Journal of Engineering
ISSN 1726-4073

[ | [ | [ |
A Scientific Refereed Journal

Published by College of
Engineering University of

Baghdad November

2014
Number 11

Volume 20



ISSN 1726-4073

LAJ.\.‘ASK.ASM

gl anls

Mok, daala — A

g

-



ERGIERRING

College of Engineering University of Baghdad

List of Contents

English Section:

Study on Safety Construction Management Plan
Assist. Prof. Dr. Sawsan Rasheed Mohammad
Eng. Ahmed M. Rasheed

Saponification of Diethyl Adipate with Sodium Hydroxide Using Reactive
Distillation

Dr.Raghad Fareed Kassim Almilly
Dr.Asrar Abdullah Alobaidy
Maha Hadi Alhassani

Increasing of Naphthenes Content in Naphtha by Using Y and B Zeolite

Prepared from Iragi Kaolin
Sarmad Abdul-Razzaq Rashid

Improving loT Applications Using A Proposed Routing Protocol
Dheyaa Jasim Kadhim
Omar Abdulsattar Hamad

Phenol Removal Using Granular Dead Anaerobic Sludge Permeable Reactive
Barrier in a Simulated Groundwater Pilot Plant

Ayad Abdulhamza Faisal

Ziad Tark Abd Ali

Solar Photocatalytic Degradation of Diuron in Aqueous Solution by TiO,
Dr. Yasmen A. Mustafa

Dr. Hussain Ali Al-Jobouri

Dr. Khalid M. Jaid

Study the Application of Ultrasonic Technology for Phenol Removal in
Petroleum Industry

Dr. Zainab Ziad Ismail

Ahmed Sabeeh Jasim

Testing and Commissioning of a Low-Speed Wind Tunnel (LSWT) Test Section

Dr. Ihssan Y. Hussain
Anmar Hamid Ali

Removal of Nickel and Cadmium lons from Wastewater By Sorptive Flotation:

Single and Binary system
Ahmed A. Mohammed
Farah Qasim Mohammed

Page

1-19

20-34

35-49

50 -62

63-79

80 -90

91-105

106 — 125

126 — 146



Number 11 Volume 20 November - 2014 Journal of Engineering

AUl sl 3 B Al dial) 43l penl) Aalil)

Ll ‘_*g.\.@.aw‘aﬁy ) géJjJuMJA 3ol L
A yleadl) Ltigl) and igplendl) Ltigl) and
Al RIS [ty Al WERETREIE R

maithamhas@yahoo.com

: danl) aldia

Chaiie Jiag dish Je) e o Gl Bl aaalsall ) e el (A Al Shall aals AN JSLAGD) e
DShall uskail) apliia (e S 230 6L e Sldad ¢ Lgiuhal haall yohaily dalad) Clud¥) Cgagi By ¢ Gapdall (8l
L) Aba) dypmal) JSLiall d3liae Laais ) apliiall 38 Gakii (o Cijeds 35 ¢ allad) e (e wpaall 8 dua,0l
Jids Ally dpala@ly e laal) cuilsall Jlaal ae led Japdasilly dhieall 435kl ) ae bl 020 Jaled sy
& Aaltianall Apaiill llal Jsn A prall moimg ade b Cand) AlEe Ciaand Glld g g g . Aaliosall Ayl b " Lulu)
Gl Can a3 by L gald OS5 S0 8 Al daky 3Ses ale ISy il Sl dypaall JSLE s
Aplaifyly dpelaally Lhnl lolhsiue aaen dpaall i) siwe o dpailll Clidase il 4848 #la) 8
CLISQY] Ay Jalbs pala J88 #)SI 8 Sy S)ay ple dS LAl Shall Jhesll ekl (KL ~Lialy
- a L o )Y 8Ll dagand GBaiats agall A el g Al iall dpatill ayyliie gy Sy Lumsar )

C A Ul Shal) ¢ Alpaad) paglaill ¢ dalaieeal) daiil) ¢ dalaiad) ¢ Agalil)

The sustainable urban development in Al_Kharkh historic center

Maitham Hasan Mahdi Al-Saffar Prof Dr. Ghada Musa Razoki Al_Siliq
Architectural Dep. Architectural Dep.
Baghdad University/ college of engineering Baghdad University/ college of engineering
ABSTRACT

The problems of urban historic centers are considered some of the subjects which are widely
dealt with in urban studies since the middle of the 20th century. literature of urban development
have raised it , beside the fact that large number of urban development projects of the historical
centers in many cities of the world ,and emerged from the application of these new problems
projects added their original urban problems , because these projects have dealt with the physical
structures with the neglect of the social and economic sides, which are the base in sustainable
development
Research problem was elaborated as : The unclearly of knowledge of the potentials of the
sustainable development in solving the urban problems of historic centers in general, and In
Baghdad historic center of Karkh in particular. So the objective of the research becomes: clarifying
how to elaborate the outputs of sustainable urban development with all its aspects.

Development , Sustainable , The Sustainable Development , Urban Development , Historic
centers .
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ABSTRACT

T his research presents a new study in reactive distillation by adopting a consecutive
reaction . The adopted consecutive reaction was the saponification reaction of diethyl
adipate with NaOH solution. The saponification reaction occurs in two steps. The
distillation process had the role of withdrawing the intermediate product i.e. monoethyl
adipate from the reacting mixture before the second conversion to disodium adipate
occurred. It was found that monoethyl adipate appeared successfully in the distillate
liquid. The percentage conversion from di-ester to monoester was greatly enhanced
(reaching 86%) relative to only 15.3% for the case of reaction without distillation .This
means 5 times enhancement . The presence of two layers in both the distillate and
residual liquids was noticed ,the upper (water) layer and the lower (ester) layer.
However, water layer was dominant in the distillate .The percentage excess of NaOH
solution was calculated with respect to the concentration of monoester (9%-79%) and it
was found that increasing the concentration of NaOH solution( until 40%) led to
increase in the percentage conversion to monoester. It also led to get a pure monoester
in the distillate and made the residual liquid appear as one layer. Maximum conversion
had been occurred in the rang (40%-60%). After 60% the percentage conversion
lowered noticeably.

Key words: reactive distillation, consecutive reactions, saponification reaction, monoethyl
adipate, diethyl adipate.
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1. INTRODUCTION
The technique of reactive distillation was described to be useful for equilibrium-limited
reactions such as esterification and ester hydrolysis reactions, Edreder , et al. ,2010. That is
conversion can be increased far beyond what is expected by the equilibrium due to the
continuous removal of reaction products from the reactive zone. This helps in reducing capital
and investment costs and may be important for sustainable development due to a lower
consumption of resources.
Reactive distillation was used with reversible, liquid phase reactions such as the production of
ethylene glycol ,Okasinsld , and Doherty , 1998 . A model was presented to show the
difference between the kinetics of the reaction without and with the boiling of the reaction
mixture in a staged reactive distillation column.
Catalytic distillation is a branch of reactive distillation which combines the processes of
distillation and catalysis to selectively separate mixtures within solutions. Its main function is to
maximize the yield of catalytic organic reactions, such as the refining of gasoline , Babich , and
Moulijn , 2003 .
The design and operation for reactive distillation systems are considerably more complex than
those involved for either conventional reactors or conventional distillation columns. The
development of models for design of reactive distillation columns was proposed, Taylor, and
Krishna, 2000. Huss and et al., and Huss, et al., 2003, presented a hierarchy of methods,
models , and calculation techniques that support the design of reactive distillation columns. The
approach was illustrated for the production of methyl acetate. They showed the existence of
both minimum and maximum reflux. A narrow range of reflux ratios produced high conversions
and high purity methyl acetate.
Huerta-Garrido and Rico-Ramirez , 2004 , presented a simplified methodology for the
analysis and design of reactive batch distillation columns based on the McCabe-Thiele method
for reactive continuous columns and on the concept of a reactive difference point.
A reactive distillation column for the synthesis of methyl tert-butyl ether (MTBE) was
simulated using a steady — state equilibrium stage model, Jacobs, and Krishna, 1993. Gildert ,
et. al.,2011, presented advances in process technology through catalytic distillation . A number
of recently commercialized catalytic distillation applications were described, such as:

e Butadiene selective hydrogenation.

e Pentadiene selective hydrogenation.

e (4 acetylene conversion.

e Benzene saturation.
In this research, the reactive distillation technique is applied to a consecutive reaction for the
first time. Saponification reaction of diethyl adipate with sodium hydroxide solution was
proposed as the consecutive reaction. In this reaction the di-ester converts to disodium adapted
by two steps. The first step converts diethyl adipate to monoethyl adipate (which represents the
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intermediate product) . The second step converts monoethyl adipate to disodium adipate (which
represents the final product). The chemical reactions were represented as follows, Newberger
and Kadlec , 1973 :

(CH,)s(COOC,Hs), + NaOH —  (CH,)4(COONa)(COOC,Hs) + C,HsOH

diethyl adipate sodium hydroxide monoethyl adipate ethanol

(CH;)4(COONa)(COOC,Hs) + NaOH — (CHy)4(COONa), + C,HsOH
monoethyl adipate  sodium hydroxide disodium adipate ethanol

The objective of this research is to prove that reactive distillation technique can be applied to
enhance the conversion of the intermediate product of a consecutive reaction. This can be done
by removing the intermediate product from the reaction zone using distillation before converting
to the final product. This technique may be applied in many industrial reactions where the
intermediate product is the desired product.

2. EXPERIMENTAL WORK

Because diethyl adipate material is not available in laboratories neither in market, it should
prepared in laboratory, Micovic , 2013 . So, the experimental work was split into two parts.

2.1 Part | — Preparation of Diethyl Adipate
2.1.1 Materials

Adipic acid (Hopkin & Williams LTD), ethanol (Medical grade 96% purity, Al-Tharthar Co.
LTD), toluene ( Analyt GCC), sulfuric acid ( commercial grade).

2.1.2 Equipment

500 ml- distillation flask , condenser ,heater, (0-300°C) thermometers, 500 ml - receiving flask ,
Buchner suction tube and Bichner flask of 250 ml, 100 ml- graduated cylinder , 50ml-
pycnometer , pipet , buret , sample flasks of 25- and 50-ml , refractometer ( Model Optika , no.
2WAJ SN 281006 , ltaly ).

2.1.3 Procedure

73 grams of adipic acid is weighed and transferred to the 500 ml - distilling flask . Then 180 cc
of ethanol , 90 cc of toluene are added. Few drops of concentrated sulfuric acid are added as a
catalyst.

The flask is connected with a condenser. It is heated. An azeotropic mixture of alcohol, toluene ,
and water begins to distill at approximately 70°C . Distillation is continued until the thermometer
in the neck of the flask rises to 80°C . Then heating is suspended.

That was the first part of preparation . The second part begins when the residual liquid in the
flask is again heated under vacuum using Buchner suction tube and flask (calibrated using U-
tube manometer). Alcohol and toluene distil first . Then the temperature rises and diethyl adipate
begins to distill at 137°C. The yield was 78 ml of diethyl adipate.
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The FTIR of the ester was performed , as well as its density ,refractive index, and boiling point
were measured . The density was measured using pycnometer and was found to be 1.124 g/cm®
at 10°C ( the ambient temperature).This was satisfactory when compared with the published
value of 1.009 g/cm’at 25°C , Perry's Handbook , 1984 . Also the refractive index was
measured for the prepared amount of ester using the refractometer . It was found to be 1.429.
This was again satisfactory when compared with the published value of 1.427 ,Langs
Handbook , 1934 . The boiling point was recorded to be 137°C.Again it was fair enough with
published 138°C.These results were reliable to proceed in this research and accomplish the
second part of it.

2.2 Part Il — Saponification of Diethyl Adipate with Sodium Hydroxide using Reactive
Distillation

2.2.1 Materials

The materials used are : diethyl adipate ( prepared in the laboratory) , sodium hydroxide solution
( Aldrich mark ) standardized against standard HCI solution ( commercial grade)
(standardization of HCI is due to , Vogel , 1961 ) .

2.2.2 Equipment

The apparatus used consists of (500 ml- distilling flask ) connected with adapter , condenser ,
receiver , and receiving flask to collect the condensate , as shown in Fig.1 . A thermometer is put
in one of the flask's opening to measure the temperature of the boiling liquid . Another
thermometer is put in the adapter's opening to measure the temperature of the rising vapour .

2.2.3 Procedure

Measured amounts (10 — 50 ml) of prepared diethyl adipate were mixed with standard sodium
hydroxide solution of changeable excess amounts (150-350 ml) in the distilling flask and heated
. The distillate began to appear at 100°C.The temperature was found to be constant at 100°C
After about one hour the distillation was stopped . The distillate and residual liquids were
transferred to separating funnels. They were left to separate into two layers . Each layer was
transferred to a flask and analysed using FTIR , and titration against standard hydrochloric acid
.The conversion to monoester for the distillate was calculated. Results are tabulated in Table 1.
The refractive index of distillate upper layer was also measured as shown in Table 2.

3. RESULTS and DISCUSSIONS

Figs. 2-14 show FTIR analyses results . Fig. 2 shows FTIR analysis for diethyl adipate alone .It
has a peak at 1735 which indicates ester carbonyl group (C=0) existence . Figs. 3 and 4
illustrate the existence of unreacted diethyl- with monoethyl adipate in both the upper and
lower layers .The conversion to monoester was found to be 74.1%. These results corresponded
to 9% excess of NaOH solution . Figs. 5 and 6 show the results using 15% excess of NaOH
solution . They show the presence of both mono- and diester with noticeable reversed
concentrations in the two layers of distillate. It has been found that the conversion of di-ester to
monoester was increased to 78.9% .This is because increasing NaOH concentration (one of the
reactants) , leads to increase the extent of reaction .Also ,the reaction is irreversible in alkaline
solution due to the stabilizing effect caused by resonance of the carbonyl group , Newberger
and Kadlec , 1973 .At higher value of percentage excess of NaOH solution, i.e. 19%, the
conversion to monoester was clearly enhanced , reaching 87.5%. This was explained by Figs. 7
and 8 .Also, it is obvious that monoester appears purely in Fig. 7 which represents the upper
(water) layer of distillate . That's means gaining the intermediate (desired ) product at higher
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yield and purity . These results are summarized in Table 1.

FTIR analyses were carried out for residual liquids. The presence of monoester in the residue
was noticed for different values of percentage excess of NaOH solution. FTIR analyses for
upper and lower layers of residue are shown in Figs. 9-14.1t was noticed that mono- and di-ester
presented in the two layers .Concentration of monoester cannot be detected by titration of these
layers , since NaOH solution presented in these layers in excess values as the second reactant . It
was also noticed that at 19%excess of NaOH solution , there was only one layer in the residual
liquid as shown in Figs. 13 and 14. Increasing percentage excess of NaOH to 79% led to
lowering the conversion to mono-ester to 86% as shown in Table 1.
Another experiment was conducted without distillation to compare the conversion between the
two cases , i.e the reaction without distillation and the reactive distillation .It was difficult to
calculate monoester concentration using titration in this experiment since monoester and
unreacted NaOH solution were being in the same mixture . Therefore; GC analysis and atomic
absorption were carried out to indicate the presence of monoester and to measure the quantity of
it as illustrated in Figs. 15 and 16.It was shown by atomic absorption that the conversion of di-
ester to monoester was only 15.3% using 79% of NaOH solution (calculated with respect to
monoester). A summary of these results are tabulated in Table 2.The dependence of the
conversion from di-ester to monoester on the %excess of NaOH solution is drawn in Fig. 17.1t
can be noticed that the curve has second degree shape which indicates the presence of maximum
conversion. This means that the increase of percentage excess of NaOH solution increases
conversion to approximately 100% at about 40% excess NaOH then further increasing of
percentage excess of NaOH (above 60%) lowers the conversion .This can be discussed as
follows: at low values of percentage excess of NaOH solution , the conversion increases with
increasing NaOH molecules (increasing the concentration of one of reactants), but when
percentage excess of NaOH solution increases further, the molecules are hindered to transfer
causing reduced values of conversion.The refractive indices of the distillate upper layers were
measured . The values were found to be near to that of water (1.3331) , Langs Handbook ,
1934, as shown in Table 3. The explanation of these results is that the ester is slightly soluble in
water , Perry's Handbook , 1984 , so it was appeared as a dispersed phase in water and the
refractive index fixed to that of water.

4.CONCLUSIONS

-The technique of reactive distillation is used to increase the conversion of an intermediate product
of consecutive reactions.

