonal
cracks, as well as to keep crack width at an

acceptable level. Shear force presents in beams
at sections at which bending moment changes
along the span; it is equal to the rate of change of
the bending moment.

Using of deep beam in construction sector
has increased due to its improved properties
compared to ordinary beams. Shear resistance is
one of most intensive area of research in deep
beams. To Estimate the shear resistance of
beams, researchers and standard codes have
specified different formula considering different
parameters into consideration. Choosing an
appropriate model for predicting shear resistance
of reinforced concrete deep beams was difficult
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because of disagreement between researchers
and different codes that considered too many
parameters. Therefore, an extensive research
work on shear behavior of deep beams casting
with different strength: normal strength concrete
(NSC), high performance concrete (HPC), and
high strength concrete (HSC), which is a
concrete with a specified compressive strength of
55MPa or greater (ACI, 2013a). HPC is a
concrete that meets special combinations of
performance and uniformity requirements that
cannot always be achieved routinely using
conventional constituent materials and normal
mixing, placing, and curing practices(ACl,
2013b).

The major researchers in this field include
(Bazant Z.P. , 1986), (Zsutty T.C., 1971), (Aziz
0.Q., 2014), (Yaseen S.A., 2016), and many
more. Estimation of shear resistance of different
strength deep beams is still controversial
therefore it’s a thrust area for research.

The shear failure of reinforced concrete
beams without web reinforcement is a distinctive
case of failure which depends on various
parameters such as shear span to effective depth
ratio, longitudinal tension steel ratio, aggregate
type, strength of concrete, type of loading, and
support conditions, etc. Most of the researchers
concluded that failure mode is strongly
dependent on the shear span to depth ratios (a/d).
Given the small span—depth ratio of a deep beam,
its strength is typically controlled by shear
strength rather than by flexural strength if the
normal amount of longitudinal reinforcement is
applied (Gaetano Russo, 2005, Shyh-Jiann H.,
2000). Several experimental studies have been
conducted to understand the various modes of
failure that could occur because of the possible
combination of shear and bending moments
acting at a given section. The main obstacle to
the shear problem is the large number of
parameters involved (Boris B., 1963, Dileep K.).

(Berg F. j., 1962), (Taylor R., 1960) study a
shear capacity of varied shear span to effective
depth ratio in Reinforced concrete beams.

(Sudheer Reddy L., 2011) studies evaluation of
shear resistance of high strength concrete beams
without web reinforcement using ANSYS.
(Fanning P., 2001) evaluated reinforced and post
tensioned concrete beams using the ANSYS.

The present study analysis twelve different
strength deep beam ANSYS model using finite
element analysis. One of the main advantages of
ANSYS is the integration of the three phases of
finite element analysis: preprocessing, solution,
and post-processing. Pre-processing routines in
ANSYS involve defining the model, boundary
conditions, and loadings. Displays may be
created interactively on a graphics terminal as
the data are entered to assist model verification.
Post-processing routines may be used to retrieve
analysis results in a variety of ways. Plots of the
deformed shape of a structure and stress or strain
contours can be obtained in the post-processing
stage. The analysis of the tested beams is carried
out in ‘ANSYS’ package considering perfect
bond between the tension reinforcement and the
surrounding concrete. The predicted results using
‘ANSYS’ model, have been compared with the
corresponding test data in (Yaseen S.A., 2016).

2. OBJECTIVES

i.  Study the shear response of concrete
beams without shear reinforcement by
taking the variables, compressive
strength (normal strength concrete, 40
MPa; high strength concrete, 60 MPa;
and high performance concrete, more
than 100MPa), shear span-to-depth
ratio (1, 1.5, 2, 2.5, and 3), and the
ratio of the amount of flexural steel bars
(1.35%, 2.40%, 3.76%, and 6.108%)
into consideration.

ii.  Develop and analyze different strength
concrete deep beam models in ANSYS
and compare the results with the
experimental data; and

3.FINITE ELEMENT MODEL
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REPRESENTATION

As mentioned previously, the ANSYS
computer program was used to analyze all the
tested beams. The finite element modeling and
analysis techniques used to simulate the behavior
of high performance reinforced concrete deep
beams are described following the element
definition in the aforementioned program. The
element types utilized to construct the FEM are
discussed below.

3.1. Finite element model of fiber reinforced
concrete

Concrete members consist of concrete and
steel fibers. The finite element idealization
should be able to represent concrete cracking,
crushing, and the interaction between concrete
and reinforcement. The interaction between the
two materials is needed to reduce crack growth
and the capability of concrete to transfer shear
stress after cracking via an aggregate interlock.
Three-dimensional elements are used to
investigate failures in which shear stress plays a
major role. A 3D solid element with eight nodes
was used to model the concrete (SOLID-65).
The element comprised eight corner nodes (Fig.
(1)), and each node had three degrees of freedom
(u, v, and win the x, vy, and z directions,
respectively). The element is capable of plastic
deformation, cracking in three orthogonal
directions, and crushing. The steel fibers used in
this study were straight steel wire fibers
(undeformed). The fibers showed an aspect ratio
(1/d) of 80, a nominal diameter of 0.2 mm, a
nominal length of 40 mm and the volume
fracture is V¢ =1%. Internal reinforcement
(flexural and shear stirrups) was modeled using
3-D spar elements (Link180), which allow the
elastic—plastic response of reinforcing bars
(ANSYS, 2011).

Figure (1): Three-dimensional eight-node
solid element

3.2. Finite element model of reinforcement
bars

The finite element modeling of steel
reinforcement can be realized with three
techniques (ANSYS, 2011), namely, discrete,
embedded, and smeared (distributed)
representations  (Fig. (2)). The steel
reinforcements (tensile, compressive, stirrups,
and dowel bars) were represented by using a
two-node discrete representation (LINK-8) and
were included within the properties of eight-
node solid elements. In general, reinforcement
bars are assumed capable of transmitting axial
forces only, and a perfect bond is assumed to
exist between the concrete and the reinforcing
bars.

