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ABSTRACT

M aintenance of hospital buildings and its management are regarded as an important subject which
needs attention because hospital buildings are service institutions which are very important to a
society, requiring the search for the best procedure to develop maintenance in hospitals.

The research is aimed to determine an equation to estimate the annual maintenance cost for public
hospital. To achieve this aim, Al-Sader City Hospital maintenance system in Al-Najaf province has
been studied with its main elements through survey of data, records and reports relating to
maintenance during the years of the study 2008-2014 and to identify the strengths, weaknesses,
opportunities and threat points in the current system through Swat analysis, which represents "
analyzing the internal factors represented by strengths and weaknesses points and the external
factors represented by opportunities and threats,” [41]. On the basis of that, an equation has been
obtained to estimate the cost of annual maintenance. To achieve this aim, the following issues
should be taken into consideration:

Studying the actual work program of the maintenance department in Al-Sader Hospital,
Identifying the procedures used in maintenance and ways they are implemented,

Studying the maintenance records and reports,

Holding interviews with the manager of maintenance and its staff to integrate the
information and

¢ Integrating the analysis of maintenance cost by using statistical analysis system (ASA 2012).

To assess the validity of the model for the annual maintenance cost, the predicted values of the
equation are plotted against the actual measured (observed) values. Based on the validation data set,
the coefficient of determination (R) was found to be equal to (82.5%), therefore it can be concluded
that the developed equation showed moderate agreement with the actual measurements.

Finally, it can be concluded from the study that, the developed equation should be applied in
hospital to overcome the problems and weak points of the current system and to estimate the annual
maintenance cost for hospitals based on the scientific method.


mailto:Kadhim1969@yahoo.com

@) Number 2 Volume 23 February 2017 Journal of Engineering

=

Key words: maintenance of hospital, maintenance management, annual maintenance cost, hospital
maintenance system.

dalad) il 4 giud) Libual) 48185 Cluad Aalaa alay

(Al pd D juiall e Adi)

B s Too pay pBlS
Dfale Al o5
A Lotigh ando Al S 3k Aaela Al Aoarig andodnigl) S slaas daals

il 3all (o Li S Ly alaiaSU 3 geall 38 55 cany il dagal) gl sall (e L 1) sl 5 i) Al Al a3
Bla Jle) sk b oaelad ) cullad) Jaadl ce Ll Gandl ol Lee ainall 303 3 dpaal SSY) dpenal
QERTERAA|

lall aUas Jilas g Al o o3 Sld a3 i jal s Al jall i) 3 ) Dluall 5ol ol gl ) Cand) Cangy
B laaall 5yl g bl e g SV IR (e gyl 5 pualic DS Caaill Akl b aidedll jaal) i b
Jalad DA (e sl allaill 8 lagagill 5 (m ll 5 5 il 5 Chamuall Jalds 30a3 255 2014 ) 2008 (e G5 yaall il siall
e il Letiay ) Apa jlall ol gall g Jalii Coraall Laliig 3aall Jalis dlies Adalall ol gadl Qs Jiay @A ol gus

a3 Iy (3 m jal 5 A siaal) Ailuall A1 (e e Jaad Alalas dlagl 3 clld Gald e s [41] "Calangd

el ol it 8 Ailall sl Jae s @l sl )3 @
Lo i 46 5 Aol 8 Aariiaall (ol e (i paill @

Al Ailaiad) ) 5 &l 5 el Bl 52

la shaall JalS5 ym 53l anill b cplelall s dilacall yute e daadd UG ol jal o
(SAS 2012) (lan ¥ Jlatl geali s okl Adlseal) IS JalSia Jiai 0

2014 ind Aaa el adl) ga Aslaal) (g Gnd siall il ans ) 3 edilpeall 4y sindl A Ol Aslae Ladla o S in jal
S Al L ¢ (782.5) 5w s (R) awantl Jalas pani s cilill) daa (g i) imjad (s pal idid) (e
Aladl) ) e e ilis el Alslaal) (Jf i

Slo il il b Aolaal) Gaki sy Lhe oot )l ila gill s Claliind) (e e slhe] o5 ctuadl dles
Asalal) 28 lall 18 5 cilgioaall 2 il Aloeal) A4S 3aaty ) Uil 8 Conal) JalSs 5 JSLEAN

,fulSl\ Cradd Uolaa ‘:g).u.n]\ Z\leu.aj\ sl ‘Ga:\la_ﬂ\ ‘).J..AS\ bﬁ;.um ‘4_11:\..4]\ BJ\J\ ?LL" ‘U_\w\ :‘\_\\:\m :MJ&\ LAPN(YY]



@) Number 2 Volume 23 February 2017 Journal of Engineering

=

1. INTRODUCTION

Hospital buildings are considered as an important facilities in the country because of their great
responsibility to offer medical and health service for huge population, especially in the current
conditions in Iraq that have led to a weak security situation, which has caused an unnatural increase
in the number of patients. So it became necessary to maintain those buildings in good condition
which cost the country economy huge amounts of money .

Maintenance of any building comes from the planning stage, but the organization and
implementation of maintenance work are done only after the building is completed as a result of
change in preoccupation conditions of the building, Geisler, 2002.

Every structure requires care to limit deterioration. Exposure to the elements causes all building
materials to wear down eventually. Periodic inspections can help to figure out the problems early
and together with regular maintenance, these practices can extend the life of building.

Set up a building maintenance schedule to remind you of any inspections or work that needs to be
done. This will help prioritize required maintenance and prevent costly future repairs. Over the life
of a structure, it had been shown that a small dose of planned maintenance on an annual frequency
was less costly than a large one time corrective repair Renew, 2012.

Maintenance of hospital buildings is one of the complex subjects in the field of building
maintenance, but what contributes to this nature is the accuracy of its mechanical and electrical
systems. The inadequate maintenance budgets and the qualities of the physical environment in
which patients receive care can be positive or negative, Malkin and Wiley, 1992. So maintenance
work for hospitals should be planned and programmed to find adequate solutions to do better
maintenance because a good building requires a good maintenance, Hutton and Lloyd, 2006.

The Maintenance aims to extend the life of machines and buildings in hospitals because of their high
costs. Additionally, maintenance aims to reduce the lost time caused by malfunction of machines
which may greatly influence the productivity of the hospital in terms of quantity and quality of
medical services provided. On the other hand, hospitals administrations, for obvious reasons, prefer
the maintenance work itself to be with minimal cost, effort and time but with best quality.

Therefore, the importance of maintenance arises in both health and non-health institutions alike;
hence, developing countries, traditionally pay great attention to maintenance.

2. RESEARCH JUSTIFICATION

The hospitals are the most important buildings that have direct contact with patient’s lives and their
importance lies in the provision of humanitarian and medical services. The justifications for the
preparation of this research, which was reached through the Swat analysis, are:

1- The deficiencies in the maintenance management system of government and private
hospitals in Irag.
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2- Retardation the hospitals maintenance systems in Irag.

3- No assigned maintenance tasks to specialists.

4-  Lack of sufficient funds for maintenance.

5- Administrative and financial corruption.

6- The absence of real survey for information of the real situation of the reality of maintenance.
7-  The lack of a clear and consistent maintenance plans by senior management.

8- Low wages and incentive rates for workers in this field.

3. DEFINITIONS OF MAINTENANCE

The following are some of the most common definitions:

e " A set of technical and administrative activities that work to keep the assets away from the
occurrence of any failure that might lead to reducing the efficiency and productivity *,
Abdul, 2009.

e " All Works carried out to maintain the building and protect it from damage in order to do its
function as long as possible by repairing defects and hence reducing costs resulted from
negligence ", Chandler, 1987.

4. TYPES OF MAINTENANCE
Maintenance includes the following types, Higgins and Morrow, 1977

1- Unplanned maintenance: Maintenance activities occur without any prior planning.

2- Preventive maintenance: Maintenance activities are performed according to a plan and within
the time periods for the purpose of reducing the probability of failure and improving the
performance.

3- Corrective Maintenance: The maintenance activities take place after the occurring of a failure.
The purpose is to restore the situation back to the normal conditions.

4- Scheduled maintenance: A preventive maintenance in which maintaining activities are carried
out according to specific quantitative criteria such as periods of time, number of operating times
or Mileage.

5- Condition-based Maintenance: A preventive maintenance in which maintaining activities are
promoted based on the outcomes of the inspection and routine testing.

5. DEFINITIONS OF HOSPITAL

A hospital can be defined as a health care institution in which patients are treated by specialized staff
and equipment. The most popular type of hospitals is the general hospital, which normally has an
emergency department.

A district hospital is typically the major health care in its region, with large numbers of beds for
long-term care; specialized hospitals are included, Martin et al., 2009.

1- Rehabilitation hospitals: Which include children's hospitals, seniors' hospitals, and hospitals
for dealing with specific medical needs such as (psychiatric problems).
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2-

3-
4-

Teaching hospitals: In addition to provide treatment for patients, they provide education for
doctors, pharmacists and nurses.

The medical facility: Smaller than a hospital; it is generally called a clinic.

Hospitals are unproductive service institutions usually funded by the public sector such as
Ministry of Health and health insurance companies.

5.1 Objectives of Maintenance in Hospitals

The most important objectives of maintenance in hospitals include Geert, and Pintelon, 2002:

Prolonging the productive life for the machinery and equipment and all facilities of the
hospital.

Maximizing the use of the existing equipment and services.

Making sure of the permanent readiness for all machines and equipment, especially for
emergencies.

Ensuring the safety of patients and staff when they use the devices and extensions that
available in the hospital.

Reducing costs through sustainable running of all the machines and equipment and increasing
their productivity. This does not mean final objective is to reduce maintenance costs, but to get
the best level of cost within the level of maintenance.

5.2 Execution of Maintenance Work in Hospitals

Maintenance work in the hospitals is done in general by dividing the hospital into parts so that
maintenance can be done easily. For instance, the hospital is divided into parts for maintenance
purposes, Shah, 2009:

1-

2-

3-

Buildings: A timetable is set to carry out building maintenance which covers the following:
e Painting and washing kitchen every three months; while wards and restaurants as well as
other hospital facilities once a year.
Painting and washing doctors' clinics every two or three years.
Furniture maintenance every two years.
Street re-pavement and corridors every four years.
e Water pipe and sewer networks every eight years.
For the maintenance of electrical, mechanical and medical instruments, a list is made to carry
out maintenance work on them:
e Daily inspection of electrical connection.
e Testing electrical points and calibration, wires and electrical connections every month
e Generators and machines yearly.
e Checking all instruments according to a timetable and in agreement with instrument
nature and expected breakdown

A variety of works; Because in a hospital, there are many units such as washing machine unit,
the elevators which need regular inspection and which need maintenance to be used regularly,
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therefore, their electrical, electronic and mechanical systems should be always inspected
together with the communications system. Warehouses should also be maintained.

6. STUDY THE REALITY OF THE IRAQI HOSPITALS MAINTENANCE
MANAGEMENT SYSTEM

6.1 Introduction to the Case Study

Al-Sader City hospital is one of the most important medical health institutions among the hospitals
of Al- Najaf province; it is located on the main road linking Najaf city to Kufa city. Al-Sader City
was implemented by a German company at a cost of 22 Billion ID and on a total area of (67,500)
square meters. It was opened in 1983 with a capacity of 200 beds; this capacity was continually
increasing to reach at the end of 2013.

6.2 Human Resources and Training and Development in Al-Sader City Hospital

Human resources are important factors for the success of the maintenance process at any institution.
The details of human resources in Al-Sader hospital are shown in Tables 1 and 2.

There are two types of courses in training and developing department at Al-Sader medical city:

1- Basic: Courses are needed by the employees for promotion from one level to above.
2- Developing: Courses are needed to develop the efficiency and ability of workers.

Table 3 shows a model for proposed courses by the Ministry of Health in hospital for year 2013.

6.3 Survey of Approaches Maintenance Management in Al-Sader City Hospital

Based on the field visits and following-up on one side and the understanding of the tasks, duties and
objectives on the other side, the organizational framework of maintenance department can be
structured as shown in Fig. 1. This figure represents the structure for the programming of
maintenance work in the hospital and also reflects a simple embodiment for the tasks and the works
carried out by the department.

6.4 Statistical Analysis of the Data

The researcher adopted the data on maintenance cost during the last seven years (2008-2014) through
interviews with Department head in the hospital as well as with Department Head in the Najaf health
directorate and official documents, records and statistics related to the hospital. On the other hand,
the researcher adopted interviewing with the maintenance department staff in order to integrate
information. The data were represented by curves for easy discussion as shown in Figs. 2 and 3.

The statistical analysis system (SAS 2012) was used to estimate regression coefficient (multiple
regressions) of y variable on difference dependent variables represented by (maintenance of water
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installation, electrical installation, transportation, furniture, building, machinery and equipment and
gardens) in seven years (2008-2014) to develop an equation as shown below.

Y= 7405316890 -86.05 X;-18.72 X,+624.21 X3-58.34 X;4+5.48 X5-7.86 Xg-14.56 X5 D
Where:
X1: Maintenance of water installation
Xo: Maintenance of electrical installation
X3: Maintenance of transportation
X4: Maintenance of furniture
Xs: Maintenance of building
Xe: Maintenance of devices and equipment
X7: Maintenance of gardens, and
Y: Annual maintenance cost

6.5 Validity of the Annual Maintenance Cost Equation

To assess the validity of the model for the annual maintenance cost, the predicted values of the
equation are plotted against the real measured (observed) values of hospital for validation data set
for years under study (Log were taken because the small number of data) as shown in Fig .4.

The coefficient of determination, (R), from Fig. 4 is (0.825%), which means that the seven studied
factors (X3, X, ..., X7) explain (82.5%) from annual maintenance cost (Y) and (17.5%) from other
factors.

It is clear from Table 4 that the error lays within the good categorization. Therefore, it can be
concluded that AMCA equation shows moderate agreement with the actual measurements.

7. CONCLUSIONS

1- There is no scientific system which the maintenance management can resort to determine
allocated maintenance cost and priorities of maintenance activates. The difference between
the actual and allocated reached to (21%).

2- Weakness of balance between the number of technical and engineering staff in the
maintenance unit is compared with that of administrative and technicians. There is a lack of
some necessary specializations where the number of engineers is (33%), technicians (54%),
craftsmen (11%) and administrates (2%) of the total number of maintenance staff.

3- The maintenance staffs are not enrolled in training courses for maintenance of modern
medical instruments and training courses to improve their capability in maintenance
management.

4- Validity of alternative hypothesis is stated that there is an equation able to calculate the
allocated cost of maintenance where its coefficient of determination (R) is (82.5%) between
predicted values of the equation and the real observed values of hospital.
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Table 1. The cross-classification of the total staffs by profession and type until 2013.

Permanent staffing Temporary Total
Profession
Mail Female Mail Female
Engineer 9 5 . 5 16
Technician 18 5 6 . 26
Craftsman 5 . . . 5
Administrative 1 o . . 1

Table 2. The cross-classification of the permanent staff by the level of the profession and academic

qualification.
. Master . Industrial
Profession Bachelor | Institute School | Intermediate | Primary | Total
Engineer 1 15 L . . . 16
Technician . . 16 6 3 1 26
Craftsman . L L . 5 3 5
Administrative . . . L 1 . 1
Table 3. Model for proposed courses in Al-Sader medical city.
No. Name of course Duration The participants Place of course
Operation and Engineers and Department of medical
1 | maintenance of Weekly technicians (medical | device manager/Division of
electric jolt devices devices) training and development
Operation and Engineers and Department of medical
2 | maintenance of Weekly technicians (medical | device manager/Division of
Lithotripsy devices devices) training and development
Construction Project All specialties Department of medical
3 Weekly . S
management device manager/Division of

11
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training and development

Operation and

Engineers and

Department of medical

4 | maintenance of MRI Weekly technicians (medical | device manager/Division of
devices devices) training and development
Operation and Engineers and Department of medical

5 | maintenance of X- ray Weekly technicians (medical | device manager/Division of
devices devices) training and development
Operation and Engineers and Department of medical

6 | maintenance of ECG Weekly technicians (medical | device manager/Division of
devices devices) training and development
Operation and Engineers and Department of medical

7 | maintenance of Weekly technicians (medical | device manager/Division of
anesthesia devices devices) training and development
Operation and Department of medical

8 | maintenance of Weekly All specialties device manager/Division of
occupational safety training and development
Operation and Engineers and Department of medical

9 | maintenance of Weekly technicians (medical | device manager/Division of
scanner- CT devices devices) training and development

Engineers and Department of medical
10 | Electronics Weekly technicians (medical | device manager/Division of

devices)

training and development

Table 4. Error categorization, (%), Schexnayder, 2003.

MAPE
Good Fair Poor
Less than 25 25-50 More than 50

12
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ABSTRACT

T he contamination of soil with the wastes of oil industry products that are complex mixtures of
hydrocarbons increased recently due to the large development of oil industries in Irag. This study
deals with the remediation of low permeability contaminated clayey soil by using the enhanced
electrokinetic technique (EK). The contaminated soil samples obtained from Thi-Qar oil refinery
plant in Al-Nassyriah city, where the byproducts of refinery plant are disposed into that site. The
byproduct contaminant treated as total petroleum hydrocarbons (TPH) to avoid dealing and
complexity of treating the individual minerals and compounds consisting the contaminant. The
initial concentrations of TPH were (702.7, 1168, 1235) ppm in the contaminated soil samples
NA, NAi;, and NAj, respectively. The remediation technique includes a bench-scale
experimental study by applying the enhanced electrokinetic test on the soil sample NA;, that
contains the higher concentration of TPH in compared with other soil samples. A constant DC
voltage gradient of 1.0 VDC/cm was applied for a period of 10 days. This technology was
enhanced by using flushing solution of ethanol and deionized water, which was mixed in ratios
of 30% and 70% respectively. The results of this study showed that the removal of TPH at the
anode was about 15% and the concentration of TPH decreased at anode, which reflect the
migration of TPH towards the cathode.

Keywords: electrokinetics technique, remediation, total petroleum hydrocarbon, enhanced
electrokinetic, clayey soil.
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1. INTRODUCTION

The soil and groundwater contamination grow rapidly in the world and cause serious
environmental problems. The different human activities and urbanization such as agriculture,
mining, and industrial lead to contamination of soils. Contamination may be in the form of
organic compounds, inorganic compounds and heavy metals. The common types of soil
contaminants are heavy metals and petroleum-based hydrocarbon compounds, Cameslle et al.,
2013. Many of the soils are contaminated with petroleum products because of oil spills during
oil production and transportation. The electrokinetic technique (EK) uses low-level of constant
voltage DC power supply, potential gradients in the range of 20-200 V/m or alternatively a
constant current density in the range of 0.025-5 A/m? between the electrodes. When an electric
field is applied to a wet soil, the cation will move toward the anode and anions are moved toward
the cathode as shown in Fig.1, Karim, 2015. Several studies have demonstrated to use water, as
an electrolyte solution does not improve the removal of mixed contaminants from soils.
Therefore, different strategies were used to enhance the removing of contaminants from soil or
water. These strategies involve: (1) increasing duration of remediation, (2) increasing the electric
potential gradient between electrodes, (3) using cation/anion exchange membranes in the
electrodes, and (4) using enhancement solutions such as (solvents or surfactants) with different
hydraulic gradients. Using of enhancement co-solvents has been approved to be the most
efficient strategy to get high removal efficiency, Reddy, 2013.

Karkush et al., 2013 studied the effects of four types of contaminants on the geotechnical
properties of clayey soil. The different types of contaminants have different effects on the
geotechnical properties of tested soil samples. The effects of industrial wastewater disposed from
thermal electricity plant on the geotechnical properties of clayey and sandy soil samples were
studied by Karkush and Abdul Kareem, 2015 and Karkush and Resol, 2015. Karkush and
Altaher, 2016 measured the risk of contamination resulting from contamination of clayey soil
contaminated by industrial wastewater disposed from Thi-Qar oil refinery plant. This paper deals
with remediation of clayey soil contaminated with industrial wastewater disposed from Thi-Qar
oil refinery plant by using enhanced EK technique. The enhancement achieved by using flushing
solution (deionized water and ethanol). The selection of ethanol surfactant (C,H,0s) was based
on its proven ability to solubilize organic contaminants in previous studies, environmental
compatibility, and non-toxicity, thus reducing the risk of future environmental problems after the
remediation process, making it an environmentally friendly surfactant.

2. EXPERIMENTAL WORK
2.1 Site Review and Soil Sampling

The contaminated soil samples used in this work were obtained from Thi-Qar oil refinery
plant in Al-Nassyriah city, which is located in the south part of Irag with georeferencing
coordinates (GPS coordinate: N 305916.2, E 0461332.8). A part of this site is considered the
disposal area for the by-products from the oil refinery. A pit was excavated using a shovel to
obtain the soil samples from three different depths (0.0, 1.0 and 2.0) m below the existing
ground level (E.G.L). The groundwater table was about 2.25 m below E.G.L. The site soil can be
classified according to the unified soil classification system (USCS) as a medium to stiff clayey
silt (ML) but because of the presence of contaminants in the soil, the consistency of soil samples
changed to soft and very soft soil. The location of the study area where the soil samples obtained
is explained in Fig. 2. The physical properties of tested soil are given in Table 1.

14
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2.2 Electrokinetic Test Set-up and Testing Procedure

The bench-scale experimental set-up was designed to examine the feasibility of TPH
contaminants removal from soil sample with EK technique, which mainly depends on the
electromigration and the electroosmotic actions. The EK was enhanced by using flushing
solution, which consisted of two components (70 % of deionized water and 30% of ethanol). The
schematic diagram of the electro-kinetic test setup used in this study to combined hydraulic
flushing-electrokinetic experiments is shown in Fig. 3. The test setup includes of an
electrokinetic cell, two electrode compartments, two electrode reservoirs, power supply, and
multimeter. The electrode compartment consists of valve to control the flow into the cell, pump,
perforated graphite electrode, porous stone and filter paper. The porous stone and filter paper

were used to prevent soil particles from migration to the anode and/or the cathode reservoirs.
Gas vents were provided in the electrode compartments to allow escaping the gases resulting
from the electrolysis reactions. A tube was attached to gas vent ports to collect any liquid that
may be removed with the ventilated gases. In addition, pH meter (Coring 350 probe) was used to
measure the pH of the soil collected in cathode reservoir. The outflow through the electrode
compartment was also monitored to determine the electro-osmotic flow.

The testing procedure can be summarized by the following points:

1) Preparation the electro-kinetic cell with all components described previously (electrodes,
flushing surfactants and device used to control hydraulic gradient);

2) The contaminated soil sample was dried at a temperature of (30-35) °C. Then, mixed with the
natural moisture content and placed in the electro-kinetic cell depending on the field unit
weight. The filter paper was placed between the porous stone and soil and both were placed
in front of the electrodes;

3) The electrode compartments were filled with a purging solution (PS).The anode reservoir
was filled with deionized water alone for five days and then continued with 70% of DW. and
30% of Ethanol for other five days, while the cathode reservoir was filled with deionized
water during 10 days from starting experiment;

4) Then, connecting the electrodes to the power supply with an appropriate potential gradient of
1 VDC/cm to be applied to the soil sample.

5) The water flowed in the cathode compartment, the electric current across the soil sample, and
pH in the cathode were measured with time during the experiment period.

6) The test was finished when the electrical currents become constant or no significant change
in EO flow was observed.

7) At the end of each experiment, the aqueous solution from the reservoirs and the electrode
compartments were collected and analyzed. The electrodes, the tube, and the reservoirs were
exchanged for the new test. Thereafter, the soil sample was extruded from the cell and
divided into four sections. Each section was tested for pH and residual TPH concentration by
using UV device.

To ensure the accuracy and control of the test results, the following points were taken into
consideration:
a) Soaking the electrokinetic cell and reservoirs in a dilute acid solution for 24 hrs
and then rinsing with potable water firstly and with distilled water secondly;
b) Boiling the porous stones in distilled water for several hours;
c) Using new electrodes and filter papers for each experiment; and
d) Checking the UV device before and after each experiment.
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3. RESULTS AND DISCUSSION
3.1 Electric Current

The variation of electrical current with time follows the trend shown in Fig. 4 with some
fluctuations for the soil sample NA1, remediated with deionized water and ethanol. The electric
current increased rapidly in the first few hours, then increased steadily within next 100 hours to
reach its maximum value at the time of 125 hours, after that, the current decreased quickly to
become constant after 200 hours approximately. The remediation period (10 days) was divided
into two equal parts, in the first part of remediation period; the deionized water was used as a
flushing solution, where the electrical current increased quickly during the first hours of the test
and then become steady. While, in the second part of remediation period, 30 % of ethanol was
mixed with 70 % of deionized water to form the flushing solution, the electrical current began to
decrease quickly with time as shown in Fig. 4.

The high initial electrical current occurs due to the dissolution of salts in the soil, which
causes increasing the mobility of ions, Mitchell, 1993; Reddy and Karri, 2006; and Reddy et
al., 2011. During the EK remediation process, OH and H" ions are generated at the cathode and
anode due to electrolysis, respectively. Increasing the ions in soil will increase the mobility and
constant production of H" ions at the anode will help to increase the electrical current, but over
time, these ions are depleted as they electromigrated and move into the electrode chambers due to
the processes of electromigration and electroosmosis. The migrations of ions will cause lowering
of the electrical current due to depletion in the amount of mobile ions in the soil, Saichek and
Reddy 2005.

3.2 pH of Effluent

The pH of the effluent at the cathode was measured over time during EK experiment of
contaminated soil sample NA;, and the variation of pH with time is shown in Fig. 5. The value of
pH increased rapidly to reach its maximum value in the first 16 hours of experiments. This may
be due to the production of OH  at the cathode near the outflow end. The same behavior was
observed by Bruell et al., 1992 in remediation of soil contaminated with organic compounds by
electrokinetic technique. Increasing the electroosmotic flow action towards the cathode leads to
decreasing the value of pH near the cathode due to the opposite migration of negative hydroxide
(OH ) ions towards the anode Reddy et al., 2011. In this research, in case of using deionized
water as flushing solution, the electroosmotic was low; therefore, the value of pH was higher near
the cathode. The pH value of co-solvent solution has a small influence on the pH value of soil
sample remediated by EK technique. During the experiment of EK, the generated acidic solution
at the anode will move gradually by electromigration and electroosmotic flow through the soil
towards the cathode. This action will lead to lowering the pH value of soil, Acar et al., 1995. The
pH of the effluent at the cathode was measured over time during EK experiments enhanced with
three concentrations of co-solvents for soil sample NA;, are shown in Fig. 5.

3.3 Electroosmosis Flow (EOF)

The highest electroosmotic flow was observed during the EK experiment enhanced with
deionized water as shown in Fig. 6. The use of co-solvent such as ethanol decreases the
electroosmotic flow due to increasing the electric current resistivity. Removing of organic
materials from soil may be resulting from the combined effects of the electroosmotic flow and
the ability of the co-solvent to dissolve the contaminants. Based on observation of results during
the experiments, the deionized water alone developed a high electroosmotic flow, but no
transport or removal of petroleum hydrocarbon was observed. On the contrary, using of ethanol
as co-solvent causes decreasing in electroosmotic flow but the removal efficiency was high
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which confirms the findings of Cameselle and Reddy, 2012. The flushing solution properties
such as dielectric constant and the viscosity may be responsible for low electroosmotic flow. The
results of the EK experiments indicated that using the ethanol as flushing solution was
advantageous for treating the soil near the anode region, but contaminant migration was limited
by changing the soil and/or solution chemistry that occurred with time and/or distance from the
anode, Saichek and Reddy, 2005.

