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Perception of the Sustainable Development Concepts of Two Public Officials’
Levels

Abstract

"Sustainable Development” relies on three basic pillars (society, environment, and economy) that
integrate to transform the traditional growth to a non-stop, renewed, and escalating development.
Sustainable Development requires a clear vision for the paths of development based on a kind of sound
planning that is aware of the challenges, inferring the substantial role of leaderships and specialized
cadres in the; application and promotion of the concepts of sustainable development in order to develop
a clear vision and to achieve a distinct level of developmental achievements that are able to comply
with the raising issues and flexible enough to overcome the internal, external, and natural challenges.
This paper demonstrates the knowledge-shortage on sustainable development of most of the
government officials in spite of their long civil service history and academic qualifications, and their
readiness to upgrade their potentials on the concepts and fundamentals of sustainable development, and
the need to take the necessary measures to deepen the concepts of sustainable development through
education to ensure its application in the planning and management of green growth policies.
Keywords: sustainable development | government officials' cadre | sustainable development goals |
education for sustainable development | triple partnership | strategic planning.
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Baghdadi Chanacheel in Designing Textile Pendants

Abstract

The neighbourhoods aesthetic values Architectural House Baghdadi traditional "Aelchenachel” and
representation in the designs pendants textile content of a modern, creative, made him a window of
communication deserves study and research details, function on the character and identity and assets,
where the methodological framework importance of research and the need for him, and goal came
"study pillars architectural Baghdadiya and employment in the textile designs pendants locally
produced. " This included the theoretical side: First _ architectural Baghdadi. Secondly _ technical
characteristics in textile design pendants. And dealt with the practical side measures and the
preparation and discussion of design. The results were Adoption of geometric shapes that represent
strength and rigidity complies with dimensional expressive Simulation the environmental reality
Baghdadi adoption curve Photogrammetric and botanical and architectural vocabulary fits with
functional purpose. Intensify configurable elements characterized by repetitive per form _
Aelchenachel. Effective relationships seek juxtaposition and superposition fit with the subject and use.
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sladdl
y—=N. Venkaatahri ,Cheractarizaion and catalytic properties of naturally occurring clay , Bulletin of the
catalysis of India , 5 (2005)
Y-J.H. She, J. of Materials Science, Vol.37,(2002)
="l Y1 Gasha = (V) AilaasSl LS sally #1591 sim sl clyhall ¢ Aas alg'. Js Retrieved 2012-03-27.
E=Caug (e "assial¥) piiay 3l Al CuuSll's sl s, Retrieved 2009-
o—Henrik Mortenesen ,8(2010) Fly casting : Scandinavian style

Find a Substance Imported Zircon Sand Local Alternatives and Involved in Micro-

Plumbing.

Abstract

Precision casting plumbing precision metal castings production (steel or aluminum or copper)
distributors After pouring the molten metal into the ceramic trees take part to cast, and the Foundry lost
wax process casting in sand molds but instead of wooden or plastic model placed here form of wax
when you melt wax casting process and enters the spacing for the cast . This process through several
steps first working model of wax, and then configure the tree containing (40 or 100 or 150) waxy
model and inundate the tree in ceramic material for the composition of the crust and is the principle of
our search for high quality casting and purity without cracks or breaks and it has been replaced by Iraqi
mixture (100 %) were mixed with our profile and Lexington (bauxite + SiO2) Zircon sand material
allowance, then the tree cover thermal paste from three layers of bauxite, sand and coarse and bauxite
have used burned previously governed by the circular measurements, oven and raise the temperature to

(150 or 200) C° until melt wax and raise the degree of Heat to (900 C°) to improve the mechanical
properties of the crust, then flips the tree and pouring molten metal, and finally the cracker crust and
refine the products .

Keywords:- | Zircon sand | Bauxite | Gradient trachoma mesh | Clog ceramic trees|
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The Effect of Storage Condition on the Concentration of Sodium Hypochlorite

Abstract
Sodium hypochlorite solution (NaOCI) is unstable compound and is subject to decomposition in
several ways depending on the following parameters: pH, UV rays, the presence of heavy metals,
and temperature. This research focuses on the study of the temperature effect on the rate of
sodium hypochlorite decomposition and its relationship with decomposition time, and the
strength of initial concentration, which is represent the storage temperature. It is expected that
the oxidizing power and the initial concentration of sodium hypochlorite solution reduced as
temperature increases because the solution will subject to rapid decomposition at high
temperature where the generating rate of chlorate and chloride salts will be increase, the main
and secondary decomposition can be controlled to a large extent by providing appropriate
storage conditions and the most important that low temperature of hypochlorite sodium solution
(NaOCl), less than (10°C) , where the decomposition rate of active chlorine will decrease to a
minimum value.
Keywords: sodium chlorite | storage temperature | pH, UV rays
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Studying Some Quality Properties of Prepared Milk Proteins Concentrates to be
Used in Food Industries

Abstract
Several types of Casein's milk protein concentrates were prepared from skim milk by acidic method
using hydrochloric acid, lactic and citric dressing ratios were (3.5 %) and (3.0 %) and (3.2 %)
respectively.
Sweet whey defaulting soft cheese industry used as a source of whey protein concentrates with two
whey proteins one is un-denaturated (WPC) and type second are whey de-naturated proteins (DWPC).
The results showed marked proteins casein record with hydrochloric acid as a result of high dressing
percentage and top by protein content and high susceptibility to melt. Elected this treatment in the
preparation of materials derived from casein protein is sodium caseinate, calcium caseinate, potassium
caseinate, and studied some of their functional properties, and the choice fell on the sodium caseinate
properties suitable for subsequent applications.
Conducted sodium caseinate applications in some food products, where you entered dried sodium
caseinate in the manufacture of processed cheese product, has been treated with added (3 %) are most
receptive when the sensory evaluation and the closest matching tests for the treatment of chemical
control. Added sodium caseinate concentration of (15 %) solids to product mix sausages beef and the
results showed high susceptibility sausage  on water retention and reached (8.5 %) and the
disappearance of the phenomenon of shrinking casing sausage during cooking.
Introduced concentrates proteins whey prepared in the manufacture of some food products, where used
center (WPC) industry Cake Mugs Cup Cake has reached the highest elevation of the cake is (8.5 cm)
for the treatment of (25 %) solids in (WPC) compared to an increase cake treatment control of (5 cm).
Has also been applied to use center proteins whey (DWPC) as in products industry cold gelation,
including product yogurt (curd), and results showed improvement strength treatment with added (0.5
%) WPC with increasing numbers of bacteria initiator live (16.8 CFU / ml) and the evolution of acidity
with a lack of separation of whey, as evidenced by the results of assessment sensory and significant
differences of treatment added (0.5 %) WPC were more receptive compared to control treatment.

Keywords :- Milk proteins | Functional properties of protein | Sodium caseinate | Whey protein
concentrates.

46



Journal of Iragi Industrial Research Vol. 4, No. 1 (2017)

ISSN 2226-0722 m

Journal of Iraqgi Industrial Research

Adsorption of Malachite Green onto Iragi Bentonite and Surfactant SDS-
Bentonite

Igbal Salman Mohammed
Department of Chemistry, College of Education for Pure Sciences, Diyala University
Diyala, Irag

Abstract

Adsorption of Malachite Green (MG) from water via batch adsorption experiments onto bentonite
and SDS-modified bentonite was investigated. Studies concerning the factors influencing the
adsorption capacities of bentonite and (SDS-modified) bentonite, such as initial dye concentration,
adsorbent dosage, contact time were systematically investigated and discussed. The morphology of
bentonite and (SDS-modified) bentonite surfaces were investigated using (SEM, AFM and FTIR).The
results revealed that (SDS-modified) bentonite demonstrated high adsorption capacities toward MG
dye, while bentonite exhibited sorption capacities lower than SDS-modified. The removal percentege
of (50 mgl™™MG) dye on bentonite was (79.6%) while (99.3%) , (94.7%) and (93.3%%) on (0.1g)
SDS-bentonite, (0.05g)SDS-bentonite and (0.01g) SDS-bentonite respectively.The isotherm data
were investigated according to Langmuir and Freundlich equations.

Keywords: | Adsorption | Malachite Green | Bentonite | SDS |
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Introduction

The rise of dyeing wastewater effluents can be considered as a direct result of dyes production as
well as the consequence of their use in many industries [1, 2]. Dyes are usually of synthetic
origin with complex aromatic molecular structures, which make them very stable, resistant to
fading and difficult to biodegrade [3, 4]. Due to the toxic nature of most dyes to plants and
micro-organisms, coloured wastewater cannot be discharged without adequate treatment. Even if
they are non-toxic, such wastewaters obstruct light penetration, decrease the photo-synthesis in
aquatic plants and raises the COD [5]. Dyes can cause allergic dermatitis, skin irritation, cancer,
and mutations [6]. To remove dyes and other contaminants from wastewaters, several physical,
chemical, and biological methods have been developed, such us, adsorption, nanofiltration, ion
exchange, coagulation-flocculation, precipitation, ozonation, and aerobic or anaerobic treatment.
Few of these processes are effective when the concentration of dye in the effluent is small. Some
of them produce large quantity of sludge causing disposal problems, thus increasing operational
costs. However Adsorption techniques for wastewater treatment have become more popular in
recent years owing to their efficiency and stability in comparison to biological methods [1, 5, 7]
Clays are natural adsorbents which are low-cost, effective, abundant, easily available, and have
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high specific surface area as well as mechanical and chemical stability [8,9]. Bentonite is known

as a clay material consisting essentially of the montmorillonite group. It has one Al octahedral
sheet placed between two  Si-tetrahedral sheets. Because of the isomorphous substitutions
within the layers of (AI3+ for Si4+) in the tetrahedral sheet and (Mg2+ for AI3+) in the
octahedral sheet, bentonite surface is negatively charged. The charge imbalance is offset by
exchangeable cations including (H+, Na+) , or (Ca2+) on the layer surfaces [10-11]. The wide
use of bentonite as a low cost sorbent may be attributed to its high surface area,high chemical
and mechanical stability and to a variety of surface and structural properties [12,13]. However,
natural bentonite weakly adsorbs anionic pollutants because of the repulsion between the anion
and the negative charge on the edge of the bentonite sheet [14]. As well, and because of its
hydrophilicity, the contaminant uptake by this type of clay is rather low [7]. Thus, modification
of bentonite surface properties has been considered in order to improve its cation and anion
adsorption capacity. In effect, surfactants modified bentonites were reported to be efficient in
treatment of various pollutants [15]. A number of studies have shown that these organo-bentonite
were a promising emerging class of sorbents that was effective in the removal of organic
contaminants from some wastewaters [11,16,17]. This change in adsorbing properties of
bentonite was attributed to the intercalation of surfactant between the clay layers as the addition
of surfactants to the suspension of bentonite was found to enhance its rheological properties
[18,19,20]. Surfactant adsorption onto clay also causes structural changes on adsorbents clay
minerals which do affect the pore structure, surface properties, and adsorptive behavior of
surfactant modified adsorbents [11,16,17], [19]. Thus, by partition onto the organic phase created
by the intercalated surfactant, organic contaminants may be removed effectively by modified
bentonite. However, this ability of surfactant to adsorb at the solid/liquid interface was controlled
by chemical nature of the components of the system: the solid, the surfactant,and the medium
[14]. With no literature available concerning the use of anionic surfactant modified bentonite for
dye reduction in westwaters, this work aims at studying the adsorptive capabilities of sodium
dodecyl sulfate modified bentonite (SDS-B) upon dye removal from aqueous solutions. The
change in adsorbent structure of this modified bentonite was characterized relative to (Na-B) and
the capacities for adsorption of both materials for the removal of Malachite green dye from
solution were evaluated.The effect of different operating parameters on these adsorption
processes have also been studied[20,21].