To provide the perfect bond, this study
connected the link element for the steel
reinforcement bar between the nodes of each
adjacent concrete solid element such that the
two materials shared the same nodes. The
stress—strain curve of steel reinforcement for the
FEM was based on the actual stress—strain curve
obtained from the tensile tests.
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Figure (2): Reinforced concrete model
representations (a) Discrete; (b) Embedded;
and (c) Smeared

3.3. Steel plates

A12.5mm-thicksteel plate was added at the
support locations to avoid stress concentration
problems and to prevent the localized crushing of
concrete elements near the supporting points and
load application locations. These plates were
modeled by usingSolid185elements to ensure an
even stress distribution over the support area.
The element was defined with eight nodes, each
of which had three degrees of freedom and
translations in the nodal x, y, and z directions
(ANSYS, 2011).

4. MODELING OF MATERIAL
PROPERTIES

4.1. Stress-strain relationship model for
concrete

Concrete is a quasi-brittle material with
different compression and tension behaviors. It
is assumed to be homogeneous and initially
isotropic.  Figure (3) shows a typical stress—
strain curve for NWC (Desayi P., 1964).
However, this ideal stress—strain curve was not
used in the finite element material model because
the negative slope portion leads to convergence
problems.  The compressive uniaxial stress—
strain relationship for the concrete model was
obtained by using the following equations to
compute the multilinear isotropic stress—strain
curve of concrete (Bangash, 1989).

Ecsf N (1)
1+(£)
€o :ZE_,E (2)
_f
Ec _E (3)

f = Stressatanystraine

€ = Strainatstressf

&, = Strain at the ultimate compressive
strengthf;

Figure (4) shows the simplified compressive
uniaxial stress—strain relationship that was used
in this study. The simplified stress—strain curve
for each beam model comprises six points
connected by straight lines. The curve starts at
zero stress and strain. Point No.1 at 0.40f7% is
calculated from the stress—strain relationship of
the concrete in the linear range (Equation (3)).
Points No. 2, 3, and 4 are obtained from
Equation (1), in which eois calculated from
Equation (2). Point No. 5 is at gand f. In this
study, perfectly plastic behavior was assumed
after Point No. 5.

The behavior of normal concrete under
compression is illustrated in a typical uniaxial
stress-strain curve, as shown in Fig. 4, and
consists of two parts, linear and nonlinear. The
limit of the linear portion is defined as 30% of
the maximum compressive strength , the
modulus of elasticity (Ec) and Poisson’s ratio
(calculated from the linear portion). The
nonlinear elastic behaviors of concrete can be
defined by the multi-linear stress-strain
relationships, as illustrated in Fig. 3-4.

For concrete, ANSY'S requires input data for
material properties as follows: Elastic modulus
(Ec), Ultimate uniaxial compressive strength
(f’c), Ultimate uniaxial tensile strength (modulus
of rupture, fr), Poisson’s ratio (v), Shear transfer
coefficient (B), and the Compressive uniaxial
stress-strain relationship for concrete.

The elastic modulus (Ec), compressive
strength (f'c) and modulus of rupture (fr) were
obtained experimentally. Poisson’s ratio for the
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concrete was assumed to be 0.2 (67) for all four
beams. The default values used by the ANSYS
which was 0.001 (for values and type of
conversion  criteria). The shear transfer
coefficient represents conditions of the crack
face. The value of B ranges from 0 to 1, with 0
representing a smooth crack (complete loss of
shear transfer) and 1 representing a rough crack
(no loss of shear transfer).
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Figure (4): Simplified compressive uniaxial
stress — stain curve of concrete(Ac!. 2013b)

4.2. Geometry and FE modeling of HPC and
steel Reinforcement

All the tested beamsmeasured1,250 mm long and
had an overall cross section of 100 mm x 200
mm (effective depth d=167mm). All the tested
specimens were simply supported over a clear
span of 1,000mm. The tested beams were

divided into four groups. Figure (5) and Table
(1) present the properties and details of the tested
specimens 121, Half of the full beam was used
for modeling by taking advantage of the
symmetry of the beams. This approach reduced
computational time and computer disk space
requirements significantly.

5. MESHING

After the creation of volumes, a finite
element analysis requires meshing of the model.
In other words, the model is divided into a
number of small elements, and after loading,
stresses and strains are calculated at the
integration points of these small elements. In this
study, good results were obtained by setting up
the mesh such that square or rectangular
elements were created (Fig. (6)).

6. TEST MODEL AND EXPERIMENTAL
DATA

Figure (5): Detail of the tested specimens

Table 1- Detail of the Tested Specimens (Yaseen
S.A., 2016)



78 Aziz O. et al. /ZIJPAS: 2018, 30(1): 73-84

Beam designation | [(mm) a(mm) d |ad | owe Concrete type
Seriezl G11 1,000 334 167 | 2.00 | 6.108 NSC
Gl12 1,000 334 167 | 2.00 | 6.108 HSC
G13 1,000 334 167 | 2.00 | 6.108 H3C
Gl4 1,000 334 167 | 2.00 | 6.108 HPC
G13 1,000 334 167 | 2.00 | 6.108 HPC
Seriesl G21 1,000 167 167 | 1.00 | 6.108 HPC
G212 1,000 250 167 | 1.50 | 6.108 HPC
G213 1,000 418 167 | 2.30 | 6.108 HFC
G24 1,000 500 167 | 3.00 | 6.108 HPC
Series3 G31 668 334 167 | 2.00 | 6.108 HEC
G32 835 334 167 | 2.00 | 6.108 HeC
G33 1,169 334 167 | 2.00 | 6.108 HFC
G34 1,326 334 167 | 2.00 | 6.108 HEC
Seriesd G4l 1,000 334 167 |[2.00 ) 135 HeC
G421 1,000 334 167 | 200 | 24 HFC
G43 1,000 334 167 | 2.00 | 3.76 HEC

Use 2-23mm as main reinforcement. b= 100mm, d= 167mm for series 1,2, and 3.