3.4 Total Petroleum Hydrocarbon Removal

To evaluate the efficiency of enhanced EK technique, the concentration of TPH in the
remediated soil samples were compared with the initial concentrations of TPH. The initial
concentrations of TPH were (702.7, 1168, 2235) ppm in the soil samples NA;o, NA;; and NA
respectively. The variation of TPH concentrations with distance for the soil sample NAj,
remediated with 70% of DW and 30% of ethanol are shown in Fig. 7. The results of tests proved
the redistribution of total hydrocarbons remained in the treated soil sample, as a result the
concentration of the hydrocarbons decreased everywhere in the soil sample except near the
cathode. The removal efficiency ratio was about 15% for soil sample NA1,. This ratio was very
small, so it is very important to use an effective co-solvent as an enhancement for EK technique.

4. CONCLUSIONS

The main conclusions drawn from the results of this study, through applying the
electrokinetic remediation technique on soil sample NAj, is the efficient and economical
applicability of such technique in remediation of low permeability and heterogeneous soils that
have been contaminated by organics material such as total petroleum hydrocarbons (TPH). The
removal efficiency of TPH from contaminated soil sample NA;, remediated by enhanced EK
technique was 15%. The removal efficiency decreased in advance towards the cathode, which
means moving of TPH particles towards the cathode. The results proved that the presence of salts
in the clayey soil causes a noticeable increase in the buffering capacity of soil. This increase may
be the basis for a delay in the formation and development of acid front phenomena. Therefore, a
relatively low removal of contaminant (< 50%) in this soil occurred. The type of co-solvent and
hydraulic gradient used to apply such solvent plays an important role in the enhancement of EK
technique.
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Table 1. Physical properties of tested soil samples.

Property NA:o NA11 NA1,
Field unit weight, KN/m? 18.25 18.15 18.25
Water content, % 26 28 31
Specific gravity, Gs 2.71 2.72 2.62
Sand, % 5 6 4
Silt, % 51 79 62
Clay, % 44 15 34
LL, % 46 47 49
PL, % 28 28 30
Pl, % 18 19 19
Maximum dry density, gm/cm? 19.5 18.9 18.7
Optimum moisture content, % 12 15 14
k, cmi/s 45x10" | 2.5x107 1.4x107
USCS CL-ML ML ML
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Figure 1. The concept of electrokinetic extraction of contaminants (After Karim, 2015).

Figure 2. Satellite image of Thi-Qar 0il refinery.
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Figure 3. Schematic diagram of the used electrokinetic cell.
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ABSTRACT

A study on the treatment and reuse of oily wastewater generated from the process of

fuel oil treatment of gas turbine power plant was performed. The feasibility of using
hollow fiber ultrafiltration (UF) membrane and reverse osmosis (RO) membrane type
polyamide thin-film composite in a pilot plant was investigated. Three different
variables: pressure (0.5, 1, 1.5 and 2 bars), oil content (10, 20, 30 and 40 ppm), and
temperature (15, 20, 30 and 40 °C) were employed in the UF process while TDS was
kept constant at 150 ppm. Four different variables: pressure (5, 6, 7 and 8 bar), oil
content (2.5, 5, 7.5 and 10 ppm), total dissolved solids (TDS) (100, 200,300 and 400
ppm), and temperature (15, 20, 30 and 40 °C) were manipulated with the help of
statistical method of Taguchi in the RO process. Analysis of variable (ANOVA) and
optimum conditions were investigated. The study shows that pressure has the greatest
impact on the flux of UF process, while it was temperature for RO process. It was
noticed that more than 99% oil removal can be achieved and flux of 580 L/m%hr by
UF process and that the fouling mechanism of UF process follows the cake/gel layer
filtration model. It was concluded that 100% removal of oil content can be achieved
along with 99% for the TDS rejection and flux of 76 L/m?hr by RO process. The
result shows fouling in RO process follows the standard pore blocking model. Process
optimization was conducted with confirmation test. It was concluded that the
observed values are within £5% of that the predicted which reflects a strong
representative model. The treated wastewater has the characteristics of that used as
fresh water and it can be reused to the process to reduce the operation cost.
Keywords: Taguchi, UF, RO, membrane, oily wastewater, reuse
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1. INTRODUCTION

A variety of industrial sources generates large amounts of wastewaters daily. An
important fraction of these is the oil in water (O/W) emulsions for which current
treatment technologies are often costly and ineffective, Marchese et al. 2000. Oily
wastewaters are produced by various processes and plants such as oil refineries:
petrochemical plants, and metalworking plants. These wastewaters create a major
ecological problem throughout the world, Karakulski et al. 1995. Another source of
oily wastewater is the effluent of gas turbine power plants running on Crude oil at
which the main source of oily wastewater is the fuel treatment process, Kaplan &
Majchrzak 1996.

The high demand for electricity in Iraq encourages the deployment of gas turbine
power plants for its offering of fast building and high power production especially in
combined cycle system, due to the high fuel consumption and the shortage in gas and
refined fuel type, many of these gas turbines nowadays are running on different type
of liquid fuel, one of most is the crude oil which needs to be treated and washed to
remove sodium salts and avoid the phenomena of corrosion inside the gas turbine
which may lead be catastrophic damage and loss in energy, Eliaz et al. 2002. This is
currently being achieved by washing the fuel with fresh water and separates the two
phases by centrifugal equipment with the aid of chemical as demulsifier; such process
will also require high capacity water and wastewater treatment facilities, hence, an
economic and effective wastewater treatment and water reuse can lower the overall
water consumption. On the other hand, the environmental regulations became stricter
during the recent years demanding more environmental friendly and economic
solutions for wastewater treatment. With the remarkable development in membrane
filtration technology these processes now exist as an efficient aid that may have all the
features required by the industrial standards and environmental regulations, hence, it
is increasingly being applied for treating wastewater from different sources.
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Conventional methods of wastewater treatment can be categorized into three types, 1)
Primary which consists of physical separation steps to remove free oils using gravity
and centrifugal separations. 2) Secondary treatment to break oil in water emulsions
and to remove the dispersed oil. Common techniques for this step are chemical
treatment, flotation, filter coalescence and membrane filtration (microfiltration and
ultrafiltration. 3) Tertiary treatment which are a physicochemical process to reduce or
remove the levels of dissolved organic and inorganic compounds. These processes
utilize evaporation, reverse osmosis and activated carbon adsorption Yu et al. 2013.

Membranes have several advantages that made it applicable across a wide range of
industries. Such advantage like the quality of treated water (permeate) is more
uniform regardless of influent variations, no chemicals are needed and the possibility
for in-process recycling, Mondal & Wickramasinghe 2008 . Membrane filtration has
been proven effective in treating oily water in different industries including municipal
wastewater, Channabasappa 1977, Nicolaisen 2003, engine rooms, Karakulski et
al. 1995, and industrial wastewater Qin et al. 2004; Salahi, Mohammadi &
Rekabdar 2010, it was also studied in much oily wastewater treatments researches
Orecki & Tomaszewska 2007; Rahimpour et al. 2011. Microfiltration (MF) and
Ultrafiltration (UF) had been introduced as solution for oily wastewater treatment in
many studies, Qin et al. 2004, Cumming et al. 2000, Koltuniewicz et al. 1995,
Mili¢ et al. 2014, however, it was noticed that MF and UF processes fail when it
comes to meet the removal of ionic contaminations, i.e., the salt ions. Reverse
osmosis processes (RO) has found applications in a wide range of fields, RO has a
higher ability to remove total dissolved solids than that of UF and MF processes,
therefore, it’s getting more attention as a method of oily wastewater treatment and
reuse, Salahi, Mohammadi, Rekabdar, et al. 2010 . The objective of this work is to
investigate the treatment of oily wastewater using UF and RO process for in-process
recycling possibilities.

2. DESIGN OF EXPERIMENT AND TAGUCHI METHOD

The conventional technique of studying the effect of multiple factors on the response
in an experiment is known as the design of experiments (DOE). This has been in use
since Sir Ronald A. Fisher’s work in agricultural experimentation during the late
1920s. For a full factorial design it is represented as:

Number of possible runs = L™ @

Where L = number of levels for each factor and m = number of factors. For the
subject experiment of RO process with four variables each with four levels number of
runs=4* = 256. Besides the high cost and time may be involved to run such large
number of runs, the interpretation of this number of experimental results may be
difficult. For such cases, Dr. Genichi Taguchi from Japan proposed an innovative
method utilizing a set of orthogonal arrays (OA), Roy 2010. Taguchi approach can be
applied with confined knowledge of statistics hence, got high adaptability and gained
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wide popularity in engineering application, Ziegel 1997, and used in many studies
related to wastewater treatment, Mili¢ et al. 2014, Salahi et al. 2015, Madaeni &
Koocheki 2006. The main steps for the experimental design in Taguchi method are
(1) determination the objective function, (2) identifying the control factors, (3)
selection the orthogonal array (OA), (4) running the experiment, (5) analysis of the
data and (6) model confirmation, Roy 2010. Taguchi method utilizes a statistical
measurement of performance known as signal-to-noise (S/N) ratio, in which signal
represents the desirable value while noise represents the undesirable value. There are
many different possible S/N ratios, however, two of them are applicable in the present
experiments: larger is better (LTB) and small is better (STB), Ziegel 1997 . In this
study, the larger is better (Eq.2) is the flux.

(%)LTB = —10log [%an y—lzl (2)

1

(). =-1010g I%Z yfl 3)

Where S is the signal, N is the noise, n is the repetition number of each experiment
with the same conditions, y; is the response of experiment.

3. ANALYSIS OF VARIABLES (ANOVA)

Analysis of variable (ANOVA) statistical method was utilized to study the influence
of process parameters and to determine the significant parameters. ANOVA analysis
reveals the sum of the square (SS), the degree of freedom (DF), adjusted sum of
squares (Adj SS), adjusted mean of square (Adj MS) and the percentage contribution
of each parameter. F-value indicates how big the change on the performance that the
variation of the parameter makes. P-value determines the significant of each factor on
response where the value of less than 0.05 (for a confidence level of 95%) indicates
that the factor is significant. The R? is a measure of the total variability explained by
the model, the adjusted R? which is utilized to consider the model significance since it
is useful when comparing the model with a different number of terms. ANOVA
analysis can help generating different residual plots. Normal probability plot can help
to understand if the data are normally distributed and if the variables are influencing
the response. Residuals versus fitted values will help to understand if a non-linear
relationship exists. The histogram can help to investigate if the data are skewed and/or
outliers exist. Residuals versus order of the data can help to understand if there are
systematic effects in the data.

Flux and removal efficiency were evaluated as in Eq. 4 (flux calculations) and Eqg.5
(removal efficiency):

J== @
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Where, J = flux, (L/hr.m?), Qp = Permeate flow rate (L/hr) and A, = surface area of
membrane (m?).

C:
R = lC P % 100 (5)

i

Where Rc= removal efficiency, C;, C, are the initial and permeate concentration of the
property respectively,

4. FOULING RESISTANCE

Permeate flux and fouling resistance are key factors for UF and RO process
evaluation. Flux shows the amount of permeate rate. Fouling resistance shows the
significance of cake/gel layer on the membrane surface and its effect on flux decline.
Fouling resistance (Ry) was calculated as follows, Kazemimoghadam &
Mohammadi 2007:

= —G——7) ®)

Where: TMP: is the trans membrane pressure, W is the water viscosity, Jyi is the initial
water flux, Jw is the water flux after fouling. Membrane physical structure has an
important influence on flux. If the pores are larger than the size of oil droplets, these
droplets may enter the pores causing irreversible fouling. When the membrane pores
are smaller than the droplets in the feed, these particles/oil droplets accumulate over
the membrane surface causing the formation of a cake/gel layer. During membrane
filtration, the degree of fouling depends upon three main factors: 1) operation factors
2) feed properties and 3) membrane properties. the operational parameters are such an
important factors in deciding the rate of membrane fouling, in particular, increasing
pressure enhances formation of the cake/gel layer of higher density and finally leads
to complete pore blocking, Kumar & Roy 2008. Also, membrane surface chemistry,
membrane—solute interactions and solute-solute interactions are the keys to
understand fouling phenomena, Susanto et al. 2009.

Most models of membrane fouling correlate the permeate flux with time in terms of a
quadratic and/or exponential relationship by assuming pore blockage, adsorption, gel-
polarization« and bio-fouling. For a limited operational period, Salahi, Mohammadi
& Rekabdar 2010. The filtration models are listed in Table 1.The standard blocking
mechanism occurs when the oil droplets are smaller than that of the membrane pores
which leads to an internal pore blocking. The complete blocking mechanism occurs
when the oil droplets size is greater than that of the membrane pores. As a result,
particles/oil droplets do not enter into the membrane pores and do not permeate
through the membrane. The intermediate blocking mechanism occurs when the size of
oil droplets is similar to that of membrane pores leading to the membrane pores to be
blocked near their entrances on the feed side. The cake formation mechanism occurs
when the size of oil droplets is much greater than the pore size; hence they are unable
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to enter the membrane pores. Factors affecting this type of mechanism are oil droplets
deformation, cake compression, and cake/gel layer thickness.

5. EXPERIMENTAL WORK
5.1. Wastewater Feed

Oily wastewater feed used in this experiment was prepared using untreated crude and
reverse osmosis permeates water. The mixture was then agitated for one minute using
10,000 rpm homogenizer type Ultra Turrax T46/6 by Janke and Kunkel KG. An
emulsifier with hypophilic-lipophilic balance (HLB) value of 7 was added as a 1% as
weight percentage to the untreated crude to ensure emulsion stabilization. The
emulsifier is a proper quantities mix of Tween 85 and Span 80 both by Thomas Baker.
The selection of desired HLB value and the weight percentage was based on some
experiments done to evaluate the emulsion stability. It was noticed that with the
above-selected conditions the emulsion can still be stable for more than two weeks of
observation. TDS value was controlled using lab grade NaCl by Sigma-Aldrich.

5.2. Membrane System
Fig. 1 shows a schematic view of the experiment setup. The system consists of one
PVC type hollow fiber UF membrane with molecular weight cutoff of 50K Dalton
and surface area of 2 m?. The UF membrane model is BN-90 and was supplied by
Guangzhou Chunke Environmental Technology Co. Ltd. from China.

The system consists also of polyamide thin-film composite RO membrane type HF4-
2540 by Axeon USA with an active area of 2.69 m% A 100 liter glass tank and NSF
BRASS 140 GPH rotary vane pump by Procon USA is driven by Procon 1/2 HP
motor where used as feed tank and RO feed pump respectively. A centrifugal pump
type PKm 90 by Pedrollo Co. was used as UF feed pump. Pressure gauges are
installed at the module inlet and rejection stream, flow meters used to measure
permeate and rejection flow rate, throttle valve used at the rejection stream to control
the pressure.

5.3. Operation variables

Four control factors were chosen in this work: temperature, pressure, total dissolved
solids, and oil concentration, while the time was kept constant at 30 minutes, the
factors and their levels are shown in Table 2.The chosen operation conditions were
based on real wastewater collected from gas turbine power plant's wastewater
treatment facility where its oil contents are 39 ppm, TDS is 150 ppm. The design of
Experiment (DOE) with factorial method was utilized in the UF process. While in RO
process, Taguchi orthogonal array of 16 runs (Lis) was selected as the least number of
experiments can be performed to evaluate the effects of above different factors in the
RO process.

6. RESULTS AND DISCUSSIONS

6.1. UF Process
It was found that oil removal for UF process exceeds the 96% for all the experimental
runs, hence it was not considered as a response and was not included in the
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optimization process. Fig. 2 represents the effect of temperature and pressure on oil
removal. It was found that higher pressure will lead to lower oil removal; this may be
attributed to the fact that the increase in pressure may deform the oil droplet and push
it through the pores. The temperature effect on oil removal is increasing at elevated
pressure. For example, the increase in temperature from 20 to 30 °C will decrease the
oil removal by 0.2% and 2% at pressure of 0.5 and 2 bars respectively. The negative
effect of temperature on the oil removal is due to the pore opening and reduction in oil
viscosity.

Fig. 3 represents the flux at different temperature and oil values. The figure indicates
that the oil content decreases the flux linearly. The figure also indicates that the
increase in oil concentration will decrease the percentage increase of flux with
temperature. For example, the increase in temperature from 20 C to 30 °C will
increase the flux by 7% when the oil contents are 10 ppm, however, the increase will
only be 1.7% when the oil concentration is 30 ppm. This is a result of the cake layer
formation which is higher when the oil concentration is high.

Analysis of variables was conducted for the flux data. The results of ANOVA analysis
and the model equation are represented in Table 3. The adequacy of the model can be
predicted from the residual plots of Fig. 4. The ANOVA analysis suggests that the
greatest contribution to the flux comes from the pressure and that looking at the P-
value it can be assumed that all the model parameters are significant. The model
presented suggests that it can explain 99.9% of the data.

6.1.1. Fouling Mechanism for UF Process

The flux values from experimental runs of temperature equal to 30 °C, pressure of 1
bar and oil concentration of 20 ppm was used to evaluate the fouling mechanism. Fig.
5 shows the flux decline with time. Fig. 6 shows different forms of flux (J) with time,
the figure indicates that the cake filtration model best fits the experimental runs.

6.1.2. Optimization of UF Process

An optimization process was utilized using Minitab 17 software on UF process
results; the aim of this process was to increase both flux and the fouling resistance.
The process optimization results are listed in Table 4. The results show that the best
operation conditions to maximize the flux and the fouling resistance are to operate at a
temperature of 40 °C, the pressure of 2 bars, oil contents of 40 ppm as it is shown in
Table 5.

6.2. RO Process

Table 6 shows the L16 orthogonal array results. It was found that TDS removal
exceeds 98% and oil removal for RO process is 100% for all the experimental runs,
hence both were not considered as a response and not included in the optimization
process. Fig. 7 represents the main effect graph for the flux. It shows the influence of
individual process parameters on permeate flux at different levels where it can be
observed that pressure and temperature have the greatest influence on process
parameters due to the steep slope. ANOVA analysis was conducted and the results of
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analysis are represented in Table 7. The analysis indicates that the greatest
contribution comes from the temperature and pressure respectively. The P-values
indicate that that oil appears to be less significant, while all the other factors are
significant. This may be attributed to the time boundaries for this experiment is lower
than that concentration polarization phenomenon to occur and hence lower impact the
flux attributed to the oil. The R? is a measure of the total variability explained by the
model. It can indicate that the presented model can explain 99.9% of the data. The
adequacy of the model can be predicted from the residual plots Fig. 8. The
interpretations of each residual plot in Fig. 8 are: 1) Normal probability plot indicates
that the data are normally distributed and the variables are influencing the response. 2)
Residuals versus fitted values indicate that the variance is constant and a non-linear
relationship exists. 3) Histogram shows that the data are not skewed and no outliers
exist. 4) Residuals versus order of the data indicate that there are systematic effects in
the data. Hence, it can be concluded that all the values are within the control range,
indicating that there is no obvious pattern and unusual structure and also the residual
analysis does not indicate any model inadequacy.

6.2.1. Effect of Temperature and Pressure on Flux

Fig. 9 shows surface and contour plots for the flux as a response to pressure and
temperature, both indicate that the temperature has a higher positive impact on flux.
This may be related to the increase in membrane permeability and the reduction in
water viscosity as the temperature increases. For example, the increase in temperature
from 20 °C to 40 °C at a pressure of 6 bars will increase the flux zone from 20-30 to
50-60 while the increase of pressure from 6 bars to 8 bars at 20 °C will only increase
the flux from 20-30 zone to that of 30-40 L/m? hr.

6.2.2. Effect of Oil and Pressure on Flux

Fig. 10 represents the surface and contour plots for the flux as a response with the
pressure and oil concentration, both indicate low effect of oil contamination on flux,
however, it became slightly more significant at elevated pressure. This may be related
to the formation of cake or gel layer of oil droplet on the membrane surface which
leads to the oil droplet compacting on membrane surface and eventually leads to
faster membrane fouling.

6.2.3. Effect of Pressure and TDS on Flux

Similar observations to that of oil and pressure interactions were noticed when
studying the effect of pressure and TDS on the flux, however, the effect of TDS here
seems to be more significant than that of oil contamination; these observations are
represented in Fig. 11. The figure indicates that the effect of TDS is less at a higher
pressure than that of lower pressure. This can be seen as slight increase in slope and
expansion in flux zone, for example, its only takes to increase the TDS from 100 to
150 ppm at a pressure of 5 bar to reduce the flux from 30-35 L/m*hr zone to that of
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<30 L/m?hr. However, at pressure of 8 bars, the TDS value have to be increased to
250 ppm to reduce the flux from the >50 L/m?.hr zone to that of 45-50 L/m?hr.
6.2.4. Effect of Oil and TDS on Flux

Fig. 12 represents the surface and contour plots for the flux as a response for oil and
TDS. According to these figures the interaction of TDS and oil has a significant effect
on the flux value. The plots suggest that oil and TDS have linear effect on flux value,
however, TDS shows higher impact on flux decline especially at higher oil
concentration values. This may be related to the concentration polarization effect
which is more significant at higher feed contaminants. The increase in TDS value
from 100 ppm to 400 ppm at oil concentration of 5 ppm will reduce the flux from 42-
42.5 zone to that of 40-40.5 one, however, when oil is 10 ppm the reduction will be to
<39.5 zones.

6.2.5. Effect of Oil and Temperature

Fig. 13 represents the surface and contour plots for the flux as a response to
temperature and oil. The figures suggest that the interaction effect of oil and
temperature on flux is very limited, this may be justified that the temperature has the
highest contribution to the flux value as it was suggested earlier, however, the
inclined zones indicates a slight impact of oil on flux decline.

6.2.6. Effect of TDS and Temperature

Fig. 14 represents the surface and contour plots for flux as a response with the
temperature and TDS. The behavior of temperature and TDS interaction is similar to
that of temperature and oil in feed contamination interaction; however, it can be seen
from mentioned figures that effect of TDS is higher than that of oil.

6.3. Fouling Mechanism for RO Process

Fig. 15 represents the effect of time on flux decline in RO process at specific
conditions of temperature = 25 °C, pressure = 6 bar, TDS = 200 ppm, and oil contents
of 5 ppm. Fig. 16 indicates that the 1/J*0.5 vs. time curve has the closest behavior to
the linear regression line. Hence, it can be assumed that the standard block
mechanism is the one predominant the flux decline for RO process.

6.4. Optimization and Confirmation Test for RO Process

Response optimization is used to predict the optimum value and operation conditions;
the target for optimization was to maximize the flux and the fouling resistance.
Equation 6 was used to calculate the fouling resistance, the optimum operation
conditions are shown in Table 8. Since the optimum conditions were not tested, a
confirmation experiment was done with a combination of the optimum levels to
compare the results with the expected performance. The predicted outcomes and the
observed values after running the above experiment are listed in Table 8. The
observed vs. predicted results of optimization experiment are shown in Table 9. The
results indicates that the deviation for the permeate flux is within £5% error range
which may reflect the strength of proposed model. The above results for the process
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model indicate that the model can be used as a representative for the subject process
of treating oily wastewater within the boundary conditions described earlier.

7. CONCLUSIONS

In this study, the treatment of oily wastewater using UF and RO membrane was
studied. The factorial method was utilized for the UF process. Taguchi design of
experiments (L16) was employed to analyze the different parameters contribution on
the simulated oily wastewater treatment using a hollow fiber UF membrane and
polysulfone RO membrane. According to the ANOVA analysis, the most important
parameter for maximum permeate flux for UF process was the pressure, while it was
the temperature for the RO process. Process optimization was conducted using
statistical software. Optimum conditions for UF were pressure = 2 bar, temperature =
40 °C, and oil =40 ppm, the results showed an oil removal of 96% with a flux of 521.5
L/m?hr. The optimum conditions for the RO membrane to provide the highest flux
with the highest resistance to fouling were found at pressure = 6.5 bars, TDS=250
ppm, oil =7 ppm, and temperature = 27 °C. The results show that the treated
wastewater contains no oil with very low TDS value. The study suggests that the
produced permeate is similar to that used in the process, hence the produced water can
be reused to the process of fuel oil washing to reduce the operation cost.
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NOMENCLATURE
Symbol Definition Units
An Membrane surface area m?
ANOVA  Analysis of variance
Cs Feed concentration o/l
Co Permeate concentration o/l
Cn Concentration at the membrane surface o/l
AC Difference in salt concentration across membrane g/l
C Concentration of solute g/l
DOF Degree of freedom
HLB Hypophilic-Lipophilic balance value
J Flux ( wastewater feed) I/m?.hr
Js Flux ( Oil free feed) I/m?.hr
Jo Flux ( distilled water feed) I/m?.hr
MS Mean of squares
t Time min
\Y Volume M3
Vv Velocity
P Pressure bar
Rf Resistances of the foulants 1/m
R? Percentage of variation in the response
SS Sum of square
SSt Total Sum of square
T Temperature °C
TDS Total dissolved solids ppm
TMP Trans-Membrane Pressure bar
TSS Total Suspended solids ppm
TFC Thin film composite membrane
S/N Signal to noise ratio
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Table 1. Summary of Characteristic Equations for Constant Pressure Filtration Laws.

Model Fouling Mechanism Reference

Ln(J) = Ln(o) K.t Complete pore blocking Susanto et al. 2009
— Bp

1, _1/ _¢
/]1/2 /];/2 st | standard pore blocking Vela et al. 2008

1/ 1/ _ & Intermediate pore .
/1="T1o =Kt | blocking Kim et al. 1997

Koltuniewicz et al.
1995

1/]2 = 1/13 — K.t | Cake filtration
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Table 2. Factors Used in The Subject Experiment with Their Levels.

UF Process RO Process
Level | 1 2 3 4 1 2 3 4
Factor
Temp (°C) 15 | 20 | 30 | 40 | 15 | 20 | 30 | 40
P (bar) 05 1 |15 2 5 6 7 8
TDS (ppm) | 150 | 150 | 150 | 150 | 100 | 200 | 300 | 400
Oil (ppm) 10 | 20 | 30 | 40 | 25| 5 | 75| 10

Table 3. Analysis of Variables and Prediction Model UF Process.

Source DF Seq SS Contribution Adj SS Adj MS | F-Value | P-Value
Temp (°C) 1 17723 1.19% 849.6 849.6 48.76 0.000
P (bar) 1 1465218 98.27% | 34784.8 | 34784.8 1996.42 0.000
Qil (ppm) 1 3839 0.26% 911.5 911.5 52.32 0.000
Temp (°C)*Temp (°C) 1 112 0.01% 1115 111.5 6.40 0.014
P (bar)*P (bar) 1 76 0.01% 75.7 75.7 4.34 0.042
Temp (°C)*P (bar) 1 645 0.04% 644.9 644.9 37.01 0.000
Temp (°C)*Qil (ppm) 1 1774 0.12% 1774.4 1774.4 101.84 0.000
P (bar)*Oil (ppm) 1 664 0.04% 664.1 664.1 38.11 0.000
Error 55 958 0.06% 958.3 17.4
Total 63 1491009 100.00%

Model Summary
S R-sq R-sq(adj) PRESS R-sq(pred)
4.17415 99.94% | 99.93% 1301.68 99.91% |

Regression Equation

Flux (L/m*.hr) =-82.71 + 3.342 Temp (°C) + 278.90 P (bar) + 1.239 Oil (ppm)
- 0.02033 Temp (°C)*Temp (°C) - 4.35 P (bar)*P (bar) + 0.5914 Temp (°C)*P (bar)
- 0.04905 Temp (°C)*Qil (ppm) - 0.5154 P (bar)*Qil (ppm)

Table 4. Optimization Results for UF Process.

Variable Setting

Temp (°C) 40

P (bar) 2

Oil (ppm) 40

Response Fit SE Fit 95% ClI

Flux (L/hr.m?) 527.44 454 | (1 518.25, 536.64)

Table 5. Predicted vs Measured Optimization Results.