Experlmental

Adsorbent Bentonite applied in this investigation was obtained from the state company for
Geological Survey and Mining —Iraq. The chemical composition of the bentonite is illustrated in
Table (1). Malachite Green dye was purchased from Sigma Aldrich. Malachite Green structure
of this dye is illustrated in Figure 1. [22]

Table 1: The chemical composition of Sodium bentonite (%).
Constituent Si02 Al203 | CaO MgO K20 Na20 | Fe203 | L.O.l
Wt% 56.77 | 15.67 |4.48 3.42 0.60 1.11 5.02 12.49
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H3C_ +_CHs

CH
Figure 1: Malachite Green(MG)[22]

Synthesis of surfactant-modified bentonite (SDS-Bentonite)

The surfactant-modified bentonite was synthesized by the following steps. For SDS-B synthesis,
(10 g) bentonite was put in (100 ml) of water. Containing( 0.1,0.05,0.01)g of SDS. The reaction
components were stirred at (25°C) for (6 h). The product was filtered and washed repeatedly
with bi-distilled water and then dried at (105¢).

Characterization

The effect of modification on the surface properties of clay was analyzed by using various
characterization  tools, including Fourier ~ Transform Infrared Spectroscopy
(Shimadzu.8500,Japan) Scanning Electron Microscopy(Philips XL.30,Germany) and Atomic
Force Microscopy (AA300,Angstron Advanced Inc).

Batch adsorption method studies

The batch sorption was executed on Grivin flask Shaker (Grivin and George Ltd., Britain) at
300 rpm. To investigate the influence of bentonite and SDS-B on sorption capacities of MG
experiments, (0.1 g) adsorbent and (50 ml) MG solution (initial conc. 1000 mg/l,) were used.
The method was operated under shaking at (25°C) till adsorption balance was accomplished. The
influence of sorption time on MG elimination was executed in the (50 ml ) MG solutions (50
mg/l), by adding (0.2 g) adsorbent at (25°C) for determined period of time. The influence of the
initial MG concentrations on MG elimination was executed by exciting (50 ml) several dye
concentrations of MG solution at conditions:; (0.2 g/50 ml); T (25°C; 30) min. Subsequently, the
samples were centrifuged and the adsorbate of residual concentrations was measured. The
quantities of MG removed via sorbents ge and percent extracted %E can be calculated by the
subsequent equations

Where ge (mg/g) is the equilibrium concentration of MG on the adsorbent, Co and C.are the
initial and equilibrium liquid-phase concentrations of dye (mg/g) respectively, m (g) is the mass
of adsorbent and V (I) is the volume of solution. The concentration of MG in the residual
solution was analyzed spectrophotometrically by UV-Vis spectrophotometer at wavelength (614
nm) and the amount of adsorption gt was calculated according to equation (1).

The removal efficiency, (%R.) of the system, was expressed as

Redp = _'~':T:‘Ct}

o
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Results & Discussion

Characterization of Na-Bentonite and SDS Bentonite

FTIR spectra are shown in Figure (2). Two bands at (2850) and (2925) cm™, which were
observed by the surfactant modified bentonite, could be assigned to the asymmetric and
symmetric stretching vibrations of the CHs and CH, of the aliphatic chain of the SDS "%1. This
band is not observed in the IR spectrum of natural bentonite. Modification of bentonite by SDS
was associated also with evident change in the morphology and particle size. The SEM and AFM
images of bentonite and SDS-Bn are shown in Figure (3) and Figures (4, 5).

Fig.3 SEM surface morphology of (A) Bentonite(B) SDS-bentonite

Fig. 4- Granularity cumulating distribution and average diameter of (natural bentonite)
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Fig.5-- Granularity cumulating distribution and average diameter of (SDS-bentonite)

Effect of contact time

Figure (6) shows the influence of contact time on the sorption capacity of Bentonite and SDS-
bentonite for dye solution when concentration was (50) ppm. It is evident that the sorption
capacity of Bentonite and SDS-bentonite enhance rapidly by the increase of contact time from (0
t020) min, and more than (99.4%) of the equilibrium(MG) removal executed at (30) min. In the
next (30) min, the (MG) removal became constant and the adsorption accomplished equilibrium.

Consequently, (30) min was chosen as the contact time for the sorption of MG onto the
aggregates under our study conditions.

120 - el Na- .
—_ bentonite
£ 100 1 ~-0.1g SDS-
'}—E 80 - bentonite
=) 60 - 0.5g5Ds-
E a0 - bentonite
o —=34=0.01gSDS-
= 20 - bentonite
0 T T T 1
0 20 40 60 80
Tim(min)

Fig.6- Effect of contact time on the MG removal (50 mg %), at (25°C) by; Bentonite,
(0.1)gSDS-bentonite, (0.05)gSDS-bentonite, (0.01)gSDS-bentonite
Effect of amount of adsorbent

The effect of adsorbent dosage on removal of MG by Bntonnite and SDS-bentonite is shown in
Figure 7. When the sorbent dose increases from (0.01 to 0.2) g, the percent dye removals by
Bntonnite and (0.1g) SDS-bentonite increase from (41.02% to 79.5% ) and from (58.5 % to
99.4%) while by ( 0.5g) SDS-bentonite and (0.01g) SDS-bentonite from 41.8% to 93.4%%,
respectively.

It was observed that the adsorption of the MG enhanced rapidly with increasing the amount of
adsorbent from (0.01 to 0.015) g and slightly enhanced from (0.15 to 0.2) g. This can be simply
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attributed to the increased sorbent surface area and availability of more sorption site. However,

the amount of MG adsorbed (mg/g) was found to decrease with further increase in adsorbent
dosage due to the high number of unsaturated adsorption sites.

150 -
;\3‘ === hent
",—E 100 - onite
o
E w
2 50 -
[C)
=
0 T L L L L 1
0 0.05 adidrbent@dage (92 025 03

Fig .7-Effect of the adsorbent dose on MG removal of 50mgl™at 25°C

Effect of initial dye concentration

The adsorption of MG in the concentration range (10-50 mgl™) on (10g) bentonite and on modified
bentonite by ( 0.01-0.1) g of SDS are were shown in Fig.(8) The results indicated that the R% of (50
mgl*MG) dye on bentonite was (79.6%) while (99.3%, 94.7% and 93.3% ) on (0.1g) SDS-bentonite,

(0.5g)SDS-bentonite and (0.01g) SDS-bentonite respectively . As a conclusion, the best amount of
modifier was (0.1g) SDS-bentonite.

B Bentonite

(0.05g)SDS-bentonite

Bentonite

Fig.8-Effect of initial dye concentration on MG removal at the bentonite and modified bentonite.
Adsorption Isotherms

The equilibrium adsorption isotherms were explained using Langmuir and Freundlich isotherm
equations %), respectively:

Where, 4,... (Mmg/g) K, (L/mg) are the Langmuir constants and £, (mg/l) is the equilibrium dye
concentration in the solution.

The Langmuir adsorption equilibrium isotherm of Malachite Green dye onto Bentonite and
SDS- bentonite is presented in Fig. 9 Regression analysis reveals that the Langmuir model fits

the experimental data well with correlation factors higher than (0.880) for Bentonite andSDS-
bentonite.
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Fig 9- Linear Langmuir adsorption for MG on (A) bentonite (B) 0.1gSDS- bentonite (C)
0.5g SDS-bentonite (D) 0.01g SDS- bentonite

Frundlich Isotherm Model

Tr[mzlg,] model describes heterogeneous adsorption system The model is given in its linear form as
eq.2:

1
Ing, = InKg —|-; InC, .................. (2)

Where, K5 is the Freundlich constant related to overall adsorption capacity (mg/g); and (1/n) is a
dimensionless constant related to the intensity of adsorption, or the heterogeneity factors describes
reversible adsorption and is not restricted to the formation of the monolayer. Fig.10 shows plots of Ing,
versusinC, for the adsorption of Malachite Green dye on natural and modified bentonite. The values of
K and n are obtained from intercept and slope respectively and the values are show in Table 2. Values
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indicate that both systems were favorable and the SDS- bentointe have a higher adsorption capacity
than natural bentonite.

{O.Ig)SDS-beItogite
£ , In(ce)(l/mg), B
= -
= 3 1 20
) - 2 -
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= 0 y = FTA - Y, AaT) 9 3 £
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Fig 10- Linear Frundlich adsorption for MG on (A) bentonite (B)0.1g SDS- bentonite (C) 0.05g
SDS-bentonite (D) 0.01g SDS- bentonite

Table 2: Adsorption isotherm contents of MG on Bentonite and modified Bentonite.
Langmuir constants Frundlich constants
adsorbent | K. Om R’ Ks n R’

Bentonite | 0.0175| 1.195 0.994 |1.1793 |0.9191 | 0.998
B -0.1gSDS | 0.0213| 50.00 0.999 | 54.2172| 0.8802 | 0.996
B -0.:5gSDS 0.0752| 8.430 0.880 |4.7635 | 0.8849 | 0.650
B -0.01gSDS 0.0536| 5.942 0.974 |6.0738 |0.7930 | 0.981
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Conclusion

The results of the present study reveal that Bentonite and Bentonite-SDS can be a frequently
valable adsorbent for application in the treatment of industrial wastewater and water polluted
with dyes. The amount of MG adsorbed was found to decrease in the order B-0.1gSDS)>B-0.05g
SDS>B-0.01g SDS . Results show that the adsorption capacity increases with the increase of
initial MG concentration, adsorbent dosage,. The adsorption of MG onto the Bentonite-SDS
reached equilibrium within about 30 min.
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Pyridine Derivatives as Corrosion Inhibitors for Mild Steel in 1M H,SO, Solution
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Abstruct

Synthesis of some new pyridine derivatives by using a few steps starting from isonicotinic acid (1) to
prepare isonicotinoyl acid chloride (2). Amide derivatives (Al-A4) were obtained by reaction
compound (2) with a proper amine (semicarbazide, thiosemicarbazide, aniline, (4-)phenyazoaniline.
Ester derivative (A5) was yielded by reaction compound (2) with 4-phenylazophenol. Finally,
pyridinium salt derivatives (B1-B5) were obtained by reaction a compound (A1-A5) with a proper
alkyl halide (ethyl chloroacetate, n-propyl bromide, benzyl chloride). All prepared structure
compounds were confirmed using spectroscopic techniques. Prepared compounds (B1-B5) were
successfully applied as organic corrosion inhibitors for mild steel in (1M H,SO,) solution at (30°C)
by using weight loss method after (24) hours immersion. The results of weight loss measurements
showed that corrosion inhibition efficiency by increasing the concentration of organic inhibitors for
mild steel in (1M H,SO, ) solution at (30°C).