F_Tse 2-12, 2-16, and 2-20 mm as main reinforcement. b= 100mm_ d= 167mm for zeries 4.

7. SETTING OF BOUNDARY
CONDITIONS AND LOADING POINTS

The best simulation model can be created
when the actual boundary conditions used in the
modeling act in the same way as the
experimental tested beam. Displacement
boundary conditions are needed to constrain the
model and obtain a unique solution. The model
being used is symmetrical about one plane. The
boundary conditions for both the support and
planes of symmetry are shown in Figure (6).
The boundary conditions need to be applied at
points of symmetry and at points where support
and loading exist.

A vertical plane through the beam center at
the mid-span defines the section of the plane of
symmetry. To model the symmetry, nodes in
this plane must be constrained in the longitudinal
direction.  Therefore, in this study, the
displacements were set as zero in the plane along
the Xdirection, (UX = 0). The support was
modeled such that that a roller was created. A
single line of nodes on the plate was given a
constraint in the Y and Z directions, a
displacement value of zero (UY=0, UZ=0) was
applied. Thus, the beam was allowed to rotate at
the support. Force P was applied across the
entire nodes of the steel plate.

Figure (6): Typical steel reinforcement
locations for the half-size beams

8. PREDICTED RESULTS FROM THE
FINITE ELEMENT MODEL (FEM)
The results from the ANSYS-FEM include

the following:
1. Ultimate load capacity and failure modes
2. Ultimate  shear stress and  strain
distribution

3. First shear and flexural cracking loads
4. Load deflection curve
5. Pattern of propagating cracks

9. ULTIMATE LOAD CAPACITY
(FAILURE LOAD)

The theoretical ultimate load capacity
(which was considered the last converged load in
the FEM analysis) and the mode of failure for all
the tested beams are listed in Table (2) and
shown in Figures (7) and (8). The figures
explain half of the loaded beam according to the
symmetry section. Thus, one support and a
loading point appear to show a failure region
between the two points (loading point at the top
and supporting point at the bottom of the beam).

The predicted load shows good agreement
with the experimental results. The overall
percentage of the experimental load to the
predicated load (ANSYS model) was100%,
thereby indicating indicates the perfect
calibration of the ANSYS-FEM to perform the
simulations close to reality.
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NCODAL SOLUTIQN ANSYS
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Figure (7): Shear compressive failure mode
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Figure (8): Diagonal tension failure mode

10. MAXIMUM SHEAR STRESS AND
STRAIN INTENSITY

The maximum shear stress for all the tested
beams is shown in Table (2). The maximum
shear stress was considered as the (XY) shear
stress at the last converged iteration before
failure.

The overall theoretical results were higher
than those from the experimental work by
approximately 1%. The stress distribution across
the side surface of the beam specimen (G3-4)
shown in Figure (9) exhibited a maximum shear
stress of 17.24MPa. The strain intensity for the
beam specimen (G3-4) is shown in Figure (10),
which clearly depicts the likelihood of diagonal
tension failure.

NCODAT. SOLUTIG I\’JE;‘(E;
R16.2

STEEP=1

SUB =23 MAR 26 2016

TIME=273 22:53:32

SXY

REY3=0

DMX =6.38682
SMN =-44.9563
SMx =38.1681

— _
-44.9563  -26.4842 -8.01212 10.4§ 28.932

-35.7202 -17.2482 1.22352 19.696 38.1681

34
Figure (9): Shear stress distribution for beam
(G34)
. ANSYS
NCDATL SCOLUT R16.2
STEP=1
suB =23 MAR 26 2016
TIME=273 22:53:26
EPTCXY
RSY3=0
DMK =6.3868
SMN =-.0265%

SM¥ =.003013

T | ’
-.026535 -.020016 -.013436 -.006356 WP2TGE-03

i -.023305 -.016726 -.010146 -.003566 .003013
G34

Figure (10): Strain intensity for beam (G34)

11. FIRST CRACKING LOAD

The theoretical first (shear or flexural)
cracking load is the load step where the first
signs of cracking occur in concrete elements.
Cracking became visible on the sides of the
beam at 23%-33% of the ultimate load in the
experimental data and at 19%-29% in the
prediction model. As expected, this cracking
consisted of inclined cracks in a region of shear
load. The result of the first cracking load for the
tested beams in the predicted model was
compared with that from the experimental data,
as shown in Table (2). The ratio of comparison
between the experimental results and the
predicted results was 108% for shear load and
111% for flexural load. The load needed in the
first crack in the experimental data results was
greater than that obtained by the predicted
model.  This outcome can be explained as
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follows. The experimental cracking load is the
load at which the first visible crack (shear or
flexural) appeared, where as the theoretical
cracking load is the load step in which one of the
principal stresses in the concrete element reached
the maximum limit.

12. LOAD-DEFLECTION CURVES

In the experimental beams, direct current
displacement transducers were used to measure
the deflections at mid-span at the center of the
bottom face of the beams. In the ANSYS-FEM,
mid-span deflection was calculated at the same
location as that for the experimental beam. The
load-deflection curves from the FEM and the
experimental results for the beam specimens
(G1-5), (G2-3), (G3-4), and (G4-3) are shown
in Figures (11), (12), (13), and (14),
respectively.