-Increasing percentage excess of reactant (certain limit) increases the conversion of the
intermediate product of a consecutive reaction in the distillate.

-The purity of the intermediate product is increased with increasing percentage excess of the
reactant.
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NOMENCLATURE

A limiting reactant (ester)
B excess reactant (NaOH solution)
C concentration (mol . I

Subscripts
o Initial ( Cpo initial conc. of reactant A)
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Figure 1. Apparatus photo.

e
. EsHiMaDZU
A1
] e =idy sl
5P N A e
%T | V\‘ / V §
- e |
'ub\}.w’ I
; ' ;
525 wi \ ( S
i
. |
e : q
: U
375 | |
i g
i e T T B e e — .
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
FTIR Measurement tlem
. Comment; No. of Scans; Date/Time; 1710472014 10:14:328
FTIR Measurement Resolution; User; 5§
f & s

Figure 2. FTIR measurement for diethyl adipate .
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Figure 3. FTIR measurement for upper layer of distillate with Ca,=0.58 mol.I™,Cg,=0.63 mol.I*
and 9 %excess of NaOH solution.

Figure 4. FTIR measurement for lower layer of distillate with Ca,=0.58 mol.I™*,Cg,=0.63 mol.I*
and 9%excess of NaOH solution.
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Figure 5. FTIR measurement for upper layer of distillate with Cx,=0.5553 mol.I*,
Cgo=0.6384 mol.I"* and 15%excess of NaOH solution.

Figure 6. FTIR measurement for lower layer of distillate with Ca,=0.5553 mol.I*,
Cgo=0.6384 mol.I"* and 15%excess of NaOH solution.
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Figure 7. FTIR measurement for upper layer of distillate with Cx,=0.32 mol.I*,
Cgo=0.38 mol.I" and 19%excess of NaOH solution.

Figure 8. FTIR measurement for lower layer of distillate with Cx,=0.32 mol.I*,
Cgo=0.38 mol.I"t and 19%excess of NaOH solution.
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Figure 9. FTIR measurement for upper layer of residue with C,=0.58 mol.I*,Cg,=0.63 mol.I"*
and 9 %excess of NaOH solution.

Figure 10. FTIR measurement for lower layer of residue with Ca=0.58 mol.I"*,Cg,=0.63 mol.I"*
and 9 %excess of NaOH solution.
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Figure 11. FTIR measurement for upper layer of residue with Ca,=0.5553 mol.I?,
Cgo=0.6384 mol.I"* and 15 %excess of NaOH solution.

Figure 12. FTIR measurement for lower layer of residue with Cay=0.5553 mol.I™?,
Cg0=0.6384 mol.I"* and 15%excess of NaOH solution.
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Figure 13. FTIR measurement for upper layer of residue with Cao=0.32 mol.I"*,Cg,=0.38 mol.I*
and 19 %excess of NaOH solution.

Figure 14.  FTIR measurement for lower layer of residue with Cp,=0.32 mol.I™*,Cg,=0.38
mol.I" and 19 %excess of NaOH solution.
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Figure 15. GC analysis of diethyl adipate sample saponified without distillation (Ca,=0.094
mol.I"and Cgo=0.24 mol.I"™).

Figure 16. GC analysis of ethyl group as standard.
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Figure 17. The dependence of the conversion (from di-ester to monoester) on %excess of NaOH solution
in reactive distillation of saponification of diethyl adipate.

Table 1. Percentage conversion to monoester in distillate.

] . %excess of NaOH %conversion in
Cao (mol.I”) Cao (mol.I”) Sl " distillate
0.58 0.63 9 74.1
0.5553 0.6384 15 78.9
0.32 0.38 19 87.5
0.094 0.24 79 86

Table 2.Summary of experimental results.

Technique %excess of NaOH sol. %conversion to monoester
without distillation 79 15.3
9 74.1
. T 15 78.9
with distillation 19 575
79 86

Table 3. Refractive index variation with initial reactants concentrations and percentage excess
of NaOH solution.
%excess of NaOH | RI of upper layer of

Cpo (Mol.IY) Cao (mol.I”) sol. distillate
0.58 0.63 9 1.3383
0.5553 0.6384 15 1.3380
0.32 0.38 19 1.3380
0.094 0.24 79 1.339
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ABSTRACT

This work dealt with separation of naphthenic hydrocarbons from non-naphthenic
hydrocarbons and in particular concerns an improved process for increasing the naphthenes
concentration in naphtha, The separation was examined using adsorption by Y and B zeolite in a
fixed bed process. The concentration of naphthenes in the influent and effluent streams was
determined using PONA classification. The effect of different operating variables such as feed flow
rate (2- 4 L/hr); bed length (50 - 80 cm) on the adsorption capacity of Y and 3 zeolite was studied.
Increasing the bed length lead to increase the naphthenes concentration, and increasing the flow rate
lead to decrease in the concentration of naphthenes, It was found that the decrease in flow rate to 2
L/hr and increase the bed length to 80 cm lead to increase the naphthenes concentration from 6.2 to
24.8 Wt. %.

Key words: Adsorption, Naphthenes, Naphtha, Y and 3 zeolite, Iraqi kaolin.
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1. INTRODUCTION
Environment-related issues nowadays for sure a powerful driving force for the improvement
of current refinery processes or the development of new routes for upgrading refinery cuts.

Naphthenes are ring structures where each carbon atom is linked to two hydrogen atoms and
to two carbon atoms. This arrangement applies to single—cycle structures. The general formula is
(CyH2n), Calemma, et al., 2013.

In the refining of petroleum by modern techniques, complex hydrocarbon mixture of the
gasoline boiling range are frequently produce which comprise paraffin and naphthene
hydrocarbons. The latter have appreciably higher octane numbers than paraffins of the same boiling
range, certain naphthenes, particularly cyclohexane, are also of great value in the production of
variety of organic chemicals, Abbas, 2011.

Several techniques have been forward to separate naphthenes from paraffins such as
azeotropic distillation, membrane extraction and liquid-liquid extraction, Abdul — Raheem, 2003.
However, these methods for separating naphthenes from complex hydrocarbon mixtures are either
economically impractical or are effective only with particular mixtures, Schreiner et al, 1993,
Drzaj, et al., 1985

Adsorption plays an important role in industry of recovery of valuable substances. It’s most
important uses in the removal of organic contaminants from polluted sources. The relative
advantages of adsorption over other conventional advanced treatment methods as mentioned at
Rashid, 2009, because it can remove both organic as well as inorganic constituents even at very
low concentrations, it is relatively easy and safe to operate, both batch and continuous equipment
can be used, no sludge formation, the adsorbent can be regenerated to use again and all adsorption
processes involve a decrease in the free energy of the system, Cassidy, 1951, Mohanty et al., 2005.

Adsorption of material occurs when certain species is selectively retained on the surface, or
in the pores or interstices of adsorbent. Forces causing adsorption are the same ones that cause the
cohesions in solids and liquids. If these forces are van der Waals then it is physical adsorption or
physisorption, if there is an electron transferred or shared then it is chemical adsorption or
chemisorption, Land, 1971. Adsorbents are natural or synthetic materials of amorphous or
microcrystalline structure those need on a long scale include activated carbon, activated alumina,
silica gel, and molecular sieve, Perry and Chilton, 1984. Zeolites are high capacity selective
adsorbents because they separate molecules based upon the size and configuration of the molecule,
relative to the size and geometry of the main apertures of the structure, Mohammed and Abbas,
2014. Also zeolites adsorb in particular those with permanent which show other interaction effects,
with selectivity that it is not found in other solid adsorbents, Kirk-Othmer, 1983.

The present study is a trial to increase naphthenes concentration in naphtha fraction by using
bed consists of y and 3 zeolites prepared from Iraqgi kaolin.
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2. MATERIALS AND EXPERIMENTAL TECHNIQUES
2.1 Materials
2.1.1 Feed

The feed hydrocarbons (naphtha) are obtained from Al — Doura refinery/Irag. The properties
of (naphtha) are given in Table 1 and the chemical composition of Iragi kaolin (Doukhla kaolinite)
used are given in Table 2.

2.1.2 Adsorbent:
2.1.2.1 Synthesis of Y-Zeolite type from Iraqi kaolin

In order to prepare zeolite from kaolin, kaolin was dissolved by the addition of sodium
hydroxide (kaolin / NaOH = 1/1.5 by wt.) at 850°C for three hours. A typical zeolite synthesis
procedure from clay was performed as follows:

Ten grams of kaolin powder and 12.67 grams of sodium silicate were dispersed in 150 ml of
deionized water under constant stirring for 1 hour. The slurry with a molar composition of

6Si02:A|203:9N8.20:249H20

and the pH range of (13-14) were aged at 100°C temperature for 48 hours to form gel slurry. Then
the gel slurry was transferred into the polyethylene container to hydrothermally crystallize.
Crystallization was carried out at about 100°C. Subsequently, the resultant precipitate was separated
from the mother liquor by filtration. The crystalline mass is then washed with deionized water until
a pH range of (9-12) and dried at 100°C for 16 hours, Htay and Oo, 2008.

2.1.2.2 Synthesis of B-Zeolite type from Iragi kaolin

The kaolin was firstly calcined at 720°C for 4 hours and then was treated with 20 wt%
hydrochloric acid HCI solution at 94°C under reflux conditions. The solid with SiO,/Al,03; molar
ratio of 18 was obtained.

In a typical process, 16.0 g of HCl-treated solid was added to a mixture solution composed
of 3.2 g sodium hydroxide NaOH and 46.4 g of Tetraethylammonium hydroxide (TEAOH) aqueous
solution (15.9 wt%) under stirring. Then the resulted mixture with the following molar chemical
composition:

4.5Na,0:Al,03:18Si0,:6 TEAOH:756.8H,0

was transferred into a 200 ml autoclave and placed at 170°C for 30 hours. After crystallization, the
solid product was filtered, washed, dried and calcined at100°C and 550°C for 6 hours respectively,
Wan, et al. 2010.

2.2 Adsorption Equipment and Procedure

Experiments were carried out in cylindrical column (2.54 cm diameter, 100 cm length). Three liters
glass container is used for feed and connected to a dosing pump (HB 36) for pumping the feed at
desired flow rate to the top of the adsorption column. The column is packed with y and 3 zeolites.
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The bottom of the adsorption column is fitted with a perforated plate to support the zeolite bed with
equal volume crystal balls was used in the top to achieve normal distribution and to reduce the
channeling. The bottom of adsorption column is fitted with valve. 1L receiver is used to collect the
effluent which is analyzed for determining the concentration of naphthens hydrocarbons. The entire
apparatus is shown in Fig.1.

A certain quantity of y and B zeolite (50% of each) is heated to 110 °C for three hours to
avoid the humidity. The zeolite is put in the adsorption column where it is supported by a perforated
plate. The feed is pumped to adsorption bed which is constructed from multiple layers in series
depending of the bed length of the experiment using dosing pump at desired product. The feed is
passed through the bed and product is collected in 1L glass receiver. The product is analyzed (as
described in the following paragraph) at intervals time for obtaining the concentration of naphthene
at each time. The feed is continuously flowing through the bed until no change in naphthens
concentration between the inlet and outlet streams is observed, which means that the saturation of
adsorbent is over.

2.4 Analytical Method

The chemical composition of naphtha is described by PONA classification (i.e. the
parrafinic, olefinic, naphthenic, and aromatic composition in the naphtha sample).

PONA analysis is (IP 128) carried out depending on the following measurements:

a- Bromine No. determined by IP 130.
b- Aniline No. determined by IP 2.
c- Sample dearomatization made according to ASTM D 1019 — IP 145.
d- Sample distillation determined by IP 123.
There are four procedures to determine the PONA analysis:
1- Procedure A: used when (50%) boiling point (B.P) below 110°C and Bromine No.below (0.5).
2- Procedure B: used when (50 %) boiling point above 110 °C and Bromine No. below (0.5).
3- Procedure C: used when (50 %) boiling point below 110 °C and Bromine No. above (0.5).
4- Procedure D: used when (50 %) boiling point above 110 °C and Bromine No. above (0.5).

3. RESULTS AND DISCUSSION
3.1 Characterization of Zeolites

3.1.1 X-Ray Diffraction

Powder XRD studies were performed on the calcined samples in order to identify or detect
different crystalline phases present in the catalyst. Figs. 2 - 5 illustrate XRD patterns, HY-Zeolite
prepared from kaolin, standard type Y-Zeolite, HB-Zeolite prepared from kaolin and standard [-
Zeolite. The comparison between the prepared Zeolite and the reference indicates that the
preparation method gives good results. This leads to conclusion that our preparation method gives a
nearly synthesized indigenous. XRD also shows that there is small reduce in the intensity of the
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peaks located around differences regions, which can be explained by the nature of the silica
materials, which were used in the preparation method, Treacy and Higgins, 2001.

3.1.2 Chemical analysis

The chemical analysis composition of the prepared zeolites (Y and B Zeolite) and the
commercial zeolites are shown in Table 3. The SiO,/Al,O3 molar ratios are 5 and 15.4 which are
slightly smaller than that in commercial. However, these ratios are typical of such type of zeolite,
the values of SiO, /Al,O3; molar ratio obtained during the treatment times of dealumination for f
zeolite as shown in Table 4; it refers to increases of SiO, /Al,O3 molar ratio of sodium type of Y
and B under the same conditions reching 8.92 and 24.85 for Y and  Zeolite respectively, this is due
to the higher pore diameter of  zeolite (240 nm) with respect to Y zeolite pore diameter (116 nm)
and this improves mass transfer through B zeolite, Y zeolite normally has a SiO,/Al,0; molar ratio
of about 10. However, this can be progressively increased to the point where nearly all the alumina
is removed as a work published by Guisnet et al. Nevertheless, the concentration of its strong acidic
centers passes through a maximum at a molar ratio of SiO,/Al,03 of 19-25. The values of
SiO,/Al,O3 molar ratio obtained during the treatment times of dealumination for Y zeolite are
shown in Table 4, on the other hand, B zeolite normally has a SiO, /Al,03 molar ratio of about 32.5.
This can be progressively increased to the point where nearly all the alumina is removed as a work
published by Anthony et al. However, the concentration of its strong acidic centers passes through a
maximum at a molar ratio of SiO, /Al,O3 of 20-30, Anthony et al., 2001, Hopper and Voorhies,
1972, Guisnetet al., 1984 and Karge and Ladebeck, 1980.

3.1.3 Surface area

The surface areas of the zeolites (H-Y and H-P) were determined by nitrogen physisorption method
(BET). The results show that 3 - Zeolite has higher surface area than Y — Zeolite, i. e. 347 and 334
m?/g respectively.

3.2 Breakthrough Results

The transient of naphthenes concentration through the adsorption bed is shown in Fig. 6. The
concentration ratio Co/Ci for naphthenes has its largest value at the beginning of adsorption process
and last for a certain time then decreases gradually until the adsorbent becomes saturated with non-
naphthenic hydrocarbons feed. At the saturation condition the ratio Co/Ci of naphthenes reaches
unity indicating no further separation of naphthenes occurs, on the other hand, the results show that
Y-zeolite or B-zeolite beds give lower performance than that of mixed zeolite, this may be due to
the relation between adsorbents pore size and non-naphthenic compounds molecular size that occur
compilation through adsorption.

3.2.1 Effect of feed flow rate

Adsorption of non-naphthenic compounds is studied at different flow rates. Fig. 7 shows the
transient values of (Co/Ci) at different flow rates.

Results show that increasing the flow rate lead to earlier break points. That is because at
high flow rate the quantity of feed mixture to be adsorbed is more and hence break points come
early. Also increasing the flow rate will reduce the contact time between the adsorbent and the
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adsorbate and hence less enriching degree of naphthenes is obtained, maximum concentration ratio
for naphthene achieved at earlier time reaching 3.7 at operating conditions of Q=2 L/h, Z= 80 cm,
these results are agreement with Jaber, 2005.

3.2.2 Effect of bed height

Different runs are made to study the variation of separation affinity with varying the bed
height of adsorbent. These are illustrated in Fig. 8.

In general, increasing bed height leads to increase the degree of enrichment, (Co/Ci). This is
because of two reasons; (1)increasing the bed height means increasing the quantity of adsorbent and
hence increase the capacity of adsorption of the bed which leaving more naphthenes components in
the raffinate, (2) increasing bed height leads to increase the resident time of feed mixture in the bed
which cause high degree of enrichment for naphthenes.