Keywords: |Corrosion| organic inhibitors| weight loss methods| pyridinium salt|
© 2017 Corporation of Research and Industrial Development. All rights reserved.

Introduction

Defects of materials due to reaction with its surrounding media can be caused by electrochemical
processes of corrosion. Different conditions like, acidic, saline, wet, and aerated, make alloys of iron
and iron to be exposed to corrosion defects on its surface. Harmful attack of corrosion would cause
deterioration in the properties of metal (mechanical, physical and chemical)!l. On basis above, a lot of
researches deal with developing and applying protection methods to reduce the damage effects of the
metal’®. Organic inhibitors are one of the best and effective way for preventing or reducing of
corrosion of metals and their alloys due to create a thin film of protection that controls and prevents
access of corrosive agents to cause defects on the metal surface. The organic inhibitors that used for
control corrosion of steel are organic compound containing nitrogen, oxygen and/or sulphur atoms®*.
Azo compounds are a sort of organic compounds that are continuously receiving attention b
researchers®®®. They are are tremendous importance as dyes and also as pigments for a long timel™.
Some mono-,bis -and tris-azo dyes compounds were successfully studied the effect on the dissolution
of mild steel in (1.0 M HCI) solution by using weight loss and potentiodynamic polarization
measurementst®. The use of efficient inhibitors is one of the most useful methods for protection the
metal against defect of corrosion, especially by using organic compounds containing nitrogen, sulfur or

oxygen as corrosion inhibitors for the protection of steel in acidic medial®. (1,1'-Bis) (1-methyl
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pyridinium-2-yl)(-4,4’-dipyridinium) dichloride di-iodide and (1,10-dimethyl-4),(40-dipyridinium di-
iodide) have been synthesized and had an excellent efficiency corrosion for stainless steel in (0.5 M)
acidic solution™™. In the present work, the inhibition properties of some new prepared pyridinium salt
derivatives for the corrosion of mild steel in (1M H,SO,) solution were studied. Weight loss
measurements were used for testing the corrosion behavior and process.

Experimental
Materials and Methods
All the reagents, starting materials as well as solvents were purchased commercially and used without
any further purification. The Infrared (FTIR) spectra were recorded by using (FTIR.8300) Shimadzu
spectrophotometer in the frequency range of (4000-200) cm™. *H-NMR spectra were recorded on
nuclear magnetic resonance Bruker spectrophotometer model Ultrasheild (400) MH, using
tetramethylsilane internal standard and DMSO-ds as solvent.
Synthesis of the organic inhibitors
Pyridinuim salt derivatives as organic inhibitors, namely: 4-(2-carbamoylhydrazinecarbonyl)-1-(2-
oxobutyl) pyridinium chloride (B1), 4-(2-carbamothioylhydrazinecarbonyl)-1-propylpyridinium
bromide (B2), 1-benzyl-4-(phenylcarbamoyl)pyridiniumchloride (B3), (E)-1-(2-ethoxy-2-oxoethyl)-4-
((4-(phenyldiazenyl)phenyl) carbamoyl) pyridinium chloride (B4), (E)-1-(2-ethoxy-2-oxoethyl)-4-((4-
(phenyldiazenyl)phenoxy)carbonyl) pyridinium chloride (B5) were synthesized as follow:
Isonicotinoyl chloride (2)*4: A mixture of (1.23 g) (0.01 mol) isonicotinic acid and (5 mL) (0.069
mol) of distilled thionyl chloride was refluxed for (90 minutes). Then the reflux condenser is replaced
by one set for downward distillation, and the excess thionyl chloride is removed by distillation. The
freshly prepared acid chloride for the next step was used.
4-phenylazoaniline™: In beaker (50 mL), aniline (2 mL, 0.02 mol) was dissolved in (4 mL) distilled
water and (4 mL) concentrated hydrochloric acid. The beaker was placed in ice water bath at (0-5)°C
for a half hour. Sodium nitrite solution ((2 g, 0.02 mol) in (10 mL) distill water) previously cooled to
(0°C) was add slowly. A yellow solution was obtained and kept for the next step. Aniline (15 mL, 0.16
mole) was added slowly to yellow solution with constant stirring, then finely powdered aniline chloride
(prepared by adding (2 mL) aniline with excess (3 mL) concentration hydrochloric acid) (2.5 g) was
added slowly. The result was cooled, filtered and washed with small volume of ether, then dried. After,
that the mixture warmed to (40-45°C) in water bath for 1hr. Reaction mixture allowed to stand for (30
min)., then added with stirring (15 mL) of glacial acetic acid with equal volume of water. The mixture
was allow to stand with stirring for (15min.), filtered using section pump and washed with (10 mL) of
water and dried. The crude product was recrystallized with (CCl,).
4-phenylazophenol™: Aniline (3 mL, 0.0374 mol) was dissolved in concentrated hydrochloric acid
(10.25 mL) and water (10.25 mL). Aqueous sodium nitrite (2.85 g, 0.0425 mol in (8.75 mL) water )
was added to the aniline solution drop wise while stirring at (0°C). Phenol (3.41 g, 0.0375 mole) was
dissolved in a sodium hydroxide solution (3.2 mL, 0.01 mole NaOH in water (3.5 mL)), and cooled to
(0°C). The aniline and sodium nitrite mixture was added drop wise to the phenolate. The yellow
precipitate was formed and then filtered, dried, and recrystallized with (CCly).
General procedure for isonicotinoyl amide (A1-A4) and isonicotinoyl ester (A5)*Y: Appropriate
amounts of acid chloride (0.01 mol) and a proper amine (0.01 mol) (semicarbazide, thiosemicarbazide,
aniline, 4-phenylazoaniline) or 4-phenylazophenol were added to (20 mL) pyridine. The reaction
mixture was refluxed for (8) hours. The solvent was evaporated. Then (50% NaOH) in ethanol was
added to the obtained product for neutralization. Finally, it was recrystallized from ethanol.
General procedure for pyridinium salts (B1-B5)™?: A mixture of (0.01 mol) isonicotinoyl amide ester
and (0.01 mol) of a proper alkyl halide (ethyl chloroacetate, n-propyl bromide, benzyl chloride) in (10
mL) of ethanol was allowed to stand overnight at room temperature. The mixture was then heated at the
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reflux temperature for (24) hours. Then the product was filtered, washed with ethanol and dried.
Preparation of aggressive solution .Aggressive solution of (1M H,SO, )was prepared by dilution of
analytical grade (98% H,SO, ) with distilled water. Concentrations of inhibitor (B1-B5) within the
range (1x107 to 5x10™ M) were prepared in (LM H,SO,) solution at (30°C). Weight loss measurements
.The sheet of mild steel used has the composition percentages (0.002% P, 0.288% Mn, 0.03% C,
0.0154% S, 0.0199% Cr, 0.002% Mo, 0.065% Cu, 0.0005% V, and the remainder is iron). The mild
steel sheet was mechanically press-cut into disc shape with diameter (2.5 cm). These disc shapes were
polished with emery papers ranging from (500 to 1500) grades to get very smooth surface. However,
surface treatments of the mild steel involve degreasing in absolute ethanol and drying in acetone. The
treated specimens were then stored in a moisture-free desiccators before their use in corrosion studies.
Mild steel specimens were initially weighed in an electronic balance. After that the specimens were
suspended and completely immersed in (250 ml) beaker containing (1M) sulphuric acid with or without
inhibitors. The specimen was removed after (24) hours exposure period at (30°C), washed with water to
remove any corrosion products and finally washed with acetone. Then it was dried and reweighed.
Mass loss measurements were performed as per (ASTM) method described previously™ ! the tests
were performed in duplicate to guarantee the reliability of the results and the mean value of the weight
loss is reported. Weight loss allowed calculation of the mean corrosion rate in (mg cm™ h). The
corrosion rate of mild steel was determined using the relationship!*>):

A

w=— (1)

st

Where Am is the mass loss, (S) the area and (t) is the immersion period. The percentage inhibition
efficiency (IE (%)) was calculated using the relationship!®!:

—W.___.
”"‘"‘““'}) % 100 (2)

W

Cory

W
IE% = ( corr

Where Weorr and Weor inhy are the corrosion rates of mild steel in the absence and presence of inhibitor,
respectively.

Result & Discussion

Scheme 1 shows the scheme of present work that included preparation of some new pyridinium salt
derivatives (B1-B5):

COOH coci CONH—R, CONH—R;
- R
‘ = SOCTy | - R:=0OH o~ —R’ x- |
Pyndine I Reflux @ =
= =
o™ G L\SIM/ T ? (B1-B4)
Ry
CONH—R, CONH—R,
Rl_NH7. | = R;—Xh | =
Pyridine = Reflux ® =
N s o
X
Ry (B5)
W9 H§ " "
Rﬁ-N—&-m;m—é-m,:-N—@ : -s—®-~=n-® ;Rl:-c_®-.\-=~.®
(A1) (A7)
ey L (48)
S "
37 =C—C—0-E1 (B1)(B4) (85); —CHOHCH, (BY); (B3} ; X Cl(B1)(B3) (B4) (BS) ; Br (62}

Scheme 1: Scheme plan of preparation of pyridinium salt derivatives (B1-B5).
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The reactions above are included new pyridinium salt derivatives (B1-B5) through usual preparation
methodes by converting isonicotinic acid (1) into isonicotinoyl acid chloride (2) by using SOCI,
reagent. Isonicotinoyl acid chloride (2) was reacted with a proper amine and a phenol compoud to
prepare some amide (Al-A4) and ester (A5) derivatives, respectively. Finelly, pyridinium salt
derivatives (B1-B5) were synthesized by reaction an amide or derivative (A1-A5) with an alkyl halide
compound. Table 1 shows Physical properties of the synthesized compounds.

Table 1: Physical properties of prepared compounds (A1-A5) and (B1-B5).