The graph shows that the load-taking
capacity of the specimen in the predicted model
was slightly greater than that of the experimental
data for all the beam specimens. As a result, the
predicted load-deflection curves show good
agreement with those in the experimental work.
The deflection capacity was improved in the
model, and the cracks were reduced in all
modeled specimens. The ANSYS model results
were stiffer than the experimental results
possibly because of the following:

1-The non-consideration of the
micro-cracks in concrete (because of
drying shrinkage)

2-The bond slip of the reinforcement
and the assumed perfect bond between
the concrete and the reinforcement bar in
the FEM, which may not be true for
actual beams

3-The first cracking loads obtained
from the ANSYS-FEM being lower than
those from the experimental results in the
pre-cracking stages.

Considering Load-Deformation response,
there is some discrepancy at the early stages;

However, the overall trend of the
ANSYS response is corresponding the
experimental results.
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Figure (11): Experimental and predicted load-
deflection curve for beam G2-3
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13. CRACK PATTERN

The ANSYS program records a crack
pattern at each applied load step. A cracking
sign represented by a circle appears when a
principal tensile stress exceeds the ultimate
tensile strength of concrete. The cracking sign
appears perpendicular to the direction of the
principal stress. In general, flexural cracks
occur early at mid-span. When applied loads
increase, vertical flexural cracks spread
horizontally from the mid-span to the support.
At a high applied load, diagonal tensile cracks
appear. Increasing the applied load induces
additional diagonal and flexural cracks. Given
that the model is a shear beam model (deep
beam), no compressive cracks appeared
underneath the loading location.

An example of the predicted flexural crack
pattern is shown in Figure (15) for beam (G1-1),
and the predicted shear crack pattern is shown in
Figures (16) and (17) for beams (G1-1) and (G1-
2). The stress vector pattern was obtained from
the solution of beam (G1-2). The amount of
cracks from the ANSYS-FEM analysis is greater
than that observed in the experimental test. No
more than three cracks can be predicted in each
Solid65 element for the FEM. Therefore, the
amount of cracks shown is affected by the size of
the mesh. Using a large mesh size for Solid65

elements would result in few elements and
minimal cracks, whereas using a small mesh size
would result in the opposite conditions.



82 Aziz O. et al. /ZJPAS: 2018, 30(1): 73-84
Table 2- Experimental and Predicted First Cracking Load, Ultimate Load Capacity,
Ultimate Shear Stress, and Mode of Failure for All Tested Specimens
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Gl-1 | 43 | 43 | 393 [ 109 | 51 | 452 | 113 | 130 | 1325| 9% | 3.8 | 397 | 98 Diagonal Diagonal
Gl2 | 61 | 51 | 465 [ 110 90 | 825 | 109 | 201 |2008 | 100 | 6.0 | 6.01 | 100 Diagonal Diagonal
Gl3 | 79 | 52 | 51.8 | 100 | 104 | 904 | 115 | 264 | 2589 | 102 | 79 | 7.75 | 102 Diagonal Diagonal
Gld4 | 100 | 33 | 563 | 04 | 90 | ®12 | 111 | 311 |3118| 100 | 93 | 934 | 100 Diagonal Diagonal
Gl-5 | 119 | 3 604 | 91 | 97 | 88.7 | 109 | 3453384 | 102 | 10. | 10.13 | 102 Diagonal Diagonal
G2-1 | 97 | 117 | 1028 | 114 | 160 | 137. | 116 | 716 | 698.5 | 103 | 21. | 2091 | 103 Diagonal Diagonal
G222 | 101 | &8 | 81.3 | 108 | 120 | 106. | 112 | 520 | 5315 | 98 15. | 1591 | 238 Diagonal Diagonal
G2-3 | 101 | 44 | 402 | 109 | 44 | 423 | 104 | 241 | 2304 | 101 | 7.2 | 7.17 | 100 Diagonal Diagonal
G2-4 | 101 | 48 | 446 | 108 | 48 | 446 | 108 | 145 | 14290 | 101 | 43 | 428 | 101 Diagonal Diagonal
G3a1 | 101 | 47 | 394 | 119| 8 | 704 | 118 | 380 | 37809 | 100 | 11 | 1134|100 Diagonal Diagonal
G32 | 101 | 30 | 446 | 112 70 | 61.8 | 113 | 340 | 3426 | 00 10. | 1026 | 99 Diagonal Diagonal
G333 | 101 | 48 | 435 | 110 | 44 | 385 | 114 | 284 | 2848 | 100 | &35 | 853 | 100 Diagonal Diagonal
Gi4 | 122 | 48 | 423 [ 113 | 50 | 441 | 113 | 273 | 2601 | 101 | 81 | 806 | 101 Diagonal Diagonal
G4-1 | 122 | 49 | 468 [ 105| 73 | 698 | 105 | 170 | 1715 | 99 | 3.0 | 513 | 99 Diagonal Diagonal
G42 | 122 | 49 | 474 | 103 | 74 | 714 | 104 | 225 | 22586 | 100 | 67 | 675 | 100 Diagonal Diagonal
G43 | 118 | 60 | 492 | 122 %0 | 756 | 106 | 257 | 2506 | 9o | 76 | 7.77 | 99 Diagonal Diagonal
Average 108 111 100 100
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Thus, the cracks shown as contours of the point
at which the tensile stress exceeds the tensile
strength of concrete are appropriate to consider.
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Figure (15): Flexural crack pattern for beam
(G1-1)
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Figure (16): Shear crack pattern for beam
(G1-1)

CRASRS AND CRUSHING ANSYS
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R16.2|

Figure (17): Shear crack pattern for beam
(G1-2)

ANSYS|

R16.2|
ocT 5 2016
22:53:47

:::::
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Figure (18): Stress vector pattern for beam
(G1-2)

14. CONCLUSIONS

The following conclusions can be derived
from the predicted models based on FEM:

1. The ultimate final deflection, load-
deflection curves, and mode of failure predicted
with the FEM show good agreement with the
experimental results.