In contrast shows that shorter bed lengths are generally responsible for earlier break point,
This is because any increase in bed length will increase adsorption capacity of aromatic or parafinic
components, causing slow movement of (MTZ) toward the end of the bed, i.e., earlier saturation of
bed with the adsorbate, the naphthenes reaches the break through concentration Co/Ci equal to one
at time of about 50 and 70 min for 50 and 80 cm respectively, also these results are compatible with
Jaber, 2005.

4. CONCLUSIONS
Based on experimental results, the following conclusions are made:

1. Y and B zeolites prepared from Iraqi kaolin gave much closed characteristics to that of
commercial types.

2. In general, zeolite is good adsorbent for non-naphthenic compounds. Particularly, bed of
mixed types of Y and 3 zeolite gave higher performance than each separated one.

3. In general, increasing the bed height and decreasing the flow rate lead to increase the
separated performance. Increasing bed height to 80 cm (2.5 cm diameter) with flowrate of 2
L/h gave an increase in naphthenic concentration from 6.2 wt % to 24.85 wt %.
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6. NOMENCLATURE AND ABBREVIATIONS:

Nomenclature

Ci
Co

Q
z

inlet concentration of Naphtha
outlet concentration of Naphtha
volumetric Flow Rate, L/hr

bed length, cm

Abbreviation

ASTM
B.P

American Standard Test Method
Boiling Point
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BET Brunauer, Emmett and Teller
MTZ Mass Transfer Zone
PH Acidity

PONA Parrafinic, Olefinic, Naphthenic, and Aromatic composition in the Naphtha sample

TEAOH  Tetraethylammonium Hydroxide

XRD X-Ray Diffraction
Table 1. Properties of Naphtha.

Specific gravity at 15.6/15.6 °c 0.675
R.V.P (kg/cm®) at 37.8 °c 0.95
Initial boiling point °c 76 °c
End boiling point °c 186 °c
Aromater % wt. 11.9
Olefin % wit. 0.1
Naphthene % wit. 6.2
Paraffins % wit. 81.9
Bromine No. 1.2
API 61

Table 2. Chemical omposition of Iragqi Kaolin (Doukhla Kaolinite) used.

Constituent Weight (%)
SiO2 50.10
Al203 32.80
Na20 0.27
TiO2 1.27
Fe203 1.24
MgO 0.24
CaO 0.28
K20 0.66
L.O.l, wt % 12.3
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Table 3. Chemical analysis of the two types of prepared zeolites and its references.

: - HY-Zeolite Hp-Zeolite
Chemical composition
(mol. %) Kaolin | Reference | Kaolin | Reference
SiO; 5.65 6 17.25 18
Al,O; 1.13 1 1.12 1
Na,O 9.05 9 4.17 4.5
Si0,/Al,03 (molar ratio) 5 6 154 18

Table 4. Comparative ratios of SiO,/Al,O3 for Sodium form of Y zeolite and B zeolite
dealuminated by acid leaching method.

No. of treatment times with Nitric acid HNO;
Zeolite type Prepared One Two Three
SiO; to Al,O3 molar ratio
Y zeolite 5 6.31 7.58 8.92
B zeolite 18.4 20.61 22.02 24.85
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Figure 1. Schematic diagram of the experimental rig.
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Figure 3. XRD of standard type Y- Zeolite, Treacy and Higgins, 2001.
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ABSTRACT

T he main objective of this work is to propose a new routing protocol for wireless sensor
network employed to serve 10T systems. The routing protocol has to adapt with different
requirements in order to enhance the performance of IoT applications. The link quality, node
depth and energy are used as metrics to make routing decisions. Comparison with other protocols
is essential to show the improvements achieved by this work, thus protocols designed to serve
the same purpose such as AODV, REL and LABILE are chosen to compare the proposed routing
protocol with. To add integrative and holistic, some of important features are added and tested
such as actuating and mobility. These features are greatly required by some of IoT applications
and improving the routing protocol to support them makes it more suitable for 0T systems.

The proposed routing protocol is simulated using Castalia-3.2 and all the cases are
examined to show the enhancement that achieved by each case. The proposed routing protocol
shows better performance than other protocols do regarding Packet Delivery Ratio (PDR) and
latency. It preserves network reliability since it does not generate routing or data packets
needlessly. Routing protocol with added features (actuating and mobility) shows good
performance. But that performance is affected by increasing the speed of mobile nodes.

Keywords: internet of things, routing protocol, wireless sensor network, castalia-3.2.
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1. INTRODUCTION

The Internet of Things (I0T) applications are the new area of IT fields, these applications
aim to collect the data from different sensing resources and transmit them to the internet, and
then take a decision according to the different types of data captured and reply with an action
after analyzing the data this action may deal with one or more devices according to the way the
loT server handles and analyzes the data, Mazhelis, et al., 2013 and Gubbi, 2013. The data may
be related to environment, business, society or health Su, et al., 2013, Yang, and Pan, 2013.
Great diversity of 10T applications makes it necessary to build a routing protocol that can handle
the differences among these applications and satisfy all the requirements needed to achieve the
expected performance. The behavior of these applications must be taken into account during the
design process, since loT application collecting data mechanism contributes in defining the
topology, and then imposes the Mechanisms used by the routing protocol to perform its task
effectively.

It is essential to select routing metrics that routing protocol can use in the decision
process. Link quality is the most important metric to be taken into account. The link quality can
be calculated as signal to noise ratio (SNR), or signal to interference ratio (SINR) as an indicator
of link status, Baumann, et al., 2007 and Rondinone, et al., 2008. The energy metric will play
an important role in routing decision process, Su, et al., 2013, Patel, et al., 2013 and Sridevi, et
al., 2013. The energy metric can be calculated as remaining energy or the ratio of the remaining
energy to the total energy defined for each node, and sometimes the designer needs to select the
node with the highest energy level and this can be done by avoiding the path having a node with
minimum energy level, Baumann, et al., and 2007, Chipara, 2010. It may be required to use
hop count metric to control the packet path and avoid using of path with too many hops which
may lead to consume more energy and increase the latency Machado, et al., 2013, Al-Fagih,
2013, and Farooq, and Jung, 2013.

Change in mobility state of the nodes confers a kind of complexity to the design. The
required Protocol must possess the ability to deal with all nodes regardless of their state. The
nodes dealing with this type of routing protocol have to support the dynamic routing. So these
nodes can deal with all other nodes without limitations. And that must be done by supporting
different mechanisms to deal with messages from other nodes and not by imposing mechanism
that are not used by other nodes. This approach facilitates the communication between the
heterogeneous nodes and increases the network performance. The IoT routing protocol should
serve the actuating data as well as the sensed data. Some 10T applications greatly rely on the data
sent by the 10T server to the smart objects. The routing protocol must be fluent in dealing with
this type of data and act with the same efficiency that it deals with data obtained from sensors.
The powerful simulation tool that may be used to evaluate the mentioned cases is Castalia-3.2,
which is designed for simulating wireless sensor network (WSN), Body Area Network (BAN)
and generally networks of low-power embedded devices. It is based on the OMNeT++ platform
which is an object-oriented modular discrete event simulator, Boulis, 2009, and Varga, 2003.

2. ROUTING PROTOCOL BASED ON ENERGY AND LINK QUALITY INDICATOR
WITH LEVEL CONSTRAINT

End-to-end link quality will be calculated according to number of unreliable links along

the path to the destination (SINK node). This mechanism will assign a quality indicator to reflect

how many bad links there are in the path. The proposed routing protocol will start when the sink

node broadcasts a control packet in the initialization phase including the source address and the

remaining energy. This packet will be useful to acquire link quality value of related link and to
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define the levels of nodes receiving this packet. Each node on receiving this control packet will
wait for a period of time and rebroadcast the control packet to its neighbors after updating the
packet fields.

After defining the level, a sink node will start a link quality calculation phase by
broadcasting another packet to the neighboring nodes. This packet will have source field,
normalized link quality of previous link field and link quality indicator field. Each node will set
the link quality bad indicator according to their parents (nodes with level lower than the level of
the current node); the node will decide that it has bad link quality if its next level parents have
link quality values under LQ. So that the node will not broadcast a link quality packet until it
receive the link quality packets from its parents, then the node will broadcast its link quality
packet to inform its neighbors about its relationship with its parents. The normalized link quality
value and bad link quality indicator are calculated according to Eq. (1) and Eq. (2), respectively:

. . . (current lgxnormalized previous lq)
Normalized link quality = 1
q y (current lq + normalized previous lq)/2 ( )

Bad indicator = current bad link indicator + previous bad link indicator (2)

After completing this process, the node will transmit or forward the data packet
according to routing decision process described in algorithm 1:

Algorithm 1. Routing Decision Process.

1- Limit the search process to the parents (current level > next hop level).
2- Set the bad link indicator for the related link.
- If link quality <LQry
o Then set currentbadlink indicator = 1
- Otherwise
o Set currentbadlink indicator =0
Search for the route with minimum Bad indicator.
- This condition assumes the availability of sufficient remaining energy of candidate
node.
If there are more than one route with the same Bad indicator value.
- Search for the route that satisfy the optimization problem:

w
1

o
[}

Maximize
(Normalized link quality X 0.5) + (remaining energy X 0.5)
Subject to 3

Current level > next hop level
(current blqi + previous blqi)s = (current blqi + previous blqi),

Where
blgi: bad link quality indicator.
S: selected route.
O: other routes.
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3. ACKNOWLEDGEMENT AND ERROR CHECK

There are two approaches to handle the error check in order to ensure that the packets are
delivered correctly to the final destination. The first approach is done by the network layer when
the node receiving the packet responds by sending acknowledgement to the sender node. This
approach will increase the flow of packets in the network and may cause high latency since the
packets have to wait in the network layer TXbuffer until the acknowledgement is received. The
packet forwarding and acknowledgement mechanism can be described in the algorithm 2:

Algorithm 2. Packet forwarding and acknowledgement

1- Find the route to forward the packet.
2- Store a copy of the packet in network layer TXbuffer.
3- Wait for acknowledgement.
- If acknowledgement is received within specific time.
v Remove the copy of specified packet.
- Else
v Send a copy of packet again and wait for acknowledgement.
4- Repeat sending packet until receiving acknowledgement or exhausting all the tries of
transmitting as configured in the protocol.

The second approach is done by the MAC layer which is the last layer dealing with the
packet; therefore this layer will have error check and retransmission mechanism. In this work,
the proposed routing protocol relies on MAC protocol to handle the error check and
acknowledgement which is supported by the simulator. The proposed routing protocol is
designed to support real time connection, thus the network layer error check mechanism will
double the packets that entering the network and may exploit the network resources and badly
affect the performance.

4. ACTUATING PACKETS ROUTING

The proposed routing protocol handles the actuating packets by exploiting the same
algorithm used in the approach in section 2. After implementing the routing tables, the nodes
start transmitting their data packets and forwarding them to the SINK node. Each node, on
receiving data packets, will implement another table to keep information about the source of data
packets. Each node will store the information related to data packets which include the original
sender and last forwarder. The SINK node and other forwarders will use this table to extract the
next hop toward the destination (smart object of interest). The node will search its table for
information related to the original sender which represent the destination of the control packet,
the last forwarder will be the next hop of control packet. Forwarding of actuating packet process
is shown in Fig. 1.
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Figure 1. Forwarding actuating packet.

5. HANDLING MOBILITY

The proposed routing protocol will support both types of nodes, stationary and mobile
nodes in order to give nodes the capability to support dynamic routing. The static node will
forward their packets according to the proposed routing protocol in section 2. While the mobile
nodes will follow a different procedure to send their packets and deliver them to the stationary
node in order to ensure delivering them to the destination. Due to mobility, the mobile node may
have different neighbors each time it tries to send data packets; therefore the mobile node will
not take part in initialization phase to exchange control packets and will not send or forward link
quality packets.

Each mobile node that has a data packet to transmit will broadcast RREQ packet to ask
for available route to transmit its packet. The mobile node will store the data packet in the
TXbuffer until receiving permission from its neighbors. The mobile node also stores its current
geographical location to be used in routing decision process. The stationary node, on receiving
RREQ packet, replies by sending RREP packet which includes the geographical location and the
remaining energy of stationary node. Then the mobile nodes, on receiving RREP packet, will
calculate whether the stationary node related to the RREP packet is suitable to be the next hop
the destination or not. The routing decision process will be based on geographical locations, link
quality and energy. The data transmission mechanism can be described in the algorithm 3:

Algorithm 3. Transmitting of mobile node data packet

1- Arriving of data packet from application layer.
2- Store a copy of packets in TXbuffer and record the geographical information.
3- Broadcast RREQ packet.
4- Upon receiving RREP from neighboring node, the mobile node selects the available route
according to the following:
- Store the new geographical information.
- Calculate the distance to the specified stationary node using the old stored
geographical information using Eq. (4):

old distance = \/(OGMx -GSy + (OGMy - GSy)Z (4)
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Where:
OGM :The old geographical location of mobile node.
GS :The geographical location of stationary node.

- Calculate the distance to the specified static node using the current stored
geographical information using Eq. 5:

current distance = \/(CGMx — GS)?*+ (CGM,, — GSy)2 (5)

Where:
CGM :The current geographical location of mobile node.
- Acquire the energy and link quality information from RREP packet.
- The next hop candidate should satisfy the following conditions:
v’ Sufficient remaining energy:
Remaining Energy/Initial Energy > 10%
v Acceptable link quality value:
Link quality > LQry
v Acceptable change in distance to ensure acceptable decreasing in Link quality
value:
current distance < old distance
OR
(old distance — current distance) < (0.25 X old distance)
5- Send all the data packets in the TXbuffer to the selected static node.
6- When no nodes that sent RREP packet can satisfy the condition then Store the packet in
TXbuffer and Wait for the next data packet

The stationary nodes have no available routes to the mobile nodes in their routing table,
since the mobile nodes do not transmit any control or link quality packets. But the stationary
nodes support both stationary and mobile nodes. This mechanism allows the dynamic routing
and satisfies the requirement of 10T data Acquisition layer. The mobile nodes route request and
data packets transmitting is shown in Fig. 2:

| | | RREQ Packet
N — RREP Packet
Data Packet

Figure 2. Route request and data transmitting of mobile nodes.
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6. RESULTS AND DISCUSSION
6.1 Comparison with Other Protocols
The proposed routing protocol is tested as compared to other protocols in order to show
the enhancement provided by this protocol which is represented by achieving the best results in
different performance criteria. The routing protocols chosen to compare the proposed routing
protocol with are:
e AODV Flat Routing Protocol v1 (Ad hoc on demand distance vector (RFC 3561)).
e LABILE Flat Routing Protocol v1 (Labile: Link quality-based lexical routing metric for
reactive routing).
« REL Flat Routing Protocol ( A Routing Protocol Based on Energy and Link Quality for
Internet of Things Applications).
All protocols are simulated using the default configurations equipped with other protocols
(AODV, LABILE, REL). These configurations are listed in Table 1 shown below:

Table 1. Configuration used to compare protocols.

Number of nodes 50, 70
Simulation time 100 s

Field(x,y) (30,30),(36,36)
Deployment uniform

Initial energy 100

MAC protocol name Tunable MAC
Application name Throughput Test
Constant Data Payload 100

Application Packet rate 1

Startup Delay 0

The simulation shows the best results recorded by the proposed routing protocol as
compared to other protocols as shown in Fig. 3. Since this protocol achieves high packet delivery
ratio when tested using different area and number of nodes (PDR exceeds 99%). AODV records
the second best result for both cases. For the first case (a), AODV achieves (95.3%). But it
cannot keep this level when enlarging the field area and increasing the number of nodes as
shown in Fig. 3 (b). AODV achieves PDR value of 81.548% in the second case. Both REL and
LABILE protocol show Bad PDR values, especially when increasing number of nodes and
enlarging the area field.

The degradation in PDR value of these protocols is due to lose of large number of
packets because of buffer overflow in communication routing layer. The REL and LABILE use
mechanisms of routing that keep the packets for long time in the routing layer which may cause
collecting large number of packets in this layer, thus losing new packets that are arriving but
cannot find valid locations in routing layer buffer to wait for processing. The proposed protocol
and AODV have no such problem because the packets do not have to wait in the network layer;
the packets are processed and delivered to the MAC layer upon arrival from application or MAC
layer. Losing of packets increases with increasing number of nodes and enlarging the field
because of larger number of packets will enter the network and need to be processed. This
problem may be caused also because of usage of number of hops as a constraint in these

56


http://www.mdpi.com/1424-8220/13/2/1942/pdf
http://www.mdpi.com/1424-8220/13/2/1942/pdf

Number 11 Volume 20 November - 2014 Journal of Engineering

protocols. As depending on large number of hops may allow packets to traverse many hops
before been delivered to the SINK node, thus increasing the traffic in the network.