No Name of compound Chemical | Color | M.W. M.p. | Yiel
formula (g/mol) | 'C dos
1 Isonicotinoyl chloride (2) C14H13N30 - 239.27 - -
2 | 2-isonicotinoylhydrazinecarboxamide C/HgN4O, | Brow | 180.16 | 270-27 | 79
(A1) n
3 |2 C7/HsN4,OS | Yello | 196.23 | 288- 73
isonicotinoylhydrazinecarbothioamide w 290
(A2)
4 N-phenylisonicotinamide (A3) C1oH1oN2O | Yello | 198.22 >310 67
w
5 | N-(4-(phenyldiazenyl)phenyl) C1sH1aN4O | Gray | 302.12 240- 83
isonicotinamide (A4) 242
6 | 4-(phenyldiazenyl)phenyl Ci1gH13N30, | Black | 303.31 199- 62
isonicotinate (A5) 201
7 | 4-(2-carbamoylhydrazinecarbonyl)-1- | C11H15CIN4O | Yello | 318.59 230 73
(2-ethoxy-2 -oxoethyl) pyridinium 3S w dec.
chloride (B1)
8 4-(2- C1oH15BrNg4 Pale 319.22 >310 79
carbamothioylhydrazinecarbonyl)-1- oS yello
propyl pyridinium bromide (B2) w
9 | 1-benzyl-4-(phenylcarbamoyl) C19H17CIN,O | Brow | 324.80 | >310 83
pyridinium chloride (B3) n
10 | 1-(2-ethoxy-2-oxoethyl)-4-((4- C2»H2:CIN,O | Black | 424.93 | >310 78
(phenyldiazenyl) 3
phenyl)carbamoyl)pyridinium chloride
(B4)
11 | 1-(2-ethoxy-2-oxoethyl)-4-((4- C»H2CIN3O | Dark | 425.64 | >310 80
(phenyldiazenyl) phenoxy)carbonyl) 4 brow
pyridinium chloride (B5) n

The FT-IR spectra were confirmed the structure formation of amide (A1-A4) and ester (A5) derivatives
showed shifting of stretching (C=0) band from (1717 cm™) for isonicotinic acid to another band™”,
Table 2 is showning IR spectral data of prepared compounds and also Figure 1 of compound (A3). The
FT-IR spectra of pyridinium salt derivatives (B1-B5) were confirmed their structures by appearing
stretching (C-H) band at (2980-2820 cm™), as in Table 2 and Figure 2 of compound (B4)#!,
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Table 2: IR spectral data of prepared compounds (A1-A5) and (B1-B5) in cm™,

Com v C-H v C-H v C=C vC=0 | vN-H | vN=N
p. No. | Aromati aliphatic Aromatic
c
Al 3097 - 1531 1693 3356 -
1660 3163
A2 3047 - 1543 1681 3310 -
3151
A3 3043 - 1531 1658 3340 -
Ad 3059 - 1504 1630 3383 1590
3032
A5 3078 - 1510 1740 - 1600
3028
Bl 3051 2947 1570 1743 3120 -
1643 3406
B2 3051 2974 1570 1639 3159 -
2881 3417
B3 3039 2927 1558 1674 3433 -
2839
B4 3043 2908 1519 1732 3406 1604
2866 1670
B5 3062 2985 1530 1760 - 1600
2939 1740

T B L e B B B B
ey D D D A e WD iED (0 Esg G0y 4000 3900 3000 200 20000 1750 1500 1250 1000 750 500
G ‘ e FTIR Measurzmen t 1em

Figure 1: FTIR spectrum of compound (A3) Figure 2: FTIR spectrum of compound (B4)

The *H-NMR spectra of pyridinium salt derivatives (B1-B5) were confirmed their structures by
appearing aliphatic hydrogen (C-H) in differernt chemical shift positions[”]. In pyridinium salt
derivative (B1), *H-NMR spectrum (DMSO-d6), &, ppm: 8.6-9.3 (3H, s, NH, amide ), 8.4-9.1 (4H, m,
Py-H), 5.7 (2H, s, -CH,-N*-), 3.8 (2H, m, -CH,-0O-), 1.3 (3H, t, CHs-), as showing in Figure 3. Table 3
is predicted *H-NMR spectral data for pyridinium salt derivatives (B1-B5). The results of corrosion
rate and inhibition efficiency that obtained from weight loss measurements at different concentrations
of suggested inhibitors (B1-B5) after (24) hours immersion at (30°C) are depicted in Figure 4 and
summarized in Table 4. These values indicate that the mild steel corrosion is reduced by the presence
of suggested inhibitors in (1M H,SO,) at all concentrations that used in the present study. However,
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there is remarkable decreasing in the weight of mild steel specimen after (24) hours without using an
inhibitor. This effect could be explain by adsorption of organic compounds on the mild steel surface
which makes impediment towards corrosion environment. The results of corrosion rate and inhibition
efficiency that obtained from weight loss measurements at different concentrations of suggested
inhibitors (B1-B5) after (24) hours immersion at (30°C) are depicted in Figure 4 and summarized in

Table 4.
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Figure 3: *"H-NMR spectrum of compound (B1).

concentrations of inhibitors.

Table 3: 'H-NMR spectral data of prepared compounds (B1-B5) in ppm

Compound |  Structure 'H-NMR spectral data, ppm(8)
Bl foNHOONE, 8.6-9.3 (3H, s, NH, amide ), 8.4-9.1
® (4H, m, Py-H), 5.7 (2H, s, -CH2>-N*-),
I% 3.8 (2H, m, -CH,-0-), 1.3 (3H, t,
HLC00CH,CHy CH; -) ’
B2 8.7-9.4 (3H, s, NH, amide ), 8.1-8.8
(> (4H, m, Py-H), 4.6 (2H, t, -CH,-N"-),
l:m 1.9 (2H, m, -CHy-), 0.9 (3H, t, CH3-),
B3 ONH@ 9.4 (1H, s, NH, amide ), 7.8-8.8 (4H,
gﬁ m, Py-H), 7.2-8.0 (10H, m, aromatic-
e, H),6.1 (2H, s, -CH>-N*-)
<0
B4 cow ywnen | 9.2 (1H, s, NH, amide ), 7.7-9.0 (4H,
s m, Py-H), 6.8-8.0 (10H, m, aromatic-
l/ H), 4.5 (2H, s, -CH,-N"-), 3.8 (2H,
HOO0CHCH, m, -CH,-O-), 1.1 (3H, t, CH3-),
B5 | 9.2 (1H, s, NH, amide ), 8.0-9.0 (4H,
[ ‘\3 m, Py-H), 6.8-7.9 (10H, m, aromatic-
I’ H), 4.5 (2H, s, -CH»-N*-), 3.9 (2H,
0000 0Ky m, -CH,-O-), 1.1 (3H, t, CH3-),

62

Figure 4: Effect of inhibitor concentration
on the efficiencies of mild steel obtained
at 30°C in 1M H,SO, with different




Journal of Iragi Industrial Research Vol. 4, No. 1 (2017)

These values indicate that the mild steel corrosion is reduced by the presence of suggested inhibitors in
(IM H,S0,) at all concentrations that used in the present study. However, there is remarkable
decreasing in the weight of mild steel specimen after (24) hours without using an inhibitor. This effect
could be explain by adsorption of organic compounds on the mild steel surface which makes
impediment towards corrosion environment.

Table 4: Corrosion rate, inhibition efficiency, surface coverage (0) and standard free energy of
adsorption for mild steel in 1M H,SO, by using weight loss measurements.

Concentration Corrosion rate IE% 0 AG°aqs

(M) (mg.cm™ .h™) (kJ. mol™)
Blank 0.3440 - - -

(B1)
5x10 0.0951 72.35 0.7235 -31.06
1x107° 0.0727 78.86 0.7886 (R?=0.999)
5x10° 0.0413 87.99 0.8799
1x107 0.0207 93.98 0.9398

(B2)
5x107 0.2000 41.86 0.4186 -27.53
1x107° 0.1995 65.13 0.6513 (R?=0.991)
5x10° 0.0177 94.85 0.9485
1x107 0.0107 96.88 0.9688

(B3)
5x107 0.1300 62.20 0.6220 -29.84
1x107° 0.0800 76.74 0.7674 (R?=0.995)
5x10° 0.0600 82.55 0.8255
1x10° 0.0190 94.47 0.9447

(B4)
5x10™ 0.1500 56.39 0.5639 -29.87
1x107 0.1000 70.93 0.7093 (R?=0.999)
5x107° 0.0200 94.09 0.9409
1x107 0.0100 97.09 0.9709

(BS)
5x107 0.1270 63.08 0.6308 -30.30
1x107 0.0690 79.94 0.7994 (R?=0.998)
5x10° 0.0350 89.98 0.8998
1x10° 0.0080 97.67 0.9767

Information can be provided from the adsorption isotherms to explain the interaction between the
organic compounds and metal surfaces. So that, the degree of surface coverage values (0) at different
inhibitor concentrations in (1M H,SQO, ) was achieved from weight loss measurements (0 = E (%)/100)
(see Table 4) at (30°C) and tested with Langmuir isotherm relationship:

CKEI= 1KKF”:|R+C [:3:]
Where K,gs is the equilibrium constant of the adsorption process.

According to the Langmuir isotherm, K,y values can be calculated from the intercepts of the straight
line of plotting C/6 versus C (see Fig. 5). Kags is related to the standard free energy of
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adsorption,AG%gs, as in equation: (The value 55.5 is the molar concentration of water in the solution in

M)
1 (—ﬂG;ds)
exp (4]

K =
sd= g5 g RT

From Table 4, the values of standard free energy of adsorption are negative which indicate that the
processes of adsorption of all suggested inhibitors (B1-B6) were spontaneous processes on the mild
steel surface after (24 h) immersion at (30°C) and that’s given sense for remarkable interaction between
suggested inhibitors and metal surface. Adsorbed molecule moves closer to the surface of metal
making electrons start to overlap with that of the surface atoms which causes physisorption for
suggested inhibitors!*®*%. The mechanism corrosion inhibition!?” depends on the formation of mono
protective layer on the metal surface. The protective nature of the surface layer depends on many
factors: interaction between inhibitors and substrate, incorporation of the inhibitor in the surface layer,
chemical reactions, electrode potentials, concentration of the inhibitor, temperature and properties of
the corresponding surface, etc. The first stage in the action mechanism of the corrosion inhibitor in
aggressive media is adsorption of the surfactant molecules onto the metal surface. The adsorption
process is influenced by the nature and the surface charge of the metal, the chemical structure of the
organic inhibitor, and the nature of the aggressive electrolyte. Adsorption of the surfactant molecules
on the metal surface can be expressed according to the following equation:

Inhibitor .+  nH,0 4, —— Inhibitor . + nHO,

Where n is the number of water molecules removed from the metal surface for each molecule of
surfactant adsorbed. Adsorption of the surfactant molecules occurs because the interaction energy
between the organic molecules and the metal surface is higher than that between water molecules and
the metal surface. So the inhibition effect by organic inhibitors is attributed to the adsorption of the
surfactant molecules via their functional groups onto the metal surface. The adsorption rate is usually
rapid and hence the reactive metal is shielded from the aggressive environment. Higher molecular size
and high electron density on the adsorption centers may be responsible for high corrosion efficiency.
Figure (6) shows proposed adsorption model of the one molecule of suggested inhibitor (B3) on the
iron metal surface.

0.012 -

0.01 A y =1.00075111x+ 0.00033163
== RZ = 0.99884613

0.008 A

0.006 A

0.004 -+

0.002 4

o 0.002 0.004 0.006 0.008 0.01 0.012
c. M

Figure 5: Langmuir adsorption isotherm plot for organic molecule steel mild in 1M H,SO,
solution in the presence of various concentrations of inhibitor (B5).
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5 '
' ;
| Mild steel |/

Figure 6: Model for adsorption process of (B3) on steel surface.