2. The effect of additional variables, such

as loading type, the value of (%) and the main
reinforcement ratio, on the shear behavior of
high performance reinforced concrete deep
beams was considered in the FEM.

3. The experimental/predicted failure loads
for all the tested beams were within 100%,
whereas the FEM seemed stiffer than the
experimental model during loading. This result
is due to the absence of micro-cracks in the FEM
and the assumed perfect bond between the
concrete and the reinforcement bar.

4. The first (shear and flexural) cracking
load predicted with the FEM for all the tested
beams was lower than that from the experimental
works tested with 108% shear load and 111%
flexural load). The experimental first cracking
load is the load at which the first visible crack
(shear or flexural) appeared, where as the
theoretical cracking load is the load step at which
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one of the principal stresses in the concrete
element reached the maximum limit.

5. The number of cracks in the FEM was
greater than that observed in the experimental
test because the amount of cracks shown is
affected by the size of the mesh used.

6. The predicted crack pattern can be
considered contours of points at which the
tensile stress exceeds the tensile strength of
concrete instead of as indicators of the number of
cracks, crack spacing, or crack width.

7. The predicted ultimate shear stresses
were higher than those from the experimental
work by approximately 1% for all the tested
beams.

8. The predicted shear stress intensity from
the FEM can be used to study the shear stress
distribution along the deep beam depth in
various loading stages.
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Thyroid malignant tumors are common endocrine cancers that increased in
incidence worldwide during the last decade. The disease recurrence is high, despite
the death rate due to thyroid cancer is low. The etiology of thyroid cancer is still
controversial, however, numerous genetic alterations in various thyroid tumors
have been identified. Mutations in a gene encoding folic acid metabolizing
enzyme, (Methyl Tetra Hydro Folate Reductase), named as (MTHFR), particularly
the single nucleotide polymorphism MTHFR C677T has attracted our concern as a
potential cause implicated in thyroid cancer. Formalin-fixed paraffin-embedded
(FFPE) thyroid specimens with papillary carcinoma of 52 patients (18 male and 34
female) were donated kindly by Duhok histopathologic laboratories (Health
Central laboratory). A group of 55 apparently healthy subjects were recruited (30
male and 25 female), after getting their formal consent. The DNA was isolated
from both of the FFPE thyroid specimens of the patients and the venous blood
samples of the healthy controls. The MTHFR polymorphism C677T was examined
using the PCR-RFLP method using Hinfl restriction enzyme. The thyroid cancer
group consisted of 18 (34.6%) males and 34 (65.4 %) females, their age mean was
42.41 years. The cases were 3 (5.8%) anaplastic carcinoma, 43 (82.7%) papillary
carcinoma, 4 (7.7%) follicular carcinoma and 2 (3.8%) medullary carcinoma. The
control group consisted of 30 (54.5%) males and 25 (45.5%) females, their age
mean was 43.6 years. The frequency of MTHFR C677T (CC, CT) heterozygous
and TT homozygous variants among 52 thyroid cancer patients were 59.6%, 15.4%
and 25% respectively, and the CT +TT combined variants were 40.4%. There was
statistical significant difference between the MTHFR CC wild genotype and
MTHFRC677T (CT,TT) variants. Among the 55 healthy controls, the MTHFR
C677T genotype variants frequency of CC, CT heterozygous and TT homozygous
were 85.%, 3.6% and 10.9% respectively, and the frequency of combined CT
heterozygous +TT homozygous variants among the healthy controls was 14.5%. In
conclusion, our results did not support a statistical association of the MTHFR
C677T gene polymorphism variants with the risk of developing thyroid cancer
neither with gender nor age adjustment.



http://dx.doi.org/10.21271/ZJPAS.30.1.9
mailto:dr.ahmed@uod.ac

86 Zuhdi .S. et al. /ZJPAS: 2018, 30(1): 85-94

1. INTRODUCTION

Thyroid cancer is a common
endocrine  malignancy that has rapidly
increased in global incidence in recent decades,
it forms 1-10% of all cancers in women, 1-3%
in men and about 1.4% in children (Jamil et
al.,2011; Howlader et al.,2012). In lIraqg, the
prevalence of thyroid cancer is 1.01/100,000.
In Kurdistan Region-Irag, thyroid cancer crude
rates reported during 2007, 2008 and 2009
periods ranged from 0.28-0.57/100,0005
(Othman et al., 2011; World health
organization WHO,2004; Othman, 2011). The
recurrence rate of the disease is relatively high,
but the death rate among thyroid cancer
patients is low (Tuttle et al.,2010). Several
histopathological types with various cellular
origins and characteristics with prognostic
importance are defined to be associated with
thyroid cancer. (DelLellis et al.,2004 ), those
cells are of two types, follicular thyroid cells
and parafollicular C cells, and thyroid cancer
cells are derived from them. The majority of
malignant thyroid tumors are derived from
follicular thyroid cells which include -
anaplastic thyroid cancer, papillary thyroid
cancer, follicular thyroid cancer, and poorly
differentiated thyroid cancer, where as
parafollicular C cell-derived medullary thyroid
cancer (MTC) has a small proportion among
thyroid malignancies( Howlader et al.,2012).