PDR PDR

1k ! j ! ! row 0 memes | 1k ! j ! ! row 0 s |

08 - 08 -

06 06
04 -

04 -

02 - 02 -

(a) (b)
Figure 3. Packet delivery ratio (a) 50 nodes, (b) 70 nodes.

The application latency results in Fig. 4 shows best results for proposed routing protocol
as taking into account the number of packets delivered correctly. The LABILE protocol seems to
provide good results for large amount of packets (latency of less than 100 ms), but some packets
processed by this protocol are delayed to more than 1 second. The same behaviour can be seen
related to REL protocol, notice that the packets delivered by this protocol is much less the
packets delivered by LABILE protocol. AODV shows reliable behaviour, but the latency
recorded by this protocol still does not achieve the requirements, especially for such area fields
and number of nodes. Fig. 4 shows that the proposed protocol can deliver the packets in less than
300 ms for the first case and in less than 500 ms in the second case.

The increasing of number of nodes and enlarging the field will increase the node levels,
thus increasing the hops required to reach the destination. The contention to get the carrier will
be increased and the nodes that fail to win the carrier have to wait for (0.128 s) before next try to
get the carrier in addition to other mechanisms that causes the delay such as back off time (16
ms). The contention problem increased with increasing the packet size, since the transmitting
node will keep using the link to transmit a packet while other nodes try to get the link. The
contention problem and latency increase with increasing the overhead caused by mechanism of
specific protocol. AODV, REL and LABILE use RREQ and RREP mechanism during the
initialization phase in order to discover the route to the destination.

Apglication level latency, in ms Apglication level latency, in ms
2500 2500

AODY MDD
LABILE LABILE
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REL s e
2000 2000
1500 1500
1000 1000

500 ]
oL N R | I.I |1 .1, II
100 200 300 400 500 600 70O 800 900 1000 (1000,inf] 0 .

100 200 300 400 500 600 VOO BOD SO0 1000 (1000,inf)

(b)
(@)
Figure 4. Application latency (a) 50 nodes (b) 70 nodes.
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Actually, each node has to broadcast different types of packet in order to define the route
to SINK node. In spite of that, most of these types will not have high payload, but it may cause
high traffic in the network that may cause collision and losing packets, as well as increasing the
contention and increasing the latency.

6.2 Acknowledgement and Error Check

The proposed routing protocol is simulated with and without the acknowledgement
mechanism to show the impact of carrying out error check in the network layer. The protocol is
tested using two different applications; the first application is throughput test which is using high
payload (100 Bytes) and the second application is value reporting application which uses lower
payload (12 Bytes). Both experiments are done using 100 nodes and the simulations are run for
1000 seconds. The results in Fig. 5 (a) show better packet delivery ratio when relying on MAC
protocol for error check. Notice that the acknowledgement mechanism will cause MAC buffer
lack problem; therefore it’s necessary to use higher MAC buffer in order to reduce the impact of
this problem and achieve higher packet delivery ratio (MAC Buffer = 64 or higher). The Fig. 5
(b) shows that PDR is not affected when reducing the payload which represents the most normal
configurations for wireless sensor network. Notice that reducing data rate of throughput test to
0.5 (sending 1 packet each 2 seconds) will record PDR of 97.1%.

PDR PDR

1k ! ' row 0w | 1k ! " row 0 mes |

08 | 08 -

06 06
04

04

02 | 02 -

! !
No Ack With Ack No Ack With Ack

(@) (b)
Figure 5. PDR for data rate 1 with different applications (a)throughput test (b)value reporting.

The error check mechanism will greatly affect the latency for both types of applications,
because this mechanism will increase the number of packets flowing in the network which
increases the contention and causes the packets to be delayed until the acknowledgements are
received. The application level latency for both applications with/or without acknowledgement is
shown in Fig. 6. Fig. 7 shows the increasing of packets when using acknowledgement
mechanism, and also shows the overflow caused by this mechanism in spite of enlarging the
MAC Buffer.
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Figure 6. Latency for different applications (a) throughput test (b) value reporting.
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6.3 Sensing and Actuating Routing

The proposed routing protocol supporting the actuating capabilities is simulated with 100
nodes and 1000 second for simulation time. The results show acceptable PDR and latency for
actuating various nodes which represents different levels in the network. PDR and latency results
of actuating nodes are listed in Table 2.

Table 2. PDR and Latency of different level nodes

Node 39 Node 2 Node 91

Level 3 Level 5 Level 8

PDR 94.949% 95.959% 95.959%
Latency 0.33018s — 0.908s 0.84199s — 0.925s 0.81303s — 1.084s

6.4 Dynamic Routing Simulation
The routing decision process of mobile nodes is simulated using four mobile nodes which
are moving linearly in the field. The configuration of simulation is listed in Table 3 below:
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Table 3. Mobility simulation configuration.

Number of nodes 54

Simulation time 1000 s
Field(x,y) (71,71)
Deployment [0..49]->uniform
Initial energy 100

[0..49].Mobility manager name No Mobility Manager (Stationary nodes)
[50..53].Mobility manager name | Line Mobility Manager (Mobile nodes)

Mobility manager speed 5,10,15

Node 50 | Node51 | Node52 | Node 53
Initial location 00 | (71,00 | (350 | (0.35)
Destination (71,71) | (071) | (3571) | (71,35)
Application name Throughput Test
MAC protocol name Tunable MAC
MAC Buffer size 32
Application packet rate 1

The results of simulating the proposed routing protocol for mobile nodes show highly
acceptable packet delivery ratio for all mobile nodes with different suggested speed. The PDR
decreases slightly when increasing the speed. Actually, it is not possible to completely relate the
PDR to the speed of mobile nodes. PDR may depend on many parameters such as end-to-end
link quality when mobile node successes in delivering the packet to the stationary node but the
stationary node fails in delivering the packet successfully. PDR values for different speeds are
listed in Table 4.

Table 4. PDR of mobile nodes and different speeds.

Node50 | Node51 | Node52 | Node53
Speed 5 95.095% 95.595% 93.393% 93.193%
Speed 10 93.693% 92.892% 94.594% 93.793%
Speed 15 93.993% 93.593% 91.991% 91.691%

All cases record acceptable application level latency, since all packets from mobile nodes
arrives to their destination with latency ranges between 0.1s - 0.6s. The latency of individual
packet may rely on the selection process, since the stationary node must satisfy routing
conditions imposed by mobile nodes before the packets can be transmitted. Therefore packets
considered to be delivered quickly may be delayed until finding the required node. The latency
results of mobile nodes are shown in Fig. 8.
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Figure 8. Latency of mobile nodes packets with different speed.

7. CONCLUSIONS

Sensing and actuating 10T applications require that routing protocol must deal with both
types of data and forward them correctly to their last destination; each type requires different
algorithm. End-to-end link quality and energy are main metrics used to forward the sensed data
toward the SINK node and then to internet to be analyzed. While the actuating data can be
forwarded using the history of sending sensed data in order find their way to the destination
specified by IOT application.

Acknowledgement and error check are not essential to be achieved by the network layer,
since it is one of MAC layer task because this layer is the last layer dealing with the packet.
Mobility of nodes must be supported and efficiently handled by using the geographical locations
of node during the sending of RREQ and RREP messages to the stationary neighboring nodes.
Speed is an important factor that affects the performance but other metrics must be taken into
account such as link quality and energy.
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This study investigates the performance of granular dead anaerobic sludge (GDAS) bio-
sorbent as permeable reactive barrier in removing phenol from a simulated contaminated shallow
groundwater. Batch tests have been performed to characterize the equilibrium sorption properties
of the GDAS and sandy soil in phenol-containing aqueous solutions. The results of GDAS tests
proved that the best values of operating parameters, which achieve the maximum removal
efficiency of phenol (=85%), at equilibrium contact time (=3 hr), initial pH of the solution (=5),
initial phenol concentration (=50 mg/l), GDAS dosage (=0.5 g/100 ml), and agitation speed
(=250 rpm). Fourier transform infrared (FTIR) analysis proved that the carboxylic acid,
aromatic, alkane, alcohol, and alkyl halides groups are responsible for the bio-sorption of phenol
onto GDAS.

A 2D advection-dispersion, solved numerically by computer solutions (COMSOL)
Multiphysics 3.5a software which is based on the finite element method, has been used to
simulate the equilibrium transport of phenol within groundwater. This model is taking into
account the pollutant sorption onto the GDAS and sandy soil which is represented by Langmuir
equation. Numerical and experimental results proved that the barrier plays a potential role in the
restriction of the contaminant plume migration. Also, the barrier starts to saturate with
contaminant as a function of the travel time. A good agreement between the predicted and
experimental results was recognized with root mean squared error not exceeded the 0.055.

Key words: granular dead anaerobic sludge, phenol, permeable reactive barrier, transport.
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1. INTRODUCTION

The treatment and protection of groundwater and surface water are the significant problems
which need to be resolved as fast as possible. Groundwater can be polluted mainly with
pollutants from dumping sites, municipal landfills, petrol stations, airports, agriculture, chemical
plants, etc. Contaminants from the above mentioned sources flow downward in the unsaturated
zone, reach the groundwater and in the form of diluted solution flow horizontally and can pollute
surface water like rivers, lakes, etc. There are more than 30 types of technologies for treating
groundwater and contaminated soil. Each of them is effective in particular conditions. PRB
technology is an interesting method for groundwater remediation and is used when contaminants
are in the saturated zone. This novel technique of groundwater remediation is a passive one;
contaminants are removed from an aquifer by the flow through a reactive barrier filled with a
reactive material, Mieles, and Zhan, 2012. The advantages of this technology include treatment
of contaminants in the subsurface, complete plume capture, a passive (low energy) treatment
approach that has considerably lower operation and maintenance costs and lower long-term
performance monitoring costs, Powell, et al., 2002.

The most common technology used historically for remediation of groundwater has been ex-
situ pump-and-treat technique. This technique is difficult, costly and ineffective most of the time
in removing enough contamination to restore the groundwater to drinking water standards in
acceptable time frames, Gillham, and Burris, 1992. The primary reason for the failure of pump
and treat is the inability to extract contaminants from the subsurface due to hydro-geologic
factors and trapped residual contaminant mass. Accordingly, PRBs technology was alternative
method used to remediate groundwater contaminated with different types of contaminants. Many
studies on PRBs using different types of reactive medium such as activated carbon, zeolite and
others for treatment of inorganic and organic pollutants in groundwater have been achieved. The
batch experiments showed that activated carbon is highly effective in removing of phenol, p-
chlorophenol, and p-nitroaniline. Its extraordinarily high surface area and unique surface
chemistry account for the difference in capacity with other carbonaceous materials like brown
coal, graphite, and coke, Ambrosini, 2004. The adsorption and biodegradation processes used in
PRB technology were selected to assess the possibility of removal of benzene and phenols from
groundwater contaminated by a dumping site located in a city in Upper Silesia, Poland.
Groundwater treatment parameters for granulated active carbon as a reactive material in
adsorption process were measured with the Freundlich isotherm, and for a mixture of coarse sand
and granulated peat in biodegradation process they were determined with the first-order Kinetics
equation, Suponik, 2010. A three series barrier system to treat high concentrations of TCE (=
500 mg/l) in synthetic groundwater was constructed. This system consisted of three reactive
barriers using iron fillings as an iron-based barrier in the first column, sugarcane bagasse mixed
with anaerobic sludge as an anaerobic barrier in the second column, and a biofilm coated on
oxygen carbon inducer releasing material as an aerobic barrier in the third column. The
efficiency of the three series barrier system in removing TCE was approximately 84% in which
the removal efficiency of TCE by the iron filling barrier, anaerobic barrier and aerobic barrier
were 42%, 16% and 25%, respectively, Teerakun, et al., 2011.

The regular biological activities of municipal wastewater treatment plants release large
quantities of by-product granular dead anaerobic sludge (GDAS). Thus, re-using of this by-
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product as a reactive medium in PRBs is attractive in terms of sustainable development, and
reduced disposal costs. Accordingly, the aims of the present study are: (1) investigation the
sorption of phenol (Ph) onto GDAS and sandy soil; (2) finding the predominant functional
groups responsible of phenol removal process depended on the Fourier transfer infrared
spectroscopy (FTIR) analysis; and (3) characterization the 2D equilibrium transport of Ph
theoretically, using COMSOL Multiphysics 3.5a (2008) software, and compare it with
experimental data.

2. MATERIALS AND METHODS
2.1 Medium and Contaminant

The GDAS was dried at atmospheric temperature for 5 days and, then, sieved into (1/0.6) mm
diameter mesh. This portion was washed five times in distilled water and dried at 70°C for 6
hours prior to usage, Mathews, and Zayas, 1989. Table 1 shows the physical and chemical
characteristics of GDAS used in the present study. These characteristics were measured in the
Oil Research and Development Centre / Ministry of Oil / Iraqg.

The sandy soil, with porosity of 0.41, was used as aquifer in the conducted experiments. This
soil had a particle size distribution ranged from 63 pm to 0.71 mm with an effective grain size,
d10, of 110 pm, a median grain size, dsp, of 180 um and a uniformity coefficient, Cu= dgo/d1, Of
1.73. The hydraulic conductivity and bulk density equal to 4.22 x 10 cm/s and 1.563 g/cm?®,
respectively Phenol (manufactured by BDH, England) was selected as a representative of organic
contaminants.

The required tests for specifying the characteristics of the soil and GDAS are carried out at;
Iragi Geological Survey-Ministry of Industry and Minerals, and Oil Research and Development
Centre-Ministry of Oil.

2.2 Batch Experiments

These tests were carried out to specify the best conditions of contact time, initial pH of the
solution, initial concentration of contaminant, dosage of sorbent and agitation speed. Six flasks
of 250 ml are employed and each flask is filled with 100 ml of Ph solution which has initial
concentration of 50 mg/l and initial pH=5. About 0.25 g of adsorbent was added into each flask
and these flasks were kept stirred in the high-speed orbital shaker at 250 rpm. A fixed volume
(20 ml) of the solution was withdrawn from each flask after different periods of time. This
withdrawn solution was filtered to separate the adsorbent and a fixed volume (10 ml) of the clear
solution was pipetted out for the concentration determination of phenol still present in solution.
The measurements were carried out using high performance liquid chromatography (HPLC)
(SHIMADZU, JAPAN). The adsorbed concentration of phenol on the reactive material was
obtained by a mass balance. These tests were conducted with different values of initial pH (3, 4,
5, 6 and 7), initial concentration of Ph (50, 100, 150, 200 and 250 mg/l), adsorbent dosage (0.15,
0.25, 0.5, 1, 2 and 3 g added for 100 ml of solution) and agitation speed (0, 50, 100, 150, 200 and
250 rpm). From the best experimental results, the amount of phenol retained in the GDAS phase,
e, Was calculated using Eq.(1), Wang, et al., 2009:

ge = (Co— Co) - (1)

where C, and C, are the initial and equilibrium concentrations of phenol in the solution (mg/l),
V is the volume of solution (I), and m is the mass of GDAS (Q).
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2.3 Description of Equilibrium Isotherm Data
They were produced by plotting the g, against the C, at constant temperature. Six isotherm
models are used for the description of sorption data as follows, Hamdaoui, and Naffrechoux,
2007.
e Langmuir model: assumes uniform energies of adsorption onto the surface and no
transmigration of adsorbate in the plane of the surface. It can be written as:

bC,
e = ZTTCQ (2)

Om IS the maximum adsorption capacity (mg/g) and b is the constant related to the free
energy of adsorption (I/mg).
e Freundlich model: is quantified by:

_Kcl/n 3
qe_Fe ()

where Kg is the Freundlich sorption coefficient and n is an empirical coefficient
indicative of the intensity of the adsorption.

e Elovich model: is based on a kinetic principle assuming that the adsorption sites increase
exponentially with adsorption, which implies a multilayer adsorption. It can be expressed
as:

o= KeCoexp(— %) @)

where Kg is the Elovich equilibrium constant (I/mg) and g is the Elovich maximum
adsorption capacity (mg/qg).

e Temkin model: assumes that the heat of adsorption of all the molecules in the layer
decreases linearly with coverage due to adsorbent-adsorbate interactions, and that the
adsorption is characterized by a uniform distribution of the binding energies, up to some
maximum binding energy. This model is given by:

RT
0 = 15K, C. (5)

where 6 (=ge/qm) is the fractional coverage, R is the universal gas constant (kJ mol™* K™),
T is the temperature (K), AQ is the variation of adsorption energy (kJ mol™?), and K, is
the Temkin equilibrium constant (I/mg).

e Kiselev model: is known as the adsorption isotherm in localized monomolecular layer
and can be expressed by:

0
e = o ©

where k; is the Kiselev equilibrium constant (I/mg), 6 (=qe/qm) is the fractional coverage,
and k is the constant of complex formation between adsorbed molecules.

e Hill-de Boer model: describes the case where there are mobile adsorption and lateral
interaction among adsorbed molecules. This model is given by:
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__9 0 kb
krCe = 1 €*P (1—9 RT) (7)

where k; is the Hill-de Boer constant (I/mg), and k; is the energetic constant of the
interaction between adsorbed molecules (kJ/mol).