Conclusion

The prepared and identified new pyridinium salt derivatives (B1-B5) were used successfully as
corrosion inhibitors on the mild steel surface in (1M H,SO, ) solution at (30°C). The results of
inhibitive efficiency (E%) showed interesting inhibitive effects of suggested inhibitors. The values
(AG) of adsorption revealed physisorption effect for (B1-B5) and provided useful information to
explain the interaction between the surface of metal and the organic molecules.
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Abstract
In this research, components of a parabolic solar dish system design for thermal applications are

explained, designed and simulated. Parabolic solar dish diameter width of (1 — 5) meter is simulated
and enhanced by aluminum coating as a reflector to raise optical reflectivity for incident solar flux.
Optical, geometrical, mechanical and thermodynamic key parameters for solar dish are studied and
matched carefully. The simulation study for the dish system is achieved for Baghdad city for two
chosen days over the year. It is found that the fluid's outlet temperature is a function of increasing
dish diameter; hence its concentration ratio. Fluid's outlet temperature was in the ranges (166-346) °C
for 21 June and (147-318) °C for (21) December. Collector efficiency for above given dish diameters
were in the range (61.59 -62.6) % for (21) June and (61.49-62.58) % for (21) December.
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Introduction

Solar collector is the main effecting part in a solar energy system. It also requires new understandings
in order to make captured solar energy a viable energy source for the future. Solar collectors
concentrate sunlight to heat the fluid to a high temperature. The hot fluid is then used to generate steam
that drives the power conversion subsystem, producing electricity. Thermal energy storage provides
heat for operation during periods without adequate sunshine. In general, when higher temperatures are
required, concentrating solar collectors are used. Solar energy falling on a large reflective surface is
reflected onto a smaller area before it is converted into heat. This is done so that the surface absorbing
the concentrated energy is smaller than the surface capturing the energy and therefore can attain higher
temperatures before heat loss due to radiation and convection wastes the energy that has been collected.
Most concentrating collectors can only concentrate the parallel insolation coming directly from the
sun's disk (normal beam), and must follow (track) the sun's path across the sky. A parabolic dish
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concentrates the incoming solar radiation to a point. An insulated cavity containing tubes or some other
heat transfer device is placed at this point absorbing the concentrated radiation and transferring it to a
fluid. Parabolic dishes must be tracked about two axes [1].

Technical Part/Mechanism of the Thermal System Performance
The operation of any solar thermal energy collector can be described as an energy balance between the

solar energy absorbed by the collector and the thermal energy removed or lost from the collector. If no
alternative mechanism is provided for removal of thermal energy, the collector receiver heat loss must
equal the absorbed solar energy. Receiver heat loss can be reduced by operating the collector near the
ambient temperature or by constructing the collector such that heat loss at elevated temperature is
reduced. The most common way of reducing receiver heat loss at elevated temperatures is to reduce the
size of the hot surface (i.e., the receiver) since heat loss is directly proportional to area of the hot
surface. Concentrating collectors reduce the area of the receiver by reflecting (or refracting) the light
incident on a large area (the collector aperture) onto an absorber of small area. With reduced heat loss,
concentrating collectors can operate at elevated temperatures and still provide significant quantities of
useful thermal energy. A second reason for using concentration in the design of solar collectors is that,
in general, reflective surfaces are usually less expensive than absorbing (receiver) surfaces. Therefore,
large amounts of inexpensive reflecting surface area can be placed in a field, concentrating the incident
solar energy on smaller absorbing surfaces. However, concentrating collectors must track the sun's
movement across the sky, adding significant cost to the construction of a concentrating collector
system [2].

Simulation of Thermal Collector Capture and Loss Mechanisms

Generally, to perform an energy balance on a solar thermal collector, it usually isolates the surface that
absorbs the incoming radiation, and balances energy inflow and outflow. In a flat-plate collector, this is

called the ‘absorber plate’ and for a concentrating collector, it is often called the ‘receiver’. The energy
balance on a solar collector absorber or receiver can be written as in equation (1) [3];

(1) Qusc_'ﬁi! = Eapn’ - ()

Lloss

where:

Qs rate of “useful’ energy leaving the absorber (W)

(W) o~ rate of optical (short wavelength) radiation incident on absorber
Qs - rate of thermal energy loss from the absorber (W)

The ‘useful’ energy for a solar thermal collector is the rate of thermal energy leaving the collector,
usually described in terms of the rate of energy being added to a heat transfer fluid passing through the
receiver or absorber, i.e. [3]:

0

Zuseful

=me, (T, =1,) V) )
where;

m - mass flow rate of heat transfer fluid (kg/s)
¢p — fluid specific heat (J/kg'K)
Tout - temperature of heat transfer fluid leaving the absorber (K)
Tin - temperature of heat transfer fluid entering the absorber (K)
Optical Energy Capture
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Simulating solar concentrating collector needs knowing all technical details of all optical elements
composing the system, which are: Primary reflector (dish) coated with highly reflective material of
given reflectivity (p). The geometrical dimensions should also be given, such as: diameter (d), depth
(h), focal length (f), rim angle (yrim), and aperture area (Aa), (see figure (1))

0067

Figure (1) geometrical dimensions of primary reflector (dish) [4].

The rate of optical radiation incident on absorber/receiver will be the solar irradiance resource for that
type of collector and its tracking global solar irradiance for a flat-plate collector and direct (beam)
solar irradiance for a concentrating collector) [4]. Since the capture area of the collector may not be
aimed directly at the sun, this flux must be reduced to account for the angle of incidence. The area of
the collector on which the solar irradiance falls is called the aperture area of the collector. The incident

solar flux then is [4]:

Ey =14, Y o 3)

where:

I - solar irradiance entering the collector aperture (global (total) or direct (beam)) (W/m?)

A, - aperture area of the collector (m?)

This solar flux is reduced by a number of losses as it passes from the aperture of the collector to the
absorber. These processes depend on the type and design of the specific collector, but here we include
the important optical loss mechanisms. The rate of optical energy reaching the absorber or receiver is
the product of the incoming solar resource multiplied by a number of factors, all less than 1.0
describing this reduction[4]:

E =Tpral A, (W)

opt

where: entering or impinging on receiver

I'- capture fraction (fraction of reflected energy)
p - reflectance of any intermediate reflecting surfaces
- transmittance of any glass or plastic cover sheets or windows
a - absorptance of absorber or receiver.

Heat Loss Mechanisms

Once the solar energy resource has made its way down to the surface of the absorber or receiver of a
collector, it raises the temperature of the absorber above ambient temperature. This in turn starts a
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process of heat loss from the absorber as with any surface heated above the temperature of the
surroundings. These loss mechanisms are convection, radiation and conduction, and all are dependent
on, among other things, the difference in temperature between the absorber and the surroundings [5].

0,.=0, +( +( (W)

oss loss,comvection ' Zloss radiation ' Zloss conduction
Because a solar thermal collector is designed to heat a fluid, there is a balance between the rate of heat
being removed by the heat transfer fluid and the heat loss by radiation, convection and conduction as
defined by Equation (5). Since heat loss increases with temperature, this balance between heat removal

and heat loss defines the operating temperature of the collector.

. Convection Loss - Convective heat loss of a solar collector receiver is proportional to the surface area
of the absorber or receiver, and the difference in temperature between the absorber surface and the
surrounding air. It can be written in general terms as [5]:

0 =hA(T,-T) ) (6)

“loss.convection

where:

h, - average overall convective heat transfer coefficient (W/m?>K)
4, - surface area of receiver or absorber (m?)
T, - average temperature of receiver (K)

I, - ambient air temperature (K)

For parabolic dish concentrators, the absorbing surface is typically placed inside of a cavity. This
protects it from wind, and naturally driven air currents. Little is known about convective heat loss from
an open cavity, but it is clear that the position of the cavity and its internal temperature, along with
wind speed and direction all affect the rate of heat loss from a cavity. Finally, the average temperature

of the absorber / receiver, T.. is not a fixed or measurable quantity. The temperature of the absorber /
receiver near the heat transfer fluid inlet will be lower than near the outlet, and both will be less than
intermediate surfaces not in contact with the heat transfer fluid. Further, since convection is a surface
phenomenon, also is driven by the surface temperature, this temperature may be that of a paint or
coating rather than the metal below.

. Radiation Loss - Radiation heat loss is important for collectors operating at temperatures only slightly
above ambient, and becomes dominant for collectors operating at higher temperatures. The rate of
radiation heat loss is proportional to the emittance of the surface and the difference in temperature to
the fourth power. Described in equation form, we have [5]:

(7)Qf0.5:mudia!wn = SO-AF (]—:4 o T45ky) (W)
where:

€ - emittance of the absorber surface (or cavity in the case of a cavity receiver)
o - Stefan-Boltzmann constant (5.670 x 10 W/m? K*)

Ty - the equivalent black body temperature of the sky (K)
The other term, which may be minimized, is the receiver surface area. As with convection loss,
concentration of solar energy is the main design tool for reducing radiation heat loss by reducing
receiver surface area. In addition, cavity receivers can be used since they have small openings through
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which concentrated solar energy passes, onto larger absorbing surfaces.

. Conduction Loss - The final mode of heat loss to consider in collector design is heat conduction.
This is generally described in terms of a material constant, the thickness of the material and its cross-
section area [5]:

0,

loss conduction

“Ea (1) (W)

(8)

where:

k- equivalent average conductance (W/m'K)

Ax - the average thickness of insulating material

Conduction loss is usually small compared to convection and radiation losses and therefore is
combined with the convection loss term in most analyses. However, it is displayed here for
completeness, and to emphasize the importance of ensuring that this mode of heat loss is minimum in
any collector design.

Thermal Energy Balance

In order to provide a single expression for the useful energy produced from a solar collector based on
an energy balance of the receiver or absorber, we can combine previous equations into a single
equation. [6]:

Opua =11, (T, ~T,) = Tpral A,— 4, W (1, ~T,)+ao (1 ~T*, ) (W)

O

where:

# - combined convection and conduction coefficient (W/m?K)

This equation states that the rate of useful energy produced by a solar collector equals the optical
energy absorbed on the absorber surface, minus the rate of heat loss from the absorber. We have
combined the convection heat loss term with the convection term for simplicity.

Methodology

Achieving this paper is based on applying the following parameters:

1. Solar insolation is taken for Baghdad city.

2. Solar noon is the time at which the simulation is done.

3. Two major days over a year are chosen for simulation: summer and winter solstice days.
4. Satellite receiving dish is taken as solar collector.

5. Aluminum foil is taken as reflecting surface for the dish.

6. Solar dish diameter ranges (1-5) meter, for (0.25) meter increase.

7. Copper pipe is taken as a thermal receiver for the cavity.

Results & Discussion

To design an optimum parabolic dish has highest geometrical concentration ratio, which is the ratio
between the dish's opening diameter to suns spot diameter, a relationship between concentration ratio
and rim angle of the dish should be considered carefully. (see figure (2)).
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Concentration Ratio for Solar Dish Diameter versus Rim Angles
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Figure (2) the relationship between concentration ratio of the parabolic dish and rim angle.
It is clear that( yrim = 55°) is the optimum for highest concentration ratio [7]. Now the key for
geometrical design is obtained by knowing the optimum rim angle.