The exact cause of thyroid malignancies is yet
unknown, but ionizing radiation could be
regarded as the most verified cause of thyroid
cancer, specifically when radiation exposure
happens at younger ages, also iodine deficiency
in diet has been found to be linked to this type
of pathology (Ron et al., 1995; Lund et al.,
1999). Molecular genetic changes that have a
crucial role in the tumor formation of different
thyroid cancers have been reported. The
T1799A transverse point mutation of BRAF
gene is an example of a mutated gene that

encodes BRAF-V600E mutant protein that
leads to the activation of the serine/threonine
kinase signaling pathway constitutively (Cohen
et al., 2003;Fukushima et
al.,2003). BRAFV®%%E mytation ~ occurs  in
approximately 45% of PTCs (Xing M, 2005).
Few other rare mutations in BRAF gene are
reported in papillary thyroid cancer that affect
nucleotides around codon 600, which activate
the BRAF serine/threonine kinase pathway
constitutively (Hou P, 2007; Trovisco et al.,
2005). RAS mutations are the second in the
prevalence related to BRAF mutations
associated with thyroid cancer. The other genes
that are identified to be implicated in thyroid
tumor-genesis are  p-catenin  (CTNNB1)
(Garcia-Rostan et al., 1999 ; Garcia- Rostan et
al., 2001), TP53(Fagin et al., 1993; Donghi et
al., 1993), isocitrate dehydrogenase 1 (IDH1)
(Murugan et al., 2010; Hemerly et al., 2010),
anaplastic lymphoma kinase (ALK) (Murugan
et al, 2011)and epidermal growth factor
receptor (EGFR) (Murugan, Dong J et al.,
2011).t has also been suggested that
individuals possessing a modified ability to
metabolize carcinogens are at increased risk of
cancer (Laverdiere et al, 2002; Matsuo et al,
2004). A gene encoding folic acid
metabolizing enzyme,
methylenetetrahydrofolate reductase MTHFR
C677T mutation has attracted our concern as a
potential cause implicated in thyroid cancer.
The balances the pool of folate coenzymes is
controlled by the MTHFR enzyme, which is a
fundamental enzyme in the DNA synthesis
and methylation, both processes are found to be
implicated in carcinogenesis of many types of
cancers. Studies concerning the MTHFR gene
polymorphisms have suggested that the low
activity of folate metabolizing enzyme is
regarded as risk factor in carcinogenesis
(Laverdiere et al, 2002; Matsuo et al, 2004).
The MTHFR gene is located on chromosome
1p36.3 and gathers a 2 Kbp coding site with
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eleven exons (Langevin et al, 2009). It plays an
important role in the regulation of cellular
methylation by assisting the conversion of 5,
10- methylene tetrahydro folate to 5-
methyltetrahydrofolate (Lee et al, 2004), the
latter aids in the remethylation of homocysteine
to de novo methionine (Macis et al, 2007),
which serves as a precursor for the S-
adenosylmethionine, a universal methyl donor
for methylation reactions (Hosseini et al,
2011). Low dietary folate intake, decreased
metabolism with no auxiliary folate intake
might results in broken DNA molecules,
increasing the mutagenesis rate and changes in
the methylation profile of the DNA, in turn,
affect the expression pathways of many genes
(Kotsopoulos et al, 2008; Chou et al, 2006).So
far, there is a controversy over the association
between MTHFR C677T mutation with the
PTC. Furthermore, very few works have
studied this gene mutation in PTCs. In our
study, we attempted to analyze the relationship
between MTHFR C677T mutation and PTCs in
Duhok city population.

2. MATERIALS AND METHODS
2.1. Subjects and methods

This case control study has been conducted
in Duhok Medical Research Center (DMRC) at
the college of medicine, university of Duhok,
Kurdistan region-lrag. The readily formalin-
fixed paraffin-embedded thyroid specimens
containing papillary carcinoma of 52 patients
(18 male and 34 female)were donated kindly
by Duhok histopathologic laboratories (Health
Central laboratory). The specimens were
belonging to thyroid cancer patients that were
diagnosed between the period of May 2011 and
August 2015, and they have received no prior
therapy at the time of biopsy taking. All of the
histopathological diagnoses and thyroid tumor
staging was conducted previously by Pity et

al(2015),briefly, a tissue section of four
micron-thick was taken from each tumor
specimen, stained with Hematoxylin and Eosin
(H&E) for microscopic histopathologic
diagnosis (Pity et al, 2015).DNA was extracted
from the tissue sections using (Qiagen Kit-
USA) according to the manufacturer
instructions. The DNA concentration and
purity was measured with the use of nanodrop
spectrophotometer. For the control group, a
group of 55 apparently healthy subjects were
recruited (30 male and 25 female), after getting
their formal consent, a sample of 5 milliliter of
venous blood was collected from each and the
DNA was extracted from each sample. For the
MTHFR gene polymorphism study, the
MTHFR C677T was genotyped using the PCR-
RFLP method according to Frosst et al
(1995)with minor modifications. The primers
targeting the MTHFR gene sequence flanking
the regions close to C677T mutation prone
point were designed with the help of NCBI
software and provided by (Jena Bioscience,
Germany), the primers were forward ( 5’
GCCTCTCCTGACTGTCATCC3?) and
reverse 5°’GGAGCTTATGGGCTCTCCTG3”).
PCR of 14.4pul volume was conducted in 0.5
mL size PCR tubes consisting of 10 pl ready
to use PCR master mix from Applied
Bioscience, (containing Taq polymerase,
dNTPs and PCR buffer), 0.8 pl each of the
forward and reverse primers and 2.8 ul (40-60
ng) of genomic DNA from each sample. The
PCR thermal cycling has been carried out in a
thermal cycler (Applied bioscience) according
to Abdul K. Siraj et al. 2008 with a few
modifications, briefly the thermal conditions
and cycling durations composed of:
denaturation at 95°C for 5 minutes, followed
by 40 cycles, denaturation at 95°C for 30
seconds, annealing at 66°C for 30 seconds,
extension at 72°C for 30seconds, and a final
extension at 72°C for 7 minutes(Abdul K. Siraj
et al. 2008). The PCR products were digested
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with Hinfl restriction enzyme in a total volume
of 15.52ul consisted of: 14.4 pl PCR product, 1
pl restriction buffer (Promega, USA), 0.12 pl
bovine serum albumin and 0.2 pl Hinfl
restriction  enzyme  (Jena  Bioscience,
Germany). The digestion mix was incubated at
37 °C for 24 hours in a shaking water bath.
The DNA fragments resulted from Hinfl
enzymatic digestion were separated on a 2.0%
agarose gel electrophoresis and observed by
UV light.