Parameters | Unit Optimized value | Observed value
Flux L/hr.m* | 527.44 521.5
Oil Removal | % - 97.1
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Table 6 Orthogonal Array OA(L46) for Taguchi RO Process and Experimental

Results
No Temp | Oil | TDS | P Flux TDS Qil
| oC | ppm | ppm | bar | L/hr.m? | Removal% | Removal%
1 15 25 |100 |5 19.8 99.00% | 100%
2 15 50 |200 |6 24.9 99.50% | 100%
3 15 75 300 |7 28.5 98.83% | 100%
4 15 10.0 | 400 |8 31.0 99.25% | 100%
5 20 50 |300 |5 22.0 98.83% | 100%
6 20 25 |400 |6 28.5 99.00% | 100%
7 20 10.0 | 100 |7 36.5 98.00% | 100%
8 20 75 |200 |8 39.8 99.00% | 100%
9 30 75 400 |5 32.0 99.00% | 100%
10 | 30 10.0 | 300 |6 41.8 99.33% | 100%
11 |30 25 200 |7 51.0 98.80% | 100%
12 130 50 |100 |8 58.5 99.00% | 100%
13 |40 10.0 | 200 |5 48.0 98.00% | 100%
14 |40 75 100 |6 60.0 | 99.00% 100%
15 |40 50 |400 |7 67.0 98.50% | 100%
16 |40 25 |300 |8 76.5 98.00% | 100%

Table 7 ANOVA Analysis for Taguchi Method of RO Experiment

Analysis of Variance

Source DF | SegSS | Contribution Adj SS Adj MS | F-Value | P-Value
Temp (°C) 1 | 3224.18 74.43% 3.8506 3.8506 104.72 0.000
P (bar) 1 978.60 22.59% 9.4253 9.4253 256.32 0.000
Oil (ppm) 1 57.12 1.32% 0.2306 0.2306 6.27 0.047
TDS (ppm) 1 23.98 0.55% | 17.7025 | 17.7025 481.42 0.000
Temp (°C)*Temp (°C) 1 16.90 0.39% | 16.9050 | 16.9050 459.73 0.000
P (bar)*P (bar) 1 7.02 0.16% 7.0225 7.0225 190.98 0.000
Temp (°C)*P (bar) 1 23.87 0.55% | 23.8694 | 23.8694 649.13 0.000

Error 8 0.29 0.01% 0.2942 0.0368

Total 15 | 4331.98 100.00%

Model Summary
S R-sq R-sq(adj) PRESS R-sq(pred)
0.191759 99.99% 99.99% 1.03043 99.98%

Regression Equation

J (L/m®.hr) =-23.26 - 0.6588 Temp (°C) + 10.503 P (bar) - 0.0732 Oil (ppm) - 0.009492 TDS (ppm)

+0.015830 Temp (°C)*Temp (°C) - 0.6625 P (bar)*P (bar) + 0.19446 Temp (°C)*P (bar)

39




Number 2 Volume 23 February 2017 Journal of Engineering
Table 8 Optimization Results for RO Process
Variable Setting
Temp (°C) 26.25 ~27
P (bar) 6.5
Oil (ppm) 6.25~7
TDS (ppm) 250
Response Fit SE Fit 95% CI
Fouling resistance | 0.00171 | 0.00192 | (-0.00273, 0.00614)
J (L/m?.hr) 40.981 | 0.103 ( 40.745, 41.218)

Table 9 Observed Vs.

Predicted Values for Optimization Conditions

Response Predicted value | Observed value | Deviation from predicted value
Flux (L/m?hr) 40.7 38.8 5%
TDS (ppm) - 1 -
Oil(ppm) - 0 -
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ABSTRACT

In the present work a theoretical analysis depending on the new higher order
element in shear deformation theory for simply supported cross-ply laminated plate is
developed. The new displacement field of the middle surface expanded as a
combination of exponential and trigonometric function of thickness coordinate with
the transverse displacement taken to be constant through the thickness. The governing
equations are derived using Hamilton’s principle and solved using Navier solution
method to obtain the deflection and stresses under uniform sinusoidal load. The effect
of many design parameters such as number of laminates, aspect ratio and thickness
ratio on static behavior of the laminated composite plate has been studied. The modal
of the present work has been verified by comparing the results of shape functions with
that were obtained by other workers. Result shows the good agreement with 3D
elasticity solution and that published by other researchers.

Key words: higher order shear deformation theory, composite laminated plate, and

static analysis.
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1. INTRODUCTION:

Composite materials are so necessary in many engineering applications, as
vehicles parts, aero structures and medical devices industries. With the wide use of
composite plate in the modern industry, static and dynamic analysis of plate structure
under different types of loads and different boundary conditions become a main part
in design procedure. In the few past years, many researchers resorted to the
development of many theories to clearly predict the response of laminated plate
composite material. Many researchers had studied static and dynamic analysis of
composite plate by using higher order shear deformation theory, and other researchers
have studied the static deflection and stresses of composite plates subjected to
different uniform loads.

Fan and Lin, 1998, used an analytical solution of rectangular laminated plates by
higher order theory. On the basis of the Reddy's higher-order theory of composites,
this paper introduces a displacement function and transforms its three differential
equations for symmetric cross-ply composites into only one order differential
equation generated by the displacement-function. Which property is chosen, both
solutions are obtained, namely, Navier-type solution of simply supported rectangular
laminated plates and the Levy-type solution with the boundary condition, where two
opposite edges are simply supported and remains are arbitrary. The numerical
examples show that the results coincide well with the existing results in the
references, thus validating that the method is reliable. The higher Order theory of
Reddy is simpler in calculation but has higher precision than the first order shear
deformation theory because the former has fewer unknowns than the latter and
requires no shear coefficients. Pervez, Al-Zebdeh and Farooq, 2010, studied the
effects of bboundary conditions in laminated composite plates using higher order
shear deformation theory. The applicability of a modified higher order shear
deformation theory to accurately determine the in-plane and transverse shear stress
distributions in an orthotropic laminated composite plate subjected to different
boundary conditions has been extended. A simpler, two-dimensional, shear
deformable, plate theory accompanied with an appropriate set of through-thickness
variations, is used to accurately predict transverse shear stresses. Finite element code
was developed based on a higher order shear deformation theory to study the effects
of boundary conditions on the behavior of thin-to-thick anisotropic laminated
composite plates. The code was verified against three dimensional elasticity results.
The study also compared the stresses and deformation results of higher order theory
with those obtained using commercial software such as LUSAS, ANSYS and
ALGOR. Mantari, 2012, used a new higher order shear deformation theory for
sandwich and composite laminated plates. The proposed displacement field, which is
“m’ parameter dependent, is assessed by performing several computations of the
plate governing equations. Therefore, it has been found that the results obtained are
accurate and relatively close to 3D elasticity bending solutions. Plate governing
equations and boundary conditions are derived by employing the principle of virtual
work. The Navier-type exact solutions for static bending analysis are presented for
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sinusoidal and uniformly distributed loads. Mantari and Soares, 2012, studied
bending analysis of thick exponentially graded plates using a new trigonometric
higher order shear deformation theory. An analytical solution of the static governing
equations of exponentially graded plates obtained by using a recently developed
higher order shear deformation theory (HSDT) is presented. The mechanical
properties of the plates are assumed to vary exponentially in the thickness direction.
The governing equations of exponentially graded plates and boundary conditions are
derived by employing the principle of virtual work. A Navier-type analytical solution
is obtained for such plates subjected to transverse bi-sinusoidal loads for simply
supported boundary conditions. Results are provided for thick to thin plates and for
different values of the parameter n, which dictates the material variation profile
through the plate thickness. The accuracy of the present code is verified by comparing
it with 3D elasticity solution and with other well-known trigonometric shear
deformation theory. Lan and Feng, 2012, presented an analysis of deflections and
stresses for laminated composite plates based on a new higher-order shear
deformation theory. Based on the new simple third-order shear deformation theory,
the deflections and stresses of the simply supported symmetrical laminated composite
plates are obtained by using the principle of virtual work .The solutions are compared
with the solutions of three-dimensional elasticity theory, the first-order shear
deformation theory and the Reddy’s higher order shear deformation theory. Results
show that the presented new theory is more reliable, accurate, and cost-effective in
computation than the first-order shear deformation theories and other simple higher-
order shear deformation theories.

Taher. etal. 2012, presented a theoretical formulation; Navier’s solutions of
rectangular plates based on a new higher order shear deformation model for the static
response of functionally graded plates. The mechanical properties of the plate are
assumed to vary continuously in the thickness direction by a simple power-law
distribution in terms of the volume fractions of the constituents. Parametric studies are
performed for varying ceramic volume fraction, volume fractions profiles, aspect
ratios, and length to thickness ratios. It has been concluded that the proposed theory is
accurate and simple in solving the static bending behavior of functionally graded
plates. Huu and Seung, 2013, developed a simple higher-order shear deformation
theory for bending and free vibration analysis of functionally graded plates. This
theory has only four unknowns, but it accounts for a parabolic variation of transverse
shear strains through the thickness of the plate. Equations of motion are derived from
Hamilton’s principle. Analytical solutions for the bending and free vibration analysis
are obtained for simply supported plates. The obtained results are compared with 3D
and quasi-3D solutions and those predicted by other plate theories. Results show that
the results obtained are the same accuracy of the existing higher-order shear
deformation theories which have more number of unknowns, but its accuracy is not
comparable with those of 3D and quasi-3D models which include the thickness
stretching effect.
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Mantari, et al. 2014 developed a new tangential-exponential higher order shear
deformation theory for advanced composite plates. This paper presents the static
response of advanced composite plates by using a new non-polynomial higher order
shear deformation theory (HSDT). The accounts for non-linear in plane displacement
and constant transverse displacement through the plate thickness, complies with plate
surface boundary conditions, and in this manner a shear correction factor is not
required. Navier closed-form solution is obtained for functionally grade plates (FGPS)
subjected to transverse loads for simply supported boundary conditions. The
optimization of the shear strain function and bi-sinusoidal load is adopted in this
publication. The accuracy of the HSDT is discussed by comparing the results with an
existing quasi-3D exact solution and several HSDTs results. It is concluded that the
present non-polynomial HSDT, is more effective than the well-known trigonometric
HSDT for well-known example problems available in literature.

In the present work, a new higher order displacement field in which the displacement
of the middle surface expanded as a combination of exponential and trigonometric
functions of the thickness coordinate and the transverse displacement taken to be
constant through the thickness, is proposed. Necessary equilibrium equations and
boundary conditions are derived by employing the principle of virtual work. The
theory accounts for adequate distribution of the transverse shear strains through the
plate thickness and the tangential stress-free boundary conditions on the plate
boundary surface, therefore a shear correction factor is not required. Exact solutions
for deflections and stresses of simply supported plates are presented.

2. THEORETICAL ANALYSIS:
2.1. Displacement Field:

In the present work, a new higher order displacement field in which the
displacement of the middle surface expanded as a combination of exponential
trigonometric function of the thickness coordinate with the transverse displacement
taken to be constant through the thickness was developed. The displacement field of
the new higher order theory of laminated composite plate is: Mantari, 2012

ow
u(x,y,z) =ulx,y) — z Gt f@8:(x.y)

d
v(x,y,2) = v(x,y) — z (%) + F(2)0,(x,y)

w(x,y,z) =w(x,y) (1a-c)
Where:

u(x,y),vix,y),w(x,vy),0:(x,y),0,(x,y) are the five unknown functions of middle
surface of the plate as shown in the Figl. While f(z) represents shape functions
determining the distribution of the transverse shear strains and stresses along the
thickness.
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The shape function derived by different researchers are given in Table (1),
actually the present modeling is a combination of exponential functions and
polynomial as shown in Fig2.

With the same Reddy and Liu and generalized procedure developed by
Sadatos and free boundary conditions at the top and bottom surfaces of the plate. The
new displacement field in this paper is:

mm ow . Mz mnz
u(x,y,z) =ulx,y) + z (791 —a) + sin—-en 0,
mm ow .z muz
v(x,y,z) =v(x,y)+ z (THZ —E) + sin—-en 0,
w(x,y,2) = wo (2a-c)
where the new function used in present work is:
f(z) = sin¥e$ +yz 3)
y = % ,m = constant
For small strains, the strain-displacement relations take the form:
du
Exx = &
av
&yy = ay
ow
€7 = E =0
1 (E)u N 6V> 1
fy =3 dy  ox) 2 Ve
1 (6u N 6w> 1
fz =5 \5z " ox) T 21

1 <6v N 6W) 1
E = —| — _ ) = —
Y2 2\0z ady/ 2 Vyz
(4a-f)
The strain associated with the displacement field by substituting Eq (2a-c) into Eqg.
(4a-e) to give:
Exx = €  ZEh + sinr e h €%
Eyy =y + ZEyy + sin% e n gy
mmnz
Yay = €y +Z€ %y + SiN % e n gy

mmnz
. nz mz,\ T —
Yxz = e, + (m * sin —+COS 7) ~en &2,

mnz

. Tz nz, w ——
Yyz = soyz +(m * sin —+Cos 7) ~en 83yz (5a-e)
Where:
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(- Ou
dx
&2
f,x ou
Eyy r =1 ™ ’
0 x
ny ou v
\Jdy 0y/
( mmdo, J*w A
h 0x; 0x?
gxx 2
. h oy 0y?
xy mnoe, mmndo, 9w
\ h 0x; h 0y dx0dyJ
(96
0x
£ 96,
gyy =1 By ;
Tay 26, 06,
Lox dy
{ygz} m-— 01
Y?,Z m-— @2
v
- (o (62c)
yz

2.2. Hamilton’s principles:
The equation of motion of the new higher order theory will be derived using
the dynamic version of the principle of virtual displacements: Reddy, 2003.

0= [ 8U+8V—8K (7)
The virtual strain energy oU is:

h
SU=[[2{ [y 0x8 €5 + 0y, 8K, + 01, 86X, + 0,86, + 0,,8¢K,] 0xdy}dz] = 0
g

(8)
8U = [(N18 €9 + M1 8exy + P82, + NpSe), + My8ey, + Po5es, + Nebeg, +
M¢Sex,tPsSegy, + Q20¢), + ko8, + Q18¢€2, + ky6e3,—)0xdy = 0 9)
where:
(N;,M;,P;,Qi and Kj) are the result of the following integration:

(N, M, P) =30, [%, 0 F(1,zsimen )dz (i =126)
(Q1, K1)= Zk lfk 105 (1 (m * Sln—+ COS—)emf?Z) dz

mmnz

(Q2, K2)=XN- 1fk L 04 (1 (m * sm—+cos—)e n )dz
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The virtual strains are known in terms of virtual displacement in Eq.(5) and then
substituting the virtual strain into Eq.(9) and in integrating by parts to relative the

virtual displacement (du , 6v , dw) in range of any differentiation, then we get:

0= — 122 su+2 20 5o, — L M1y + 2280, + 5 26v+ 0250, —

66“226 +(”PZ<SE)2 +Zedu +6N66 + 50 T 50, + T 2050, + 2a —obw +
apP 6P

6_}76861 + 6_X6662 - TQ1861 - TQZ - K1891 - Kzsez] aXay = 0 (10)
The virtual work done by applied forces 6v is:

v = — [ qéw dxdy (11)

2.3. Equation of motion:
The Euler-Lagrange is obtained by substituting Eq.(8 — 11) into Eq.(7) and
then setting the coefficient of (6u , ov, dw , 801, 80, ) over Qp of Eq.(7) to zero

separately, this give five equations of motion as follows:

LNy L ONs _
ou: ~ T oy 0
ON ON
dvi—=+—2=0
dy
L 0%M, 0’M,
OwW: = T 62+2 +p—0
mTt 6M1 mTt 6M6 6P1 0Pg
001 o h ody ox ady
. mT 6M2 mn Mg ~ 0P, = 0Pg
882. h ay + h  ox + ay + Ix Q2 Kz — O (12& e)

The result forces are given by:

Ny Zk+1 01
N
k=1 fzk O2¢dz
Os

6M6

—ﬂm—m:o

Ne

k+1

k) _ n_
{kz} = { } f(2)0z (13a-€)
The plane stress reduced stiffness Q;; is:
Eq 12E2
Qi1 = T—v1igVzy » Q2 = a2 » Qg =

Qe6 = G12 » Qaa = Gz3, Q55 = Gy3 (14)

2P

1-vi2V2y

1-vi2V2y

From the constitutive relation of the lamina, the transformed stress-strain relation of
an orthotropic lamina in a plane state of stress is:

Oxx Q11Q12Q167 (Exx
{ny} = [Q12Q22Q26] {SYYI
Oxy Q16Q26Qe6d Yxy
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Oyz) _ [Q44 Q45] Yyz
{GXZ} ~ 1Qas  Qss {sz} (15)
The force results are related to the strains by the relations:

Ny A11A12A46] £ B11B12B16 &1 E11E12Eq67 (€1
IN2t = |A12A22A26 |4 €0 ¢ + |B12B22B2s | { €3 ¢ + |E12E22E26 | < €3
N¢ Ar6hz26A661 (£0)  LB16B2eBesl (g} E16Ez6E66] | €2
M; B11B12B16] €9 [D11D12D46 &1 F11F12F16] ef
IMyt = |B12B22Bos |4 €3 ¢ + [D12D22D26 |4 €2 ¢ + |F12F22F 26| < €3
Ms B16B26Bes eg (D16D26D66! | 1 F16F26F66] | &2
Pi) [E11E12E16 F11F12F16] (€1)  [HiaHizHie] (€
Py = E12E22E26 2 + |F12F22F 26 8% + |Hi2H32Hze S%
Ps E16E26E66 &2 Fi6F26F 66 £t Hi6Hz6Hee g2
Q1} Aus A45 3 n Jaa ]45] Y33zz
Q2 Ays A55 vS, Jas  Jssl(y3,
K _ [Jaa ]45 Ygz L44 L45 Y}3/z
(16a-e)
ko) Uas ]55 Yo, T Las L55 Y3,
Where:
h

= fi Ql] dz i= (1,2,4‘,5,6)

(Bly Dl]r El]! Fl]! Hl]) =
2MmTZ

Q”(z 72 sm(—)e b sm(—)e 3 z sin ( )e h i=(1,26)
2 h mmz
Jij = thu e h (m*sm—+cos—)dz
Ly = : Qi (E)z e (m % sin= + cos 7T—Z)Z dz i=(45) (17a-d)
J _Th U \h h h ’

2.4. Navier's Solution

In Navier's method the generalized displacements are expanded in a double
trigonometric series in terms of unknown parameters. The choice of the function in
the series is restricted to those which satisfy the boundary conditions of the problem
as shown in Fig 3. Substitution of the displacement expansion into the governing
equations should give a set of algebraic equation among the parameter of the
expansion.

Simply supported boundary conditions are satisfied by assuming the following
form of displacements: Reddy, 2003
u(x,y) = Xm=12n=1 Umn cos(ax) sin(By)
V(%) = Xm=12n=1 Vmn sin(ax) cos(By)
W(X,y) = Xm=12ne1 Wmn sin(ax) sin(By)
0:(%y) = Xm=12n=1 01mn cos(ax) sin(By)
0,(%y) = Xm=1 2Zne1 92mn sin(ax) cos(By) (18)
Where:
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=== == ( mn Vimn Winn, 01, 92,,,,) are arbitrary constants .

The Nawer solution exists if the following stiffnesses are zero, A1 = Big =
Di6 = E16 = F16 = Hig = Az = Byg = D¢ = Ez¢ = F6 = Hpp = Ays = Jus =
Lys =0

The equation of motion in Eq. (12) can be expressed in terms of displacements
by substituting the force and moment resultants from Egs.(16 and 17) and substituting
Eq. (18a-e) into Eq. (12a-e), the following equations are obtained:

{dij} = {Umn: an: Wmn» elmn: ezmn} (20)
{Fl]} = {0,0, an: 0,0} (21)

Where Q,,, are the coefficients in the double Fourier expansion of the transverse
load.

q(%,y) = Xm=12n=1 Qmn sin(ax) sin(By) (22)

Where the stiffness element of k;; are:
Cip = Apq0® — Aesﬁz
Ciz = A0 B — Aggar

C13 = B110L3 + BlzaBz + 2B66QBZ
mmn mm 2
Cig = —By1— h o? — E110¢ —Bes h — Eg6P

mn mn
Cis = —Bi3 T o — Eqza B_B66T o B — Egea B
Cz1 = Apa B — Agga B
Caz = —Azzﬁz - Aseaz
Co3 = By,aB + ByyB? 4 2Bgea®P

mTt mTt

Cz4 = —By; T o —EjaB—Bgg—— h o B —Egea B
2 mm , 2

Czs = —Ez,B _BseTa - Esea _BZZTB

C31 = B110(3 + BlZO(BZ + 2366O(BZ

C3y = By,a?B + ByyB> + 2Bgea®P
C33 = —]3110(4 - 2]3120(2[32 - D2234 - 4D660‘232

mTt mTt )
C34 -_ D11 h O( +D12—O(B + FlZO(B + F110( +2D66 h O(B + 2F66(XB
mTt
C35 =Dy — ¢ 2B + Fppa? B+D22TB + Fp, B3 +2D66T0( B? 4 Fee*B
mTt )
Cyr = _BllTa - E110( _BeeTB — Eg6B
mTt mTt
C42 = =By, T af —Epa B—BsaT o B —Egea B

mTt 3 mTtt 2 2 3 mTtt 2 2
C43 = DllTa +D12T(XB + F120(B + Flla +2D66T(XB + 2F66a8
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22 , mm m22
C44 = —D11 o —ZFllT(X — D66 h2 B 2F66 h B - H11O(
" " m?m? mm
— B66B° — Fg6B” — Ass Tz~ 2ss g Lss
22 m?22
Cys = —Diz—7 aB = ZFlzT o — Dgg—7— ap— ZFesT af—Hyaf
— Hee a B
mT mm
C51 = _B12 h (0.4 B ElZaB Bﬁﬁ h a B E66a B
mT 2
Csp = _EZZB _BseTa — Eg60? Bzz_B
Cs3 —D12 I 0‘ 2B + Fppa? B+D22TB + Fy,° +2D66 h 0‘ B2 + Fee®
m?m? m?*7? mn
C54:_D12TO‘B_2F12TO‘B_ 66 h2 O(B 2F66 h O(B HlZaB
— Hgea
2.2 m2 2

2 mn 2 2 mn 2 2 2
Css = =Dy, 12 B _ZFZZTB — De¢s 12 « _ZFeeTa — H3,B° — Heet

m?n? mn

_A44T_]44T_]44_L44

The main computer program has been built to carry out the analysis required for
solving the equations of motion and determine the deflection and stresses of
composite laminated simply supported plate using new higher order shear
deformation plate theory. A computer code written in (Matlab 13). The flow chart of
computer programming shown in Fig 4.

3-RESULT AND CONCULATION
3-1-Result

The stresses and deflection of composite laminated plate under uniform
sinsundiol load with different design parameters for simply supported boundary
condition, are analyzed and solved using Matlab 13 programming. To examine the
validly of the derived equation and performance of computer programming for
bending and stress analysis of composite laminated simply supported plate, a
comparison[ 3D elasticity &J.Raddy & J.L.Mantari ] for square plate [h=1 and a=b]
for two, three and four layers cross ply laminated simply supported on all edge, while
the mechanical properties of each layers are (E;=175 Gpa, E,=E3=7Gpa,
V12=V13=0.25, V3=0, 6122613:3.56[3&, 623:1.5Gpa).

Table 2 shows the non-dimensional maximum deflections and stresses for
symmetric and unsymmetric laminated plate in four layers (0/90/90/0) (a=b). The
results of the present theory and other theaories such as (Reddy and Mantari) are
compared with the three dimentional elasticity results (3D) for simply supported
symmetric cross ply laminated plate which shows that the present results are in good
agreement with 3D elasticity solution in deflection and normal stresses, However
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there is a considerable difference with 3D elasticity solution for (yy,) srtress for both
thick and thin plate.
To examine the comparion between symmetric and unsymmetric four layer laminated
square plate, Fig 5 showes the non dimensional central deflection versus side-to-
thickness (a/h) for (0/90/90/0) and (0/90/0/90) for the same mechanical properties
under sinsoidal load.

Table 3 shows the non-dimensional maximum deflections and stresses in three
layers (0/90/0) for the same square plate and mechanical properties .The performance
of the present theory is evaluated by calculating the error compared 3D exact solution.
The results of the present method give better results for shear stresses than in normal
stresses for thick plate (a/h=4). Additionally, for a/h>=10, the proposed theory
performs best in terms normal and shear stresses and the error decreases with increase
of (a/h) ratio.

Table 4 shows the maximum central deflection and stresses in three layers
(0/90/0) for the same mechanical properties of rectangular simply supported
composite laminated plates (b=3a) under sinusoidal load similar conclusion compared
with the square plate can be inferred.

Fig 6. Shows the non dimentional deflection versus side-to-thickness ratio
(ash) for cross —ply (0/90) laminated plate compared with Mantari 2012 and Reddy
2003. And Fig 7 shows the nondimentional deflection versus modules ratio (E;/E>,)
for cross —ply (0/90) compared with, the present work shows closed results with that
published with the above theories.

3.2. Conclusions

A new higher order shear deformation theory of simply supported composite
laminated plate is developed. The displacement of the middle surface is expanded as
combination of exponential and trigonometric functions of the thickness coordinate
and the transverse displacement taken to be constant through the thickness, the theory
accounts for adequate distribution of the transverse shear strains though the plate
thickness and tangential stress-free boundary conditions on the plate boundary
surface, therefore a shear correction factor is not required.

The results obtained from present theory give an accurate results for thick, and
moderately thick and thin plate when comparing it with that published from other
research.