Results shown in table (1) are geometric dish design parameters
Table (1) geometric dish design parameters

d (m) f (m) h (Cm) Aa (m°) As (m°) Cro

1.0 0.48 13.01 0.7857 0.8368 28910
1.25 0.60 16.27 1.219821 1.3075 28933
15 0.72 19.53 1.76 1.8828 28990
1.75 0.84 22.78 2.398393 2.562707 29024
2.0 0.96 26.04 3.135 3.347209 29046
2.25 1.08 29.295 3.969821 4.236311 29062
2.5 1.20 32.55 4,902857 5.23 29073
2.75 1.32 35.8 5.934107 6.328317 29081
3.0 1.44 39.06 7.063571 7.53122 29087
3.25 1.56 42.316 8.29125 8.838724 29092
3.5 1.68 45.57 9.617143 10.25083 29095
3.75 1.8 48.826 11.04125 11.76753 29099
4.0 1.92 52.08 12.56357 13.38884 29101
4.25 2.04 55.336 1418411 15.11474 29103
4.5 2.16 58.59 15.90286 16.94525 29105
4,75 2.28 61.846 17.71982 18.88035 29106
5.0 2.40 65.10 19.635 20.92 29108

d stands for dish diameter, f stands for dish focal length, h stands for dish depth, A, stands for dish
opening area, A stands for dish surface area, C,, stands for geometrical dish concentration ratio.
Optical efficiency parameters, nop, for the solar collector — receiver is given in the following table.

Table (2) optical efficiency of solar collector — receiver

Dish Dish Capture | Cavity Receiver Optical
Reflectivity Fraction Transmittance | Absorptance Efficiency
(p) (r) () (o) (Mopt)

86 % 95.45 % 86 % 90 % 62.8 %
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For choosing proper surface area for the dish, knowing the solar irradiance over a year for Baghdad
city (Latitude is @ = 33° 20' N) will make the choice easy [8]. Maximum and minimum levels for solar
irradiance are the base for selecting the corresponding days over the year. June 21" is the maximum
value while in Dec. 21™ is the minimum value, see figure (3)
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Local Time, (hour)

Figure (3) the behavior of direct solar irradiance for chosen days, simulated data [7].
Table (3) direct solar irradiance fallen on Baghdad city for chosen days.
Table (3) values of direct solar irradiance for Baghdad city, simulated data.

Day Time Direct Solar Irradiance, W/m®
21 June 12:00 PM 773.7154
21 Dec. 12:00 PM 614.1756

The cavity receiver in question is designed to have a Pyrex window glass to allow solar irradiation to
fall on heat transfer pipe which is made of Copper which has capacity of one liter of heat transfer fluid;
coiled to minimize the volume of the cavity, see table (4).
Geometrical design parameters of cavity — receiver are:
. Cavity of window glass diameter, Wgjass.
. Copper pipe capcity, Vpipe.
. Copper pipe diameter, Dpipe .
. Copper pipe length, Lpige.
. Copper pipe coil turns, NO.qyrns.
. Receiver cavity length, Lcayity-
. Cavity receiver shifts up from the focus, Xspi.

Table (4) specifications of geometrical design parameters of cavity — receiver.

Parameter Value
ngass 10 Cm
Vpipe 1 liter

Lpipe 1.414 meter
Dyipe 10 mm
NO.turns 4.5 turns

L cavity 13.5Cm
Kshift 23.53Cm

As thermal cavity is applied in the focal point of the collector — receiver system, the concentration ratio
will be lower than that without thermal cavity as given figure (4).

73



Journal of Iragi Industrial Research Vol. 4, No. 1 (2017)

35000
30000
25000
20000
15000
10000

Solar Concentration

5000

——For Cro

For Cr

1 2 3 4

Solar Dish Diameter, (m)

Figure (4) comparison between initial, C,,, and cavity width concentration ratio, C,.

As different dish diameters are applied for chosen days, optical and thermal solar irradiations are
obtained in figure (5)

12

10

— Popt @ 21 June

— Pth@ 21 June
Popt @ 21 December
Pth @ 21 December

Solar Power. (Kw)

o N B~ O 0

2 4
Solar Dish Diameter, (m)

Figure (5) optical and thermal solar irradiations for chosen days at solar noon and for different
dish diameters.

Receiver and outlet temperatures for different dish diameters for summer solstice are given in figure (6)
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Figure (6) dish diameters versus receiver and outlet temperature in 21 June.

Receiver and outlet temperatures for different dish diameters for winter solstice are given in figure (7).
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Figure (7) dish diameters versus receiver and outlet temperature in 21 June.

Fluid Heat loss for different diameters is given for summer and winter solstices in figure (8).
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Figure (8) dish diameters versus fluid heat loss in 21 June and 21 December.

Useful heat as thermal power for different dish diameters in summer and winter solstices are given in
figure (9).
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Figure (9) dish diameters versus useful heat for 21 June and 21 December.
Cavity thermal efficiency for different dish diameters for summer and winter solstices is given in figure
(10).
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Figure (10) dish diameters versus thermal efficiency for 21 June and 21 December.
Collector efficiency for different dish diameters for summer and winter solstices is given in figure (11).
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Figure (11) dish diameters versus collector efficiency for 21 June and 21 December.

Conclusion

In this study, geometrical, optical and thermodynamic parameters for parabolic solar dish concentrator

system are studied for different dish diameters, (1-5) meter by (0.25) m increase. The optical properties
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of collector - receiver system are used in such a way to enhance the system for thermal application by
extracting thermal part of the solar spectrum; near IR spectrum through absorption process by coiled
copper heat transfer fluid pipe. It is found that the outlet temperature is a function of dish diameter;
hence its concentration ratio. Fluid's outlet temperature was in the ranges (166-346) °C for (21) June
and (147-318) °C for (21) December. Collector and thermal efficiencies for above given dish diameters
were in the range (61.59 -62.6) % for (21) June and (61.49-62.58) % for (21) December. The obtained
outlet temperatures over the year are convenient for different thermal applications for home and
factories.
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Abstract

In this study, (2-acetoxy benzoic acid); Vanadium (V)VO((CyHgO,),); was prepared and used as
thermal initiator of vinyl polymerization. It was found that this initiator could initiate the free radical
polymerization of methyl methacrylate at (80°C) in dark place without retardation or inhibition
complication. The rate of polymerization was directly proportional to the square root of initiator
concentration; the order of initiator was closed to (0.5), whereas the order of reaction relative to the
monomer is (1.94), which gives an indication that the rate of initiation is dependent on monomer
concentration. According to the spectral observation, the initiation reaction of polymerization occurs
when the ligand (CgHgO,4) secede from the complex as a free radical and vanadium (+5) reduce to
(+4). It has been proposed a free radical mechanism of initiator decomposition by an intramolecular
redox reaction that lead to the primary formation of radical (O-C-(CH3C;Hs0;) and vanadium (V)
chelate complex. Activation energies of polymerization as well as initiation process in the present
system were also determined. The tacticity of poly methyl methacrylate produced thermally at
(80°C) was detected by using IR spectroscopy. The UV-visible spectrophotometry was used to
determine the rate of initiator decomposition.

Keywords | Thermal| Initiator | MMA | Polymerization | Vanadium(V) | chelate complex |
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Introduction
Many transition metal chelates are capable of initiating the polymerization of vinyl monomers !, it was
first pointed by Arnett and Mendelsohn that these metal chelate have the ability to produce free radicals
on heating . The initiation mechanism of the free radical polymerization of vinyl Monomers in
presence of a chelate complex involves the formation of a radical with simultaneous decrease of the
chelate metal valency . Various transition metal acetyl acetonate complexes were studied as thermal
initiators of the polymerization of MMA M, the following order of activity appeared:
Mnlll S COIII S Felll S AIIII =Cr"'> VIII
Mn"" was the most effective while V" acted as inhibitor of MMA polymerization ™. Thiagarajan and
co — workers ™ studied the thermal polymerization of MMA at (70°C — 80°C) by using (N,N) ethylene
bis (salicydieneiminato) (bnzoyl — acetylacetonate) cobalt (III). The mechanism of thermal initiation of
methyl methacrylate (MMA), styrene (ST) and acrylonitrile (AN) by [Mn(acac);] and [Fe(acac)s]
Complexes was studied in detail by Bamford and Lind . It was found a new type of metal chelate
[VO(S2CN(R2))s ] which can work as photo and thermal initiators of styrene polymerization at (60-
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80)°C [l 1t was observed that besides the metal, the ligand also has a significant effect on the activity,
the structure and properties of polymer material produced . Saleh ! utilized Chloro-oxo-bis [N-(4-
bromophenyl) salicylideneiminato] Vanadium (V) chelate complex as thermal initiator for
polymerization of (MMA) at (80°C). As well as saleh ! used Methoxy-oxo-bis [N-(4-
bromophenyl)salicylideneiminato] Vanadium(V) chelate complex in the thermal polymerization of
(MMA\) at (80°C), this initiator has been investigated as a photo and thermal initiator "%, Recently
Abdullah ™! studied the thermal polymerization of (MMA) at (80°C) by oxotris (dibenzyl
dithiocarbamato) vanadium (V) [VO(S,CN(PHCH,),)s] chelate complex. Aliwi and Al-Hayali ¥
studied the thermal polymerization of MMA by Manganese dithio carbamate complex as well they
studied the thermal polymerization by the same initiator in presences of electron donor 3. Many
vanadium (V) chelates used as thermal and photo initiators for polymerization of (MMA) and styrene
[ In this work, we have studied the thermal polymerization of (MMA) at (80°C) by a new type of
metal chelate complex: (2-acetoxy benzoic acid); Vanadium (V) VO((CgHsgO4)2)s.