2.2. Statistical analysis

Unpaired Student’s t test was used to
compare the differences of genotype and allelic
frequencies between the cases and controls.
The odds ratio and 95% confidence interval
was depended to provide a measure for the
strength of association. The SPSS statistical
package (version 11.0)was used to calculate all
of the statistical analyses at significant p
value< 0.05 (Abdul K. Siraj et al. 2008).

3. RESULTS AND DISCUSSION

Study population characteristics are shown
in Table 1. In this study, a total of 52 thyroid
cancer cases and 55 healthy controls are
involved. The thyroid cancer cases consisted of
18 (34.6%) males and 34 (65.4 %) females,
their age mean was 42.41 years with age
median of 41 years. The cases were 3 (5.8%)
anaplastic carcinoma, 43 (82.7%) papillary
carcinoma, 4 (7.7%) follicular carcinoma and 2
(3.8%) medullary carcinoma. The control
group consisted of 30 (54.5%) males and 25
(45.5%) females, their age mean was 43.6
years. There was no significant difference (p
value > 0.05) between the age means of both of
the thyroid cancer group and the control group.
There was statistically significant effect of
gender on the rate of thyroid cancer cases, the
female rate was significantly higher than the

male thyroid cancer cases. The oligonucleotide
primers used in the current study that target the
MTHFR gene are producing a 254 base pair
DNA band on agarose gel, for the RFLP, the
hinfl restriction enzyme cuts the PCR products
and yields two DNA bands on agarose gel with
147 and 107 bp size (figure 1).

The distribution of MTHFR C677T
genotypes among the thyroid cancer patients
and the healthy controls groups is shown in
table 2. The frequency of MTHFR (C677T)
CC, CT heterozygous and TT homozygous
variants among thyroid cancer patients were
59.6%, 15.4% and 25% respectively, and the
CT +TT combined variants were 40.4%. There
was statistical significant difference between
the MTHFR CC variants and MTHFRC677T
(CT,TT) variants (P < 0.005)

Table 2 also shows the distributions for
MTHFR C677T genotype variants among
healthy control group, the frequency of CC,
CT heterozygous and TT homozygous variants
was 85.%, 3.6% and 10.9% respectively, and
the frequency of combined CT heterozygous
+TT homozygous variants among the healthy
controls was 14.5%. Using unpaired Student’s
t test, the odds ratio (Ors) and confidence
intervals (Cls) to analyze the effect of CT
genotype on the frequency of thyroid cancer
frequency, it is shown that CT genotype has
affected the frequency of the thyroid cancer
cases among the case group, however the
effected did not reach the statistical
significance (OR =10.9; 95% CI = 0.3-2.6; t test
= 0.13; P = 0.89). Comparing the TT genotype
variants between the disease group and the
healthy control group, there was statistically no
effect of the MTHFR C677T (TT genotype)
mutation on the rate of the disease in the
thyroid cancer group compare to the healthy
group ((OR = 1.6; 95% CI = 0.6-4.45; t test =
1.02; P = 0.29). Comparison of the overall
CT+TT combination genotype variants in
thyroid cancer group with those in the healthy
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control group, it is found that there was no
significant effect of MTHFR C677T mutation
on the frequency of thyroid cancer in the case
group (OR = 1.3; 95% CI = 0.6-2.8; t test =
0.6; P =0.533).

The frequency of the MTHFR C677T
mutation (CT and TT genotypes) distribution
regarding the gender in both the thyroid cancer
and the healthy group is shown in table 3. In
thyroid cancer group, the frequency of MTHFR
C677T (CT,TT) in the females and males was
57.1% and 42.9% respectively, and in the
healthy control group it was 47.4% in the
females and 52.6% in the males. The unpaired
Student’s t test showed that there was no
significant difference between both of the
groups regarding gender, also there was no
significant effect of gender on the frequency of
MTHFR C677T in the same group.

The present case-control study that has
been conducted on 52 thyroid cancer patients
and 55 healthy controls, to the best of our
knowledge, this the first study that examines
the association between the thyroid cancer and
MTHFR C677T polymorphism in Kurdistan
region. Our findings demonstrate a significant
effect of the gender on the rate of thyroid
cancer among the patients group, there was a
statistical significant difference between the
males and female developed thyroid cancer,
since the female rate of the disease was higher
significantly among the disease group.
Thyroid cancer is the most common
malignancy of the endocrine system and the
seventh most common malignancy in women
(Ortega et al, 2004). Our results are consistent
with the overall database of the incidence of
thyroid cancer across different geographic and
ethnic populations (Curado et al, 2007). The
histologic subtypes of thyroid cancer are
affected by gender variation. Anaplastic
thyroid cancer and medullary thyroid cancer,
which are the most aggressive types of thyroid

cancer, are shown to have similar rates of
incidence in men and women. Although,
differentiated thyroid cancer such as follicular
thyroid cancer and papillary thyroid cancer, are
found to be more common in woman, since, the
fluctuation of sex hormones during a woman’s
menstrual cycle and pregnancy has been
hypothesized as the reason for the gender
disparity in papillary thyroid cancer. In
particular, the peak incidence of papillary
thyroid cancer has been observed in women
aged 40-49 vyears, this being the age group at
which  most women approach or enter
menopause ( Ortega J. et al, 2004; Kilfoy BA.
et al, 2009).