2.4 Continuous Experiments

Fig.1 shows the schematic diagram of the bench-scale model aquifer used in the present
study. The simulated Ph transport was performed in a two-dimensional tank. The bench-scale
model aquifer is contained within a rectangular 6 mm thick Perspex glass tank (100 cm L x 40
cm W x 10 cm D). This means that all sides of the tank were transparent to allow for visual
observations. Two vertical perforated plates as partitions covered with filtration screen were
used. These partitions are provided the lateral boundaries of the sand-filled middle compartment
which has dimensions 80x40x10 cm. The purpose of the two outer compartments, i.e. influent
and effluent chambers, was controlling the position of the watertable within the model aquifer
deposited in the middle compartment and, in addition, controlling the wetting of this aquifer
mass. Each outer compartment has dimensions of 10 cm long, 40 cm width and 10 cm high. The
flow through the model aquifer was accomplished by storage tank, two constant head tanks, and
flow-meter. One value of flow rate (1000 ml/min) is selected here with corresponding seepage
velocity equal to 175.6 m/day.

Sampling plate, Fig.2, was placed on the top of the Perspex glass tank to support the
sampling ports. This plate contains 4 columns and 2 rows of sampling ports designated from P1
to P8. Aqueous samples from the model aquifer were collected using stainless syringes at
specified periods. The contaminant solution was introduced through the model aquifer from
cubic source which was located at side of the aquifer. This source (5 cm D x 10 cm W x 10 cm
L) was simulated a continuous release of contamination.

At the beginning of each test, the middle compartment was packed with 5 cm depth model
aquifer. The model aquifer consisted from three parts. The first part represented by 60 cm long
of the sandy soil measured from left side of the tank. The second part represented by 10 cm long
barrier of reactive material placed beside the packed soil. Again, 10 cm of the sandy soil
represented the third part was placed beside this barrier. The aquifer was then filled with water
and left overnight to settle and saturate of this soil. Then, the packed aquifer was flushed at
maximum velocity until the effluent water was free of suspended fine material.

Monitoring of Ph concentrations within the aquifer model in the effluent from sampling
ports was conducted for a period of 5 day. Water sample of (3-5) ml volume was taken regularly
(after 0.5, 1, 2, 3, 4 and 5 day) from each port. The samples were immediately introduced in
glass vials and then analyzed by HPLC. At the end of each experiment, the soil was removed
from the tank. The tank was soaked in a dilute NaOH solution and then rinsed first with tap
water and finally with distilled water to avoid cross contamination between experiments.

A tracer experiment, adopted the same procedure of, Ujfaludi, 1986, was performed to
determine the effective longitudinal dispersion coefficient for the sandy soil and GDAS.

2.5 FTIR Analysis of GDAS

This analysis has been considered as a kind of direct means for investigating the sorption
mechanisms by identifying the functional groups responsible for binding of Ph onto GDAS,
Chen, et al., 2008. The characteristics bands of the GDAS before and after the Ph uptake at pH=
5 were used to assess the changes in the functional groups of this material. Flask of 250 ml was
filled with 100 ml of contaminant solution with concentration of 50 mg/l and 0.5 g of GDAS was
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added. The flask was agitated for equilibrium time at 250 rpm. Infrared spectra of GDAS
samples before and after bio-sorption of Pb*? and Ph were examined using (SHIMADZU FTIR,
800 series spectrophotometer).

3. RESULTS AND DISCUSIONS
3.1 Fourier Transform Infrared (FTIR) Analysis

Infrared spectra of GDAS samples before and after bio-sorption of Ph were examined. These
spectra were measured within the range 400-4000 cm™ as shown in Fig. 3 and Table 2. The
shifts in the IR frequencies support that aromatic, phosphines, carboxylic acid, alkyl halides, and
alcohol groups are responsible for the bio-sorption of phenol onto GDAS, Doke, et al., 2012.

3.2 Influence of Batch Operating Parameters

Fig. 4 shows the effect of contact time and initial pH of solution on phenol sorption using
0.25 g of GDAS added to 100 ml of Ph solution for batch tests at 25 °C. This figure shows that
the sorption rate was very fast initially and it's increased with increasing of contact time until
reached the equilibrium time (=3 hr). This may be due to the presence of large number of
adsorbent sites available for the adsorption of Ph. As the remaining vacant surfaces decreasing,
the sorption rate slowed down due to formation of replusive forces between the Ph on the solid
surfaces and in the liquid phase, EI-Sayed et al., 2010. Also, the increase in the Ph removal as
the pH increases can be explained on the basis of a decrease in competition between proton and
phenol for the surface sites which results in a lower columbic repulsion of the sorbing phenol.
However, further increase in pH values would cause a decreasing in removal efficiency. It is
clear from this figure that the maximum removal efficiency of Ph was achieved at initial pH of 5.

Fig. 5 presents the removal efficiency of Ph as a function of different doses of GDAS ranged
from 0.15 to 3 g added to 100 ml of solution. It can be observed that removal efficiency of the
GDAS improved with increasing adsorbent dosage from 0.15 g to 0.5 g for a fixed phenol initial
concentration.

Fig. 6 explains that the removal efficiency of Ph decreased from 85% to 44% with increasing
the initial concentration from 50 to 250 mg/l. This plateau represents saturation of the active sites
available on the GDAS samples for interaction with ions of contaminant.

Fig. 7 shows that about 8% of the phenol was removed before shaking (agitation speed= zero)
and the uptake increases with the increase of shaking rate. There was gradual increase in
contaminant uptake when agitation speed was increased from zero to 250 rpm at which about
85% of Ph has been removed. This can be attributed to improving the diffusion of ions towards
the surface of the reactive media and, consequently, proper contact between ions in solution and
the binding sites can be achieved.

3.3 Sorption Isotherms

The sorption data for phenol on GDAS are fitted with linearized forms of (Langmuir,
Freundlich, Temkin, Elovich, Kiselev, and Hill-de Boer) models. Additionally, the sorption data
of sandy soil are fitted only with Langmuir and Freundlich models. Table 3 presents the fitted
parameters and coefficient of determination (R?) for each model. It is clear that the Langmuir
isotherm model provided the best correlation in compared with other models. Accordingly, this
model will be used to describe the sorption of Ph in the partial differential equation (PDE)
governed the transport of a solute in the continuous mode.
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3.4 Longitudinal Dispersion Coefficient

Results of the experimental runs concerned the measurement of longitudinal dispersion
coefficient (D) at different values of velocity (V) for soil and GDAS are taken a linear
relationship as follows:

D, = 22900V +0.871  R*=0.9172 [Soil] (8)

D, =53.944V +0.297 R%*=0.9792 [GDAS] (9)

These equations are taken the general form of longitudinal hydrodynamic dispersion
coefficient as follows:

where D" is the effective molecular diffusion coefficient. This means that the longitudinal
dispersivity (ar) is equal to 22.9 cm for soil and 53.944 cm for GDAS.

3.5 Two-Dimensional Model Development

The contaminant migration in a porous medium is due to advection-dispersion processes;
therefore, considering a two dimensional system (unidirectional fluid flow and 2D transient
solute transport), the dissolved phenol mass balance equation may be written, as follows:

62Cph

d%*Cpp 0Cpn __ 9Cpp , Pp99q
X 5az + - = —— (12)

D
Y a9y2 X 9x at n at

where Cpy, represents phenol mass concentration in water, ¢ the phenol concentration on solid,
and py, the dry adsorbing material bulk density. Under isotherm conditions, the second term (q)
on the right hand side of this equation can be substituted by Langmuir model (Eqg. (2)). Table 4 is
summarized the model geometry, boundary value problem (i.e. governing equations, initial
conditions, and boundary conditions), and solution procedure for simulated 2D problem adopted
in the present study.

Fig. 8 describes the predicted surface and contour plot of phenol normalized concentrations
across the laboratory 2D sandy soil packed tank in the presence of PRB after 1, 3, 7, and 10 day
for flow rate equal to 500 ml/min. It is clear that the propagation of contaminated plume is
restricted by the GDAS in the barrier region and the functionality of barrier will decrease with
time because the decreasing of retardation factor.

Fig. 9 explains the effect of the applied flow rate, i.e. velocity of flow, on the extent and
concentration magnitudes of the phenol plume. It is clear that the extent of contaminant plume in
the longitudinal (X) direction is greater than transverse (Y) direction and this is consistent with
assumption of unidirectional velocity adopted here. Also, highest concentrations occur in the
sand bed which up-gradient of PRB. It is clear that the functionality of barrier will decrease with
increasing the velocity of flow because the increasing penetration of the contaminant plume.

Figs. 10 and 11 present the comparison between the predicted and experimental results at
nodes corresponding to monitoring ports (P1 to P8) during the migration of the phenol plume at
different periods of time for flow rate equal to 1000 ml/min. Concentration values in the ports
(P1, P2, P3, and P4) located along the centerline of the source area (Y=20 cm) are greater than
that in the ports (P5, P6, P7, and P8) deviated from the centerline by 10 cm (i.e. Y=10 cm). Also,
one can be recognized the potential functionality of the GDAS in the retardation of the
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contaminant migration when compared between the concentrations of ports (P3 and P4) or (P7
and P8). The shape of these curves is taken the S-curve in the ports located at furthest distance
from line source such as P3 and P4. A good agreement between the predicted and experimental
results can be observed with root mean squared error (RMSE), Anderson, and Woessner, 1992,
not exceeded the 0.055.

4. CONCLUSION

e Depended on batch tests, the best values of parameters affected on the bio-sorption/
sorption process onto GDAS and sandy soil respectively were contact time=3 hr, initial
pH of the solution=5, initial concentration=50 mg/l, sorbent dosage= 0.5 g/100 ml, and
agitation speed=250 rpm.

e Phenol sorption data on the GDAS and soil were correlated reasonably well by the
Langmuir sorption isotherm with coefficient of determination (R?) equal to 0.9944 and
0.9927, respectively.

e As proved by FTIR analysis, the carboxylic acid, aromatic, alkane, alcohol, and alkyl
halides groups are responsible for the bio-sorption of phenol onto GDAS.

e The results of 2D numerical model under equilibrium condition proved that the GDAS
barrier is efficient in the restriction of contaminant plume and the functionality of the
barrier will decrease with increasing the travel time and the velocity of flow. A good
agreement between the predicted and experimental results was recognized with RMSE
not exceeded the 0.055.
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NOMENCLATURE

a= empirical constant, 1/g.

b= saturation coefficient, mg/g.

C/Co= normalized concentration.

Ce= equilibrium concentration, mg/I.

Co=initial concentration of metal, mg/I.

D= effective molecular diffusion coefficient, m?/sec
D= hydrodynamic dispersion coefficient, m*/sec.
Ke= Freundlich sorption coefficient.

m= mass of zero-valent iron in the flask, g.

n= porosity.

ge= amount of solute removed from solution, mg/kg.
R= retardation factor.

t= travel time, sec.

V= volume of solution in the flask, .

V= velocity of flow in the direction x, m/sec.

a = longitudinal dispersivity, cm.

pu=bulk density of the soil, g/lcm®.
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Table 1. Physical and chemical characteristics of GDAS.

Physical properties GDAS
Actual density (kg/m°) 1741.6
Apparent density (kg/m°) 609.9
BET surface area (m“/g) 94.53
Bed porosity 0.45
Average particle diameter (mm) 0.775
Pore volume (cm>/g) 0.544

Chemical properties GDAS
pH 7.5
Ash content (%) 12
Cation exchange capacity (CEC, meqg/100 g) | 51.153
Organic volatile solid (V.S, 10° mg/l) 0.135
Non-volatile solid (N.V.S, 10° mg/l) 0.018

Table 2. Functional groups responsible for phenol bio-sorption onto GDAS.

';Z;E W({:l:\:s'll\)m' Tg/gr?dof Functional group Displacement (cm™)
1 514.33 -C-Br alkyl halides 4
2 796.54 -PH" phosphines 11
3 875.62 -CH* aromatic 13
4 1028.11 -C-O-C',OH’ alcohol, carboxylic acid 4
5 1086.01 -C-0-C alcohol 2
6 1421.03 -OH’ carboxylic acid 3
7 1641.65 -CH" alkane 10
8 1800.99 -C=0 carboxylic acid 4
9 2364.06 -CH" alkane 12
10 2519.21 -OH’ carboxylic acid 5
11 2855.78 -CH" alkane 10
12 2922.23 -CH" alkane 8
13 3740.11 -OH carboxylic acid 5
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Table 3. Parameters of isotherm models for the bio-sorption of Ph onto GDAS and soil.

Isotherm model Parameter GDAS RzPhenoISOiI R?
Langmuir gr:'(/rr:g/)mg) 8:(1)‘2‘;(2) 0.9944 8:8(1)22 0.9927
Freundlich EF(mglmg)('/mg)m (1):2%2 0.9663 ggggz 0.9270
Elovich qK”;((rlr/‘r%/Sg) 8;2%38 0.9297
Temkin ﬁ?(l(/'(r;g)“o'e) 11%0010274 0.9721
Kiselev e 215109942
Hill-de Boer t; E'}g‘/?n)ole) 8322; 0.9338

Table 4. Model geometry,

boundary value problem, and solution procedure for simulated 2D
problem adopted in the present study.

Model geometry Governing Initial/boundary conditions (1.C./B.C.) Solution
equations procedure
Aauifer (A) | 1.C.
0%¢, Ca(x,y,0)=0 ¢COMSO
—* Dax x? Exterior B.C. L
: : 0%C, | @ Ca(0,y,1t)=0 Multiphysi
: e et | | Day 9y? | except Ca0,y,0)=C, @ cs 3.5a
:[ / aC, W, <y < Wi+W, (2008)
Al 2| — Vax x .aa% =0 @(Ly,1 software
l " :RAaa% %2 (x,0,6) = 0 and T4 (x,W,t) = 0_for
= 0<X <La, Latlg < x<L

aCp

oX8 (x,0,t) =0 and (x,W,t) =0 for

| y oy
I—AS X< LA+LB
PRB (B) 1.C.
2%¢c X =
Dy L8 1| SColiy0=0
D a%cp Interior B.C.
Byaiyz oCa(La Y, t) = Ca(La ¥, 1)
VBx 6_: = .CA (LA+LB1 yl t) =
R, 2CE Cs (Latlg, v, 1)
B 5 ac ac,
ot . —Dpxng a_: — Dgynp a_; +
Van%CB = s
c c
_DAan a_; - DAyTlA 6_3;4 + VAanCA @
(La v, 1)
ac ac
[ ] DanB aXB DBynBa_;} +
VexngCp =
0Cy a
DAanE Dyyny Pyl Vaxna @
(LA+LB|y|t)
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Figure 1. Schematic diagram of the bench-scale model aquifer.
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Figure 3. FTIR of GDAS before and after bio-sorption of phenol.
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Figure 4. Removal efficiency of phenol on GDAS as a function of contact time and initial pH

(Co=50 mg/l; dosage=0.25¢/100 ml; agitation speed=250 rpm).
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Figure 5. Effect of GDAS dosage on removal efficiencies of Ph (C,=50 mg/l; pH=5; t=3 hr;

agitation speed= 250 rpm).
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Figure 6. Effect of initial concentration on removal efficiency of Ph on GDAS (dosage=0.5 g/

100 ml, pH=5, t=3 hr, agitation speed= 250 rpm).