Experlmental
Materials and Methods
(2-acetoxy benzoic acid); Vanadium (V) (V) : (V)VO((CgHgOy4),)3 was synthesized by following the
method proposed by Casey and his coworkers ™ an aqueous solution of Vanadyl(IV) sulfate
pentahydrate VOSO,4.5H,0 (0.01 mol) (2.53 g) equipped by (BDH) was added to hydrogen peroxide (2
ml) of 40% (GCC). the solution transformed from blue to brown color and then this solution is added
drop drip with constant stirring (using the magnetic stirring bar) to an aqueous solution of
acetylsalicylic acid (Aspirin) (ASA) (0.03 mole) (5.38 g) brown precipitate was produced , then the
precipitate was extracted by chloroform(HIMEDIA) by using separation funnel . The chloroform layer
was filtered in to five-fold excess of methanol. The produced initiator precipitate in brown colour
filtered and dried under vacuum for lhr at room temperature. The monomer was purified ™ by
following (Lind and Bamford) proposed method by get rid of the inhibitor (quinol) through washing for
three times with an aqueous solution of (15%) (NaOH). The monomer was washed four times with
distilled water to remove the residual NaOH and then it was dried by adding anhydrous calcium
sulphate. It was left for a day before getting distilled fractionally under diminished pressure (100)
(mmHg) of nitrogen after that the monomer was prepolymerized by reflux process for an hour at
(100°C) in presence of nitrogen and it was stored under nitrogen in the refrigerator and distilled under
reduced pressure before use , analar benzene (BDH Ltd) was dried before distillation . Polymerization
process was carried out in a Pyrex vessel of 10cm? capacity, The tube was connected to an nitrogen gas
purging system in order to remove the dissolved air, bubbling (MMA) with saturated nitrogen gas
(purity 99.99%) for (20) minutes. The reaction tube was protected from light using aluminum foil and
placed in a water bath at constant temperature (80°C +0.2°C) .The percent conversion of monomer to
polymer and the average rate of polymerization had been determined gravimetrically by precipitation
of the polymer in (50) fold of pure methanol , the rate of polymerization was calculated using the
following equation :
w=-d[M]/dt=]M:] x conv% / 100 x t(sec)....(1)
Where[ M- ] is the initial monomer concentration , conv% is the percent conversion of monomer to
polymer , and t is time of heating (in second) The number average molecular weight of polymer
(PMMA) was generally determined viscometrically in benzene at (80°C) using Mark-Houwink
equation The values of @ and K in this equation were taken from reference ™ . Infrared spectra were
recorded with a Pye Unicam (SP3-100-. IR- spectrophotometer) using (KBr) disk technique. Hitachi
(U- 2000) double beam UV-visible spectrophotometer was utilized to measure the changes in spectrum
and initiator concentration during the polymerization process.
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Result &Discussion

Kinetics of thermal initiation

In the presence of (2-acetoxy benzoic acid); Vanadium (V), MMA easily polymerized (in bulk and in
solution) thermally at (80°C) . The free radical character of reaction can be indicated by the dependence
of the rate of polymerization on the square root of chelate concentration at constant monomer
concentration, as shown in figure (1). The relationship between the rate of polymerization and chelate
concentration is given in equation (2)

@ = 0.089 [VO(CyHgO4)3] °°......(2)

The obtained results from figure (1) and equation (2) indicated that no inhibition or retardation is
observed and the polymerization is considered simple free radical polymerization. The relation between
percent conversions of monomer to polymer with time of heating at (80°C) shown in figure (3) is also
illustrates the absence of inhibition or retardation reactions. The kinetic parameter ratio kp/kt*? (kp and
kt being the rate constant of propagation and second order —termination respectively) was determined

from the following relation:
Kp 1 2+Y

Y = m [D}Dp(mj]l“ ...... (3)
This equation can be used in free radical polymerization of MMA when termination happens partly by
combination in which the chain transfer to monomer is not found " and retardation and inhibition are
unimportant. Y is the ratio of (Ktc/Ktd), where Ktc is the termination constant by combination and Ktd
is termination constant by disproportionation, (Y= 0.77) at (80°C) 8. The number average degree of
polymerization (DP) was calculated by dividing molecular weight of polymer on molecular weight of
monomer. The molecular weight of polymer determined vescometrically in benzene at (25°C) by using
variable initiator concentration ranging from (1x10* to 5x10™) mol.dm™® and constant monomer
concentration ( bulk 7.83 mol.dm™ ) , the mean value of (Kp/Ktl’Z) was obtained from equation 3 and
equal to (+,'V4 dm*? mol™? S*2). This value is in agreement with that obtained by Bamford and
Lind™ for MMA polymerization at (80°C) using Mn(acac); complex as initiator ( 0.17 dm®? mol™?s"
Y2)  Rate of polymerization with respect to monomer concentration was determined at constant
temperature (80°C), constant chelate concentration (5x10*) mol.dm® and different monomer
concentration with benzene as diluent. Result shown in fig. 4 illustrated that the order in monomer is
(1.94). The rate equation of methyl methacrylate polymerization was derived from the result in fig. 1
and fig. 4
w = K[M]*** [11*2.....(4)
K in equation (4) is the total rate constant Ky(f Kd/Ky), Kg and f are the rate constant of initiator
decomposition and efficiency of initiator, respectively. The order with respect to initiator is close to 0.5
as shown in (fig 2), while in (fig 4) it was observed that the order in monomer is (1.95). Which mean
that overall polymerization has an order in monomer greater than unity, and monomer molecule is
involved in initiation step, this kinetic order of monomer was also noticed in the polymerization of
styrene and acrylamide. Bamford and Lind ' obtained an order of (1.5) for the thermal polymerization
of styrene in benzene by Mn(acac)s at (80°C). This result is in good agreement with result gained by
Thiagarajan 2] who obtained monomer order of 1.44 for the thermal polymerization of MMA at (70°C)
using tris (dipivaloyl methan ) Iron(Ill) and Fe(acac)s as initiator. Prabha and Nandi [ have also
reported that the order of MMA is 1.5 for the thermal polymerization of MMA at 70°C using tris
(dipivaloyl methan ) iron (III) and [Fe(acac)s] as initiators, all these authors proposed that complex
formation between the chelate and monomer undergoes a thermal oxidation-reduction reaction. MMA
was polymerized by using benzoyl peroxide (3x10™ mol.dm™) as thermal initiator at (80°C) . In order
to assert that the order of monomer arise from the kinetic of polymerization not from other side effect ,
and vanadium chelate is responsible of increasing the order higher than unity , the obtain value from
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this experiment was (0.95) which is nearly unity . It is clear that initiation process by this initiator
depends on monomer concentration. A complex formation between the monomer (M) and vanadium
chelate molecule might be formed before the formation of the initiating radical.

0 0

A Il
((CH3C0,C,H)CO,), v ..M

[l
((CH3C02C6H4)COZ)3 V+M

[Ty

I
((CH3C0,CeH,)CO0), V (IV) +CH,CO0C,H,CO, M
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((CH3C0,C4H,)C0,), V (IV) +CHyCOOC,H,CO, S

Spectral observation
The UV -visible absorption spectrum of VO((CgHgO4)2)3 in MMA solution is shown in figure (5). On
heating at (80°C) the absorption spectrum changes as shown in fig (5), and in the end becoming
indistinguishable from that of VO((CgHgO4)2)3 in MMA. The isobestic point at (465) nm illustrate that
the total chemical changes are relatively simple. In addition, it was noticed a little increase in the
absorption intensity between (900 to 465 nm) during heating times. The infrared spectrum was
recorded for the thermal reaction product of the chelate after about (2) hours of heating at 80°C in
benzene saturated solution. The position of the vanadyl group (V=0) stretching vibration was appeared
at (945 and 980 cm™) before and after heating respectively. Since it was well established that the V=0
bond consist of sigma bond together with p-d donation of electron from (O to V) atom. An electron
donating ligand attached to the (V=0) bond character. A shift of (35 cm™) to higher frequency is
consistent with scission of ligand on heating, furthermore it was noticed that stretching vibration of
(V=0) bond in (2-acetoxy benzoic acid); Vanadium (V) located at (982 cm™ ) was very close to that
stretching frequencies of (V=0) bond in the complex produced thermally from the corresponding V(V)
VO((CgHg04),)3 chelate. All the proposed spectral observation and kinetic data show that the primary
step in thermolysis is scission of V-O bond and this might be occur by MMA molecule which can form
an intermediate complex between vanadium chelate and MMA monomer before the formation of the
primary initiating radical according to scheme (7):
The MMA molecule could add to the anionic moiety to produce a monomer anion which is oxidized by
V(V) in the same molecule to give the initiating radical(1) , in this case the primary process would be
heterolytic instead of hemolytic . Therefore it was predictable that the polymer chain of polymethyl
methacrylate have the ligand 2-acetoxy benzoic acid as an end group. This end group and other similar
groups (of polymethyl methacrylate and polystyrene) are photosensitive when irradiated in presence of
their respective monomer, it was observed appreciable increase in molecular weight with irradiation
time % In conclusion, there is no retardation or inhibition occur through a free radical mechanism by
using the chelate complex of vanadium (V) as a thermal initiator for the polymerization of MMA at
80°C . The order of monomer is higher than unity, which is; propose that the complex formation
between initiator and MMA from which the primary radical containing MMA unit with the ligand
fragment is responsible for the initiation process. According to the mechanism of thermal
decomposition, oxidation state of vanadium changed from (V) to (1V).
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Detection of polymer tacticity
IR spectroscopy was used to detect the tacticity of polymer chain produced thermally by the present
initiating system it was found that IR spectrum of polymer film is similar to that reported for atactic
PMMA I Moreover, it is completely different from that of isotactic or syndiotactic PMMA 3. |t
was deduced that only ligand 2-acetoxy benzoic acid radical is participated in initiation step and the
rest of coordination vanadium (V) complex molecule is not participate in the initiation process or
propagation process therefore there is no chance of any stereoregularity of MMA repeating unit in the
polymer chain . It was found that the present initiating system has no effect on the tacticity of polymer
produced.
Activation energy of polymerization
The overall activation energy of polymerization initiated by the system [MMA / VOL, OCHjs] (2-
acetoxy benzoic acid); Vanadium (V) was calculated at different temperatures from the slope of the
arrehinus plot shown in fig (6) . The overall activation energy was equal to 14.89 kcal. mol™ This value
is close to that obtained by Thiagarajan for the polymerization of MMA at 80°C ' and it is also agrees
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well with that reported by Bamford and Lind®™ (ET = 11 Kcal/mol) when they used Mn(ppd); initiator
for MMA polymerization at (80°C). Then the activation energy of initiation Ei was deduced from the
following equation:

ET=""=+2 ... (5

Where (Ep =E ™% was reported in the literature for the polymerization of MMA at (80°C) equal to (4.6)

201 or (5.4) keal mol™ 3. The obtained value of Ei was equal to (18.98) kcal.mol™and its close to that
reported by bamford and lind ! for thermal polymerization of MMA using Mn(ppd)s [Ei=12.9], and it
is in agreement with Thiagarajan @ value for thermal polymerization of MMA and its also close to Ei
obtained by A.H.Mustafa ! using Mn (11I) dithiocarbamate at (80°C) as thermal initiators.
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Fig.1: The dependence of average rate of MMA polymerization on chelate concentration at 80°C.
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Fig.2: The logarithmic rate of polymerization of MMA as a function of logarithmic initiator
concentration at constant monomer concentration.
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Abstract
A total of (50) drinking water samples were collected from departments of science college ,

heterotrophic plate count HPC were examined the average , ranged between (2 — 15)
(CFU/100ml) . The result showed that four species of opportunistic types were diagnosed
There were Pseudomonas aeruginosa , Enterobacter aerogenes , Enterobacter sakazaki and
Enterobacter cloaca with recovery rate (30.76% , 30.76% , 23.07% and 15.38%) respectively .
The result of recent search found that all isolates are biofilm producers and gave positive
result on Congo red agar but in different degree.The results of microbial adhesion to
hydrocarbons assay (MATH)assay stated that the percentage of all isolates range 40-65%, which
mean that all the isolates have hydrophobic cell surface.
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Introduction
An adequate supply of safe drinking water is one of the major prerequisites for a healthy life, but