. Other researchers have found that this
disparity in gender is age-dependant, when
women are found to have an earlier age of
thyroid cancer onset but in men it is more
aggressive at diagnosis. Moreover, in many
studies, male gender is associated with a lower
survival rate and higher mortality ( Gilliland et
al, 1997; Kilfoy et al,2009). Also in the
present study, we found no significant
contribution of MTHFR C677T  (CT+TT
variants) mutation in thyroid cancer in the
disease group, since the MTHFR wild type CC
genotype rate (59.6%) was significantly higher
than the mutated CT, TT variants rate (40.4%).
These results are in consistent with the results
obtained by Abdul K. et al (2008) when they
found that MTHFR polymorphism is of no
importance to the thyroid cancer (Abdul K.
Siraj et al. 2008). From the current results, it
seems that subjects with MTHFR C677T single
nucleotide mutation have about 1.5 times less
risk getting thyroid cancer than those with the
wild genotype of MTHFR (CC). Comparing
our results with those obtained by others who
investigated the association of MTHFR C677T
polymorphism with other various tumors, they
are consistent to an extent that no one strictly
confirmed the association of the MTHFR
C677T with thyroid cancer development. In an
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Indian Caucasian population study, it has been
shown that individuals with 677 C>T
substitution in the MTHFR gene have a 3.5 fold
lower risk of breast cancer (OR = 3.41, 95%ClI
= 3.1-3.7, P<0.02) (Mir et al, 2008). Also Cui
et al (2011) found that the co- existence of 677
TT homozygous with 677 CT heterozygous of
MTHFR shown to confer a protection effect
against the risk of squamous cell carcinoma
(Cui et al, 2011). But in some other studies, the
lack of association between MTHFR variants
and the risk of breast cancer has been reported
in south Indian populations (Kalyankumar et
al, 2006; Alberg et al, 2000). Furthermore, Cui
et al (2011) found that the MTHFR 677 CT and
TT variants conferred a weak protection from
lung cancer (Cui et al, 2011). Also, there are
conflicting data  regarding the role
of MTHFR in cervical cancer susceptibility and
presentation of cervical cancer have been
reported by series of case-control studies
(Prasad et al, 2011; Kohaar et al, 2010;
Nandan et al, 2008; Zoodsma et al, 2005;
Lambropoulos et al, 2003). In table 3, the
gender adjusted differences between both the
thyroid cancer group and the healthy control
group, there was no significant difference
regarding the MTHFR C677T genotypes
between both genders in both groups, in
contrast to the findings in the current study a
meta analysis conducted by Yan et al (2014),
they found that MTHFR C677T polymorphism
is associated with thyroid cancer both in
Caucasians and Asians (Yan et al, 2014), this
could be due to the larger population size they

compared in many studies as a meta analysis.
Worldwide studies have emphasized that folate
levels exerts a protective role in a different
cancers. Based on the importance of MTHFR in
maintaining the level of folate, the MTHFR
C677T variants  polymorphism  has  been
explored in various types of cancer, included
colorectal, thyroid, breast, ovarian, and cervical
cancer (Prasad et al, 2011). Overall, our results
did not support a statistical association of the
MTHFR C677T polymorphism with the risk of
developing thyroid cancer neither gender
association with the gene variants, other
researchers also stated that the MTHFR C677T
is not a potential risk factor for developing
thyroid cancer, also Parsad et al (2011) stated
that the C677T mutation in the MTHFR gene
plays as a risk factor for colorectal cancer but
not the cervical, thyroid, and breast cancers and
the variants are not gender-specific (Prasad et
al, 2011). The small sample size investigated in
this study is a limitation that could be affecting
on the discrepancy of the results. Moreover,
further studies with larger sample size of
different populations are necessary to
investigate the molecular contribution of
MTHFR polymorphism in the thyroid cancer
molecular pathology and its association with
age and gender.
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Tablel. Characteristics of the study population

Male Female Age range Age mean Age median
(year) (Year) (Year)
Thyroid cancer cases ( n=52) 18(34.6%) 34(65.4%) 19-72 42.41 41

Anaplastic carcinoma 3 (5.8%) 1(33.3%) 2 (66.7%)

Papillary carcinoma  43(82.7%) 14(26.9%) 29(55.8%)

Follicular carcinoma 4 (7.7%) 1(1.9%) 3 (5.8%)

Medullary carcinoma 2 (3.8%) 2(3.8%) 0(0.0%)
Healthy Controls 30(54.5%) 25(45.5%) 20-70 43.6 43
(n=55)

Table2. MTHFR C677T distribution and their genotype (CT, TT and CT+TT) association with thyroid cancer

MTHFR C677T Thyroid cancer n (%) Control n (%)
CC (Wild type) 31 (59.6%) 36 (65.5%)
CT (Heterozygous) 8 (15.4%) 10 (18.2%)
TT (Homozygous) 13 (25%) 9 (16.3%)
CT+TT combination 21 (40.4%) 19 (34%)

Table3. Gender association with MTHFR C677T in thyroid cancer and controls

Group MTHFR C677T (CT, TT genotypes) n(%o)
Thyroid cancer group (n=52):

- Females 12 (57.1%)

- Males 9 (42.9%)
Healthy control group (n=55):

- Females 9 (47.4%)

- Males 10 (52.69)

Fig.1: PCR- RFLP analysis: An agarose gel electrophoresis (2%) illustrating restricted fragments of MTHFR
polymorphism (C677T). Lanel: 100 bp DNA ladder. Lane 2,4,5,7, 8 and 9 (254 bp fragment): MTHFR C/C wild genotype.
Lane 3 (147 & 107 bp): MTHFR T/T homozygous genotype. Lane 6 (257, 147 & 107 bp): MTHFR C/T heterozygous
genotype.
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4. CONCLUSIONS Conflict of Interest

Our results in the present study did not Nothing to declare.

support a statistical association of the MTHFR
C677T gene polymorphism variants with the

risk of developing thyroid cancer neither
with gender nor age adjustment.
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