75

Journal of Engineering




Number 11 Volume 20 November - 2014

Journal of Engineering

Removal %

100 150 200 250

Agitation speed (rpm)
Figure 7. Effect of agitation speed on percentage removal of Ph (C,=50 mg/l, dosage=0.5 g/ 100
ml, t=3 hr, pH=5).
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Figure 8. Distribution of phenol concentration after (a) 1 (b) 3 (¢) 7 and (d) 10 day for flow rate
of 500 ml/min using GDAS as PRB.
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Figure 9. Distribution of phenol concentration after 5 days for flow rate equal to (a) 500, (b) 750
and (b) 1000 ml/min using GDAS as PRB.
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Figure 11. Breakthrough curves as a result of the phenol transport at ports (a) P5, (b) P6, (c) P7
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ABSTRACT

The solar photocatalytic degradation of diuron, which is one of the herbicides, has been

studied by a solar pilot plant in heterogeneous solar photocatalysis with titanium dioxide. The
pilot plant was made up of compound parabolic collectors specially designed for solar
photocatalytic applications. The influence of different variables such as, HO, initial
concentration, TiO; initial concentration, and diuron initial concentration with their relationship
to the degradation efficiency were studied. Hydrogen peroxide (H»O,) found to increase the rate
of diuron degradation. The best removal efficiency of heterogeneous solar photocatalytic TiO,
system was found to be 46.65 % and for heterogeneous solar photocatalytic TiO,/ H,O, system
was found to be 80.65 %. Based on these results, the solar photocatalytic degradation by TiO,/
H,0, system could be a useful technology for the treatment of effluents containing diuron.
Keywords: Diuron, Photocatalyst, Titanium dioxide, solar, degradation
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1. INTRODUCTION

Pollution of soils and aquatic systems by chemicals used in agriculture is one of the main
present environmental problems. Diuron (N_-(3,4 dichlorophenyl)-N,N-dimethylurea), one of the
most commonly used herbicides, belongs to the family of halogenophenylureas that represents an
important class of contact herbicides applied in pre- and post-emergence to control broadleaf
weeds in a wide variety of annual and perennial broadleaf and grass weeds Field, et al.,1997,
and Gooddy, et al., 2002. Diuron is considered as highly toxic and persistent when applied in
high dosages to the soil with a half-life of over 300 days Malato, et al., 2011. As a result, it is
often detected in groundwater and surface water Blanchoud, et al., 2004, Lapworth and
Gooddy, 2006. Diuron is suspected to be a carcinogenic and genotoxic compound Revitt, et al.,
2002. Studies have also shown that it is toxic to photosynthetic organisms at concentrations
levels of a few mgL ™" Huang, et al., 2004, Rupp, et al., 2006. Diuron is suspected to be a
carcinogenic and genotoxic compound Michaelidou and Nicolaou, 1996. In this context, the
development of technologies and management practices for the minimization of diuron is a
necessary task.

Several researchers have developed an intensive effort of research on the chemical Catalkaya

and Kargi, 2007, physicochemical Bouras, et al., 2007, photochemical Malato, et al., 2009,
Mazellier, et al., 1997, heterogeneous photocatalytic Macounova, et al., 2003, Bamba, et al.,
2008, electrochemical Oturan, et al., 2008 and microbiological Stasinakis, et al., 2006,
degradation methods of diuron, and the diuron transformation products. Especially,
photocatalytic method (TiO) is highly promising because it can operate at ambient temperature
and pressure with low energy photons.

In the present study, the degradation and mineralization of diuron in water using
heterogeneous solar photocatalysis and heterogeneous solar photocatalysis with H,O, and TiO,
was investigated. The progress of mineralization of diuron was monitored by diuron
concentrations.

2. EXPERIMENTAL
2.1 Reagents
Diuron was obtained from Fluka with 98.5% purity technical grade and was used as received.

Titanium dioxide TiO, P25 (99 % purity ( obtained from Fluka Co. Switzerland, with specific
surface area of 50 m?/g corresponding to the mean elementary particle size of 21+5 nm.
Hydrogen peroxide H,O; (reagent grade, 50% w/v) was obtained from Panreac Co., USA.

2.2 Equipment
2.2.1 Compound parabolic collectors (CPC) reactor
Compound parabolic pollectors (CPC) are static collectors with a reflective surface formed by

two connected parabolic mirrors with an absorber tube in the focus and have been found to
provide the most efficient light-harvesting optics for low concentrating systems, Malato et al.,
2009. They support turbulent flow, have a closed system, are cheap and easy to maintain and as
temperature does not play any significant role, there is no need for insulation.

A pilot plant was installed at Baghdad University / Department of Environmental Engineering
backyard as shown in Fig.1. The hydraulic circuit of the reactor consists of a tank, centrifugal re-
circulation pump, solar collector, connecting tubing and valves, Fig.2. The plant is designed for
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operation in a batch mode. The total volume in the experiments is 20 L and the volume irradiated
in the solar collector is 4.46 L.

The solar collector consists of two Compound Parabolic Collectors CPC in series placed on
fixed supports inclined 33° (latitude of Baghdad) with respect to the horizontal plane and facing
the south , this provides optimized performance as agreed with Al- Saggar, 2000; and Mahdi et
al., 2011. The CPC reflectors consist of stainless steel plates coated with aluminum foil. The
photoreactor is made of two borosilicate glass tubes with 46.4 mm inner diameter, 50.0 mm
outer diameter and 1.32 m in length. The connecting tubing is made of PVC with 62.5mm in
diameter.

The 20 L stainless steel tank provides aeration and samples for analysis. The solution is
continuously fed to the plug flow reactor from the stainless steel tank by means of a centrifugal
pump (Golden pumps, China). The flow rate was constant at (1.5m%hr) in all experiments, which
corresponds to turbulent flow inside the photoreactor. Flow rate was adjusted by a flow meter
(model LZS, Flowtech, Turkey. The pH of the solution was monitored by using a pH meter
model (WTW, INOLAB 72, Germany). The pH value was chosen according to previous work
of Malato et al., 2009 and Bamba et al., 2008. They indicated that pH =5 is the optimal value for
the heterogeneous solar photocatalysis with TiO2.

2.2.2 Radiometer

Global UV radiation, which is the driving force for the experiments in this work, was
measured by UVA ultraviolet radiometer model (UVA-365) wave length 365nm ultraviolet, with
three ranges 199.9 uW/cm?,1.999 mW/cm? and 19.99 mW/ cm? , from Lutron Electronics Co.
LTD, USA. The radiometer was inclined 33° (latitude of Baghdad) with respect to the horizontal
plane and facing the south in the same way as the CPCs of solar pilot plant.

2.3 Experimental Procedure
The procedure was performed as follows:
1. The solar reactor was cleaned and filled with distilled water to ensure that no other

compounds were present in the reactor.

2. The correct amounts of diuron were measured and diluted in distilled water. This
solution was introduced to the pilot plant. The pollutants were re-circulated until
perfect homogenization and pollutants dissolution were attained. The duration of this
phase was (30) min.

3. The reagents were added in different concentrations related to the experiments, H,0,
(200 - 500 mg/L), and TiO, (200 - 500 mg/L).

4. Regular samples were drawn (each 30 minutes) to measure the main process variables.

5. Global UV irradiation was measured by the UV radiometer when each regular sample
was taken.

The intensity of solar radiation depends on season, location, daytimes and weather. It's
therefore more accurate to mathematically adjust the experiments by applying a correction factor
as shown in Egs.(1)and (2).
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uv v
Laow i = Laow iy +A n%f (1)

Atn =t -t (2)

Where t, is the experimental time for each sample, UV is the average solar ultraviolet
radiation measured between t,.; and t, where tzow is the “normalized illumination time”. In all
experiments, time refers to a constant solar UV power of 30 W/m?which is nearly equivalent to
the average UV power of a perfectly sunny day Jiménez et al., 2011.

2.4 Analysis

The analyses were performed in the laboratories of Environmental Engineering Department/
University of Baghdad. UV-vis spectrophotometer (Model T80 from PG Instrument Ltd,
England), Fig.3, was used to measure the concentrations of diuron dissolved in water before and
after treatment.

3. SOLAR HETEROGENEOUS PHOTOCATALYSIS

The heterogeneous solar photocatalytic detoxification process consists of making use of the
near ultraviolet UV band of the solar spectrum (wavelength shorter than 400 nm), to photo-excite
a semiconductor catalyst in contact with water and in the presence of oxygen, Munter et al.,
2001.Semiconductors (e.g., TiO,, ZnO, Fe,03, CdS and ZnS) can act as sensitizers for light-
induced redox processes due to their electronic structure, which is characterized by a filled
valence band and an empty conduction band. Absorption of a photon of energy greater than the
band gap energy leads to the formation of an electron/hole pair. The valence band holes are
powerful oxidants depending on the semiconductor and pH. Most organic photodegradation
reactions utilize the oxidizing power of the holes either directly or indirectly. In semiconductor
electrodes only one species, either the hole or electron, is available for reaction due to band
bending, while the complementary reaction takes place in the counter electrode, Mills and Le
Hunte, 1997. Fig. 4 shows a drawing, which is used to illustrate photocatalytic processes. It
consists of a superposition of the energy bands of a generic semiconductor (valence band VB,
conduction band CB) and the geometrical image of a particle, Malato et al., 2009.

Absorption of a photon with an energy hv greater than or equal to the band gap energy Eg
generally leads to the formation of an electron/hole pair in the semiconductor particle. These
charge carriers subsequently recombine and dissipate the input energy as heat, get trapped in
metastable surface states, or react with electron donors and acceptors adsorbed on the surface or
bound within the electrical double layer. Simultaneously, in the presence of a fluid (water),
spontaneous adsorption occurs (water and pollutant) and according to the redox potential of each
adsorbate, an electron transfer proceeds towards acceptor molecules, whereas a positive hole is
transferred to a donor molecule. Since the photonic excitation of the catalyst appears at the initial
step of the activation of the whole catalytic system, it is necessary that the photon has enough
energy to be absorbed by the catalyst, not by the reactants. Subsequently, the activation of the
process goes through the excitation of the solid but not through that of the reactants. It is well
known that O, and water are essential for photooxidation, there is no degradation in the absence
of either, Byrne and Eggins, 1998.
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4. RESULTS AND DISCUSSIONS
4.1 Effect of Initial TiO, Concentration
Heterogeneous photocatalysis method is applied to assess the feasibility to use TiO; in the

degradation of diuron. Different concentrations of TiO, (200, 300, 400 and 500 mg/L) were used.
Diuron concentration =20 mg/L and pH =5.

Fig. 5 shows the relation between the degradation removal efficiency and the normalized
illumination time tsg,, for different initial concentrations of TiO,. The best result was obtained at
tsow = 19 min, 400 mg/L of TiO, with removal efficiency of 46.65 %, above this concentration the
degradation of diuron tends to decrease to reach 43.9% at 500 mg/L TiO,. The increase in removal
efficiency can be explained by the increase in the total surface area (or number of active sites) available
for photocatalytic reaction as the dosage of TiO; is increased.

However, when TiO, was overdosed, the intensity of incident UV light was attenuated because of
the decreased light penetration and increased light scattering, which embedded the positive effect
coming from the dosage increment and therefore the overall performance was reduced. Therefore the
optimum catalyst TiO, concentration has to be found in order to avoid excess catalyst and ensure total
absorption of efficient photons, Eissa et al., and 2009. Malato et al., 2011 stated that total
disappearance of diuron was obtained at 75 min (tzow) with initial concentration of diuron 22
mg/L, 200mg/L of TiO,.

4.2 Effect of Adding H,0,

In this experiment, the possibility of increasing the removal efficiency of the heterogeneous
photocatalysis was tested by adding different concentrations of H,O, (200, 300, 400 and 500
mg/L). The optimum TiO, concentration 400 mg/L from the previous section was used in these
experiments, the initial pH was equal to 5 and the concentration of diuron=20mg/L.

Fig. 6 shows the relation between the removal efficiency and the normalized illumination time

taow for different initial concentrations of H,O,. An obvious positive influence on the degradation
rates was observed by increasing the H,O, concentration to 400mg/L, the removal efficiency was
found to be 80.65 % at tzow = 20.4 min. The increase in removal efficiency can be explained by
increasing the number of trapped electrons in the electron/hole pairs and, consequently, avoiding
recombination and generating more OHe for oxidizing species. It was expected that increasing
the concentration of H202 reduces the rate of degradation due to the reaction of hydrogen
peroxide with these radicals, and hence acts as an inhibiting agent.

5. CONCLUSIONS

1. TiO, photocatalyst was found to increase the photocatalytic activity for the degradation of
diuron. The degradation rate was strongly affected by TiO, concentration.

2. It has been found that experiment with heterogeneous photocatalytic based on TiO, enhanced
with H,0O, seems to give the best removal efficiency compared with TiO, alone experiments.

3. A complete mineralization cannot be attained due to the formation of the intermediates and
the final products which are most difficult to degrade.

4. The advantages of TiO, photocatalytic process as an oxidative treatment are rapid
degradation and simple handling. Therefore, this photocatalytic reaction would be applied to
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wastewater treatment works as a new developing methodology for reducing levels of other
pesticides and endocrine disrupting chemicals.

The best removal efficiency of heterogeneous solar photocatalytic TiO, system was found to
be 46.65 % at tzow = 19 min and for heterogeneous solar photocatalytic TiO,/ H,O, system
was found to be 80.65 % at tzow = 20.4 min.
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Figure 1. CPC at the backyard of the Environmental Engineering Department.
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Figure2. Schematic representation of the pilot plant (A) tank, (B) drain valve, (C) pump, (D)
valve, (E) flow meter and (F) solar collectors.

Figure 3. UV- vis spectrophotometer.
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Figure 4. Energy band diagram and fate of electrons and holes in a semiconductor particle in the
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Figure 5. Effect of initial TiO, concentrations on the degradation of diuron by heterogeneous
solar photocatalyst system, diuron conc.= 20 mg/L.
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Figure6.Effect of initial H,O, concentrations on the degradation of diuron by heterogeneous
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ABSTRACT

In this study, the sonochemical degradation of phenol in water was investigated using two
types of ultrasonic wave generators; 20 kHz ultrasonic processor and 40 kHz ultrasonic
cleaner bath. Mineralization rates were determined as a function of phenol concentration,
contact time, pH, power density, and type of ultrasonic generator. Results revealed that
sonochemical degradation of the phenol conversion was enhanced at increased applied power
densities and acidic conditions. At 10 mg/L initial concentration of phenol, pH 7, and applied
power density of 3000 W/L, the maximum removal efficiency of phenol was 93% using
ultrasonic processor at 2h contact time. Whereby, it was 87% using and ultrasonic cleaner
bath at 16h contact time and 150 W/L power density. Kinetic models applied to the sonolysis
of phenol was evaluated for the first-order, pseudo-first-order, second- order, and pseudo-
second-order kinetic models. The experimental data fitted very well the first-order kinetic
model.

Key words: ultrasonic, son chemical degradation, phenol, petroleum industry, wastewater
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1. INTRODUCTION

Water pollution is the discharge of some undesirable materials into water in high amounts
exceeds the allowable limits. In other words, water pollution is an issue that comes true by
artificial effects, that constraint or prevents and that destroys ecological balance ,Abd.Razak,
et al., 2013. Many chemicals are released into the environment through waste streams. These
chemicals are released by various industries mainly petroleum refineries and processing
plants, pharmaceutical production, and petrochemical plants. Among many released
hazardous chemicals, phenol is frequently found in effluent from refineries, chemical, and
petrochemical industries , Leili, et al., 2013.

Treatment of industrial wastewater is a problem of major concern. Recently, stricter
regulations are being imposed, which persevere on the need to develop and employ treatment
technologies capable to deal with the hazardous pollutants in many industrial waste streams.
Wastewaters containing phenols and other toxic petroleum derivatives need careful treatment
before discharge into the receiving bodies of water. Biological treatments, activated carbon
adsorption, incineration and chemical oxidation are the most widely used methods for
treating synthetic organic compounds from industrial wastewaters including petroleum
refinery wastewater ,Diaz et al ., 2007 , Abdelwahab et al ., 2009 , and Kulkarni and
Kaware , 2013.

Biological methods have little or no harmful effects on the environment, because this
technique does not involve the use of harmful reagents. However, high concentration of
phenol may cause declining of the process. Adsorption is a simple and efficient method to
remove organics from wastewater. Activated carbon is the most widely used adsorbent due to
its large specific surface area and predominant proportion of micro-pores. However, high
regeneration cost and poor mechanical rigidity of activated carbon limit its wider
applications. In addition, this technique as well solvent extraction do not degrade the
synthetic organics but rather remove it from wastewater and pass it to another phase, which
result in the formation of hazardous by products , EI-Naas et al ., 2010.