Nomenclature

Symbol Discretion Units
A Plate dimension in x-direction m
Aij, Bij, Dyj , Ejj Extension, bending extension coupling, -
Fij  Hyj bending and additional stiffness
B Plate dimension in y-direction m
E,, E, E; Elastic modulus components GPa
Gi,, Gyz,Gy3 Shear modulus components GPa
H Plate thickness m
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K, K, Transverse shear force result(HSDT) N
M, M,, M, Moment result per unit length N.m/m
Ny, N,, Ng In-plane force result N/m
N Total number of plate layers -
Py, P,,Ps Result force per unit length N/m
Q., Q, Transverse shear force result N
X,Y,Z Cartesian coordinate system M
Zk » Zit1 Upper and lower lamia surface coordinates M
along z-direction
Exx » Eyy » Exy Strain components m/m
Yz Vyz Transverse shear strain m/m
Vi Poisson’s ratio components -
Oxx » Oyy » Oxy » Oyz Stress components GPa
Oxz
0 Fiber orientation angle degree
Umn » Vi s W, 9 Arbitrary constant -
¢2mn
u(x,y) Flexural displacement -
v(X,y) Flexural displacement -
w(x,y) Flexural displacement -
A mm -
h
B nrm -
- h -
Cij Stiffness matrix -
12,3 Principal material coordinate system -
W Deflection M
Z Distance from neutral axis M
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Figure 1. Laminate geometry with positive set of lamina/laminate reference axes,
displacement components and fiber orientation.
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Figure 2. Shape strain functions of different shear deformation theories.
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Figure 5. Nondimentionalized deflection versus side-to-thickness ratio (a/h) for
symmetrical cross-ply (0/90/90/0) and unsymmetrical cross-ply (0/90/0/90) laminate
under sinusoidal load
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Table 1. Different shear shape strain functions.
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Touratier 1991 f(z) = — sin =
m h
Karma 2003 f(z) = ze~2@/W*
i mmz mmz
Mantari 2012 f(z) = sin : e h +yz
TZ mnz
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Table 2. Non-dimensional deflections and stresses in four layers (0/90/90/0) square

102w, *(%E)*Ez *h3

ab h

oxx (35—
_ XXT\2'2 2

o

plate (a=b) under sinusoidal load, = prvon , Oxx = P , Oyy =
oy _oxyr(Gg-3)n? _ oyer(30.0)h _ oxr(030)+h
a?xqq Oxy = a?xqq » Oyz = axqo 1 Oxz = axqo
Method ah | W Diff | ox Diff | oy Diff | oy Diff | oy Diff | oy, Diff
% % % % % %
3D elasticity 1.954 | - 0.720 | - 0.663 | - 0.047 | - 0.219 | - 0.291 | -
Reddy 2003 |4 1.893 | 3.12 | 0.665 | 7.63 |0.632 |4.67 |0.044 |6.38 | 0.206 |5.93 |0.239 | 17.8
Mantari2012 1.921 11.68 |0.740 | 2.77 | 0.635 |4.22 |0.048 | 2.12 | 0.254 | 15.9 | 0.269 | 7.56
Present 1.909 | 2.30 | 0.682 |5.27 |0.635 [4.22 |0.045 | 4.25 | 0.216 | 1.36 |0.246 | 15.4
3D elasticity 0.743 | - 0.559 | - 0.401 | - 0.027 | - 0.301 |- 0.196 | -
Reddy 2003 |10 |0.715 |3.76 | 0.546 |2.32 |0.389 |2.99 |0.026 | 3.70 | 0.264 |12.2 |0.153 |21.9
Mantari2012 0.730 | 1.74 |0.561 | 0.35 | 0.395 | 1.49 |[0.028 |3.70 | 0.335 | 11.2 | 0.177 |9.69
Present 0.720 | 3.09 |0.549 [1.78 | 0.391 | 249 |0.027 |0 0.279 | 7.30 | 0.158 | 19.3
3D elasticity 0.517 | - 0.543 | - 0.308 | - 0.023 | - 0.328 | - 0.156 | -
Reddy2003 20 |0.506 |2.12 | 0539 |0.73 [ 0.304 [1.29 |0.023 |0 0.283 |[13.7 |0.123 | 21.1
Mantari2012 0511 | 1.16 {0543 |0 0.306 | 0.64 |0.023 |0 0.362 | 10.3 | 0.142 | 8.97
Present 0.507 | 1.93 [0.540 | 0.55 [ 0.305 | 0.97 |0.023 |0 0.299 [ 8.84 |0.127 | 185
3D elasticity 0.438 | - 0.539 | - 0.276 | - 0.021 | - 0.337 | - 0.141 | -
Reddy2003 100 | 0.434 | 0.91 | 0539 |0 0.273 | 0.79 |0.021 |0 0.290 |13.9 |0.112 | 20.5
Mantari2012 0.435 | 0.68 |0.539 |0 0.271 | 1.81 |0.021 |0 0.372 [ 10.3 |0.128 | 9.21
Present 0.434 1091 0539 |0 0.271 | 1.81 |0.021 |0 0.307 | 8.90 |0.115 | 18.4
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Table 3. Non-dimensional maximum deflections and stresses in three layers (0/90/0)

a_h

_ s _ oyyr(55¢)h?
square plate (a=b) under sinusoidal load, oy, = —5*—— .

a?xqq
Method ah | W Oxx Diff | oy, | Diff Oyxy Diff Oxz Diff Oyz Diff
% % % % %

3D elasticity - 0.755 | - 0.556 | - 0.0505 | - 0.282 | - 0.217 |-
Mantar2012 |4 1943 |1 0.823 |9.00 |0.497 | 13.8 | 0.0536 | 6.13 | 0.245 | 13.1 | 0.201 | 7.37
Karama2003 1944 |1 0.775 |2.64 |0.502 |9.71 |0.0516 | 2.17 | 0.220 | 219 | 0.191 |11.9
Present 1930 | 0.754 |0.13 | 0.503 | 9.53 |[0.0507 | 0.39 | 0.211 | 25.1 | 0.188 | 13.3
3D elasticity - 0.590 |- 0.288 | - 0.028 | - 0.357 | - 0.123 | -
Mantar2012 |10 [0.734 | 0.588 |0.33 |0.276 |4.16 | 0.028 |0 0.314 | 12.0 | 0.115 | 6.50
Karama2003 0.723 | 0.576 |2.37 |0.272 | 555 [0.028 |0 0.272 | 23.0 | 0.108 |12.1
Present 0.718 | 0.572 |3.05 |0.271 {590 [0.028 |0 0.258 | 27.7 | 0.106 | 13.8
3D elasticity - 0.552 |- 0.210 | - 0.023 |- 0.385 | - 0.094 | -
Mantari2012 |20 [0.511 | 0551 |0.18 |0.206 | 1.90 | 0.023 |0 0.331 | 14.0 | 0.090 |4.25
Karama2003 0.508 | 0.540 |2.17 |0.205|2.38 [0.023 |0 0.285 | 25.9 | 0.086 |8.51
Present 0.506 | 0.547 |0.90 |0.205|2.38 [0.023 |0 0.270 | 29.8 | 0.084 | 10.6
3D elasticity - 0541 |- 0.185 | - 0.0216 | - 0.393 | - 0.084 | -
Mantari2012 |50 [0.445|0541 |0 0.184 | 0.54 | 0.0217 | 0.46 |0.336 | 145 | 0.082 | 2.38
Karama2003 0.444 | 0.540 |0.18 |0.183 | 1.08 | 0.0216 |0 0.289 | 26.4 | 0.079 |5.95
Present 0.443 | 0.540 |0.18 |0.184 | 0.54 |0.0216 |0 0.273 | 30.5 | 0.077 |8.33
3D elasticity - 0539 |- 0.181 | - 0.0213 | - 0.395 | - 0.083 | -
Mantari2012 | 100 | 0.435 | 0.539 |0 0.181 |0 0.0214 | 0.46 | 0.337 | 14.6 | 0.081 | 2.40
Karama2003 0.434 | 0.538 |0.27 |0.180 | 0.55 | 0.0213 |0 0.289 | 26.8 | 0.078 | 6.02
Present 0.434 10539 |0 0.181 |0 0.0213 | 0 0.274 | 30.7 | 0.077 |7.22
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Table 4. Non-dimensional maximum deflections and stresses in three layers (0/90/0)

IOZWO*(%,g)*EZ*hS

square plate (a=b) under sinusoidal load (b=3a),w = pr Oxx =
oxt(§5-3)*h? e G e o oys+(30.0)+h
a?xqo » Oyy = aZxqg Oxy = azxqg »Oyz = axqq ' Oxz =
cxz*(O,g,O)*h
axqo
Method alh | W Diff |ox | Diff | oy | DIff | oy Diff | ox Diff | oy, Diff
% % % % % %

3D elasticity 2.820 |- 1.100 | - 0.119 | - 0.028 |- 0.387 |- 0.033 | -
Mantari2012 | 4 2.963 |5.07 |1.165|59 |0.103|134 [0.028 |0 0.333 | 13.95 | 0.037 | 12..0
Karama2003 2.683 |4.85 |{1.097|0.27 {0.104 | 12.6 |0.027 |3.57 |0.298 |22.9 |0.036 | 6.06
Present 2,664 | 553 |1.070|272 |{0.104|126 |0.027 |3.57 |0.285 | 26.35 | 0.035
3D elasticity 0.919 |- 0.725 | - 0.044 | - 0.012 |- 0.420 |- 0.015 | -
Mantari2012 |10 |0.892 | 2.93 | 0.719 | 0.82 | 0.041 | 6.81 | 0.012 |0 0.369 |12.14 | 0.018 | 20
Karama2003 0.876 |4.67 |0.704|2.89 | 0.040|9.09 [0.011 |8.33 |0.319 |24.04 | 0.018 | 20
Present 0.868 | 5.54 | 0.699|3.58 | 0.040|9.09 [0.012 |0 0.302 | 28 0.017 | 133
3D elasticity 0.610 |- 0.650 | - 0.030 | - 0.0093 | - 0434 |- 0.012 | -
Mantari2012 |20 | 0.603 | 1.14 | 0.648 | 0.30 | 0.029 | 3.33 | 0.0092 | 1.07 | 0.375 | 13.59 | 0.015 | 25
Karama2003 0.597 | 2.13 | 0.644|0.92 | 0.029 | 3.33 | 0.0092 | 1.07 | 0.323 | 25.57 | 0.014 | 16.6
Present 0.595 | 2.45 | 0.642|1.23 | 0.029|3.33 |0.0091 | 2.15 | 0.304 | 29.9 |0.014 | 16.6
3D elasticity 0.520 |- 0.628 | - 0.026 | - 0.0084 | - 0.439 |- 0.011 |-
Mantari2012 | 50 |0.520 |0 0.627 | 0.15 | 0.030 | 15.3 | 0.0085 | 1.19 | 0.376 | 14.35 | 0.014 | 27.2
Karama2003 0.519 [ 0.19 | 0.626 | 0.31 | 0.026 | 0 0.0084 | 0 0.323 | 26.42 | 0.013 | 18.1
Present 0.517 | 0.57 | 0.626 | 0.31 | 0.026 | O 0.0084 | 0 0.305 | 30.52 | 0.013 | 18.1
3D elasticity 0.508 | - 0.624 | - 0.025 | - 0.0083 | - 0.439 |- 0.011 |-
Mantari2012 | 100 | 0.508 |0 0.624 | 0 0.025|0 0.0083 | 0 0.376 | 14.35 | 0.014 | 27.2
Karama2003 0.508 |0 0.620 | 0.64 | 0.025| 0 0.0083 | 0 0.323 | 26.42 | 0.013 | 18.1
Present 0.506 [0.39 | 0.624 |0 0.025|0 0.0083 | 0 0.306 |30.29 | 0.013 | 18.1
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ABSTRACT

The effect of air injection device on the performance of airlift pump used for water
pumping has been studied numerically and experimentally. An airlift pump of dimensions 42mm
diameter and 2200 mm length with conventional and modified air injection device was considered.
A modification on conventional injection device (normal air-jacket type) was carried out by
changing injection angle from 90° (for conventional) to 22.5° (for modified). Continuity and
Navier-Stokes equations in turbulent regime with an appropriate two-phase flow model (VOF) and
turbulent model (k — €) in two dimensions axisymmetry flow were formulated and solved by using
the known package FLUENT version (14.5). The numerical and experimental investigations were
carried out for both conventional and unconventional air-jackets at submergence ratio of 0.75 and
air mass flow rate from 0.5, 2, 10, 50 and 85 kg/hr. Comparisons between the numerical and
experimental results for both injection devices were made and fair agreements were found and the
main results showed that the performance and maximum efficiency of airlift pump is increased for
higher mass flow rate of injected air for the tested submergence ratio using unconventional air-
jacket performance with average enhancement were 9% and 10% for performance and maximum
efficiency respectively.

Key words: airlift pump, air injection angle, submergence ratio, two-phase flow
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1. INTRODUCTION

The first airlift pump was discovered by the German mining engineer Garl E. Loescher in 1797
and it used for the first time in United States in 1846 in oil field in Pennsylvania. Although,
submersible rotodynamic pumps have been used successfully for the first time in 1928 in oil field
and become widely used in many other applications, airlift pump are still utilized in several
specialized tasks, Aaron, 2004. Airlift pump has a number of advantages that promoted to use it,
such as: low initial cost, no moving parts when compared with other types, easy installation and
small space requirement, simplest design and construction, low cost for maintenance, ability to
resist clogging, ease of flow controlling and the ability of handle corrosive, explosive, highly toxic
and radioactive fluids. It is classified as deep well pumps and sometimes used for dewatering of
mines or pumping mixture of sand and water slurry or other solution. In the last several decades, the
development of the digital computer has enabled to make an accurate design of airlift pump by
solving more complex methods that include solving the Navier-Stokes equations with governing
equation of multi-phase flow at various points in the airlift pump to determine the nature of the
flow. The flow solver procedure, frequently mentioned to as Computational Fluid Dynamics (CFD)
are less restricting but large computationally intense to solve. Li et al., 2012, evaluated the
performance of small airlift pump with diameter range of 12-19 mm and length of 0.933 m at
various submergence ratios using FLUENT. The domain of the simulation is represented by two
dimensional axisymmetry systems, and volume of fluid (VOF) model is used to perform the
simulation with a time step of 0.001 s. They predicted that more accurate simulation is associated
with submergence ratio under 0.5 when the results are compared with the experimental result
available in the literature, as well as more fluctuation and more instability of velocity with the
vertical uprising position when higher mass flow rate is introduced to the riser. Wahba et al., 2014,
investigated a hierarchy of models that is used for obtaining the performance of airlift pumps, from
one-dimensional analytical models of, Stenning and Martin, 1968, and, Reinemann et al., 1986,
to large eddy simulation (LES) using the volume of fluid (VOF) method and the results of
investigated models are validated with experimental results of, Kassab et al., 2009. They reported
that LES method gives fairly accurate results for the performance of airlift pump with a good
qualitative and quantitative flow patterns when compared with their similar experimental patterns at
the same air flow rate, and with flow pattern map proposed by, Taitel et al., 1980. Also they
reported that the analytical models provide pump performance curve with accuracy comparable to
that predicted by LES; but without any knowledge about flow patterns in the riser pipe and the
transient nature of the pumping process due to the steady state nature of these models. Hanafizadeh
et al., 2014, modeled numerically the two phase flow regimes in the riser of airlift pump using two
different approach of modeling, namely volume of fluid (VOF) and Eulerian, with standard k-€
turbulent model and cylindrical coordinates to represent the geometry. The results are validated with
the flow regime map proposed by, Taitel et al., 1980, as well as with experimental results. The
experimental work is carried out using three different configuration of injector plate. They reported
that the VOF model is fit better for modeling of bubbly and slug flows while the Eulerain model is
more suitable for only annular flow. Mahrous, 2014, studied numerically the effects of multistage
air injection on the performance of airlift pump when the compressed air is evenly distributed in a
number of injection stages in the riser tube section. He performed the numerical solution by dividing
the riser pipe into small division in the flow direction and step-by-step integration method to the
momentum balance equation along the riser pipe to obtain the performance. He showed that
expanding of bubbly-slug flow regime rang in the riser tube of airlift pump is corresponded to
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increasing in number of injection stages which is result widening in operation range of the pump
close to the optimum discharge conditions, and at these operation conditions, the stability of airlift
pump using multi-stage air injection is increased when compared with single-stage air injection.
Qingsong Zhan et al., 2015, investigated numerically the effect of the riser pipe diameter and
length on the efficiency of airlift pump used in artificial upwelling process for ocean water.
Numerically, the CFD model employed finite difference method (FEM) to discretize the flow which
is represented in two-dimensional coordinates system, transient solver, VOF model and standard k-€
turbulent model to solve the problem. The time interval set to 0.0001 s to increase the convergence
of the solution. They indicated that the pipe diameter is more effective than the pipe length,
increasing of riser diameter led to increase of lifting efficiency, also, increasing of pipe length
causes slightly decreasing in the efficiency because of wall friction increased in stable flow field.

In the present work, the performance of a regular airlift pump with conventional air-jacket and
modified air-jacket are investigated numerically and experimentally at fixed submergence ratios and
various mass flow rate of injected air.

2. EXPERIMENTAL WORK
The experimental work has been carried out in the fluid mechanics laboratory in the
department of mechanical engineering - Collage of engineering/University of Baghdad in order to
obtain water discharge rate and analysis the structure of flow filed within riser pipe. The
experimental setup is shown in Fig.1 and Fig.2.

2.1 Test Rig

The test rig consists of the riser pipe which is a transparence smooth pipe made of acrylic
resin with 2000 mm length and 42mm inner diameter. The discharge side (upper end) of the riser
pipe is connected to a collecting header of 4" diameter made of PVC. The highest point of the
header is opened to ambient which allows air to escape from the pumped mixture. The lower end of
the collecting header is divided in to two branches with 2" PVVC quick closing ball valve at its end to
direct water from riser either, to intermediate tank or to metering tank. A 0.5 hp electric centrifugal
water pump has maximum head of 35 m and maximum discharge of 36 litters/minute, is used to
pump water from the intermediate tank to the movable tank. The movable tank is a cylindrical tank
hold by steel cable connected to a manual hoist and can be moved upward and downward in order to
change the submergence ratio and feed the riser pipe with water at constant head through the
transient tank. A 1" ball valve is fitted at the bottom side of the transient tank as inlet to the tank.
The riser pipe is fitted to the transient tank through the injection device, in which the compressed air
is distributed uniformly and injected into the riser pipe to perform the pumping action. The injection
device is designed as two independent injection stages. Each stage delivered air through two ports
and have 52 holes per stage drilled of diameter 3mm distributed in two rows and holes center line
are inclined from injector wall by 90° and 22.5° for the first and second stages respectively.
Injection device with holes center line vertical to the injector wall (90°) is considered as normal or
standard air jacket. Fig.3 shows the cross section of injection device. All the elements above of the
test rig are assembled to gather in a main steel frame. The experimental work is performed using a
high pressure air compressor which delivered 1.05 m*min with a storage vessel of 1200 lit capacity
and cutoff pressure sited to 14 bar, this compressor supply compressed air to a pressure reducing
valve (0.5 —5) bar to ensure a constant air pressure supply from the compressor. A constant area air
flow meter of range (2 — 27) m*/hr is used to measure the volume flow rate of injected air and the

64



Number 2 Volume 23 February 2017 Journal of Engineering

temperature of supplied air was measured by a calibrated thermocouple. A needle valve 3/4" is used
to control the volume flow rate of injected air to the rig, as well as a 3/4" ball valve made is used to
simultaneously cutoff air supplying to the rig.

2.2 Experimental Procedure

The main part of the experiment was the measuring of the water discharged from the airlift
pump for different angles of injection. The experimental procedures are as follows:
The air compressor is started; the pressure reducing valve is adjusted to the desired pressure.
The connection hose of the air system is linked to the desired stage of injection.
The centrifugal pump is started.
The level of movable tank is adjusted to the desired submergence ratio.
Injection of compressed air into the pipe is started, the needle valve is adjusted to desired
volume flow rate( Q,;,-), and then the pressures( P,;) and temperature( Ty;,) are recorded.
6. The air mass flow rate is computed from the following equation:

orwdPE

m;ir = Pair X Qair 1)
Where the density of air is calculated using ideal gas equation:
Dy = — G ¥
alr R X Tair

7. Waiting until the system reach quasi- steady state.

8. The discharged water from intermediate tank is directed to the metering tank for a certain
time (usually is taken 20 s) by closing the valve at the end of the collecting header which is
routed the water to the intermediate tank and open the other to the metering tank:

9. The volume of water accumulated in the metering tank ( V, cumiiate) 1S recorded.

10. The water mass flow rate is computed from the following equation

o _ Vaccumilate (3)
Myater = Pwater

11. An estimation of flow regime type is reported.
12. Simultaneously closing the ball valves 14 and 15, Hamid et al., 2013:
13. The retained volume of the riser (V) is recorded and the volumetric void fraction is

computed from the equation:

VL 4)

total volume of riser

(7) and (8) are repeated three times for each mass flow rate of air and the average results are
taken.

The procedure above is repeated for different submergence ratio and injection angle for the same
range of air mass flow rate.

A high speed camera made by SAMSUNG (model WB2000, 10 megapixels and 1000 f/s) is
used to capture photos of flow regime detected in the riser tube, and water is colored by adding a
light color in order to make the reorganization of flow pattern easier.

a=1-

2.3 Error Analysis
Deviation was calculated for the experimental data using the formula for calculating percentage
error as:

measured value — estimated value (5)
Percentage error = ( ) * 100
measured value
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Where measured values are resulted from the experimental work and the estimated value from
the theoretical.

3. MATHMATICAL FORMULATION

In computational fluid dynamics, the volume of fluid model is one of Euler — Euler method
which is used in numerical modeling of multiphase flow and it is considered the model that enables
clear description of fluids interface by tracking and locating the fluids interface, Hirt and Nichols,
1982, and, Li et al., 2012. The concept of the model is based on treating the different phases of
fluids as interpenetrated continua and volume of a phase cannot occupy by other phases. In talking
on multiphase flow and specifically two-phases flow of water and air in airlift pump, water is
considered the primary or continues phase that is enveloping the secondary phase (air) which is
distributed in the primary phase in flow field therefore, a place in flow field may be filled by only
water or only air or both water-air in interfaces, and the flow of water-air interface is tracked
depending on the distribution of the volume fraction of air in flow field. Numerical techniques have
to be employed to solve Navier-Stokes, continuity and volume fraction equations by using the Finite
VVolume Method.

3.1 Governing Partial Differential Equations

In the present work, the working fluids are water and air and the following assumptions are
made:

1- Axisymmetric flow.

2- Fully turbulent flow.

3- Newtonian fluid.

4- No exchange of mass between phases.

5- No heat transfer and heat generation.

6- Isothermal flow for all phases.

7- Incompressible for the air phase.

In order to analyze the flow field and the performance in the airlift pump with variable
geometrical and operation parameters, VOF model solves one set of momentum equations for the
whole flow and tracking the volume fraction of each phase of the mixture through the flow field.
The governing equations for the mean velocity and pressure are the mass and momentum equations,
these are respectively, Fluent, 2012, and, Li et, al., 2012:

o L. (6)
a(pu)+\7-(pu)—0

9] — 7
a(pl_i)+|7.(pﬁﬁ)=p§—|7P+|7.[u(|717+\717T)]+T 0

The tracking of volume fraction of gas phase for air and water flow neglecting the mass
transfer between phases is performed by solving the convection equation for volume fraction as
following, Fluent, 2012, and, Li et al., 2012:

110 o
E [E (“gpg) +V. (“gpg ug)] =0
n

S e ®)

a=1

()

Since the flow of air-water interfaces is tracked based on the distribution of the secondary
phase (air) volume in a specified space and is considered the volume fraction of air a,4, which is
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value varies from 0 for liquid phase (water) and 1 for gas phase (air), therefore the Egs. (8) is

reduced to:

ag+a,=1 €)]

and the bulk properties for the mixture depended on the volume fraction weighting and properties of

each phase and found as:

p=pra,+pgay (10)

p=ppa + pgag (11)
The source term T; is referred to the surface tension effect which is modeled using the

continuum surface force (CSF) approach proposed by, Brackbill et al., 1992, as follows, Fluent,

2012, and, Li et, al., 2012:

~  2pkvVa, (12)
(oL + pg)
Where o is surface tension coefficient, k is the local surface curvature and equals to:
o (13)
k=—
axi

Where 71 is the unit normal.

3.2 Turbulence Model
In present study, a standard turbulence model (k- €) is used for the system of the momentum
equations, Hanafizadeh et al., 2014,

3.3 Geometry and coordinate systems

The proposed airlift pump is considered an external loop based on U- tube principle which is
fed from reservoir with a constant head level of free surface and exposed to ambient pressure as
shown in Fig.4. Because of the most major hydrodynamic changes happen when phases interface,
therefore, the riser pipe is considered the main important part of the system to be under attention in
mathematical modeling and is modeled as axisymmetric two- dimensional flow in cylindrical polar
coordinates system, Patankar, 1980.

3.4 Boundary Conditions
1. Mass-Flow Inlet Boundary Condition

The inlet mass flow rate of injected air and turbulence conditions used in the present work
are as follows:
Inlet mass flow rate is defined in vector terms as:
7n=mc059i+msin9j (14)
Where: m = 0.5,2,10,50 and 85 kg/hr

0 = 22.5 and 90 dgree

Turbulence Kinetic energy and dissipation rate are calculated as follow, Versteeg and
Malalasekera, 2007:

3

fn = 5 1 )
k 3/2 (16)

an=Q7t7—

and
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I =0.16 (Re)~/8 17)
[ =0.07D, (18)
Where: u = Inlet velocity.
I = Turbulence intensity.
C,, = Universal constant, 0.09
[ = Length scale of turbulence.
Dy, = hydraulic diameter (pipe diameter).

2. Pressure Inlet Boundary Condition

A pressure inlet is specified for the free surface of water at the domain inlet where the
pressure is atmospheric. An initial guess of turbulence Kkinetic energy and dissipation rate are
calculated using Egs. (15) and (16) and assuming turbulent intensity I is 0.05.

3. Pressure Outlet Boundary Condition

A pressure outlet boundary condition is assigned to the outlet of the domain where the
pressure is atmospheric and no water back to the domain at the outlet (back flow volume fraction
a = 1). An initial guess of turbulence kinetic energy and dissipation rate are calculated using Egs.
(15) and (16) and assuming turbulent intensity I is 0.05.

4. Axisymmetry Boundary Condition
The axis symmetry of the domain is assigned to the center line of the riser pipe.

5. Wall Boundary Condition
No slip boundary condition is assigned for the internal wall of riser pipe. This condition is
used to bound fluid and solid regions, Jonas Bredberg, 2000.

6. Interior Boundary Condition
The interior boundary conditions are appointed to the domain which is bounded by the solid
wall of the riser pipe.

4. NUMERICAL SOLUTION
A control-volume technique is used for the solution, Versteeg and Malalasekera, 2007, and these
methods are composed of the following stages:

e Generation of grid in the domain.

e Construction sets of algebraic of equations by integration of the governing equations on

every control volume for the fields of velocity, pressure, void fraction and conserved scalars.

e Linearization and solving the discretized equations iteratively.
In the present work, the two phase flow is simulated as two-dimensional axisymmetry, unsteady,
viscous and incompressible flow for both phases in an isolated airlift pump. Using GAMBIT 2.4.6, a
two-dimensional uniform grid is generated for this purpose and contains non-overlapping
rectangular element and an extra refinement is made at the air-water interface due to large variation
in velocities and turbulence, as well as, near the solid wall, Hitoshi et al., 2010. A refined boundary
layer mesh is created near the airlift pump wall to be able to resolve the velocity gradients better as
shown in Fig.5. The spatial discretized is executed on a standard collocated grid applying finite
volume method. The unsteady two-phase flow is modeled using VOF method and explicit scheme.

68



Number 2 Volume 23 February 2017 Journal of Engineering

PISO algorithm of FLUENT 14.5 is used for the simulations. QUICK scheme for convective
operator and a second order central difference scheme are used for the pressure term PRESTO
scheme for pressure term and a second order. Upwind scheme is used for the momentum. Geo-
Reconstruct scheme is used to represent the phases interface and predict the void fraction. The
turbulent is modeled using k — & model. The inlet boundary conditions were the constant air mass
flow rate, angle of injection, and constant pressure at the free surface. The outlet results of the
program were the mixture mass flow rate and void fraction of each phase with distribution contours.

5. METHOD OF SOLUTION
The method of analysis includes the numerical solution of flow field equations:

1. Void fraction equation.

2. Continuity equation.

3. Momentum equation.

4. Transport equation of turbulence.

The solution algorithm implies modified version of PISO method of, Issa, 1986, which is
considered an extension of SIMPLE method developed by, Patanakar, 1980. It is an iterative
sequence consisting of two major parts: the PISO procedure, and the solution of transport equation.
The PISO algorithm differs from SIMPLE algorithm by performing an extra correction step to the
pressure and corresponding velocity field which are yielded from solving momentum equation using
the correct pressure field or values predicted from the first correction step, after that the transport
equations for turbulent and void fraction are solved using the new correct velocity field. The
advantage for using PISO method in transient problem, that the accuracy reached by correction
process (at each time step) for pressure is third order (At3) and fourth order (At*) for momentum.
This yields an accuracy for the values of pressure and velocity filed (for a small time step) which is
enough to travel to the next time step instantaneously without an extra iteration regarding the time
as in SIMPLE method, therefore, PISO algorithm is considered as non-iterative method, Versteeg
and Malalasekera, 2007. Changing the angles of air injection and mass rates of injected air, and the
rate of pumped water is found in order to figure out the enhancement of the performance and
efficiency of airlift pump.