waterborne disease is still a major cause of death in many parts of the world, particularly in children [1,
2]. Drinking water treatment as applied to public water supplies consists of a series of barriers in a
treatment chain that will vary according to the requirements of the supply and the nature and
vulnerability of the source. Broadly these comprise systems for treatment are coagulation and
flocculation, filtration and oxidation. The most common oxidative disinfectant used is chlorine. This
provides an effective and robust barrier to pathogens and provides an easily measured residual that can
act as a marker to show that disinfection has been carried out, and as a preservative in water
distribution.[3]. Water pollution is a major global problem which requires ongoing evaluation and
revision of water resource policy at all levels. It has been suggested that it is the leading worldwide
cause of deaths and diseases, and that it accounts for the deaths of more than (14,000) people daily. An
estimated (1,000) Indian children die of diarrheal sickness every day.Some (90 %) of China’s cities
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suffer from some degree of water pollution, and nearly (500) million people lack access to safe

drinking water [3]. The contamination of drinking water by pathogens causing diarrhoeal disease is the
most important aspect of drinking water quality. The problem arises as a consequence of contamination
of water by faecal matter, particularly human faecal matter, containing pathogenic organisms. One of
the great scourges of cities in Europe and North America in the (19™) century was outbreaks of
waterborne diseases such as cholera and typhoid. In many parts of the developing world it remains a
major cause of disease. It is therefore essential to break the faecal-oral cycle by preventing faecal
matter from entering water sources and/or by treating drinking water to kill the pathogens [3]. It is also
essential to ensure that the multiple barriers are not only in place but working efficiently at all times,
whatever the size of the supply. Drinking water is not, sterile , bacteria can be found in the distribution
system and at the tap. Most of these organisms are harmless, but some opportunist pathogens such
as Pseudomonas aeruginosa and Aeromonas spp. may multiply during distribution given suitable
conditions [4]. Currently there is some debate as to whether these organisms are responsible for any
waterborne, gastrointestinal disease in the community but P. aeruginosa is known to cause infections in
immunocompromised patients and weakened patients in hospitals [4, 5]. Other type of water associated
diseases called Water-related diseases are caused by insect vectors which either breed in water or bite
near water.Very difficult to control and diseases are very severe, such as:

1-Yellow fever (viral disease) is transmitted by the mosquito.
2- Dengue (viral) carried by the mosquito (breeds in water).
3-Malaria is caused by a protozo and is also spread by a mosquito .
4-Trypanosomiasis (Gambian sleeping sickness) is also caused by a protozoan transmitted by the
riverine Tetse fly .[2].Water pollution occurs when pollutants are discharged directly or indirectly into
water bodies without adequate treatment to remove harmful compounds. Main sources of water
microbial  pollution is sewage, most treated wastewater goes into rivers, lakes, and oceans.
Occasionally, heavy rains overwhelm sewer systems, causing them to overflow increasing the risk of
water borne-diseases.. This can put communities at risk from high concentrations of microbial
pollutants in raw, untreated sewage. The mian source of water pollution with all microorganisms
through dumping untreated sewage into water bodies. This is very dangerous because they contaminate
the environment and water bodies and bring many deadly diseases. Other Source of water pollution is
agricultural and animal wastes, over the past few decades, the increase in population and advances
made in farming technology has increased the demand for crops and livestock from the agricultural
industry. This growth in agricultural production has resulted in an increase in contaminants polluting
waterways. Most of .industrial wastes polluted the water with chemicals, however some of these
industries such as medical and food industries polluted the water with microorganisms. Biofilms occur
whenever water is in contact with a solid surface, such as a distribution system pipe. Biofilms represent
a build up of microorganisms attached to a surface and embedded in a matrix of various organic
polymers of microbial origin. Biofilms may also contain a high inorganic content such as sediment,
scale and corrosion deposits [6]. Biofilm is an assemblage of surface —associated microbial cells in
extracellular polymeric substance matrix [7]. Hydrophobicity: Bacterial cell surface hydrophobicity is
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one of the most important factors that influence bacterial adhesion and form biofilm [ 8]. The
importance of hydrophobic interactions in nonspecific bacterial adhesion has been recognized [9]
.Hydrophobic interactions were previously thought to play important roles only in the microbial
degradation of oils and hydrocarbons later many studies were pointed on role of hydrophobicity in
formation of hydrophilic interaction and important in adherence process in presence of other factors
[10] According to the WHO, drinking water should be free from any organism that might pose a health
risk to the human population [2]. This study was aimed to investigate the presence of bacteria in
drinking water of science collage - Baghdad University and study the bacterial ability to form
biofilm by two methods congo red agar and microbial adhesion to hydrocarbons assay (MATH).

Experimental
Samples collection: Fifty tap drinking water samples (100 ml of each sample ) were collected from

five departments of science collage of Baghdad university according to standerd methods [11] . Prior
to collection, water was allowed to run at a uniform rate for (2-3) min. in a sterile bottles containing
sodium thiosulphate ( a final concentration of 0.01 (W/V)) to neutralize any free or combined residual
chlorine. One liter of water sample was collected in each bottle, the samples were carried out to the
laboratory special aseptic cool box . All the samples were transported to the laboratory on ice and
analyzed within (24) h. Filtration and culturing of water samples: Water samples were tested for the
presence of heterotrophic bacteria by filtering (100ml) volume through (0.45)um nitrocellulose filter
(Millipore) and incubated on nutrient agar (37° C) for (72) h . Isolation and Identification of colonies:
After 24hr incubation, cultures were examined for distinct colonies, the colonies were transferred on to
surface of nutrient agar in plates and incubated at (37° C) for (18- 24) h. All the colonies were tested for
colony morphology, all bacterial isolates were examined morphologically by Gram's stain and
subjected to some biochemical tests . MacConkey's agar considered as a differential culture medium ,
which used to differentiate between lactose fermented and non lactose fermented bacteria and further
confirmation (APl 20E) and (APl ID 32) were used to diagnosis as in (Biomerieux) France.
Detection of bacterial ability to produce slime layer and biofilm by using two metheds:

1-Congo red agar method; This medium was prepared by melting (37g) of brain heart infusion broth,
(5009) of sucrose and (15g) of agar-agar in (900) ml of D.W. sterilized, cooling to (55°C) ,added100ml
of Congo red solution , inoculated with single colony of tested bacterial by streaking, incubated at (37°
C) for (24) hr. A positive result indicated by black colonies and the non-slime producers usually
remained pink 12].

2-Microbial adhesion to hydrocarbons assay (MATH); Hydrophobicity was determined by an affinity
test to xylene with bacterial cells from culture in nutrient broth previously incubated at (35-37°C) for
(24hr). The cells were harvested, washed with phosphate buffer saline, (pH7.4) and suspended in the
same buffer at a turbidity of (0. 4) (A660nm). Aliquots of (2.5) ml were mixed with 1 ml of xylene and
after vortexing for (2) min, the tube was left for (20) min at room temperature to allow separation of the
two phases. The aqueous phase was collected and the turbidity was read at (660) nm. The
hydrophobicity index (HI) was calculated using the following equation: HI = (A660 control-A660
test)/A660 control. The strains were considered as strongly hydrophobic when the hydrophobicity
index was above (70%), and hydrophilic when the hydrophobicity index was below (30%) [13,14,15].
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Results & Discussion

Isolation and identification:

The presence of bacteria in drinking water supplisis a reason of public health concern due to their
capacity to produce toxin , to colonize biofilm and to resist to chlorine disinfection . Heterotrophic
plate count HPC were examined and using of biochemical tests and API20E and API ID32 for

further confirmation , the average ranged between (2 — 15 CFU/100ml) .The result showed that
four species of opportunistic bacteria were diagnosed (as shown in Table 1)

Table 1 Average of Heterotrophic Plate Count ( HPC ) of samples

Average of HPC/100ml Samples no. Department
15 10 Biology
6 10 Physics
10 10 Chemistry
2 10 Mathematic
8 10 Computer

( In recent study) P.aeruginosaand and E.aerogeneshas higher recovery rate was (30.76 %) ( 4
isolates for both ) while E.sakazaki had recovery rate (23.07 %) ( 3 isolates ) then E.cloacae had
lower rate (15.38%) ( 2 isolates ) . the percentage of these bacteria recovery were listed in (
tables 2,3 ).These bacteria are widely found in drinking water and were considered as
opportunistic human pathogens that cause life threatening infection especially in patients with a
compromised immune system.

Figure 1: Growth of bacteria on filter paper after incubation.
Table- 2: Distribution of bacterial isolates according to departments.

Numbers Isolates Department

P.aeruginosa

1

1 E.cloaca Biology

1 E.sakazaki

1 P.aeruginosa _
Physics

2 E.aerogesles

1 P.aeruginosa )

1 Chemistry

E.cloacae
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2 E.sakazaki

1 E. aerogens

1 P.aeruginosa Mathematics
1 E. aerogens Computer

Table 3: percentages of bacteria under study

Total (%) Isolates

4 (30.76%) E.aergenes
4 (30.76%) p.aeruginosa
3 (23.07%) E.sakazaki
2 (15.38%) E.colaca
13 (100%) total

Biology department have highest recovery rate of bacteria that due to the old age of pipes that lead
to form biofilm and there are several reasons caused the presenceof bacteria inthe drinking water
e Main berakes , repairs , and installation in water treatment plant and disterbiution system ,
operation and maintenance deficiencies and cross_connections cause entering the pollutantsa
form the surrounding soil .

e From the sewers through leaks or flooding of sewers

e Connection the new pipes from new building

e Biofilm in the old pipes are reduced the chlorine content in the distribution system which
lead to growth of resistant bacteria.[16,17]

Detection of bacterial ability to produce slime layer (Congo red agar method)

All isolates form slim layer on Congo red when form black color on it but in different degree

found in( Table 4).
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Figure 2: Congo red agar results.

Table 4: Results of Congo red method

Degree of biofilm
44 + 4+ + Isolates
100% - - p.aeruginosa
100% - - E.sakazaki
100% - - E.colaca
- 50% 50% E.aergenes

Congo red bind to exopolysacharide( EPS )lead to produce black colonies. The Congo red method has
many favorable include the colonies remain viable on the medium also it is not affected with the
variation which may occur in the culture media and which affect on growth in Christensen method.
Moreover it supply nutritive medium for induction the production of slime layer as it consist of brain-
heart agar and (5%) sucrose. The EPS may vary in chemical and physical properties, but it is primarily
composed of polysaccharides. Some of these polysaccharides are neutral or polyanionic, as is the case
for the EPS of gram-negative bacteria [18,19].
Microbial adhesion to hydrocarbons assay (MATH)
The results of (MATH) assay stated that the percentage of all isolates range (40-65%), which mean
that all the isolates have hydrophobic cell surface because an afinity to xylene was >30% .
Hydrophobicity of the bacterial cell surface is one of the most important factors which govern the
mechanism of bacterial adhesion to inanimate and biological surfaces and form biofilm .[20] .
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The increasing of adherence ability of bacteria due to increasing of hydrophobocity [21] . Hydrophobic
interaction is one of mechanisms of bacterial colonization on solid surfaces [22] . The hydrophopic
bacterial surface prevents interaction between the bacterial cell and water[23]. Most fimbriae that have
been examined contain a high proportion of hydrophobic amino acid residues [24]. Fimbriae play a role
in cell surface hydrophobicity and attachment, probably by overcoming the initial electrostatic
repulsion barrier that exists between the cell and substratum[ 25].
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