Advanced oxidation processes (AOPs) have appeared in recent decades as a viable alternative
for the treatment of effluents containing toxic refractory organics. These processes are able to
degrade a large number of organic compounds by reduction-oxidation and free-radical
reactions to CO, and H,O. Among these AOPs, the once that use ozone (O3) , ultra-violet
radiation (UV) , ozone combined UV, ozone with H,O, , Hydrogen peroxide with UV , as
well as Fenton and photo-Fenton processes , Pham et al., 2009 and Ricardo et al ., 2010.

In recent years, considerable interest has been shown in the application of ultrasound power
as a promising type of advanced oxidation process for the treatment of hazardous organic
contaminants in water. The chemical consequences of high-intensity ultrasound do not arise
from an interaction of acoustic waves and matter at a molecular or atomic level. Instead, in
liquids irradiated with high-intensity ultrasound, acoustic cavitations (the formation, growth,
and collapse of bubbles) provide the primary mechanism for sonochemical effects. During
cavitations, bubble collapse produces intense local heating, high pressures, and very short
lifetimes; these transient, localized hot spots drive high-energy chemical reactions. These hot
spots have temperatures of ~ 5000°C, pressures of about 1000 atmo, as well as heating and
cooling rates above 10™ K/s ,Suslick and Price, 1999, and Ingole and Khedkar, 2012.
There are no additives introduced into the ultra-sonic system and no byproducts generated
by ultrasonic technology. Therefore, there are no anticipated environmental concerns
associated with this technology. In contrast to many other processes which are negatively
affected when suspended solids of effluent increase, ultrasonic efficiency may even
improve by increase of turbidity or suspended solids ,Mahvi, 2013.
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The aim of this study was to examine the application of ultrasound waves as a new clean
technology for phenol destruction in aqueous solutions. Also, study and examine the suitable
kinetic model that best describes the experimental results of the sonochemical degradation of
phenol.

2. MATERIALS AND METHODS

2.1. Sonolysis Equipments

Stock solution of concentration 10 mg/L phenol was prepared by dissolving a purified grade
phenol in double distilled water. Experimental solutions of the desired concentration were
obtained by successive dilution.

The sonication experiments were carried out using two types of ultrasonic wave generators;
ultrasonic processor and ultrasonic cleaner bath. Using ultrasonic processor type Sonics
Vibracell VCX-750 operating at constant frequency of 20 kHz, sonication reactions were
carried out using (300) mL Pyrex beaker Fig. 1, alternatively loaded with (50, 100, and 250)
mL synthetic wastewater samples. This part of experimental work was performed at different
power densities including 600, 1500 and 3000 W/L taking into consideration examining the
degradation of contaminants under various pH conditions of 2, 5, 7, 9, and 11. The
sonochemical degradation of phenol was evaluated using 5 different initial concentrations of
phenol including 1, 2, 5, 8, and 10 mg/L.

Figurel. Ultrasonic processor.

Using ultrasonic cleaner bath Model VGT-1860 QT at a frequency of 40 kHz, sonochemical
degradation of phenol was carried out in 50 mL-volumetric flasks loaded with phenol
aqueous solution Fig.2. Effects of the applied power densities (50, 75, and 150 W/L), initial
concentration of phenol (1, 2, 5, 8, and 10 mg/L), pH (2, 5, 7, 9, and 11), and contact time up
to 24 h on the sonolysis of phenol were considered in this part of the experimental work. pH
of solutions was adjusted by 0.1 M sulfuric acid (H,SO4) and 0.1 M sodium hydroxide
(NaOH).
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Figure2. Ultrasonic cleaner bath.

2.2. Analysis

Ultra Violet spectrophotometer (Model: T80 UV/VIS Spectrometer PG Instruments Ltd.,
Australia) was used to measure concentrations of phenol at wavelength () of (270) nm.
Solution pH was measured using a pH meter (Model: WTW, Inolab 720).

3. RESULTS AND DISCUSSION

3.1 Effect of Initial Concentrations and Contact Time

Sonochemical degradation of phenol was studied under various initial concentrations of
phenol which were 1, 2, 5, 8, and 10 mg /L. The experiments were conducted using ultrasonic
processor at pH 7, contact time 180 min, and power density 3000 W/L. As given in Fig.3, it
is well observed that by increasing the initial concentrations of phenol from 1 to 10 mg /L,
the sonochemical degradation decreased. This could be attributed to the fact that phenol is
hydrophilic in nature. Phenol is moderately soluble compound with a solubility in aqueous
solution of 83 g/L with a relatively low vapor pressure (4.60 x10* atmo). These
physiochemical properties preclude significant concentrations of phenol molecule diffusing
into the vapor phase of the acoustic cavitation bubbles, so it remains in the bulk of the
solution during cavitation. Most of the hydroxyl free radicals formed within the cavity during
the sonication might be recombined before they attack phenol molecules in the bulk liquid
,Shawabkeh, et al., 2010.
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Figure 3. Profiles of phenol removal by ultrasonic processor at different initial
concentrations.

3.2 Effect of pH

The pH of aqueous solutions is a primary parameter that affects and controls the
sonochemical degradation process for organics sequestering from aqueous solution due to the
influence of pH on the formation of the free radicals (OH°), the major contributor to the
sonolysis process. In this study, the effect of pH on phenol removal was studied at a pH range
of 2.0 to 11.0 keeping their initial concentrations at 10 mg /L, power density 600 W/L, and
contact time of 180 min. Fig. 4 illustrates the effect of pH on the removal of phenol by
sonolysis process.

The effect of pH on the sonolytic degradation of phenol compounds almost drops to zero at
higher pH values, more specifically at pH value greater than the pKa value for the phenol
compounds dissociation, Tauber, et al., 2000.

e pH=11

Phenol Concentration (mg/L)

0 1 1 1 1 1 1 1 1 )
0 20 40 60 80 100 120 140 160 180

Time (min)

Figure4. Effect of pH on phenol removal using ultrasonic processor.
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3.3 Effect of Power Density

The most important parameter for the application of ultrasonic waves is the power input.
Increasing the ultrasonic power will increase the energy of cavitations, lower the threshold
limit of cavitations, and enhance the quantity of the cavitation bubbles. The destruction of
volatile compounds more likely occurs inside the cavitation bubbles thus the rate of
sonochemical degradation should be related to the number of bubbles present if each bubble
releases enough energy to “‘burn’’ the volatile pollutant , Jiang, et al., 2002 and Ye, et al.,
2010. In this study, a set of experiments were carried out to examine the effect of power
density on sonochemical degradation of phenol at initial concentrations of 10 mg/L using the
ultrasonic processor. Three different power density values were applied which were 600,
1500, and 3000 W/L. Fig. 5 presents the effect of different power densities on the profiles of
phenol removal at constant ultrasonic frequency of 20 kHz. However, as given in this Figure,
a relatively limited increase of phenol sonolysis rate was observed with increasing the applied
power.

12
g 600 W/L
~ 10 Y == 1500 W/L
E” 3000 W/L
= g H
c
K=}
£ 6 '
c
5]
LCO) 4 »
°
3 2
D- o
- e 7Y
0 1 1 1 1 1 1 1 1 J
0 20 40 60 80 100 120 140 160 180
Time (min)

Figure 5. Effect of power density on phenol removal using ultrasonic processor at 20
kHz.

3.4 Effect of the Type of Ultrasonic Waves Generator

Additional sets of experiments were carried out to examine the efficiency of ultrasonic
cleaner bath for phenol removal as an alternative type of ultrasound wave generator.

The effects of initial concentration and contact time, as well as power density on phenol
sonochemical degradation were taken into consideration to evaluate the performance of the
ultrasonic cleaner bath as shown in Figs. 6 and 7.
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Figure 6. Phenol removal profiles by ultrasonic cleaner bath at 40 kHz.
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Figure 7. Effect of power density on phenol removal by ultrasound cleaner bath at 40
kHz.
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3.5 Ultrasound Treatment of Actual Samples of Refinery Wastewater

A set of experiments were carried out using actual samples of refinery wastewater in order to
investigate the reliability and effectiveness of the suggested approach of using ultrasonic
treatment for phenol removal.

Samples of actual wastewater were freshly collected from the influent of Al-Daura petroleum
refinery in Baghdad on a monthly basis for the purposes of the present study. Fig. 8 illustrates
the profile of phenol removal efficiency in real refinery wastewater. Table 1 presents the
quality of the actual samples of wastewater with respect to phenol and COD before and after
the ultrasound treatment.
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Figure 8. Profile of phenol removal in real samples of refinery wastewater at pH 7 and
power density of 3000 W/L.

Table 1. Concentrations of phenol and COD in the actual samples wastewater before and
after sonication treatment process

Constituent Maximum Concentration (mg/L) % removal

Before ultrasonic After ultrasonic
treatment treatment
120 8.40
7.50 0.53
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3.6 Sonication Kinetics

Four well known kinetic models were applied in this study to test the experimental data in
order to describe the behavior of sonochemical degradation process for further scale-up. The
kinetic models are first order, pseudo-first order, second order, and pseudo-second order as
follows:

1. First-order kinetics model
The experimental data were fitted according to simple first-order rate as shown in Eq. (1):

Cc, = C_e k=t @b

Where:

C, = the initial concentration of pollutant, mg/L

k, = first-order constant rate, min™

t = time, min

C: = the concentration of pollutant at any time, mg/L

ki is estimated from the slope by plotting In C; versus time t, as shown in Fig.9 for phenol
removal efficiencies using ultrasonic processor.

¢1mg/L B2 mg/L 5 mg/L X8 mg/L %10 mg/L
[R2=0.994 | [R2=0.993 [R2=0.993 [R2=0.994 | R?=0.974

InCt

T

. [
_3 i

Time (min)

e ?

Figure 9. First-order kinetic of phenol degradation.
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2 Pseudo-first-order kinetics
The second proposal is to assume a pseudo-first order kinetic model which is described by
Eq. (2) as follows:

t t a
C t C - k C e2 =
Where:

C: = the concentration of pollutant at time t, mg/L

C. = the equilibrium pollutant concentration, mg/L

t = time, min.

k = the pseudo-first-order rate constant, L/mg.min.

k is estimated from the slope after plotting In(C¢-Cy) versus t, as shown in Fig. 10.

¢ 1 mg/L B2 mg/L 5 mg/L X8 mg/L %10 mg/L

R?=0.987 R? = 0,990 [R2=0.991] [R2=0.990] [R2=0937

In(Ce-Ct)

Time (min)

Figure 10. Pseudo-first-order kinetic of phenol degradation .

3 Second-order kinetics model
The proposal of having a second-order kinetic model will be examined here. The second-
order kinetic equation model as in Eq. (3):

1—1+Kt 3
.-G (3)
Where:
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C, = the initial pollutants concentration, mg/L

k = the second-order degradation rate constant, L/mg.min.

t = time, min.

k can be estimated from the slope after plotting 1/C versus t, as demonstrated in Fig.11.

| o1mg/L W2 mg/L 5 mg/L %8 mg/L %10 mg/L |
|[R2=0891] |Re=0859] |[Re=0861] |Re=0884] [R2=0.859]
20 ¢
16
12
Q
—
|
8 *
4
* |
®
0 1 N 1
0 20 40 60 80 100 120
Time (min)

Figure 11. Second-order kinetic of phenol degradation.

4. Pseudo-second-order kinetics
The fourth proposal is to assume a pseudo-second order kinetic model which is described by
Eq. (4) as follows:

t T B
— —+ 49
| G | GO k C ez S
Where:

C. = the equilibrium pollutants concentration, mg/L

k = the pseudo-second-order degradation rate constant, L/mg.min.

t = time, min.

C; = the concentration of pollutant at time t, mg/L

k can be estimated from the slope after plotting t/C; versus t as shown in Fig. 12.
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Figure 12. Pseudo-second-order kinetic of phenol degradation.

Table 1. summarizes the correlation coefficients of the kinetic study of ultrasonic process for
phenol sonochemical degradation.

Fig.13 summarizes the effect of initial concentrations on degradation rate constants for
phenol.

Table 1. Correlation coefficients (R?) of phenol kinetic model.

Initial Concentration (mg/L)

2 5 8

Type of Kinetic model

First-order

Pseudo-first-order
Second-order

Pseudo-second-order

The sonication kinetic study indicated that the degradation kinetics of phenol follows the
first-order kinetics with correlation coefficients up to 0.995.
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Figure 13. Effect of initial concentrations on the degradation rate constants of phenol for
the first order kinetic model .

From Fig. 13, it is evident that the sonochemical degradation rate depends on the initial
concentration of the phenol. Since the life time of hydroxyl radicals is very short (only a few
nanoseconds), they can only react at or near the location where they are formed. A low
phenol concentration logically the percentage of reduction in pollutant concentration was
enhanced, comparing with high concentration at the same time, leading to an increase in the
degradation rate constant.

4. CONCLUSSIONS

In this study, the maximum removal efficiencies were 93 and 87% using ultrasonic processor
and ultrasonic cleaner bath, respectively at pH 7, 10 mg/L initial concentration of phenol,
applied power densities of 3000 W/L for ultrasonic processor and 150 W/L for ultrasonic
cleaner bath. Results revealed that equilibration times for sonolysis of phenol were achieved
at 2 and 16 h for ultrasound processor and ultrasound cleaner bath.

Results showed that the removal efficiencies of phenol increased with increasing power
density up to 93% using 20 kHz ultrasonic processor at pH 7 and power density of 3000 W/L.
Similar behavior was observed using 40 kHz ultrasonic cleaner bath. However, the removal
effeciency of phenol using the ultrasonic cleaner bath was 87% at pH 7 and power density of
150 WI/L. Kinetic study revealed that the sonochemical degradation rate increased with
decreasing the initial concentrations of phenol.

This study demonstrated that the phenol sonochemical degradation can be described by first-
order model with R? of 0.995 using 20 kHz ultrasound processor.
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ABSTRACT

The calibration of a low-speed wind tunnel (LSWT) test section had been made in
the present work. The tunnel was designed and constructed at the Aerodynamics Lab. in the
Mechanical Engineering Department/University of Baghdad. The test section design speed is
70 m/s. Frictional loses and uniformity of the flow inside the test section had been tested and
calibrated based on the British standards for flow inside ducts and conduits. Pitot-static tube,
boundary layer Pitot tube were the main instruments which were used in the present work to
measure the flow characteristics with emphasize on the velocity uniformity and boundary
layer growth along the walls of the test section. It is found that the maximum calibrated
velocity for empty test section is 55 m/s. Three speeds are tested for uniformity and walls
boundary layer at inlet and mid-section of test section. The results show that the flows are
uniform at inlet and mid-section with turbulent flow from inlet to outlet.

Key words: Wind Tunnel, Test Section Calibration, Turbulent Flow
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1. INTRODUCTION

Wind tunnel is rapid, economical and accurate mean for conducting aerodynamic
researches and obtaining aerodynamic data to support design decisions. There is a
considerable and growing volume of aerodynamic research in the development of aircrafts,
automobiles, marine’s vehicles, and architectural structures. The first step in the design of a
tunnel is to determine the shape and size of test section based on the intended use of the
facility. The test section size, speed and design will determine the required power. The
overall aerodynamic objective for most wind tunnels is to obtain a flow in the test section that
IS as near as possible to a parallel steady flow with uniform speed throughout the test section.
Swanson and Gillis 1944, had shown three categories of flow non-uniformities, these were
the airspeed change along longitudinal and vertical axis of the tunnel and variation of the air-
flow angle in the region of model. Calibrations were made by surveying the flow over the
plane perpendicular and parallel to the airstream at the position to be occupied by the model.
Pitch, yaw and Pitot-static tube with manometers measuring static, total and air flow
angularity. Pope 1961 had discussed the air-flow measuring instruments and presented the
data obtained when calibrating low-speed, and high speed wind tunnels. The methods for the
measurement of flow in pipes and ducts are illustrated in the British Standards (BS 1042)
1968. Pressure losses associated with tunnel geometry, flow irregularities and boundary layer
growth mean that the pressure difference measured by the pitot tubes may not accurately
represent the true dynamic pressure within the tunnel test section Edwards 2000. A new
longer test section and contraction installation produced a thicker boundary layer on the test
section walls and then increased the air velocity along test section. The wind velocity in the
test section of the Low Speed Wind Tunnel (LSWT) at the Mechanical Engineering
Department of university of Baghdad is obtained from pressure measurements using pitot
tubes located at the entrance and mid section of the tunnel test section. Static pressure and
velocity distributions in the wind tunnel test section have been investigated mainly with the
objective of determining the static pressure gradient in the test section so that buoyancy
corrections should be made for models. The recent installation of a new test section for
LSWT has made it necessary to perform tests to determine a new calibration. Pressure data
was acquired from standard pitot probe at various positions within the tunnel test section over
a large velocity range.