6. AIRLIFT PUMP CHARACTERISTICS

The most important airlift pump characteristics in this work are the water pumping rate, and
efficiency coefficients. Application of continuity and momentum conservation laws give amount of
pumped water for specified operational and geometrical parameters. Once water flow rate is
predicted, other pump characteristics can be found directly. Efficiency (n) of airlift pump is defined
by, Nicklin, 1963, as a ratio of beneficial work done in water to the energy released from the

isothermal expansion of injected air from injection pressure to the ambient pressure as following:
_ gpLQL(L — Hy) (39)

7= Pan ln(Pin/Pa)

7. RESULTS
The mass flow rates of water that results from numerical simulation and experimental
investigation of the tested airlift pump with injection angle (90°and 22.5") at submergence ratio
0.75, are represented in Fig.6. It’s clear from the figure that predicted mass flow rates for injection
angle (22.5°) are higher than that the predicted for injection angle (90) for the higher mass flow
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rate of injected air with similar trend for both curves. This increase is related to the initial
momentum of the injected air; in addition, the comparison between numerical results for water
output from the pump and that predicted from the experimental work shows good agreement with
average deviation about 11% and 9% for injection angle 90°and 22.5° respectively. The time
history of water mass flow rate at the discharge side (exit) of the airlift pump which results from
numerical solution are shown in Figs.7, 8, 9, 10 and 11. The average mass flow rate of discharged
water for each mass flow rate of injected air is accounted after the system reach quasi-steady state
and then taking the average value of water mass flow rate variation over the remained part of
simulation time. In general, each one of these figures has unique behavior which is corresponding to
a specify flow pattern, and this behavior can give a sense about the kind of flow pattern that occurs.
Fig.7 shows that there is no water that can be pumped for 0.5 kg/hr of injected air and this agrees
with the experimental results because the mass flow rate of injected air is smaller than the minimum
value of air mass flow rate required to initiate water discharge from the pump, which is about 1.8
kg/hr for both injection angle at the same submergence ratio 0.75. As the rate of air injection
increased up 2 kg/hr, water starts to flow out from the pump and Fig.8 shows the time history of
water output at the exit of the pump. On inspection the figures it is noticed that the water induced to
flow out from the pump after 3.75s (for angle 90°) and 3.5s (for angle 22.5°) then a slug of water
arrives at the exit of the pump. After 3s approximately, the water slug is discharged and no flow
region is dominated until the second slug of water arrives the exit approximately at time = 8s, and
the sequence is repeated. It is clear that this sequence is corresponding to a specific flow pattern
which is called slug flow. In the same manner, inspection of Fig.9, for air injection mass flow rate
of 10kg/hr, shows similarity of behavior for both figures and the increasing of air injection mass
flow rate cause increasing the unsteadiness of water flow at the pump exit, as well as, faster
initiation of water discharge. Around time =1.8s, a large slug of water reaches at the exit of the
pump and the second big slug reaches the exit at time= 7.7s, the flow between the two big slugs is
decreasing then increasing and characterized with very unsteadiness flow, this description is reveals
to slug-churn flow. Further increasing of mass flow rate of injected air up to 50kg/hr, the behavior
of water flow rate with time loss its fashion and become more unsteady and chaotic as shown in
Fig.10. More careful inspection of the behavior shows after water slug discharged at the exit of the
pump, sharp decreasing followed by rapid gradual increasing of water mass flow rate until the next
water slug arrives to the exit, this behavior is continuously repeated and this described the
oscillatory motion of water slug which is revealed to churn flow. Fig.11 shows the annular flow
pattern that occurs with air mass flow rate of 85kg/hr, it is noticed that the local spikes are
disappeared. This means there is no more slug of water and the flow at the exit is highly unsteady.
The average water mass flow rate for each one of the theoretical Figs.7, 8, 9, 10 and 11 are
compared with flow map of, Tailet et al., 1980, as shown in Fig.12, and the distribution of the
results on the map agrees fairly to that discussed above. Contours of air void fraction that results
from the simulation of airlift pump are shown in Fig.13 which is corresponding to bubble, slug,
churn and annular flow. Figs.14, 15 and 16 show the flow development with time in the riser pipe
started from time = 0 second for mass flow rate of injected air (0.5, 2, and 50 kg/hr) respectively. It
is observed, that there is no significant difference can be noticed in flow structure when the injection
angle is changed from 90°to 22.5° for the same mass flow rate of injected air at same submergence
ratio. Variation of the efficiency that is predicted numerically and experimentally with mass flow
rate of injected air is present in Fig.17, which show agreement with average deviation about 6% and
5% for injection angle 90°and 22.5° respectively. The behavior of predicted numerical results for
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efficiency and performance curve is compared to gather as shown in Fig.18. It is clear from the
comparison that the maximum efficiency point does not occur with the maximum mass flow rate of
water due to the transition of flow pattern from stable slug flow to churn flow which is characterized
as chaotic and unstable add to that, the best efficiency points achieved when the flow is slug and
slug-churn flow.

8. CONCLUSIONS

- The optimum angle of air injection was found to be at 22.5° for the selected operational and
geometrical parameters.

- Average enhancement of airlift pump performance is about 11% for air injection angle 22.5".

- There is no significant variation in flow structure when the air injection angle was changed
from 90°t0 22.5°".

- Water starts to flow out from the airlift pump when slug flow occurs, when the mass flow
rate of injected air is 1.8 kg/hr.

- Maximum efficiency achieved is increased about 11% for air injection angle 22.5°.

- Maximum efficiency of airlift pump does not occur with the maximum mass flow rate of
water.

- Best efficiency points corresponds to the slug and slug-churn flow pattern, therefore, it’s
recommended to operate any airlift pump with these patterns of flow.

- Numerical simulation using VOF model gave a fairly accurate result when compared with
experimental.

- Numerical simulation using VOF model is capable to providing information about the flow
patterns and transient nature of the flow.

NOMENCLATURE
A =cross section area of the riser pipe, m
¢ =color function
Dy=hydraulic diameter, m
g =gravity acceleration, m/s’
H; =static head or submerged length, m
I =turbulence intensity
k =turbulent kinetic energy, m/s
[ =length scale of turbulence, m
L=length of riser pipe, m
m=mass flow rate, kg/s
N=displacement in the wall normal direction or outward face area vector unit
fAi=normal unit vector
P=pressure, N/m?
Q =volume flow rate, m%s
Re=Reynolds number
T =surface tension, N
t=time, s
u =velocity, m/s
u =velocity vector, m/s
uj:velocity in tenser notation, m/s
V =volume, m®
x; =position vector in tenser notation, m

2
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a =volume fraction

8;;=kronecker symbol

6 =angle of air injection, dgree

Kk =Von Karman’s constant in the velocity log-law
& =dissipation of turbulent kinetic energy, m’/s®
p =molecular or dynamic viscosity, kg/m.s
u.=turbulent eddy viscosity, kg/m.s

p =density, kg/m’

o =surface tension coefficient, N/m

7 =shear stress, N/m?

7;=viscous stress tensor, N/m?

n =efficiency
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Figure 5. Two-dimensional axisymmetry representation.
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Figure 6. Variation of airlift pump performance curve with injection angles.
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Figure 7. Numerical results for water mass flow rate predicted at the discharge of the riser pipe at

air mass flow rate (0.5 kg/hr), and injection angle 90°.
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Figure 8. Numerical results for water mass flow rate predicted at the discharge of the riser
pipe at air mass flow rate (2 kg/hr), and injection angle 22.5".
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Figure 9. Numerical results for water mass flow rate predicted at the discharge of the riser pipe at
air mass flow rate (10 kg/hr), and injection angle 90°.
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Figure 10. Numerical results for water mass flow rate predicted at the discharge of the riser pipe at
air mass flow rate (50 kg/hr), and injection angle 22.5".
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Figure 11. Numerical results for water mass flow rate predicted at the discharge of the riser pipe at
air mass flow rate (85 kg/hr), and injection angle 90°.
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A Study on the Removal of Direct Blue 71 Dye From Textile Wastewater
Produced From State Company of Cotton Industries by Electrocoagulation
Using Aluminum Electrodes
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ABSTRACT

T he removal of direct blue 71 dye from a prepared wastewater was studied employing

batch electrocoagulation (EC) cell. The electrodes of aluminum were used. The influence of
process variables which include initial pH (2.0-12.0), wastewater conductivity (0.8 -12.57)
mS/cm , initial dye concentration (30 -210) mg/L, electrolysis time (3-12) min, current density
(10-50) mA/cm? were studied in order to maximize the color removal from wastewater.
Experimental results showed that the color removal yield increases with increasing pH until pH
6.0 after that it decreased with increasing pH. The color removal increased with increasing
current density, wastewater conductivity, electrolysis time, and decreased with increasing the
concentration of initial dye. The maximum color removal yield of 96.5% was obtained at pH 6.0,
wastewater conductivity 9.28 mS/cm , electrolysis time 6 min ,the concentration of initial dye
60 mg/L and current density 30 mA/cm?

Key words: blue dye, color removal, electrocoagulation, textile wastewater, water treatment.
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1. INTRODUCTION

A serious provenience of environmental pollution is the wastewater produced from textile
dying and related units. The main environmental trouble related with loss is essential quantity of
unstable dyes during dyeing process and then liberation in the wastewater, Khandegar, and
Saroha, 2013. A main defiance for sufferable growth is the treating of wastewater from
industrialist processes and the employment where the treated water from the processes produces
zero wastes. The aim of these developments is more effectual and cheap technical methods to
treat wastewater, Natthaphon et al., 2015. The industry of textile is a serious intimidation to
mainland water resources due to: first the huge water required and second the product flowing
out consist of grave concentrations from dyes, surfactants, and other hazards material, Ke et al.,
2014. The dye compound is poisonous to the ecological due to stability and has depressed bio-
disintegration and may be carcinogen. The dying process lost midst one to fifteen percent of
initial dyes used in during dyeing. This percent is freed in the wastewater causative poisonous to
humans and other microorganisms, Pirkarami et al., 2013.

There are numerous methods in the literature used to remove color from wastewater.
These methods consist of adsorption, chemical coagulation, photo-degradation, precipitation,
chemical degradation, biodegradation, advanced oxidation, biosorption, membrane separation
and electrocoagulation, etc. From these methods, electrocoagulation was found as a favorable
technique in wastewater treatment, Sharma and Nandi, 2013.

The electrocoagulation process is preferable method to treat wastewater containing dyes
than traditional coagulation process due to the low sludge produced, pollutants such as chloride
or sulfate ions not produced, so it’s friendly to environmental, simple, effective, frugal, tiny
colloidal particles can be removed due to electric field control the motion of particle. The
equipment is easy in operation, shortened time reaction, heliacal photovoltaic panel can be a
source of energy to produce current electricity from solar energy, and the energy consumption
can be reduced by gathering the hydrogen generated from the process. Furthermore the dye
remove can be increased by connecting electrocoagulation with another method. Phalakornkule,
et al 2010, Zhang et al 2013.

In traditional chemical coagulation the coagulant is added straight away in wastewater
but in electrocoagulation process the coagulant produce by electrolysis of a sacrificial anode,
generally in iron or aluminum which avoides extravagant quantity of coagulant. The electrolysis
leads to dissolution of metal cations such as Fe** or AI** like chemical coagulation, Holt, et al
2005.

A diversity of industrial wastewaters can be treated successfully by using
electrocoagulation. There are three major processes through electro-coagulation: formation of
coagulants in liquid phase due to electrolysis of electrode surface, the pollutant adsorbed on
coagulant and transference by floatation and sedimentation, Chen, et al., 2000.
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The major reactions for electrode aluminum are:

Al —» AI"” 43¢ (atanode) (1)
3H,0 +3¢ ——> 2 H, +30H (atcathode) )
Al +30H —— AI(OH); (in the solution) (3)

The amorphous flocs AI(OH); formed according Eq. (3) which has a huge surface area,
to trap colloidal flake and fast adsorption of organic soluble compound, Picard et al, 2000.The
flocs is produced from combination the destabilized flake. The flotation produced by tiny
hydrogen bubbles generated in cathode which remove most flocs and increases the separation of

flakes from wastewater. Also at the cathode the OH- ions produced simultaneously with H, at

high pH values.
2Al +6H,0+ 20H —» 2AI(OH,;)" + 3H; 4)

There are many interaction mechanisms conceivable amidst hydrolysis and dye molecules.
In general two main mechanisms are regarded: adsorption (for high pH), and sedimentation (for
low pH), Gurses, et al., 2002.

In general, iron or aluminum electrodes were used for current in electrocoagulation
because their depressed frenzy, available, and fashioning of mostly amorphous metal hydroxides
and oxyhydroxides that has banner specialties adsorption of dissolvable sort. Aluminum
electrode is preferable to iron electrode due to the wastewater can be treated efficiently
completed in equilibrium conditions with minimal solubility at pH in midst 6 and 7. The poly
nuclear hydrolytic generated insures best adsorption of dissolvable and colloidal sort from
wastewater. Yousuf et al. ,2010

The aims of this study is to investigate the decolourization of a direct blue 71 dye from a
prepared wastewater produced from The State Company for Cotton Industries using a batch
electrocoagulation cell. The influence of operating variables on electrocoagulation process such
as initial pH, wastewater conductivity, electrolysis (electrocoagulation) time, initial dye
concentration and current density on the efficiency of treatment the textile wastewater containing
direct blue 71 dyes was studied. The best values of these variables on the yield of color removal
were also estimated.

2. EXPERIMENTAL
2.1 Prepared wastewater

A direct blue 71 dye was supplied from The State Company for Cotton Industries
(S.C.C.1) in Irag and the chemical structure of the dye is shown in Fig. 1. It’s employed to make
synthetic wastewater by dissolving appropriate quantities of dye in tap water (150 rpm). The
mixing process of the blue dye with tap water is achieved using an electrical magnetic stirrer.
The total concentration (C,) can be changed between 30 and 210 milligram per liter. The dye and
their concentration is like that of wastewaters from company.
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The pH of the prepared wastewater was adjusted between 2.0 and 12.0 by the addition of
0.1 M H,SO4 (Fluka AG, Switzerland) or 0.1 M NaOH solutions (Hopkin & Williams
production). The conductivity of wastewater was varied by addition of sodium chloride (NaCl)
in the range of 0 — 6.0 g/L; it was high conductivity and high solubility.

2.2 Experimental set-up

Cylindrical electrocoagulation cell was of 0.5 L internal volume (V). Aluminum
electrodes were positioned vertically parallel to each other with rectangular shape (6.0 cm
x4.0cmx1 mm) and 24 cm? area of each electrode as shown in Fig 2. 10 mm was a distance
between the anode and cathode. During electrocoagulation process a DC power supply
(Friedberg Hessen, Germany) was used to supply current (1) in order to achieve five current
densities values to be applied; 10, 20, 30, 40 and 50 mA/cm?. Electrocoagulation times were 3, 6,
9 and 12 min. respectively. After each experiment, all electrodes must be cleaned, sunken in 0.01
M HCI for 2 min to remove impurities and metal hydroxide precipitates from the electrodes, and
then washed with water, dried with air and weighted. Whenever more than 10% of electrode
weight was lost the electrodes must be replaced

3.3 Analytical methods

The concentration of dye (C) calculated by ultra violet (UV) spectrophotometer (Biotech
Engineering Management, UV-9200, UK) with a range of (190-1000 nm). The concentration of
direct blue 71 dye was measured at a wavelength of 587 nm was employed to measure the
maximum wavelength of the direct blue 71 dye.

Dye concentration was measured by an absorbance value at a wavelength of 587 nm. In all
samples, the remaining dye was measured after filtration. The decolonization yield (YcoL) is
defined:

Co—Ct
Co

YCOL = X 100 (5)

C, is the initial concentration of dye in prepared wastewater and C; is dye concentration
at time t. The current and voltage used in the process were measured by digital ammeter and
voltmeter, respectively.

3. RESULTS & DISCUSSION
3.1. The effect of Initial pH

Fig. 3 shows the effect of the initial pH of wastewater on the blue 71 dye decolonization.
This figure shows that the blue decolonization increases with increasing the initial pH of
wastewater to reach a maximum value when pH = 6. That gives the blue removal efficiency of
78%, and then the removal of blue dye slightly decreased with increasing the initial pH. At the
initial pH of 8, blue removal efficiency was 76 %. After that the removal blue dye efficiency
decreased with increasing the initial pH.
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This phenomenon can be explained as follows: at low pH until 6.0, AI(OH), *, Al(OH)*
and AI** cations were dominant which were responsible of the formation of electro coagulant
flocks surface. The surface of the flocks became positively charged, which increase electrostatic
could attract between negative charged dye anions and positive charged flocks sites, while the
pH increasing gradually, a positive charge on the solution interface decreasing is observed
conversely. When pH became high or pH more than 8.0, the anions AI(OH), ~soluble turn into
prevailing causes decreasing of dye removal due to electrostatic repulsion between the
negatively charged surface of flocks and the negatively charged anionic dye molecules,
subsequently the removal of dye decreases at higher pH value. From figure 3, the maximal blue
decolonization efficiency of 78% was obtained at initial pH 6.0, for this reason all subsequent
experiments were selected at initial pH 6.0 value.

Al(OH); formation during electrocoagulation causes pH variation, as described previously.
Fig. 4 shows the effect of the initial pH on the final pH. The transformation rely on the primary
pH and Al(OH); precipitation. At initial pH of more than 6.0 that is averting a high alteration of
pH. At pH = 6.0, the solution pH tends a buffering , thence necessary to keep the pH values in a
range so insoluble AI(OH)3 was the predominant aluminum species to increase the effectiveness
of the dye removal.

3.2. Influence of Wastewater Conductivity

The influence of wastewater conductivity on the removal efficiency was studied between
0.8 -12.57 mS/cm (addition of NaCl between 0 — 6 g/L) as shown in Fig 5. Experimental results
illustrate the blue removal increases with increasing the conductivity of wastewater to reach a
maximum value when the conductivity of wastewater was 9.28 mS/cm, which gave the blue
removal efficiency 85.2%. Then the removal blue dye slightly increased with increasing the
conductivity of wastewater. At the conductivity of wastewater 12.53mS/cm the blue removal
efficiency was 86 %. Since the maximum removal efficiency and less salty solution after
electocoagulation was the aim, the conductivity of wastewater of 9.28 mS/cm was used instead
of 12.57 mS/cm for the subsequent experiments.

This result may be demonstrated as follows: when the concentration of NaCl increases
the conductivity of the electrolyte also increases and the passivation removed by the anions CI,
which increase the rate of electrolysis of a sacrificial anode by the partnership of Cl in the metal
electrolysis reaction or by the combination of CI in the film oxide.

3.3 Effect of Initial Dye Concentration

The effect of the initial dye concentration on the removal efficiency was studied at
different concentrations between 30 and 210 mg/l which were treated by electrocoagulation, as
shown in Fig 6. Experimental data denote the blue decolonization decreased with increasing the
initial concentration. Decolonization efficiency slightly decreased from 85.2% when blue
concentration was 60 mg/L to 81% at blue concentration of 90 mg/L and decreased gradually
from 81% to 64% when increasing the concentration of blue dye from 90mg/L to 210 mg/L.
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This may be attributed to the fact that for all fixed variables of experiments, the coagulant
amount produced from electrode mass loss was also constant. When increasing the dye
concentration the removal efficiency decreased due to the amount of coagulant becomes too low
in comparison to the amount of dye content.

3.4 Effect Electro Coagulation Time

The removal of blue dye yield was examined in batch electro coagulation cell at different
electrolysis time from 3 to 12 minute. Fig. 7 shows the relationship between the dye removal
yield and the electrolysis time. This figure exhibit that the blue decolonization increased with
increasing the electrolysis time to reach a maximum value when the electrolysis time was 6
minutes. That gives the blue removal efficiency of 85.2%, and then the removal of blue dye
approximately was constant with increasing the electrolysis time. For this reason, the time of 6
minutes was chosen for the later experiments.

3.5 The Effect of Current Density

The current density is the main variable for controlling the electro coagulation process. The
current density is the important variable for energy and electrode provision, it determines the rate
production of coagulant as well as the production of hydrogen bubbles ( eq.3) which affect the
growth and size of flocs. The effect of the current density on the removal of blue dye was
studied for Al electrodes as show in Fig.8. In this figure, different current density applied 1.0,
20, 30, 40, and 50 mA/cm? was treated by electro coagulation. Experimental data illustrated the
blue decolonization increased with increases in the current density. An increase in current
density from 10 to 20 mA/ cm? increased the blue removal yield from 35% to 85.2%. Increasing
the current density from 20 to 30 mA/cm? produced an increasing in the blue decolonization
from 85.2% to 95.5 %. A further increae in the current density from 30 to 40 mA/cm? gives small
increasing in the blue removal yield (from 95.5% to 96.2%) wherefore the optimum current
density was selected to be 30 mA/cm? due to the consumption of electrical energy related with
the square rate of the current.

4. CONCLUSIONS

Electrocoagulation was shown to be an efficient process for color removal from
wastewater containing direct blue 71 which is a highly soluble dye up to 96.5% obtained at pH
= 6.0, wastewater conductivity of 9.28 mS/cm, electrolysis time = 6 min, the concentration of
initial dye was 60 mg/L and current was density 30 mA/cm?. The color removal yield increased
with increasing in pH until 6.0 after that it decreased with increasing pH. The color removal
increased with increasing current density, wastewater conductivity, electrolysis time, and
decreased with increasing the concentration of initial dye. The process efficiency was affected
mainly by the current density, initial pH, electrolysis time, wastewater conductivity as well as
initial dye concentration.
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Figure. 1. Chemical structure of direct blue 71.
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Figure. 2 The Schematic Diagram and Photo Picture of Electrocoagulation Reactor:

(1) DC Power Supply; (2) Digital Ammeter; (3) Digital Voltmeter; (4) A cylindrical
electrocoagulation cell; (5) Anode and Cathode; (6) Magnetic bar; (7) Electrical

magnetic stirrer .
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Figure.3 Effect of initial pH of wastewater on removal direct blue yield [initial pH of wastewater
2-12, current density of 20 mA/cm?, initial dye concentration 60 mg/I., wastewater conductivity
7.6 mS/cm and electrolysis time 12 min ].
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Figure 4. The effect of the initial pH on the final pH.
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Figure 5. Influence of wastewater conductivity on removal of direct blue yield.[ pH 6 , current density of
20 mA/cm?, initial dye concentration 60mg/l and electrolysis time 12 min]
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Figure 6. Effect of initial dye concentration of wastewater on removal direct blue yield [ pH 6.0 ,
wastewater conductivity 9.28 mS/cm, current density of 20 mA/cm? and electrolysis time 12 min]
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Figure.7 Effect of electrolysis time on the removal of direct blue yield[for pH 6.0, wastewater
conductivity 9.28 mS/cm, current density of 20 mA/cm?, the initial dye concentration 60mg/L ]
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Figure.8 Effect of current density time on the removal of direct blue yield [at pH 6.0, wastewater
conductivity 9.28 mS/cm, blue dye concentration 60mg/L, electrolysis time 6 min]
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ABSTRACT

In this research a local adsorbent was prepared from waste tires using two-step
pyrolysis method. In the carbonization process, nitrogen gas flow rate was 0.2L/min at
carbonization temperature of 500°C for 1h. The char products were then preceded to the
activation process at 850°C under carbon dioxide (CO,) activation flow rate of 0.6L/min
for 3h. The activation method produced local adsorbent material with a surface area and
total pore volume as high as 118.59m?/g and 0.1467cm?®/g, respectively. The produced
local adsorbent (activated carbon) was used for adsorption of lead from aqueous
solution. The continuous fixed bed column experiments were conducted. The adsorption
capacity performance of prepared activated carbons in this work was investigated. The
results in this study indicated that the produced activated carbon from waste tires was an
attractive adsorbent for removal of lead from aqueous solutions. The optimum values of
bed height, flow rate, initial concentration and particle size were found to be 0.04m,
flow rate 1L/h, initial concentration 0.5mg/L and particle diameter 0.5mm, respectively.
Key words: pyrolysis, waste tires, activation, carbonization.
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1. INTRODUCTION

Due to the continuous increase in the production and usage of automobiles, the number
of waste tires will increase considerably. It was estimated that approximately (1.5x10°)
of waste tires are discarded worldwide every year, Murillo, et al., 2005, and Banar, et
al., 2012. For example, the total number of waste tires in Irag, and according to the
mayoralty of Baghdad statistics an approximately of (4830 ton/yr) of waste tires are
discarded. As a result, the large amount of waste tires were thrown, dumped in the
landfills, stockpiled, they have become a serious source of environmental pollution,
Akyildiz, 2011. In this way the sstockpiling of whole tires creates two significant
hazards: mosquitoes and fires. The dumping of the used tires in the landfills is
considered as one of the alternative procedure for dispose of the used tires. The land
filling of whole tires consume a large volume of landfill space because the tires are
relatively incompressible and 75% of the space a tire occupies is void, Clark et al.,
1993. In fact, due to the high cost of legal disposal for tires, illegal dumping may
increase. The disposal of tires is also becoming more expensive, while this trend is
likely to continue, as landfill space becomes scarcer, Mui et al., 2004. The restrictions
on disposal of tires in landfills are related more to the physical characteristics of tires
and the space of the whole tires occupy in landfills than to concerns regarding
contaminants, Jang et al, 1998.

In the recent years, the majority of discarded tires in the U.S. are being recycled or
reused in some way and are not being discarded in landfills, Jang et al, 1998. Several
attempts have been made to recycle and reuse the waste tires by turning it to some
useful products that can be added (to/or) used directly as a raw materials in some
industries, for example, by using them as dock bumpers, playground equipment, etc.
However, from environmental and economic points of view, a much better solution is to
convert such waste tires to valuable products that enhance the recycling and reusing
techniques as global environmental strategies. Tire rubber consists primarily of styrene-
butadiene rubber and carbon black as shown in Table 1. The carbon black acts as filler
and a performance additive to increase strength and toughness. Various oils and
additives are included in the tire rubber mixture to improve tire wear, softness, and
performance, Williams and Besler, 1995.

The one possible way of recycling waste tires is pyrolysis. Pyrolysis is a thermo-
chemical decomposition of organic material at elevated temperatures in the absence of
oxygen or within inert environment. It involves the simultaneous change of chemical
composition and physical phase, and is irreversible. The word is coined from the Greek-
derived elements pyro "fire” and lysis “separating, "Helleur et al., 2001. In general,
pyrolysis of organic substances produces gas and liquid products and leaves a solid
residue richer in carbon content and char. Extreme pyrolysis, which leaves mostly
carbon as the residue, is called carbonization, Napoli et al., 1997.

In the pyrolysis process, the organic volatile matter of tires (around 60 wt %) is
decomposed to low molecular weight products, liquids or gases, which can be used as
fuels or chemicals source. The non-volatile carbon black and the inorganic components
(around 40 wt %) remain as solid residues and can be recycled and reused. However, for
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minimizing emissions the conditions of the pyrolysis process must be optimized, Juma
et al., 2006. Tire pyrolysis (thermal decomposition in an oxygen free or inert) is
currently receiving renewed attention. Recycling of tires by pyrolysis offers an
environmentally attractive method, AKyildiz, 2011. This solid char may be used as
reinforcement in the rubber industry, as activated carbon after carbonization and
activation process or as smokeless fuel. Table2 refers to the composition of waste tires
resulted from the pyrolysis process at (900°C). The pyrolysis process passing though
different phases from the starting point till the end. Table 3 represents the principle
phases of the pyrolysis process as a function of temperature. Furthermore, pyrolysis of
waste tires will be more attractive to produce a new materials as Basel convention
which prohibits the marketing of waste tires, or dumping it in the landfill and as Iraq
was lately signed Basel convention and be a member in this treaty that make Iraq to be
obligate to follow all the instructions and legislations regarding the environmentally
accepted methodologies for treating and disposing of the waste tires.

As the production of adsorbent from waste tires changes (hard-to-dispose) waste
changes to (pollution-cleaning adsorbents), it is thought to be a very effective method to
reduce environmental pollution, Ariyadejwanich et al., 2003.

The activated carbon (adsorbent) obtained from pyrolysis can be used in adsorption
process as a secondary and advanced treatment technique in environmental engineering.
It is used in practice for removal of various pollutants such as soluble organics, dyes,
pesticides, lignin, methylene blue adsorption, an indicator for discoloration efficiency in
wastewater treatment, the adsorption of phenol, and an indicator for the adsorption of
organic phenolic compounds. From wastewaters and for removal of color and taste and
odor-producing substances from natural waters that are to be used as potable water
supplies, Ariyadejwanich et al., 2003. Thus, the production of local adsorbent material
from waste tire rubber can provide a two-fold environmental and economic benefit: A
recycling path is created for waste vehicles tires and new adsorbents are produced for
commercial use in wastewater treatment.

2. MATERIALS AND METHOD

2.1 Materials

2.1.1 Waste tires

Waste tires were used in the present work representing a mixture of used truck tires,
containing no steel or synthetic cord. Before being treated, the waste tires were
shredded using an electrical drill (BOSCH 305) adopted with crushing disk and sieved
to a size of 0.5mm by using (RETSCH sieves number 35) as shown in Fig.1

2.1.2 Lead Nitrate Solution (Pb(NOs3),.2H,0)

A solution of lead nitrate prepared by using (Pb (NO3),.2H,0) salt. A 2.3g of this salt
was dissolved in (40L) of distilled water with lead concentration of (10mg/L) and the
concentration was measured by using atomic absorption (SENS AA DUAL) in the
environmental engineering lab/ Environmental Department/Baghdad university. The
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prepared solution was kept at room temperature. The salt was bought from local market
with the following specifications as shown in table (4).

2.2 Methods of analysis
2.2.1 Surface area, pore size and volume

Surface area is one of the key indicators attributed to the adsorptive properties of porous
materials. Pores in different sizes are important to the adsorbent. The presence of micro-
and mesopores in local adsorbent material enhance the adsorption of large adsorbates
such as heavy metals molecules. The surface area and pore size of the produced
activated carbon were measured using (SURFACE AREA ANALYSER/THERMO
USA MR 9600).

2.2.2 Microscopic investigation

A microscope investigation was made for the produced adsorbent material by using
(AA 3000 Scanning Probe Microscope) in the Nano- Technology center/ University of
Technology.

3. EXPERIMENTAL PROCEDURE

The sieved waste tires particles filled in the refractory furnace of type (BARNSTEAD/
THERMOLYNE FURNACE 62700, 1.5KW) that was provided with a digital
(EUROTHERM) controller in order to control the temperature. The furnace can reach a
maximum temperature of 1000°C and provided with a fan in order to evacuate air from
it. Two pressurized cylinders of carbon dioxide gas and nitrogen gas (that purchased
from local market) adopted with flow regulator adaptor (YAMAWITE 35) in order to
control the flow of the gas to the furnace chamber to ensure the inert environment
during the carbonization and activation phases. The pyrolysis process passes through
two stages carbonization and activation. The two consequence processes were applied
to produce the local adsorbent material.

3.1 carbonization process

A sieved sample to 0.5mm particle size was weighed using (SARTORIUS scale 7100)
and put in the furnace. The sample was heated at a rate of 5°C/min in the presence of
high purity nitrogen gas to 500°C typically 400-700°C, Mui, et al., 2004 in an inert
atmosphere with a gas flow of 0.2L/min controlled by a volumetric flow meter in a
typical run, where it was maintained for (1h).
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3.2 Physical activation process

Physical activation was performed by using carbon dioxide gas as oxidizing agent. The
activation temperature is usually set to be 850°C for 3h (according to the previous
researches the activation temperature may range from 800-900°C, Mui et al., 2004 to
maintain a sufficiently high reaction rate. The carbon dioxide gas was introduced during
the whole process at a rate of 0.6 L/min.

3.3 Column system (continuous system)

Sixteen different column systems were carried out at various bed heights (0.01, 0.02,
0.03 and 0.04), particle size (0.5, 1 and 1.6 mm), initial concentration (0.5, 0.75, 5, 10
mg/L), flow rate (1, 5, 10 and 20 L/h), pH (5, 7, 9, and 11). All these experiments
followed the same procedure.

3.3.1 Equipment

A schematic representation of the experimental equipment is shown in Fig. 2. A plastic
column of height 0.5 m and diameter 0.1m was used. The produced activated carbon
was placed in the column, to ensure a good distribution of the solution of (lead nitrate)
from the above a plastic mesh were used and to support the activated carbon in the
column another manual fabricated plastic screen were used to prevent any losses of
carbon granules from the bed. A cylindrical glass container was used with the volume of
0.05 m° as storage for the solution and feeder to the column. The lead nitrate solution
was pumped by means of a pump (MARQUS of 550 watt) from the feed container to
the top of the bed.

4. RESULTS AND DISCUSSION

In this study, the major goal was to produce local adsorbent material from waste tires by
pyrolysis process, the carbonization temperature was 500°C, nitrogen gas flow rate was
0.2L/min while the activation process temperature and carbon dioxide gas flow was
850°C and 0.6 L/min respectively and the physical characteristics of the produced

activated carbon was measured. Table 5 represents the results for this step.
4.1 Microscopic analysis

The microscopic analysis micrographs provide information on the structure in the
produced local adsorbent material for analysis during the activation process. Fig. 3,4
and 5 show the expansion in the microscopic structure of the pores.

The surface of the produced material is resulted from the presence of the bonds of
hydrocarbons in the raw material without any cracks. This would account for its poor or
negligible surface area. The framework development was so rapid, resulting extra
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cavities and leads to crack formation. Due to this well-developed pores, the produced
material possessed high surface area. The micrograph magnifies the internal cavities,
which are now clearly visible. The rate of activation (the formation of pores in the
process) will be influenced by the formation of oxides on the surface (small white
particles which are scattered on the surface of the produced local adsorbent material),
Banar, 2012 as shown in Fig. 6.

4.2Column experiments (continuous process)
4.2.1 Effect of bed height (H)

The effect of varying the bed height (0.01, 0.02, 0.03, 0.04 m) was studied by fixing the
initial concentration of lead solution 10mg/L, constant flow rate 20L/h and particle size
0.5mm. The experimental breakthrough curves are presented in Fig .7. From this figure,
it can be observed that as the bed height increases, the breakpoint increases. This shows
that at smaller bed height the effluent adsorbate concentration ratio increases more
rapidly than for a higher bed height. Smaller bed heights corresponds to lesser amount
of adsorbent, consequently, a smaller capacity for the bed to adsorb adsorbate from
solution. As the flow rate is kept constant, then increasing the bed heights will increase
the contact time of the solute with the bed. The effect of bed height on the adsorption
capacity of produced activated carbon was shown in Fig .8 by plotting capacity versus
bed height. This figure showed that increasing the bed height will increase the capacity,
due to the fact that additional spaces on activated carbon sites will be available for the
solution molecules to be adsorbed on these unoccupied sites; furthermore, increasing
the bed height will give a sufficient contact time for these molecules to be adsorbed
onto produced activated carbon bed.

4.2.2 Effect of flow rate

The effect of varying the flow rate (1, 5, 10 and 20 L/h) were studied by fixing the bed
height at 0.04m, particle size 0.5mm and initial concentration 10 mg/L. The
experimental breakthrough curves were presented in Fig.9 as C¢/C, versus time. This
figure shows that as the flow rate increases, the breakthrough curve become steeper.
The breakpoint decreases due to the residence time of pollutant in the column, which is
not long for adsorption equilibrium to be reached at high flow rate. Therefore, at high
flow rate the adsorbate solution leaves the column before equilibrium completely occurs
due to the reduction in the contact time.

Increasing the flow rate will cause a reduction in thickness of the surface film, which is
considered as a resistance for the mass transfer in turn that will increase the mass
transfer rate. In addition, an additional mixing is caused because of increasing flow rate
that will ease the penetration and the passage of the adsorbate molecules though the
particles and occupying a site(s) onto the adsorbent.
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4.2.3 Effect of initial concentration (C,)

The effect of varying the solute initial concentration and the breakpoint curves were
plotted, maintaining the bed height at 0.04m, flow rate at 1 L/h and varying the initial
concentration (0.5, 0.75, 5, 10 mg/L) and particle size 0.5 mm. The results were
presented in Fig.10 The above breakthrough curves shows that any increase in the
initial concentration made the breakthrough curve much steeper. This is due to
increasing the driving force for mass transfer with increasing the concentration of solute
in solution. In addition to that the higher initial concentration yielded a higher driving
force along the pores thus the equilibrium was attained faster for higher adsorbate
concentration. As the breakpoint was inversely related to the initial concentration, the
time required to reach saturation decreases with increasing the inlet solute
concentration.

4.2.4 Effect of the particle size

Effect of the activated carbon particle size (0.5, 1, 1.6mm) on the breakthrough curve
were plotted by keeping the other parameters constant flow rate (1L/h), initial
concentration (0.5mg/L) and bed height of (0.04m). These curves are presented in
Fig.11. The breakthrough curves show that the time required for reaching the
breakpoint increases as the particle size decreases. This is because when the particle size
decreases, the surface area available for adsorption will increase, therefore the time for
saturation will increase. As the particle size increases, the thickness of stagnant film
around the particle increase, and the total length of the path inside the pore increases.
Under these conditions, the overall kinetics of the process is low, because the time for a
molecule of adsorbate to reach the adsorption site is more, as the diffusion path along
the pores is large. The effect of the particle size on the capacity of produced activated
carbon was shown in Fig.12. It is noticeable that increasing the particle size will
decrease the capacity of produced activated carbon. This may attributed to the
following; for small particles of produced activated carbon, the microspores are
believed to be more readily accessible by the solution molecules and the transport is
mainly due to film diffusion which is more effective than inter-particle diffusion. As the
particle size increases, the transport due to inter-particle diffusion will be more
dominant and, as it is a slow and not very effective process, the capacity will decrease
as the particle size increases.

5. CONCLUSIONS
The local adsorbent material with medium porosities can be produced from pyrolysis of
waste tires at 500°C, followed by physical activation at 850 °C. The surface areas and

pore volume of the produced material were found to be (118.59 m?/g) and (0.1467
cm®/g) respectively.
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In continuous process, the break point in the breakthrough curves in the system was
related to: Flow rate, initial concentration, and bed height and particle size. The
breakpoint time decrease with the followings:

a. Increasing the flow rate.

b. Decreasing the bed height.

c. Increasing particle size.

d .Increasing the initial concentration.

The adsorption capacity of the produced adsorbent was investigated. The adsorption
capacity was increased with decreasing particle size, and related directly with the bed
height.
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Figurel. Steps of sheddin-g' and grinding waste tirés.
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Figure3. The microscopic structure of the produced local adsorbent material at
magnification power (1.98 kx).
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Figure4. The microscopic structure of the produced local adsorbent material at
magnification power (10.03kx)
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Figure 5. The microscopic structure of the produced local adsorbent material at
magnification power (20.03 kx).

Figure6. Formation of white scattered particles on the surface.
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Figure7. Experimental breakthough curves for adsorption of Pb onto the produced
activated carbon at different bed heights.
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Figure8. Effect of bed heights on the capacity of the produced activated carbon.
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Figure9. Experimental breakthough curves for adsorption of pb onto the produced
activated carbon at different flow rates.
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Figurel0O. Experimental breakthough curves for adsorption of Pb onto the produced
activated carbon at different initial concentrations.
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Figurell. Experimental breakthough curves for adsorption of Pb onto the produced
activated carbon at different particle size.
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Figurel2. Effect of the particle sizes on the capacity of the produced activated carbon

Table 1. Composition of tire rubbers

Component Weight Percent[%]
Styrene-butadiene rubber (SBR) 62.1
carbon black 31.0
extender oil 1.9
zinc oxide 1.9
stearic acid 1.2
sulfur 1.1
accelerators 0.7
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Table2. Composition of waste tires at pyrolysis process at (900 °C).

Elemental analysis Waste tire
(Wt.%) Cunliffe and Williams, | Rodriguezetal., | Murillo et al., 2005
1998 2001
Carbon 86.4 88.64 83.92
Hydrogen 8.0 8.26 6.83
Nitrogen 0.5 0.43 0.78
Sulphur 1.7 1.43 0.92
impurities 3.4 1.24 7.55
Proximate analysis
(wt. %0)
Moisture 1.3 0.94 0.79
Ash 7.1 3.83 4.16
Volatiles 62.2 64.09 64.97
Fixed carbon 29.4 31.14 30.08

Table3. The principle phases of pyrolysis process.

Temperature(°C) Phases of pyrolysis process
20-100 Mainly a dry phase meant for water removal and vapor formation.
100-150 Starting of thermal degradation reaction.
De-polymerization, H,S separation, formation of olefin, paraffin,
200-500
hydrocarbon and permanent gas.
500-600 Decomposition of long chain hydrocarbon into H,, CO,, CH,4 and olefin.
> 600 Mainly aromatic radical reactions with the formation of aromatic compounds

take place.

Table4. The specification of lead nitrate.

Salt used to prepare the metal ionic solution | Pb(NO3)..H,O
Purity 98.5%
SolubiLy of the salt (mole/ L) 1.57
Hydrated cation radius (°A) 2.61
Manufacturing company BDH
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ABSTRACT

The Urban Residential has developed and changed in different periods of time with
successive and gradual shifts, as it cast a shadow over the characterization of modern urbanism
in Irag. The semi-total absence of the governing legislation of urbanization as well as the
weakness of the State's role of supervisory in addition to neglecting urban heritage contributed
in offering a strange environment in relation to its traditional identity. That was increased by
the pressure of the using urban environment as a result of the increasing of population as well
as the growth of people’s needs. The research aims to provide an objective view for a
mechanism of the application of urban legislation to monitor the implementation of the
business relating to the urban structure in general and specifically the urban residential areas in
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order to preserve the traditional identity of the modern Iraqgi city. For the purpose of treating the
problem of research and to achieve its goals, the research supposes that the legislative system is
based on a pyramid arrangement in its vocabulary, which is flexible in its application, and are
drawn from objective reality, it can produce urban residential with local identity. The elements
of the practical influential process of the legislative factor identified by the planning legislation,
laws, regulations, controls and limitations, supervision and oversight. And then draw
theoretical indicators which affect the urban environment, namely: proportionately, essence and
appearance, construction and the sky line, the scale and size, bearings, cover-up, opening-up
and containment through the study of a number of legislative irregularities in neighborhoods
and residential areas that produced these indicators. For applying and testing these indicators
practically, two selective neighborhoods in Al Rabeea'a District in Baghdad has been chosen
and with a précised field survey the search findings are: the poverty of Urban elements, the
weakness of appropriate and harmony, the predominance of appearance over substance, the
aggravation of the problems of neighborhood planning and house designing. As a result, the
research found the urban landscape confused mix of styles, shapes, materials and colors,
foreign to local realities, that caused then the loss of the individual identity and totally one.Thus
there is an urgent need to restore the identity of the Iragi city in light of comprehensive
programs to modernize the Master planning of cities, and reform the legislative system through
updating old laws and filling the existed gaps, furthermore activate the monitoring role through
the supervisory mechanism to ensure the mandatory application of the laws .

Key Words : Identity , Legislation , Residential Urbanism
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The Effect of The Utilitarian Need For the High Water Tanks
Towers to Sustain Life in the City
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ABSTRACT

T he service system has become a necessity of life in modern cities to be the most

basic necessities of modern humans, they constitute a major base, which is based on
the sustainability of life in the city and a standard measured through the degree of
well-being and progress of civilized peoples and their interaction with the surrounding
environment, making the services sector as a need not be an option, whenever the
cities widened in population and space whenever provision of services and upgrading
the quality and quantity more pressing, which made the subject of the services takes
the biggest area of the trends and thinking of urban planners and those who in charge
of drawing the cities policies. Considering that the processing and transfer of the
water system with all its components (stations — water tanks -transmission and
distribution pipelines), it is one of the most important parts of the services systems in
the city. It has become a key element of the arteries of the establishment of life, but
for several considerations of most important ( like storage of water and supplied with
constant pressure that balanced without wobbling at the peak daytime hours with the
necessary provision of water to fight fires , as well as secured it to the sectors of city
in the maintenance time of the parts of the water system or the occurrence of a failure,
with the need to confirm the save and generate energy factor in renewable way). For
this in whole and others, the elevated water towers cornerstone of the pillars of the
water system was made that can be indispensable in providing outsourcing and
distribution network , and on the grounds that the case study concerning our capital
Baghdad and its suffering of the water distribution and pressure intermittent problems,
this research aims to clarify the idea of the elevated water tanks have become an
important actor and is a part of the process and transport of the water in the city's
system, and that its presence in a thoughtful siting and storage capacities and
sufficient numbers will reduce the cost of the service system and its problems and
provides continuously a constant pressure is to rescue the city from the overtaking
problems on the network, while avoiding the problems experienced by interruptions in
the water supply process, especially in the summer, which will make the water tanks
as a necessary structures and essential elements of attractions for recreational
activities and benchmarks functions within the city.

Key words:- water towers, elevated water storages, water management, storage
capacity, composite elevated storage tanks, multi-column elevated storage tanks,
fluted elevated storage tanks.
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Sustainable Investment In Architectural Heritage Buildings
(Analytical Study Of Arabic Models)

Donia Naseer Tareq Shatha Faleh Hussein
Ass.Lectural / Uruk Un. Ass.Lectural / Uruk Un.
eng_don_arch@yahoo.com Shatha_8815@yahoo.com
ABSTRACT

Heritage is considered as the civilization and cultural wealth accumulated over the
centuries, whereas architectural heritage is the physical witness of that civilization. Despite the fact
that architectural heritage is the most important effort for economic development of any communit,c
it suffers from deterioration and neglection especially in the Arab communities. Recently awareness
has increased about the importance of investing on architectural heritage generally and sustainable
investment particularly. The goal of investment process in heritage areas is to revive economic
activity in addition to attempt to revive the heritage and community values. Research aims to
examine the relationship between sustainable investment and architectural heritage« and this is done
through the study of the three points¢ Architectural Heritage< Sustainable Investment In
Architectural Heritage« Reviews Eight Models Of Arabic Experiences That Implemented
Different Approaches For Sustainable Investment In Urban Heritage. Finally research presents
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conclusions from those experiments and recommendations for activating the role of sustainable
investment in architectural heritage.

: dadda

Jeaa¥ls Hsaaill (e ey ol sl 3 43S 5 acinall Aalaii) Lati Biatl & jna ad) i) jendl Sl il Alaia) 2y
Shse 3¢ (sandall Aadl)  lpead) gl 8 alxiad) HLEEY) o sehes plaiaY e la ¢ Aald Glally L sas A pall Glald)
L) lgn e 55ine A §eay ool clliyg dyselly el 8 Aalall b ) aeY) ALl JlseY) dalind (Ui
pseie A @laill DA (e Jlyeall I 8 Al L) Glajie ) Jseasl) Koy (Al ¢ D laal) ¢ Al
) Ysaas Alsa Hhaill Cilgay DAL Gl e oyshiis 5 A) dga e pltisall HLEELY aseias ¢ Aga e (Sheadl S
ezl e B)lid Aglee lipan Ay
Dbl S g saall

Sl e Byaalite 35 Ciyped (B jpaall Cons Jidh dlly adinal) ol S dalgall pal e AN AN aa
- ey (Sheall S cilanty Sheall Sl
: Ghil) aggda 1.1

il chlad) e alall ) amy aleney Gl o 3 Ay aainad) e leall capl) Jadi 488 ) auny
Jaai A alpalls Lt caally (lall (o8 aatiall Aplenall Sl allaay salsdd ¢ Audsals daall dg)liaslly ALY,
oyl 5l Audlly Aallaally AN, Aapll) salals Sieally (glaald) Liliis aa¥) gl tua 53 (salall )l
Caglad Cae g Ay ¢ (2012¢ ) AN Leisn 53 Las (gyluzaall Leilaly Lpuailiad s Leubld Jlaly) ane i
LA iy ey 4d)ls adinall L8 (o yanyg 2] 4S5 A Lyl Sl 2l as) e Cagey a2l
sl Allial aslds (g ailaiia Glaill (gsha Al 4sylis bl 8ysm " anly (anyll ddjpey 285 ¢ (201300d)) Ailiie
IS Ae) Alae pualall (e leliatly mlall 8wk de) 8% L)' 58 Liads " Glasll L paalaas olSall Leilaiily
Aaaliy Ciylaas (ysis laly Colafinag ard ¢ sene 48] e 48y 28 HAY) (el W (2013000l " Aylias 558 DA
&b ARtias haY) AlalSiag Aadie (S (e 05Se 4l aains Ledlsals AV Al o aals say aaiaall cibad oS e
coasa O 0Sar Vs (el 538 Y B8 oalally (SLEN G dags ¢ ke s Le ddey il 5a Le diag Y G S
- (2007 ) ¢ lren Apdall §f g aa Al Jsall ol s

s &l aldilat 2.1
D (2013¢pale) Y ol i ) Gl Caiay
Ay dplenal) dpaa Y1 3 Aol pualially  ldd) ey gabe &l @
L) (psaill A Y bl ¢ jilally Gugilall Al Cojlaal) ey Sl (ppiill ey T gaba pf ES e
b A Jsanll 8 mimse WS ¢ (201300Mhl) ilagllls Axllly s sy

40



=

@) Number 2 Volume 23 February 2017 Journal of Engineering

(2013‘&“59\3.\\) Laladl g dgalad) &yl ciliyiias (1) Jeaadl

o PATRY ciylar

Slaalls sl 5l s
L) el sl sl
Lyaally Ayl 4591 il Jsiaal) &l
il shadially (530 ) sl Sl

L) L&Ay g ) & samsall il PRV
) 213305 Agaaall sl )y clalal) Euf
o) ISl Lanct) sl 3

tland) Sl psgia 3.1

Ly @l adalily Ghandl (o Lia 1aaLs sy (0 (gylucand) SN (e galall aslad)  lhand) Sl Sy
) delill Gae GuSays giaally AL celaa¥) Y e Grar i shs lsia) allilly claladly dlall
Sl degans o hand) S asghe s (2012¢ a3l Aglaall ¢ Ll alsas sl diully Aalial Cagydal) as
ol Agalse 3 Lgiady Lellaal candly copiind A ally (gsinally cleLiailly Sl o AR (e a1 ciliially
asinal) 8 UDLRlg aadl A gene dumy M) (grad) aapally Al Jadl o8 ol o ) Hsaall e il
Aac Lasas s Gl Leie iy JLa¥) o Ay e ldialy Aplins s dadl ol 8 Shaall Gl ¢ (20130230
(Ll s ¢ il Sl Agalye A Leiads Lllaal ciidly cupind ) sheal) ciliysSally e Sl gsana 2 ¢
- (201352 54) Al A alal) Jsall 13¢d Angis
lpand) Gl clabiial) iy ai 4.1

f oyl 2SI Ladle 0 Jponll Jiay 5 Gsallally dppal) claliiall U (e (ihpanll il Cagglas e 5
(2014 inug) (20100 20a)) ) SN Gfiald) sl lpenl) Gl Ayallad) cilaiial) iy las (2) Jseal

( (2013 ala)« (2012¢,a3Y)

iband) GAL gy

< !.. “ ?HI‘

A lals o Ayl elal 5 s e e Gl easile JS aily

L(ICOMOS) uassiy) dakiia

Clale e ol Alale A ae o 2l Alleagl BT S Glae adly

(p1972) sSusissl) daliia

Ghalially Lan gl gaa) il salls Lyl Jilally lual) Josiy Aap il §f 4l Gpaad) cld Jsua) aily
lgiagd a2 Ll ailiadlly widii Cua Al JleeY)s cligliall f dagdal) djlead 40
Ba e ndl At el Lede dasy ¢ Aol Leted (R ) RS Lalll () diliad)
Ll il e ol e 3 AplaBY) Lad 5 ¢ Lellatiul (S Yy Lo il b DL

) e Adadil ual V) Wajee S oy ¢ ol s e oD (S (BlaY) dalse)

Aglgal) dplaall pulaal) Adad

el S e Blaally i S ol Al (e e due Sa e Lualle Aaliia (ICOMOS) e sSY) daaid!

41




(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

S Ahee o Agylene o A0 Al b Blany Glies sliads ()85 G e Gl oand Le JS 54 | G o Aiblaal) (3l Bags
9 ABAY Al l Lal Wiy laagassy Ledyias g ¢ Aodalay o 486 o dpale S 48yl Aplial | daalad) o alal) Alualiy (el

- el G aBlga 5 (lpenl) Gl (glalia A adala b Ayl
sl :Jadiig Lgiylae s Leilinly layl ol ) ¢ a)Y) mdas (3sb Aad Ll djland) i) s il oabll Lelial) 48,30

gl Gl e AN o LaYly (g illy Aty ilually

Ly Unli) B o2 Gl pa (gaball quilall” (Fiy 31 ihaal) il o sgdal JAhaY) Cipaill 1 Jgeagll (o
LE Y ¢ il e pabesall i) dalg Auiles Lyghg ady lae die culgiy g liaally B Lo LaiaY) G aa
o) e Agalatiy) Lgiagd

tellaad) Gl il Aaled Y cbaatl) 5.1
e ialy dayday comula Jualse Leba ¢ ibanll Sl 3lalie joans )l ) Jalsall (e 230al) 2ag
it S0 Jalgal) 038 aal ol oy Cagur . als cAilpacy (Aliy (Apaliail
clos b G g lally ¢ el plady) 8 Al Lkl Al (ailad e AUl Jalsall oo tdgmgdal) Jalsall @
Myt s Gl ElsS Ul
(Bl asayilly 28 yudly Cappailly angll Jlaely B3hal e daaplill Sl e 8l elatie) Jhay tdgpdal) Jalgedl @
Aaje s galls
Gl s lalial) elb) Alealls a8l 2 ll) dasll Zaaaly colaaVly A& osl) Gle Jie :delaia¥) Jajall o
2 selaa¥) Jonilly aiiall SIS saill ) 2LaYL oLVl Gula)
A lial) Aadl) g LB Ll aray LB el Jaiad o U dgysall Llpall Jles) Lgie sdpabiai®y) Julsall @
- (2013¢hly) Blaliall Gl & dadiyall
O S A Al Lleaill (e el omy Jpenll N o sgia o) ihpend) Gl amlie ol S (e el
AT DR TSN
(@b 2adly s Uali)) iy 5 bl (e ()a) £ 153l e A3laall L Bt Lasgda (pand) CN oggda 22y =1
il Jaly e laial;
pedll aay ¢ Laje (550 Aapill Aoa)llly Aal) Slaally Bladll e oyl 8 Jidy Jheall QA a5eha moang a2 =2
e B Jia A Rl Gaadl Shas Al ASul) 3hlia) Jady ¥ olal) e LIS b
a8 s Jal e (Aeaad) A o geda Cagpat Bale) ol Lae dolaal) doatl) 6 Lty hsd (Spead) Syl aaly =3
- (20130l Syand) il ay)a) bl 4 sl e laaVly galasy]

NSl (3 Cppial sl (sl A8 (lad 5 A, Ul aa) gl apaell a8 5S 50k agas aheal 5 AL ALY aae of il jall e el il 28 2
(2915201364036 s4l) im jlaall s ol 53115 ol yapall ald) JMA (pa i) ZEE 525 Aan) e K5 Le ¢ L 520

42



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

LS ¢ Alpandl Gl Aalgi cibpaad Jia (LabaiBy )y Lo laia¥) ¢ Apdd) ¢ Aagdal) Jalsd) b Gaw Laa giiind
ol Ao asgdall jluadl B Jiahy aggdall 1igd s agh LA (g ¢ Lo Buas Laggda (Slaad) ) aggda ay
. dagadl) LA,

el &Y Ll 6.1

G LSy aa) Bany g pem 6Ll Aage Al yenll il amy 1 ilpand) Gyl ABUERY Lnad®)  1.6:1
e Las clgihlinns Lo Allal 5 Ayl layen Sha) PA G iy eJsall Al dsel) iy G Ll oSay ianl
il (3 A e ihanl) il Ll LpaaY) Gl Sy ¢ haall L e Alailadl) e ol (e 2l
Laa
L) il yee Baly el 138 Apeal ol Leia ¢ aall o L) Gl die s dadll pdisall -1
Alie ojpaiy (ol B)as 4y opac o Sl ) yaed sae tdie cdalse Bam hadiyy (o0 ) el -2
an S ple Ui ¢ (20126 3a) 4o isl) sy Saal) e Alal (5305 Aol 5yl i) (6541 Sl
p AUl Jgandl 3 3head) Gl 4 AU dyaaY)
(2013 aanall) Alpand) Ciyilt LA Lpaay) (3) Jgaad

el Lgalsas) (A Al

-

CADL (Pl | ey aShAs e Aapde DD L Ay Aia (o el | Adall)
Ll el Shds ey e LI 2l o Byama Jsas
Jaiy gl adamdl

EJ‘)ABAWL)ML)AELA;} Q_ll).._tAA}cAL LA;\M:J&_IJ@J\ uajL..a; Lﬂbé;‘ L».’GJ‘
lallaal) ) ALY « (e cqalss caalios) Ao stiall dall el | cania sl ol aley bl e died el Sy | Ayl
(R 5endS) A€l el 8 Alanal esinal

CAeddiue pe ol OV s Aeddiee A815 Ol | eVl et N o 5y sl ALl Addag A dyee | Auiiligl)
CilS ol Al cully Lo dadagl) ol cilS 2lsa galaidyl;

Gl b Le iy 4

2l piliall & elaia¥) jsdaiall (pe penll il Apand 50 I pend) Gl Ao Lalial) 4yl 20641
gy ¢ Ll Alal 5 Lilinny LSty Cogadll Lysells o LiiV) 7 ey Sl s3ay G e giially sannial) L Laa!
i Les bl Ly dalud) delia 3 48 3)l5aS allaall 238 Jains Lovie Lpabadl adlic 4l Lgiliasa (5SS

(20126 a3l Leibliis il iy chlaainall Jayy 5 Ayl Slaally adlsall ) 3Ll 5ale)

43



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

o e g5 Ll (e (hpanl) S Aoy adlge doaal a2 Alpand) Gl 433l 4i)pant) AraaY) 361
e gnge SV slaall o dlleall daglly ¢ Lgie b 5)leay Leallal (o oadin 3tk s 500 dpilpee pualic s Cilajia cld
s ¢ hand) il adlsay slalial Gulil) (e apaell aliadl s Say Aaay dadll s3a DA Gy ¢ Aaa) aail
) el 8 sacLuall Lgle Gulls laaie Cagdgll e oY al Aihpendl onbually Q) (i 580 hand) )
PRY ?AT an (Sayg ¢ (2012¢ 23l saydall AnW) (ssie Ao cg_ib.cud\ Lahaills caall gsiwe Jo ¢ Bpalaal A4 aall
r AUl Jsaall 3 ol

(2013 aaaall) Hlpandl Gl A8 5 Alead) Lpaa¥) (4-1) Jgaad)

hand) Lgulsad) iy FON]
eyl dnibpenll caliygilly Jisilly (Sball 508 Qi ualic Al (AP Jnally dlaliis el Jis | diand)
el elaad) las 5 Aplenall Lgialleas Ledlays Lalin oSy  Slaadl JISE | Lpapanail oplaalls g1yl daaldl) uledlly a5 aa
Al yanll Gglasdl LRI dalall uleall,

Culall pemall e o A8 Bhliall e A Clanad) aal (2 iland) Eyalt Apalad) AaaY) 461

Gy 131 pyUaallS 31y sl 3halie o L.n Galail) e 2 L)) Blalie e chginld s lallef g3l golady)

il e galaidV) Lalaill s yuaidy YT Camag (658 5y cailall 138 o salana) e HLinay) clilee elp

) A hliall Aplnay) Adeal) (e Carell aag ¢ AlalSie Ll dagliie dllia (68 O cany o ¢ ek Laland)

M) e era Ala 09 o) (o el ayl) Leie Gaagl) Gy i) 03] mdinally A8 ardl) o lia) 3slae

DA ey ¢ (2013e2d)) HLiny) dddae o ety Cargl) say Slaall Lilially areyill Corgs HLeiu) dleal (alay)

Aaled) Capal Em (Joall G IS laliail 8 € 0S5 craalis Aalid) ol Jdl) (S Aol aludl skl a5

lle Apalaidl dads Loaal cllin £dlgl) 8 ¢ (2012 n0) AabaBY) 2 gall da i dagal) Apnbaidy) duatill Jalse (0 Sle

fol Lad Glld g lpenl)

O Mlse Jia Ll A Shead) Gyl Sl 8haeall Galladll (ro daliioal) Glgall dal el LAY -1
culidla 4ty gl by e Laly) Aad s i) o a3l gl saan gl oLE o Var bl
- gdsall  iheal) SN e

bl e KU Y (5350 (Alaad) Gl aBlse A L) of tdanll e ¢ Bjall gl Ay paad) S -2
Dbl iy ¢ A8 Sl e gl Cadagis Jaalisale) apliie (e Aol 48N 4o LaiaYly alaidy|
- ihandl G L) aliie agd Lgmalil ) agiila g aglals)) Ay oIS

Baa milans s olsn (A o) i) S adsall & Ui cAput) Cially Ggal) sLaY Ay leal) Sl -3
Jue asd ansh Las Loyt s gl c¥sria) 5 cantll e (51555 and 50 Lo poe 4y a 5f) Gl Lo delinal
(20106 JEY)s Aalondl Aalall Zgll) Al aainall

44



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

Aplanna) ¥ ) aal Al Syeell Gyl Sl Galall g Uil ldiiul iy 1 galdd) g Uall) cldind qila -4
Al s o e S WS Gl Aale Jhed) S le S el ¢ oallall gginall e didaal
Gyl Sl arayt A L] e el aaiaad) Jheall Gyl a0 dgadaal) o) dpacdd) AS Laal Apaal -5
S axdae 5 305 3 [ 3 g e S elps calilil Qe (ayd pdinall (n g g i) 255 JLES) aag A panl)
(2014cciug) &l .o seie
Ladld (peS B Ladlusall a1l Cliaal) G Agging Lal Speal) SUAIL aLlaad §) g dlia ol gidic
aeianal) Ay Ao gig ¢ (Apala®Yly dsipantly Aidlly Ao Latalg ABERY ) (lpand) SN cilaghe paan alaia¥ly galiaal)
el ISy Alead) Gl Aalai®y) L) Jsa

: (Sustainable Investment ) SI altiwal) jLafiiud) @ SEY jeaall .2

DA (e clldy Lapaill hlimall 5 aseiall 13gs alaia¥) els 288 Cuaall ogially G aldidd) Sl aggie o)
G A3 ¢ agedall gl Gy maly Capat aagl ale JSS5 ¢ Adalls Aelaal) alill g Al Al Jlee V)
. (2011:Norup) sl o ol cilgas DAl

¢Agn (e Al asgde Cigpad () @)kl DA (e altia) LY & sgial Jald oyt () Jsaasll (S
bl Gilgay DAY bl e oyshaly aldiual) JLEGY) 6 seia oy () Gkl ¢ gua) dga e L) (e

PN

: (Sustainable Investment ) SI alaiwall L) aggda ciupi 1.2

e e 333a%ey A giie Agll Ayl alaill L85 (o Caimy iy allaas Ll Sustainable ddsiuy) s
Llaall o ading 0)50 13ag Jyshall saal) e Ledins Al slad) Lo g Jada o 5y08l o uall Zuilly AaliaV 8 (il
Gasd Al A leal)l Jiay Investment Sl Ll ¢ (20130 ) dmgalall 3ylgall JiaY) aladialy oxgdal) Qe e
Al dale o Jpeanll 5l o) Fiay GlIAS ¢ dalisall cilie 5 cilalad) gLusY Jle Gl ) Bl Jad (e Gl dad 5
bkl b 3 claaddly )bl o)l Ganady Y o) Jaad) (re edaldl Gl Slal sl ol Al ) uiad Chags
Aaa e (5Say L (e ¢ (g SN sl e gnse) ilaaally bl el o 3] Jiluss 30y () o s b ¢ Byilae L8N
- ahiall LAY A (e ol Y1 o3¢ Jsaasl) iy calaaV) & AN Y e sedall DS ()

O et Al bl dlig o Hlaiiud bl 45k (Sustainable  Investment) SI alxivall Hlaiiud) cayay
¥ laiind dlae Jiays ¢ (2012¢Eurosif) dpla¥)s doe LiiaW s dfall Lliadll slelye poe (g painsall Ll Calaa)
. (2014.Blue & green tomorrow) zlly (ulilly (V) CS6S claliial g )l (330 48y

Aas) 3 DAY 5 il 5 e laa¥) ablie¥) o mery oM L) 4l Talsivall S Gy LS
A ALY Al uy) uilsal) agaa (A Laaldgind @A) ules Ao sane Hliial BLa e Al u) )8l

Ul alasiad e ¢ e ()56 gia Why SAYls ¢ Gulailly LSEN 3 e meie Ll laly Ladas) Aaial) ageial sle (S oyl an g’
(e Leind) 28U A8} JeY) ) il laly SAY) Gmndl Lo ¢ (Lgie aaldll V) o) pliise e zmaia Wy (anlld iyl

45



Number 2 Volume 23 February 2017 Journal of Engineering

@
) Slatl i) (e de sane 4l alviwall LU Freedman cagyss & sls . (2014<Kerkhof) il 48,Lal
SV Giad ) Jgaagll ais ills () ¢ elaial ¢ i) ESG dalriad) cliie) ge dpalai@y) clliie V) o
Lol (2015:Freedman) Jyshll saall e L) jhlaa (e Jliily 4Ll 2dlsell caila I olaiV) e laiaYls il
{(2013GSIA) clyleiia) 50l 5lia) 3 ESG Jalsal anye meie 2a% el 4y 1 PGSIA disuse Ciypas

) Jalgall SLiieW) 5 dany 3V pe SLeiia) eyl ALas) sl alsieal) Hléinuy) CPP® dddiic cudje
e Y ESG dulse JBa (e HlainV) dalad (Says ¢ Aaliinse dad 31ad elldy dyghall (saal) o 45))a¥15 de LiaYl;
. (2013:CPP) 4jle ¢ Luadll

P gl e i) e o altivd) LYY agde skt e oyl (S

(2015:Freedman) ) sl gufiald) @ jaaal)) alviceal) jLaiiud) aggde ok muiags @ (4) Joi>

(2011<Norup)
SI alicsal) L) asgda iy i SI aldicall HlaliaN) asgha (gukas dalajl) 3ydl)

il O o sgdal prialy Ciypat angY - Gpatinaall Jasail (3331a Gunli | 1980-1920
AS il uliall Jsl& Pax World  Funds ¢l
(Y Gl jslan Ganm A8 i) Gaaliaall 5l i)

Ll Tatle 5 Cagas A clltind 8 elllga) alasinl sa | lales 5l e laiaV) Hlén V) s gl | 1990-1980
e ey Al dylaall el ae i Y Sl el c By s de L Al il Gada [LeiaY)

8y JLas) 8 Ao laa¥ls LAY juled) Aujles 58 | The Domini - oa 344, Jsls alle 3l <Ll 300w | 2000-1990
B i G PSS S PIR [ SEVENRPP N P P B .Social Index

ALl CalaaYy adlsall we AENAY) dpalil

o Ol J8 e danle je wlae plain) e | el Chagy el LU gsalie sasiall aaY) Gl | 2010-2000
Ayl aghhi las) NP PRI
Jalgall et ) dp)laii W) cilbadil i W) AL o8 | pls International  Council Jdsall uladl acel
Db dlee o) Ll clilee o e3aS Aelanal) | 58 o) ¢ caladl aen G LY QS Jee J5e)
o Y La 5 delia) chlie) meas | aand LY Adee (0 53 () Jady ple pllaas
Al bl 3as) | Lol e agglae ga Cnpatisall Ll ClaaY) oy
ALl st o aslaall 5 delial) 5 Al

e Aspana Aty g3 LAY " Qe 3 alsieadl LY ageial ha¥) ol ) Jyaagl) (o Say
¢ i) ESG daliiadl) i) ga cuin 1 Ll aa¥) Aligh 0l dilge gail il Ay sind ) cilangiia)
" cllal) Gifjiialy slekiud) hlia g GBEDD g () ¢ o ladal

. governance aj,a¥! «lliey) ¢ Society duelia) cil)lie¥) ¢ Environment adunll «l)liae) : ESG 4

.( Global Sustainable Investment Alliance) csaliall alxiwall HLeiiu¥) dsuse 1 GSIA °
. (Canada Pension Plan ) &)l ziall dakiia : CPP ©

46



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

: aldiall SLaiEuN) gad (Stakeholders) dalaall cilaial pdai Al Qb)) 22
Gaiatl L) adlal) sy : Improved expected portfolio risk dadgiall jldinN) jhlia guwad .1
i gapd (A Jguasll by ((Lmadll gaall o s Ggniay (paiaa) () dashl) o) Aol
Al JleeWly i)
ALYy dglay) L 5l Ao laia) clulae SN e g5l 1aa s ¢ Positive impact (sl sl .2
(Al 2l cula ) e s e laad i Al g) sasd) 5ylaN) )
Gl e LiaY S0%9) sl V) Al ge caradl 138 Lasiyy - Values  alignment adl) gdls .3
i saall Lt WY a8 e 3815 Y o dad (ygx iy a2 1) i sl gl Sy AN (plaial) L)
. (2015<Freedman)
dal Al Jlaes Gadigal) (ppaiianal) pae 2Dy ¢ Slfiase eyy Gadail LY 153 aal 1 ghailly gadll jlaiiad .4
Coluall (s 6lsll Cuslig Ll Lyt Jie JSLEA)
Gillliay il (53l 8paiinall Jlga¥) e (el o) Lald) Jas Ao paiiwall eany : JAM Jal g Jlaliad .5
. sl
oo (daal) dal e L) 5 jedailly gaall Hlaiindl) cpsilad) guldin) caaa o) @ Jalial) Ja) (e laliad .6
Blue & green ) aluivl) HLEEuY] asgia pe pnnii Lejll oda g Jiinalls salial) 5o3¥sY & ol 4 et e
-(2014<tomorrow
(hiaty jshailly gaill jlafind ¢ GASEN a ¢ ala) U ¢ Aafgial) LW Jhlda) QL) o2 Ol giiied
bl (e Cigliiall (e St alaienal) jLafia) gad o pafiieal) cusds (Jiiaall Ja) (e Jlafiiad) L) dblal Jaa)
ward A Jsaslly ¢ Al Jla¥ly sailly podiill sginma o ol Agalal) 2 LYY ggiia Hlo CulS 6 lgn Jiiisall
c ) Algh e

7 aldisall HLetiaN) dalg ciladasg alaas 3.2
Sael o ahall o digaill (ggine Je olgw Aabiadl Glaial 4alg Al Gbasdll (e e altiual) L) aals
b IS Ll s A ajee g Jalaal)
Lelain) 5 Lole dplagl geilis 3 (ae¥) Ayl ol 20Y) §ym) AlalSiie dbad dlae) dysnaa .1

- (2012Eurosif) 2a¥) Jish alisall HLaBiny) 8 8IS 558 agaal (yliiul dsag p2e 2

Blue & green ) Aull (3lsill (goiua Ao Blaall & Cuay alvivall HLEny) GY doaphll 3)lsall calyiin) cuias .3
- (2014<tomorrow

- (2013¢0Ual) plinaal) L) Jasad (A Allal) Glssall 42 a2 .4

- S A ) S s Aeltinal) Aplain] JleeY) 310 G plladll iyl W5

Jaball a3 5l 5 Riall 3 ) g0 (e Balaad) ¢ (alaBY) paill) dpulas) ¥ lae 6 G oy Hl) DA (e ol ) g s Lalaia¥) (solae (el ¢Sy 7
(201351 5al) (Apelaial) Alaall sl i) a1l

47



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

Alall 8 dews bl dras ) dasill Jusy) alaioall Hléia) asls Al cibaatl) aal e S gall) Siey .6
o=y ESG dalsiny) sabae Ao jhadlls aags 535 (2050 ple b dans hlile dansi ) doas o) el (g0
. (2013.GSIA) Jushll o) e L)
gelill) <l Jadadll) S Loy B WA G AN (Slsadl (e 030 alal palieaal) Jead cibasdl) o2 oy gitiud
Jushll saall Ao SLaiiu) silgad) o3 dagh ¢ (A8 gailly pllaall gl ¢ Jagall) ¢ LI By ¢ Anlay)
c((alea) L) e diagll) dalsiud) clie) Le s

. (“AM‘ Qbﬂ‘ (}é SI ?\M\ JLAﬁMY\ 442
Erim (e gl 1a (e ipanl) ) e Jalell A sl LY iy gie [yl lin ol

P gilpand) &)l LA SI alvial) Jlaiiu) Gladliul 142
bty Sheadl SN aa Jalaill Aty Gl dused aas
P ods Al cladiliud EDE e ggiays 0 Screening of investments L) gasd L]
& el LNl 8 deabud) S0 e 22 sLall o) cliiu) iy 0 Exclusionary saiud) -
@il Aileall 538 ansiy ¢ Apnsll ulaall o desens o zeil) 138 ading ¢ Lgnsan ) (yenll 15
. (2015:Freedman) Negative screening (el
Ll ESG 4alain) cilagie aa (o) o 13¥) cild 45,80 laa) 24y ¢ Best-in-class J-ady) jLad) -
Positive  ~la¥) asdlly Lleal) 38 iy ¢ handl Sl ae Jalaill (55AY) IS8 (e ag3)y8Y
. screening
el Gl 8 L) pand ) @lSyal) acads : Norms-based screening Judl julea 389 -
Al uladl e A uladl e (S3Y) asd) s
et head) EAIL Aald by hlad Pla e Sl Jalailly dalsin¥) G aeas ¢ Integration Julsiy .2
o Alaad) Slaslaall 381 8 (2&1) Cpfal i) G paad) 2y ¢ Al AW cllaeY) s ESG om
caltid) L)
s celaa¥) culall e mualy 80 Gaatl e HWEWY) Jea : IMpact Investing sleiud) il .3
- (2013.GSIA) Ll Xilgall (je Db S peal) il
Gyl A olS ol i) Jhay : Sustainability themed  investing Jliud) glgde cual dalaind) .4
¢ elpadll Lo gl ¢ dadail) daUall i) Aelaia) apaill dng e (add Jsaals pualse & Jny el
(s
oS« : Corporate engagement and shareholder action dalaaall qlasal ddledy il Wil 4)Léa .5
398 alagi 3 ¢ (2015¢ Freedman) aldiwall Hliin) dglee 8 Apnlal) cleall o Aail i) oda liie)

48



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

Lgansill toalaally s ) a5V s DA e IS0 el e 580l (cpealial) daliad) Glaal

. (2013:GSIA) dalxaud ALeLal

o L ¢ oLl 8 50 allall ol ppen 8 legud SISV el (b ) (andl) Bagljind o ale U
et LS L Diie L) gail chlalgiy saS )olal Carg g 3y alviedl) SN L0 da il sl 2 1S5
sasiall VS 8 lesad YD aloiall Leindl Ll il daliad) (laal Zaalises lS 5l daabue (A clud
. (2013.GSIA) Jsall Al ae Lilia 12K

) Gl aa Jualadll Bagana o c¥lae el e o)) jlaiia) clablia s o it
0 A e g Jualal) ¢ L) pand A (e shlial) (e Joliilly L) Gl cilanl ) Jsuash Ay
Ll (ra A8 gl Say 3 ¢ daliaall Glacal dlady culs i) A e o) slafiadly dalaind) Jayy ¢ L)
- Laliaa el (Alpandl EIAY G 0 paliaal) Cilaa) ) guasll anly

t elpaad) Gl I alainall HlatiaN) B % 0eaill Ao 20402
gl Al 3)ylaly NS (e Aggisglag Jusaill Laaaa) lyeall Sl 3 Apabaidy) daghaiall cpalil (e g dap
Jraads il (52LaiBY) Ll i lia ol g e Laa¥1 Sl 8 oLV sleliay Jsad) elil) alylile Jols AV, ¢
P (2014cang) G DA e
) U8 Anpe (Cpal) Gagmil) (3585 Gy all ) lsls) b iy ¢ calhlly (ayadl il 2 Yy
() L saleY il 28S Lk
aliall JR) DA (e (35S ¢ callally Gapall (5 e 5 Q8 i 4l egall ot Algaly cilasaipal) ¢ L
Llaal)l 8 ddpal) 2850k A e g ¢ ((Adde daleadly opredaig asylal Jgig dale A8k mucad L&Al o)yl Al o 463)
c A Clelie) 5l g ) e S (sSy (Aanll JleeW) (A 50 W 0sSs O) 0s)
P AU Ladli S Allg S dae ) igaill jolias g0
e a3 3505 A Aplatll SISl Clagally cilaliiall (e a5 sl 138 St galdl Jagadl) .1
O] S5 ) liall il gy5dae J50) a5 asdll ) sl sl e el (i)
 (20140cius) ALl aelgily Galall g Usill L 4ily 4dype Sy 5l - (2013cssbad)(Layses
- aitdl lallly cfsll dalad) &lsall JVA (e 8p0le Algall ads Jisa s alad) Jygadl .2
L) plie Jpet (o8 850 aaian (535 ) e sl (s ey Jsal) cra gl 1aa ¢ Balidal) (Jygadl) .3
- (2014cius) ihyend) L ) vinsall
Aadaie) Leie ihpanll Al Al L) 8 sl slian a) cilowal s axi: Alp cilusnipay cilaliia .4
@A) Sl VALY ¢ (200965 SR ey Sheadl S 3 ¢ ag ST ¢ upasS) ¢ sSuipl
- (2014ecing) ( laje s Apenll S el UK

G5) (5 5ima JAYI5 ¢ (JaY) 5yl Ay sl im g 815 peiall 5l gually ) pend) il g Jiag) (s0ke Ladanl Jysaill (a (e 56 a5y ®
(2013l () yend) il il alsineal) L) g jliial dald doay a2 Sl Ao o iS5 Al ol Al g se ) gy Jiaiy

49



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

alal) Lrdiall Baiat) 3538 adamil aads (3lina) Ayl Goliall claliial oda Joii : 4glgs @ claliia .5
O Aalall Lgysaa Gt () Adalgdl Ol Jid) 5 gsanall A gasal) cld €yl ) ddlal ¢ (Gl dylang
- (2013l oplaifins) Aansl sy Ayl Elll Llea Pl
el i) ey (g il g) 8ymmnal) (s 5l 5 yilaall miall Lt Calydal sac o 2 Acdgall g ¥illy miall .6
(sl i) Bsaimy asyo¥l AlaV) ¢ sasiall aa¥) ¢ Agdsal) slacll culdlal ¢ ol clidl) DA e 23 Al
- (2014 Cans) by g Al yull Al gal) dpenil) dia ) Z8LaYL
. Gliaal) 53 Tl ae g Algall el 31 ¢ Lwaigaily Lidle & Jopal) oo sl 12a yels + Apd) (galiall .7
Ll Jpa¥) 5y il (s tsalue ol g pial) gy ) SLSal 345 1ot Gl Lol Gyt
- (2013:GSIA) (Ao tsalm bl Ao Galiall o2 Y Jealll (e lgle Jpeandl 2ty Al Jlga¥) alaginils)
Jsal (A learns o) ()R G2 g lsV) 028 e 2o e alaie V) (S 450 Y g 1sV) 028 anen Jagall Jody
¢ Lpnadinall Lpanil) @i oy Ay il eyl ) S50l & Josall jalias Caend 3 ¢ Lo £ 1531 oa )5S0 dalid
.(2015.Napolitano)( )W) JWll Guly (3saias (81 Gaalia ¢ adinall dgeri] ALy alazy)
Jasaill) Jsaa¥) il aan o Baliad) a3 ¢ Lobtiose Bl Gppafiosall £ SW) allal) alail) 8 saa5 2agy
O a il CHLSEN) S ) g3y 13 ¢ lially aludly el 5l 308l Jal) ssie Ao (S ol (4SS 28I,

o (oS Al sl o sa) U] Calyia) ) il

D Jsall il ac) 3 ¢ el Gyl e bl W Ciagy 4l Joall eludl 35 8 alglile ML paal) (r

Pl (e dilaial) Japiin & by 5l LS il o) (A L3l € 2004 ale Lagsa (3 ol ol g 80 Jsa

dagfa il 28 LS L painall Gl dpaaly aladl esll o ililly alall o Uil el (e lgmpndiy Hlaiud) s

DL Alglae yiing) A8EN Jpua¥) o Lalially 3)a¥) Cpad Ja) (e acbusall Jsal) @lidl 50 2000 ale Lisaie

Opeadinall dala ) Adlial dalady) clalall il U Ll e Caagy 3 ¢ (Lisake 8 el Clyll ol
- (2012¢Throsby) ESG aulaiu) ulga e 3)ige 488 jga) o g dyselly ) saiill

: (20056 50) (o9 Aie Bae PR e Aheall SIAN Gyl jabias G dan)ll (Sa

sl panl) il 130y gy Cyany Galall g Usill o3l die a ¢ AySla JR g S/ skl 1
o pladl g Uadll ) ASLall Ji5 o3 3a0ma

sale) Hhlaa galdll ¢ Uadll By 430 Y1 Gobadl agal) Jilay Aglal) Jaig Judilly Lileally Jualil) sale) .2
e lEyly Jalil)

- Jadd ilpally Julaly paldl) ¢ Uadll 230 die o : Llally gl .3

i) 555 A 2lsad) 2l ((hed) b)) adl Bla a alall g Ukl ey die g4 @ L) aie .4
. (2005 s 53)

50


http://www.albawaba.com/ar/business/pr/%D8%A7%D9%84%D9%86%D8%B8%D8%B1%D8%A9-%D8%A7%D9%84%D8%A5%D9%82%D8%AA%D8%B5%D8%A7%D8%AF%D9%8A%D8%A9-%D9%84%D9%85%D8%AC%D9%85%D9%88%D8%B9%D8%A9-%D8%B3%D8%A7%D8%B1%D8%A7%D8%B3%D9%8A%D9%86-%D8%A7%D9%84%D9%86%D8%B8%D8%A7%D9%85-%D8%A7%D9%84%D8%B9%D8%A7%D9%84%D9%85%D9%8A-%D8%A7%D9%84%D8%AC%D8%AF%D9%8A%D8%AF-%D9%8A%D8%AF%D8%B9%D9%88-%D8%A5%D9%84%D9%89-%D8%A7%D9%84%D8%A7%D8%B3%D8%AA%D8%AB%D9%85%D8%A7%D8%B1-%D8%A7%D9%84%D9%85%D8%B3%D8%AA%D8%AF%D8%A7%D9%85-4119

(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

Gl o Blially alvicead) Hlafiu) Cilaa) (Gbad b clolSa) o paiiaall dony Josall) alas aad o giiiud

o ALY ¢ Aalaiay) cllie) e gy Apalai@Y) Lijgad) ) ABLAYL Aegdls Anludy) cilaladl gidaty lpeal)

¢ Aslal) a5y Jadally Adleally Jualill Bale) ¢ Aslall J& o) Jadlly padailly Cuaadl ) e 3s8al) ¢pa 236 3929
. a1 (38l Sasia Jaidg ciliilSa) (g8a3 Y (L) Moy Alually il

: (;-IM‘ Gl L’A Sl ‘@\M\ el c—eb-i 342
APl aned 8 5ol o)laiu) aainy 3 ¢ Apalial) 35 5 (il Blalialls (oydll ¢ adlsa ¢ Jlua) (Slend) il Jiay
slelye ae o lan) caulad) Guiad ) Adlaa) aall ApslaiY) dpaaY) iy IS aslolSal Dlin) A (e 4,00l
pand) oyl gl Ly 5a0ate YIS Adiiys lpend) Gyl 8 )il LAY el 20 L (201460 s) Sl Culal)
PSS g Ally Al el () g (Al (liadly Slalially () ¢ adlse ¢ (la)
¢ syl 1agd Lan cilSys (DA (e bl o3l 0 ) (hendl ) Sl HlainY A0 Guli 0 Sl L1
) A LS Sheal) Byl Sl Caalagis o (Alael) 028 (e BaliuY) Biail Aipms Jasa Aol 23a (53l

ogd A 5) gy Dby areyis Augd allaly Lgwaladin) () ¢ Layes Balidll 8 Al ALY jplaay 2aa3 () am
(20140 52) AL (¢ gadllg anyll Jalaa o) Aaands COIS) dlaeY aclas o) A5 Caaliag ledidagi o) o Slall
Glsa¥) oda b latiall rardiinad) dlgle o (et Al Ll GlomlS Jpeall AN a8lse cailagiz allgal) 2
dande e Sl JlaeW o2a e S el Jlae W) Alghal (SLlS Calagi ) ¢ lgandi ablsall 4oy Lihad lasifi Al
(2013621) . L Lam a1 sl
et (Bstiem alag) ol ¢ uskiill S Guralip Basane Ayie) Byl halialls (i) o3¢d Alsal) HLémal ¢ shlially @Al .3
. (2014 ¢am ) Al (558l
Ghlia (apaiis ¢ (2013028)) dagiiall lalull b gpmlead) (il clllad (mje s) Ayl Aaial 4ald) @ clind) .4
3She Aal8 ) ipma (3hlie 8 dalall ilarall (Slal N ALY el e asend) g Gge) o (syiad Liall
- (2010¢ Y15 Aaluall Aalal) digll) lil) i 8 A gidall S g calalid) 3 A)lady dpead
Jalal) A g (lislly ghlially (o 81 ¢ @81 gall ¢ (lsall) aralaa gl (o) (Al pand) Gl il Oy il
O ainal) Jaded g lila) (309 La kil g Lb gl (e (i) g Jualatl) 1] A 630 culdincsl 3 0 g9 L £ 95 JS 2a
L Aisab) g (Al pand) &) o Bliad) g aldices el GAadl aghlaalg
: (“A\)Aﬂ\ ulill S| ‘;\\Mi i) Audes (”A’ sl 442
ALy Lo A e dallaal dabiadl Claal U8 (e AU Slanadilly cihudll moes dolee Leily 3810 Gy
o skl (sl e alsind) L) Al (e ssaall Sl ) Jgeaslly pendl Gl leinly Lalall cileaY)
O OS¢ A8 bl Sleall auen o (sl e Lo g llaly Lo plbiaal) Gilsal o leal) 3aclE e 39550 dlee
p ) Jabad) o3 Gl (S . Leilsine ¢ Lo Sl ¢ Lgte (il o Baasie JISE) AS),E0 341

51



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

ol eans IS0 Capaill Aals a3y ¢ agin Gaodll o il Lae Jaalls o 80 Aglae Tasi s Ag¥) Aayal)
- byaal) AShall JSa 8 e oS JS0 Jaally

- (A el 3Kl o3gd Ay I olat) 8 Jandly Byslaally LB A (e AS il Apuia)) (apnsli 1 AN As sl

cagid)l Jlee¥) dagltia o agiae @3 53V Gd laals Lanl sl paa 5y 0 AAEY s pal)

cpays 165l aan ol e SSEIL s Sleall agiss Jao Adad iyt Aagll) Adaal)

) By adinall ) 4S50 4Slale sale) axy adinall padl ) Al a0 1 Aaaldd) Adaal)
. (2013 (s sLiiall)

i) gad A e D) il hal) 3LAS) La A e gllad aliieeal) jlafiud) - AS]dd) ol poiiud
Laas ¢ ASjida Apdyl el ¢ Al Jalily e Jand) #1580 Aglaa G i Jalia o a8y ¢ Lo cladilly
- Al Gilaaly cbaghial Baad ) ABLa) ¢ Jas Aad audagy Agddiil) cuilsad)

.[ oalall s sadl
&t E W bl ||
b Jaall o€ 58l Aglan (&4 - & el ysetl el oyl
L o< S
T : an / Ll Jy el ALl CE
AS yide dpa ) sl <] F & | 7 ey | 3
%‘ % /’I &\5 @)J QL&»}A/&-\LQL-\A. i C i
iagall ol el st &l G - E |
B [wsan r
Jee idad a B - - ) Lo
< P A sl g il 5 il Sl pall | féf ;
. E % au, (SiB
line Cloadl il paai (g E Q LY Gaaliall
. ’ ; A .
Ol @n\‘)a -~ E fffffff A}s’d‘ 7777777 —
(CRPRE WIS ERREJAR g I AL i ) Q)] jgsbll/upaal)
&lsall LI iy Jailly dslually Jualill sale)
Ghlially (o il l Aipally sl
i) Shia¥) die

(Alanl) G L) gealig sially AShdd) Llas g aldiall JLakiad) A Jasall) jilan oy (1) JS&
(Caiald) 1 jaaall)

52



Number 2 Volume 23 February 2017 Journal of Engineering

doa)al) cNlal) : EJEY jeaall L3

B e LAY Ciags Budglil) el < ANl Cadagi salely ases e bl miles dsld laal
Al ¢ Anaill sl ) o Aldaly ALl el jslae e DAl & Ghdte 385 sl ae Al dnpe Jso
LS gl Bl (e 2 I Leie JS o 3 ¢ (cabua¥ls i) Algpn ¢ Jusaill slian ¢ LY 6 Rl
c By Jeoall 8 daiage
P (oiad)) alaliiuly (Qubl) Al luiny s asasi B9 e 163
Sl ¢l A :olsial
#1576:5 L) dgia
b 1o ll) Jaad
BB 5 g e ¢ inall Bayaal) Atagl
Gilys Caad)) Cipe s AiSe Sl auay 1 sl (Bilgh cYLaial)
. 3 +1992: L) f i
(5ad) o) #Luss; s (2) g assa i usad) jiliaa

(LS 48 guiga 22 54) osSa i)y g A Adghana

DU an) Fiags iall 3 4800 Sl o Lals Jaalizale) & ALEH Cyladll e i) 2a ¢ g9 pdall oo ale 334
A e aahl &3 41992 ale L85 ¢ e aalil 5 e Getludl Gl G L Aldiall 35l e s LSS 450 AL
(2007 icie) Cyiially DAl 358 ) s eanad allizale) e and Lo & Gl Soigl

P (s oslaiialy alinl) judd arayi g9 pdia 2¢3
Ly Ghes 2l

21725:5 L) dda

el 1o lial) Jaad

et 5 i £ Taall Bl Al

+1954: JLiu) gl

(L) ?‘E’:“ b (3) Je& oS rdigall) jalaa
(Lisas 4o susa 2854 Aden il esSa iV ly BAT Aylghua

LS ¢ aaill Jiaga dsme e (e lend (S driimse G Bhadie Aui )l dad iaall Gllia) 1 gy el 8 dale B
ila o yaaill 13a 3 gylenal) Jaadl Sla 385 ¢ 3haaiall Ll Aplenad) yoaliall (o LIS jigh A pad Gllia
Gp) Leaadf & YT G e ga e VY e el Jlae (8 6 VAAY alall Lgyen (o8 AadluY) 3)leall olaley

-(2010¢lall

53



Number 2 Volume 23 February 2017 Journal of Engineering

P (ae) opleiinaly (gLl GUabed) Jusan prasi £9 e 3¢3
ran ¢ DR glgiad)

21749:50) s

Ja 1 Uil Jaad

LY yleally (Al 4ii€a 1 aall Bazaal) Aduli gl
- : 22000 L) f i

() Ll Glald) (o (4) Jsi asSa 1disadl) jolas

(2014 43|y alally du ill Baniall aa¥) dakiia) oS 1Ny Lail) ddg'gena
tpapdall oo dale 334

Jlaall 48l Cajlay o geind aslealy of ) AlaYlé apalall & olal GUaludl Sl 5o (el 3a i
Bl 3 Jldiall juanll 8 Aaild Cmpals @l ey dad) il pan 8 gpal sline ol oo Jie duw 4l s
(@My‘ﬁjw\&@}ﬁ\&méy)

: (whulﬁ) oyl ANS gl & aayi £ g pia 4¢3
<Ohanadd ¢ alils 1 Olginl)
21795:¢ L) 48a
Ol el aad
Gy Iy antia 1 dnall Bagaal) Akl
¢ LIS ¢ Ll delE ¢ Aplat it Gkl | cNlaiu)
Al Gilgh
cania ¥l @l Al
o riall daale cilaad ¢ cilalia 1 ABH goUal)

(Csaald) LSl & (5) s +2005: L) fo s
(e AN (il 4l a8 5a) Ll il 1dieall) Jalaa
Alsas dlae il 1)y LAt ddghune

g9 pdall ce Aale By

selia) (ra a3l el 238 ¢ 3yl Al 8 Jadandy Hlailly cppilesall J5S padiing OS5 dnlaiall 353 (& ) o L3S) 3
Ll Cuags ¢ 22002 ale Lapas cillee 3 Jl apngill ) LAl Als Cumpet WS ¢ 21927 Gl 1 4
el 8 aehaiinl sale) DA (e ¢ Al adiy oleind o)l £s 5eS Aie oaliiuly Sisall areyi e Gl
850 (A ALY jaasll Glpad ae ol Ley Alal) adidy o beaa ) Bdlay Sy sl sy g)lal)

(2007 icie) Byan dgad i AlE calaaa

54


javascript:showGlossary('سبيل','ar');
javascript:showGlossary('السبل','ar');

@@D Number 2 Volume 23 February 2017 Journal of Engineering

(ool dslaq) o lafiidy A Ablae payi £ pda 5¢3
Ol dslas ¢ (95 a0 Aida 10l

21834 :slid) Ada

G te ) Jaad

S Sy 1 hall Saaal) Adligl

J +2003: L) s
(casll) LB Bl <y (6) Jsi Cpiinna [ AT ¢ Algag Alae il 1 dagail) jalas

AhA sans abl) addl 3S0a ahsa) Opinsa | AT ¢ Adpay Ailaa il 1Ny AN Alyhane
(Cagadly A3l

:gapdall (o Aale 53
le )i} Aaayal) A3 Crgll e A gena ol Jaassiyy ¢ 41925 ale Gadaall 4l Cipals 21834 ale cudl oy &
ALYy A ) el daali Giliey AED A4 T dene 0 pb) Gl 35e ) e ) Cup e
Ot dile ) 4l Ale A dad Cull (6 Baal) Aie B P e eun ise Lpaaly Cal dplenall dodl

(20145 ABEN Lalll (e cpadl o)) 8 51 A IS5 cppaadl e aal ey 3 (A e o e

D (Baadall Ay padl chlaY) ) ojlaliindy agiSe JT A i asasi £ 4 663

[ v sasiall Ay all ChlaY) ¢ (o Olglad)

- am i}ﬁ “g: #1896:¢ Ll A
et ol s o 2 r 1 _‘ a

R P :;H_L-H ! G e lial) Jaad

Jiﬂl"ﬁ # h Cinia 2 dgall Syt it gl

+1996: JLaiiu) f b

(b)) agisa IV s Gy e (7) Js& 25 dasadl) jalaa
(o msty) ¢ gidlly ABERY (1 A5 ad5a) oS 1Ny 245 Adggea

sl e Aale 334

0 s Ak e il iyl Cum el i) 1) A8Lun) IS opunlic Alarll 405K o sl Sy
s ik Cinie ol 4aladiul diel ¢ 0 ) b Aplaally Aalea@) shall il ol s Ll ddgla
(2007 die) By Lgisess A (glmal) sl Jalye (apms

55



Number 2 Volume 23 February 2017 Journal of Engineering

() olainly (g el bl asaji g9 pia 763
Dk ¢ Aasall s glgiad)

#1901 :5 L) 4a

el e i) Jaad

Caalie 1 aall Saaat) ddudigl)

, TN 1975: JLiad) gt
() o) s (8) Jedi asSa 1 dapal il

(LS g Ao a9 28 5a) esSa 1y AN Adgpue

(asdall oo dale 334

Cinial 5153 (S 4y Balels 4he Lile aaaft o8 5 LSl 6 T ABLY sSadl e 5 eaill 8 (gul) s IS
sl seg LS ¢ (gl el Al sl ey (bl ) alic e Jal (o enls g1 i) LS
b ORI Bl s pial 3l 8y Al sleall G b it 403 am 8 Aasd) (Sl giad) Gl b s (g3
[(2014ccans) (1980 — 1978 (A1 3y5ll) avesill Jlaa

P Aasd) Lyal) Alaal) ) Wjlaiiady Slaadl aas ASu aasi £ i 83
L gral) dgjell dSlaal) ¢ 3)5uall dnpaal) : ) gind)
21906 :5 Ul 4da

Daa ASG e Uyl Jaad

Cinie 2l B3p0a) Aighig)

, = #1998 jLaiiuy) g i
(L)) Slaall yas 4w (9) Je& oS 1asadl jalias
(LS e g ga 2B 54)

osSa 1yl A0 Adghua
iasdall oo dale 334

LS ¢ aysiall Anaally dpldiall sylaadl ot ) Aplenal) cliidl aal e Baaly Slaall yoa dlSu dlaas Jia
) ol & Gaalisall Ll (il (sl e 088 chage Apin)l Claal (e s W s 4a)b dpaal dasdll ellis
ol aa) daaall Jidh LS ¢ Ll Bas sysiall Anaadl N el J5f Jseasy ddaaad) 2Ll oIS gl Lpadin
inall Ll S (e i I Jalsall 038 apen il ¢ Al 8 Apldiall sjlenll e juan ) g lenall L)
(20136 lill) elsudl an e Lpaall 5) dapall JLadU clldg 4nlKal) ag3 €03 b oyils

56



Number 2

Volume 23 February 2017

Journal of Engineering

(siala) : ucaall) Wlaiialy 5L (loal) prasi g ilai Gl (5)dsn

asll) yulea
A5 dylgene dagail) jalaa JLaiad Laaioal) dida gl 4ia3l
NP £ piiall anad
. a y v % g 13 b |
IEIEEEER - A
3 i 3 9 ‘ 3 |3 %
23 y23 3 S E
)
v v v VIV s 38| 21992 | 21576 | sliy sl
s (L) aa
v v 4 V| V|G| L1954 p1725 | a—tinl) ,—ad
e & (L)
v v vV V| oalli g | 2000 | 21749 | odalead) S
Hl—ally (rae) sl
Lol
v v v v ViV Y s caaia]| 22005 | L1795 | Al gl—a
A (Cshaald)
viv|v viv|v Vi VG S| 22003 | 21834 | Ml e cuy
(o)
v v v v Canie | 41996 | 21896 | J1 dr—u ey
(Chlay) asisa
v v v v Gaia| 21975 | 21901 | al) sl
()
v v Vi v Giaia | 21998 | 21906 | Jlaal) auas dsu
(Raased)

;o B cuilal) clalbiiialg il

e psedall pal 8 (i o pghall Vgl LA b olllin o LS« Lyass Bina Losgia anl) iyl opgie 20y -
el L)) sl

gLl e Lty ks fmhs dabse gt el G e L 855al) Jalsall (a0l lllia - —

ainal) Apad s (S Raa bl 2l Clysaall (e Apsing L henl) L ALY 3yg i -

ALy Al anlly il e Ly BEN panll S5l Cilaghe anns aliin¥) iygpem —

Loala UKy ihenl) Al L@ LsaaY) Jsa psina) il e s —

57



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

e culS g lpn Jutnd) jlalie (re JaN Al ST sl (pyaiiall Cuady dadgal) i) Hhlie ol -
2] Al Wil e M sy ¢ Laddl) Jla¥ly saills kil (gsise e 5l Dbl 2 LY (g5

ColeY) lan Lo 31 Gy U Blal) (e e el alead il 4alg ) Gl o) -

4Sy Aheall QA ae Julaill Bagane e OYlae Byaiiaall ilgall Gilae) aldivadl HLEBLWY) Gladlfiol aad -
bl e Julilly ey el Galaal ) Jpeal)

Gindy peal) il e Jaliall aliveall SLeiaY) Cilaa) (3as 8 LK) cppaiiadl daxy Jysaill jolas dai -
Al cbliie) s lgaads Lala@y) sl ) A8LaYL 4ellS 4ulua) clalal

g5 US g dlalatll L ( clilly Bhalialy (5 ¢ lsall ¢ lsall) maelas ) (A SHpenl) Syl Caisi oSy -
Guin) agdlanly i) adady LalSal (35 Loy Layyslt 8 A5 Jualall 1agd Ayl i 39mgs Lt
- ey Jyeall SN e Jalialls olvie i)

AP liaadilly sl ey LA G da D) ey ALasly Lo A G alrid) Sy 8 4Shal s -
Al (il aan ¢ A8 e A Gl ¢ il Jals Lae Janl) 218580 Dglas (e a8 Jalie e 055,
- Al Calaaly il ind aaat ) ddla) ¢ Jee Aad aungy

 olenl) Ayl cilaliiidy guilis

) e ahaally Jolall (e sre angy Ll e bayleiad 2lSaly heall Gyl Jladd Ciillagll o -
.y shall

DL il g Al ll3y ¢ 8K Al A8 LS hyaall ) Ll 5 4l V) Gl aned e a2l -
.l gl o3 e Jyshall sadl e

(ol Ry g oY 35 Al (Sl Balal) bl ane 13y B S panl) SIS i Sl 55 -
P23 Vg rant Y iall AGLEN) Al ¢ AaL)

- Aaleadl Claal U8 (o ahtial) L) Sllee 368 558 Aalad) Qpaill jilas alaiinl -

(Sl 355) 58 Ulypnas e Jao I rliad LY ngal b cilisglls alall Jysaill ibas e slaieY) 2 -
e Anlly sl 52l e daily gy amg a2 il

s Sluagil)

cAdbide Oladlie A e dashall sadll e ale Llaaldls b.}b.ad\ Sl dreal Jos ‘59‘53\).»04 -

. dale Bygan wa‘ N g_q ?‘M\ Ol el Jea e all 3aby -

o u—‘\JA’J\ ?lLaJ\ aalg L,,s—m bl e Jalall (J_ULJ\ A GJL:) Aol Giladgig Jalad dlac) uﬁ ol saly -
. daghall sadll e A yde Aplaiil ey dflp de g g DA e (aldldl &LLBJ\ ASHlde Allad 32y —

@b.«ud‘ &l ?‘:ﬂ‘ ?ABS ‘"533\ Gilgall o aIS, e O ?\M\ DOl Gl g alad pa gl S)ye glisl -

58



(@) Number 2 Volume 23 February 2017 Journal of Engineering

=

jalaal)

e il ¢ 3 iy lanl ¢ "(Aopal) uae Ay g Ala Aalp) dalgad) I B A jlenal) ysgd) o Bliall Jaaas AaliaN) ¢ Al sl e
280 « 279 277 pa ¢ 2013 ¢ Gl ilagl) el Cl) Jile ¢l panl) )

L) e o lpand) Cig el o BLaal) Aalgl g amsil) sl Tlia gl (B mardl ¢ ilaias sl o Alie afcaaal e
248ac 2010 1y 6 =3 A saadl Lyl ASLaall calypl) cagnus lall Aol caglatilly 3ylenll LS ¢ (lpanll 3 daliialy

cindigal Bale) g Lal) Cp Brasiall Abal) G "¢ G de dame zlans ¢ 28] oo deal o T ¢ Crug aab) deaa a0 LY o
22013 ¢ il adasll  hhend) Gyl Eile ¢ pandl A e cluhae 3 s bl ¢ (Slaal) jUsd Aaaa Cidagh g g pdial Aldas d))
148 ¢ 147 ya ¢

Gsaall dpandl) Ll lalpad (B 9S00 puaal Alla Ay Aas yilacdy angia gy Aaliioss dali My ol A "cnlycglipall @
Sua ¢ 20136 0uplacdpar il

s Aas A ghalially Bliadl cllead 53808 SLEEal) ¢ 3gens (5)S8 2eas aaf ¢ nlild) syl dasans ¢ g deal 0fcndly o
304 =299 5a ¢ 22013 ¢ CEl gl 3ead) il ¢ hand) SN e cluhac 3 liig ila) ¢ alaldl] &) ol Seal) g LG

) )l & sl cilalany )" 5503 " 00 dgag dpagrad) dad) AL B laad) Gl 3lga " ¢ palill ae a0 Jbadll e
Aia ¢ 2007 ¢ puigh gy dasill Ay al) dadiall ¢ 45

. 3202 — 2502 « 2012 ¢ A ciluhall L el Agmeall ¢ " hand) A BIA ¢ palill e L3 Jbajl) e

¢l daals g Alne ¢ g (b Al uarlly Basdiall AuCad) lsall Aaial) Cigligll Ayt ansll ¢ dgeses o el Gy e
.9 ¢8¢54a¢2010 ¢ Lysm

fiaeale Al ¢ "(Apad) ABal L Ala) (lpaally golanal) Bliad) o jliia (B dpaddl A LAY Sl LT ¢ has aje o ¢ Salan o
6804 ¢ 52009 ¢l bl bl el dxala

e il 3 Gl Eilag) ¢ Adylang Gl Bda Sl i) SUY) 2 haad) ELAN Jagad Ll ¢ as deme e gl e
2221 a— 2030 ¢ 2013 ¢ Gl Jilagl el Ell il ¢ il panl)

¢ fmale dagyhl ¢ 1994 ale Ma (il Adiae a8 Ll la cpladh & LA )l bl Jalisale) ¢ g)sd Do tene cdaic o
. 9002 = 3502 « 2007 ¢ gyl ¢ Alagll = laill dxals

— Aail) Saris Liaa) g laiad g g9aii it alalisalel Adall el Gl 4 et o Asblaall’ ¢ Sl deal deae 20 anadl e
453 0a ¢ 22013 ¢ il ida gl hpead) G e o ihanll S e il 3 Glgis Glayd ¢ (Al Al

Elyall il ¢ Shandl Sl e il 3 Elyy Eilag) Al Blial) cleg dia b Galdd) g Uskl) A<D ¢ el daal Lo gLl e
49550 — 491 5a ¢ 2013 ¢ G bl heed)

CA50a— 170a ¢ 2010 pall ¢ " ilpand) Eally alaial) 13l " ¢ JEV1s daldl dalal) d5])

L) Jasal jalaa ¢ Adgag dpe culad! NG Jagail) Jilugy (and) ELAY B L) gy ¢ dilue dsane Mena ¢ Chug @
Jally g pally Al Ly ihanll Jashaiill 5535 ¢ pucra (b cllaliad) odn skl sag JRillg ASjally (iand) Tadadil) Nl (8 dyalll
c1130a ¢ 22005 s slan aall elaty aall dgaall dppall aall

Srgad Apalal) 550 ¢ Al Ape quladl ALV Josalll Jibugy lpand) Sal) (B L) gl ¢ dilie dpene dene o Chuy

S 120a= 20a ¢ 2014 Jp ¢ e S a3l ¢ palEl dnals ¢ gilenlly e8] Taphadill 3S ¢ el

59



=

@D Number 2 Volume 23 February 2017 Journal of Engineering

Blue & green tomorrow  .“sustainable investment “ . 4" edition « 2014 « P8 — P71 .

CPP." Responsible Investing : Investing for Long-Term Value'. Canada.2013 « P1 .

Eurosifc “High net worth individuals and sustainable investment 2012”2012 « P7 < 20 « 21 .

Freedman. Stephen." Adding value(s) to investing :Sustainable investing'« UBS Financial IServices nc.«
New York: 24 March 2015 « P7 — P16 .

GSIA: Global Sustainable Investment Alliance:" Global Sustainable Investment'c January 2013« P4 — P35 .
Kerkhofc M. van dec ” Do sustainable firms induce sustainable outperformance?” ( Master Thesis «
Department of Finance « Tilburg University < 2014 « P1 < 4 .

Napolitano«Janetc OFFICE OF THE CHIEF INVESTMENT OFFICER OF THE REGENTS." Sustainability
impacts investing " < University of Californiaimarch.2015 « P29 .

Norup« Adam . “Socially Responsible Investing” « Master Thesis « Copenhagen business school ¢ 16th
August 2011 « P13 ¢ 29 .

Throsby ¢ David ¢« “Investment in Urban Heritage Economic Impacts of Cultural Heritage Projects in

FYR Macedonia and Georgia” « September 2012 <« P5 ¢ 6 « 42 .
p oAl jalaa

http://www.ar-science.com/2015/02/Investment.html —1

pslall A suisa adse
/http://www.shaikhebrahimcenter.org/houses/abdullah-al-zayed-house-for-bahraini-press-heritage-3 -2
Sigadl 5 AN 4GS dane aalyl ) Sy adse
LSy de uga alise https://ar.wikipedia.org -3
http://www.dubaiculture.gov.ae/ar/Live-Our-Heritage/Pages/Sheikh-Saeed-Al-Maktoum-House.aspx -4
Osilly BED o0 p edse
bl daly x5 http://www.nablus.org/?p=3465 -5
subadd Al a8 http://mishwar.ps/newdetails.php?nid=710 -6
http://www.discoverislamicart.org/database_item.php?id=monument;ISL;eq;Mon01;14:ar -7
Lol plaall pe (Al a8sa

Llsall adse /http://www.albawaba.com/ar/business -8

60


http://www.ar-science.com/2015/02/Investment.html
http://www.ar-science.com/2015/02/Investment.html
http://www.shaikhebrahimcenter.org/houses/abdullah-al-zayed-house-for-bahraini-press-heritage-3/
https://ar.wikipedia.org/
https://ar.wikipedia.org/
http://www.dubaiculture.gov.ae/ar/Live-Our-Heritage/Pages/Sheikh-Saeed-Al-Maktoum-House.aspx
http://www.dubaiculture.gov.ae/ar/Live-Our-Heritage/Pages/Sheikh-Saeed-Al-Maktoum-House.aspx
http://www.nablus.org/?p=3465
http://www.nablus.org/?p=3465
http://mishwar.ps/newdetails.php?nid=710
http://mishwar.ps/newdetails.php?nid=710
http://www.discoverislamicart.org/database_item.php?id=monument;ISL;eg;Mon01;14;ar
http://www.discoverislamicart.org/database_item.php?id=monument;ISL;eg;Mon01;14;ar
http://www.albawaba.com/ar/business/

ISSN 1726 - 4073

Number 2

February
2017

Volume 23

L =S (] (w][ ]| |




BNGINEERING

College of Engineering University of Baghdad No.2 Vol. 23 February 2017

List of Contents
English Section:

Determine an Equation to Calculate the Annual Maintenance Cost for Public Hospitals

((Al Sader City Hospital as a Case Study).
Kadhim Raheem Rezigj
Nuha Hazim Al-Hilaly

Remediation of Contaminated Soil with Petroleum Industrial Wastewater
Mahdi O. Karkush (Ph.D., CE, MISSMGE)
Takwa A. Altaher (M.Sc.)

Ultrafiltration and Reverse Osmosis Membranes for Treating Wastewater Effluent
from Gas Turbine Power Plants Using the Statistical Method of Taguchi

Ahmed Faiq Al-Alawy
Mohammed Kamil Al-Ameri

Static Analysis of Laminated Composite Plate using New Higher Order Shear

Deformation Plate Theory

Dr.Ibtehal Abbas Sadiq
Haider Sami Abdul-ameer

Experimental and Numerical Simulation of an Airlift Pump with Conventional and
Modified Air Injection Device

Ali Abdul Mohsin Hasan Alasadi

Ahmed Khalid Habeeb

A Study on the Removal of Direct Blue 71 Dye From Textile Wastewater Produced From State
Company of Cotton Industries by Electrocoagulation Using Aluminum Electrodes
Karim Khalifa Esgair

Studying the Adsorption of Lead from aqueous Solution by Using Local Adsorbent

Material Produced from Waste Tires by Pyrolysis

Hayder M. Abdul-Hameed
Raghad Abdul-Kareem

Page

1-12

13- 20

21-40

41 -61

62 - 82

83-94

95-108









Ql_“yj_"»_z_,o_)‘ 40 5013

dadal) Cilgdnd)
19-1 Gl (B Euaall ASull o)) pand) Ao (B g il Jalad) il

MQ‘JJL‘?PLEJJJS_\]/
e s anls 44

38— 20 dalxiad o Adalf olual) cilil A 1Y Aadil) Aplad) i)
daal) A 3Lal)

60 - 39 (Aue il Alilas ) Alead) Sl Al A alaieal) lafiiud)

Cpein pulli ik