2. LOW SPEED WIND TUNNEL DESCRIPTION

An open circuit wind tunnel was designed and constructed, Hussain et al., 2011. The
assembled wind tunnel is shown in Fig. 1 which shows dimensions and components. A brief
description of the tunnel components are given below.

2.1 Contraction Section and Settling Chamber

The contraction section and settling chamber were made of steel sheets and both have
rectangular cross section. A contraction ratio of 8.94:1 is used in the equations discussed in
Hussain and et. al. 2011 at the Mechanical Engineering / University of Baghdad. The
settling chamber contains three screens and is connected to the bell mouth at the inlet and
contraction inlet at the exit section. The contraction section is joined to the test section by a
mating flange.
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2.2 Test Section

The test section of (0.7 m x 0.7 m) was designed to be suitable size for different
models sizes. The wood thickness of (30 mm) is used to prevent wall curvature due to suction
or negative gage pressure inside test section. The test section also provides with Plexiglas
window on one side of the test section to allow viewing the model setting inside wind tunnel.
A square cross section as shown in Fig. 1 is chosen with constant taper of right and left walls
to prevent the effect of boundary layer growth along walls (buoyancy effect). The test section
is supported with flanges at either ends of the sections for fastening with other sections.

2.3 Diffuser

The diffuser is made of steel sheets and it is used to connect the test section with the
fan housing by converting the square cross section of 700 mm at diffuser inlet plane to
circular cross section at exit plane of 1500 mm. The length of diffuser is 6000 m as shown in
Fig. 1. Rubbers are used to reduce vibration and provide an air tight seal between sections. A
coarse screen is fixed to protect the fan from damage.

2.4 Power Plant

Axial flow fan driven by a 75hp, AC current motor of 3000 rpm is used to provide the
power to overcome the pressure loses along the tunnel sections. The axial fan is mounted on
the fan housing and fixed by bolts on the ground. The motor speed control is from zero to
3000 rpm, a control unit is used to give increments to the motor rotation from zero to max
speed of rotation.

3. EXPERIMENTAL EQUIPMENT

3.1 Pitot Tube

The British Standards Pitot tube or as called boundary layer Pitot tube is shown in
Fig. 2-a which is made from stainless steel tube of (4.5 mm) outer diameter and (415 mm) in
the overall length. The head of hypodermic tubing is (1 mm) diameter. This instrument is
used to measure the total pressure at the test section. The boundary layer velocity profile is
measured using Pitot-tube with static tube to measure the dynamic pressure through layer.
This pitot tube is also used to measure the boundary layer thickness, by traversing it through
the boundary layer and normal to the wall, until reaching to maximum reading. Then, the
distance travelled by the tube relative to the wall, which is arbitrary, represents the boundary
layer thickness. The distance read from the ruler is fixed on the traversing mechanism.

3.2 Static Tube

The static tube is used to measure the static pressure of the flow. It consists of a steel
tube (2.4 mm) outer diameter, with head sealed by soldering and finished to take a
hemisphere nose as shown in Fig. 2-b. Four static holes of (0.5 mm) diameter and (19.5 mm)
away from the blocked end are made to measure the pressure. The (2.4 mm) tube is joined to
a (4.5 mm) diameter copper tube. The static tube is fixed perpendicular to the x-y plane and
used with Pitot tube to measure the dynamic pressure of boundary layer.

3.3 The Pitot - static tube

This instrument is used to measure the dynamic, total and static pressures of the non-
viscous flow at the centre of the wind tunnel test section for three speeds of the tunnel. These
values were used during the calibration of the wind tunnel. The Pitot static tube is mounted

108



Number 11 Volume 20 November - 2014 Journal of Engineering

co-axially, with the Pitot tube inside the static tube. It consists of a stainless steel tube (5 mm)
outer diameter with a blunt nose; the four static holes are (0.5 mm) diameter and (30 mm)
away from the nose. The diameter of the Pitot tube is (1 mm). Fig. 2-c shows the details of
the Pitot-Staic tube.

3.4 The Micro Manometer

The Dwyer Series 475 Mark Il Handheld Digital Manometer is ideal for field
calibration, monitoring or trouble shooting HVAC systems, clean rooms or a wide range of
other low pressure pneumatic systems. This handy instrument measures positive, negative or
differential pressures of air and natural gases in ranges from (0.249 kPa) to (10.34 bar). Dual
push pads on the front panel control on-off, auto zero, and pressure unit selection were
provided as shown in Fig. 2-d. The device was calibrated with total error reading percentage
of 0.6% by the Iraq central organization for standardization and quality control.

3.5 Traversing Mechanism

In order to carry out the measurements at various stations inside the test section, a
vertical traverse unit was manufactured specially to fix and move the instruments vertically
using DC motor connected to a slide plate with upward and downward movement of the
instruments as shown in Fig. 2-e. A controller unit is used with push buttons to move the
instrument accurately to a specified position. Side ruler was used to measure the vertical
movement of the slide part of the traversing mechanism.

4. EXPERIMENTAL PROCEDURES

The following experimental procedures were followed in the present work:

1- The laboratory were prepared for the experiment specially stagnation pressure by
opening all doors and windows to the atmosphere.

2- The measuring tubes were mounted in the traversing mechanisms and adjusted for
measuring.

3- The connection between the measuring tubes and micro manometer were made by a
P.V.C tubes.

4- The micro manometer was operated and adjusted to the desired unit.

5- The fan was then adjusted to give the desired speed using controlling unit. In the
present work (10, 30 and 45 m/s)

6- (10-15) minutes were allowed for the rig to reach the steady state.

7- The laboratory temperature was recorded at the beginning and end of the experiment.
The maximum temperature variation detected was (3° C).

4.1 Total Mean Velocity

The total mean velocity of the flow inside the test section could be measured using
Pitot static tube at the centre of the square shape cross section. The Cartesian coordinates are
illustrated in the Fig. 3 for the inlet or mid plane of the test section. The coordinate will be
reliable for all calibration tests.

4.2 Experimental Grid Arrangement

To calibrate the test section flow uniformity, two planes are selected for this
calibration, the first one at inlet plane and the other at model mounting position (middle
plane). These sections are discretized into grid points as shown in Fig. 3 as recommended by
Hussain 1989 depending on the British Standards 1968 for the calibration flow inside
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conduits and tunnels. The points are distributed as shown in Fig. 3 near the walls to survey
boundary layer effects. To measure the dynamic pressure at each point, Pitot tubes are
mounted to the traverse system to move vertically at each row points beginning from lower
surface to the upper surface depending on the ruler fixed on the traverse unit.

4.3 Longitudinal Static Pressure Measurements

The buoyancy effect along the test section must be measured using static tube with
micro manometer. The static pressure along the test section centre line was measured at four
positions along the test section.

5. DATA PROCESSING
5.1 Total Mean Velocity

The local mean velocity at the test section and at the boundary layer was calculated
from the measured dynamic pressure, which is the difference between the total pressure and
the static pressure;

’ AP
V= 0.5%po (1)

Where AP is the dynamic pressure measured by micro-manometer in (Pa), and p., is
the density calculated from a barometric pressure measurement, a test section static pressure
measurement relative to the atmosphere and a test section temperature determination along
with the equation of state. From the manual book of the pitot tube device, the density could
be found from the following equations;

P = 1.325 X PRT )

where Pg is the barometric pressure in inches of mercury. T is the absolute temperature
(indicated temperature in °F plus 460).
For standard sea level air properties,

AP
V= /0_5*1.225 = 40.406 * AP ©)

5.2 Boundary Layer Characteristics

The wall boundary layer velocity profile could be measured and fitted with power law
function to find the boundary layer characteristics as displacement thickness, momentum
thickness and shape function using Simpson’s 1/3 Rule for equal interval in the y-direction.
These characteristics may be defined as follows;

5 = <1 - (U1)> dy @)

0= (1- (%) () ©)

H =% (6)
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Where U/Uq is the velocity profile of the flow near the tunnel wall at specified position.

5.3 Velocity Error Analysis
The local mean-velocity (V) was given by equation;
V =ccvh 7)

where cc is constant depends on the equation (1) parameters. Thus, to find the relative error,
it will be differentiated logarithmically, then;

dv_ 1 _ dh

—_— ==X — (8)

\% 2 h

where (dh) is the absolute error in the dynamic pressure head, and it is calculated as;

dh = /((h = hp)? + (8h)2) 9)
The first term in the R.H.S of equation (9) represents the deviation from the mean

Zi=1h+hm), where (n) is the number

of points, where as the second term represents the error of the measurements.

As example, the error in the velocity 30 m/s at the test section inlet without the model
as presented in are calculated using the measured values of the dynamic pressure head at the
mesh points where the mean value hy, is (55.56138 mmH20), and deviation from the mean
was (0.824093 mmH20). The error of measurements was taken as (0.5 mmH20). Hence,
from equation (9), the absolute error (dh) was calculated as (0.96391mmH20), thus, from Eqg.
(8), the velocity relative error will be (+ 0.8674%).

(hm) of all measured values of (h), and it is calculated as (

6. CFD SIMULATION

A three dimensional flow had been simulated using COMSOL 3.5 commercial
programme. Turbulent flow with k-® turbulence model was used to simulate the flow inside
wind tunnel. Three velocities were simulated and presented to study the flow characteristics
and behaviour through the test section. The simulation may be represented with the boundary
conditions illustrated in Fig. 4 where the inlet velocity was measured from the wind tunnel
inlet section using flow anemometer. Unstructured tetrahedral elements were used with total
number of 12000 elements. Fig. 5 shows a generated free mesh by the programme for the
flow inside the wind tunnel. Stationary segregated solution method was used with tolerance
10 and the maximum numbers of iterations were 2000 step. The solutions were represented
in to contours for the pressure and velocity distributions.

7. RESULTS AND DISCUSSIONS

The wind tunnel total velocity was calibrated and presented in Fig. 6. The Pitot static
tube was fixed at the test section inlet plane to record the total mean velocity by using micro-
manometer. The figure relates the input current to the fan with total velocity which is ranged
from O to maximum speed. It is found that the velocity at the test section had maximum value
of 55 m/s. The discrepancy in the designed and measured velocity may be attributed to the
fan design blade.

As shown in Fig. 7, the uniformity distributions of the inlet velocity across the inlet
plane of test section for 10, 30 and 45 m/s respectively are clearly flatten at the core section
as expected. Small regions at the test section walls are shown to be distorted due to presence
of boundary layer on the wall surface. The velocities 30 and 45 m/s show a deep valley at the
centre of the section due to the wake of frontal Pitot-static tube which was fixed to measure
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the inlet velocity. This Pitot must be removed from the inlet section after measuring the
velocity to a specified value.

The mid section velocity uniformity is illustrated in Fig. 8 for different inlet velocities
of 10, 30, and 45 m/s respectively. The distributions are fair enough for different velocities
and the discrepancies may be attributed to the corner stationary flows of the test section. The
velocities distributions show an important behaviour at the centre regions, where the
maximum values are distributed in the y-direction while no similar distribution are found in
x-direction, this may be attributed to the divergence angle of the test section for the upper and
lower surfaces which are tilted to prevent buoyancy effect along the test section.

Figs. 9, 10, 11, and 12 show velocity profiles at the inlet and mid planes of test
section for horizontal and vertical centre axes. As shown the flows are flatten at the centre
location except at the side walls where the boundary layer growth is the major influence to
the uniformity of the test section and symmetrical distribution along the vertical and axial
axis.

The velocity profiles along the diagonals of the inlet and mid planes are shown in
Figs. 13, 14, 15, and 16. It could be seen that, as the test section velocity increased the
profiles became inflated slightly specially at velocity 30 m/s which may be attributed to the
wall boundary layer effects on the core velocities.

It is important to find the velocity profiles across the boundary layer of the test section
walls. Since the flow is symmetric across different axis as illustrated in the previous figures,
the boundary layer on the lower surface is measured by finding a velocity profiles at the mid
section for three velocities10, 30 and 45 m/s. As can be seen, turbulent velocity profiles are
clearly appeared in Figs. 17, 18 and 19. A power low was used to find a curve fitting for the
experimental data. Equations are shown in the figures, and good fittings are evaluated for the
velocity profiles. The boundary layer characteristics (displacement thickness, momentum
thickness) could be calculated for these profiles and are given in the Table 1. No boundary
layer separations are obvious through test section walls. By assuming the boundary layer
thickness is linear with distance. Taking the relation from schlechting,

1

6(x) =.37x (f}—x)( 5), one obtains a boundary layer thickness of 20.8 mm for flow at the
test section at velocity 10 m/s if the boundary layer begins at the inlet of the test section. The
measured thickness for this velocity at mid section is 19 mm, which is good prediction to the
boundary layer thickness. Most of results are shown in the Table 1. It could be noticed that
the boundary layer thickness increased with increasing velocity which may be attributed to
the traverse pressure gradient normal to the wall which increases the boundary thickness.
Same thing may be noticed for momentum thicknesses and shape factor which give an
indication for shear stress and frictional losses along the test section.

Figs. 20, 21, show the flow inside wind tunnel for inlet velocity equal to 1.23 m/s
experimentally which gives 10 m/s at the test section. One notes that the pressure at the test
section is under the atmospheric pressure with minus value and the velocity also equal to 10
m/s as measured experimentally. Figs. 22, 23, 24, and 25 have same distributions with inlet
velocities 3.5 m/s for 30 m/s and 5.25 m/s for 45 m/s respectively.

The static pressure along test section is represented in Fig. 26. The figure shows a
gradual decrement in the static pressure although it is small but could be represented as a
linear behaviour for all three velocities. For velocity 30 m/s as example,
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D = (Pyur — Pin) * A = (=0.53 + 0.57) * 1000 * (0.7 * 0.7) = 19.6 N
D

o ~ 19.6 0,035
P 050, V2 05%1.23%302

The drag coefficient for the model inside test section must be corrected due to
presence of the boundary layer growth along walls of test section. Pope,1978, presented a
method for calculating buoyancy effects on the models inside test section. The static pressure
gradient shrinking streamlines transiting down the test section. The squeezing effect
accounted and added to the pressure gradient effect. The total drag increment with squeezing
effect is;

__m, ,dp
ADp = =5 632

where A correction factor, and t is the body thickness.

8. CONCLUSION

The overall aerodynamic objectives for most wind tunnels is to obtain a flow in the
test section that is as near as possible to a parallel steady flow with uniform speed throughout
the test section. The wind velocity in the test section of the Low Speed Wind Tunnel (LSWT)
at the Mechanical Department of university of Baghdad is obtained from pressure
measurements using pitot tubes located at the entrance and mid section of the tunnel test
section. The static pressure along the test section centre line was measured at four positions
along the test section. The local mean velocity at the test section and at the boundary layer
was calculated from the measured dynamic pressure. The inlet and mid plane of test section
for 10, 30 and 45 m/s are clearly flatten at the core section. A power low was used to find a
curve fitting for the experimental data of boundary layer on the lower surface, and good
fittings are evaluated for the velocity profiles, which mean the flow is turbulent. The static
pressure along the test section was a linear behaviour.
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NOMENCLATURE

AP (Po-P.) Pa
Cp drag coefficient

D drag force N

Dg buoyancy Drag N
dp/dl | pressure gradient Pa/m
H shape factor

Po free stream Static pressure Pa
Po total Pressure Pa

t body thickness M

U local velocity m/s
Ue boundary layer edge velocity m/s
\Y/ total mean velocity m/s
d boundary layer edge m

8 boundary layer displacement thickness m

0 boundary layer momentum thickness m

A correction factor

v Kinematic viscosity m°/s
P free stream density m°/kg
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Figure 2. Types of measurement instruments (all dimensions are in mm).

116



((@ Number 11 Volume 20 November - 2014 Journal of Engineering

o Pitot tube position

700
® * . ] L] * L
L BN AR J L L e L L a8 ® HH
[ ] * * ® ® ® [ ]
L 2 N * L L ] [ [ ] L
LB I L ] L L] L] L] LI I
700 L N N * L ] [ ] ® e o »
L 2 N L] L L L ] ] L o
Y
H
A
L N ® L L ] [ ] ® L o
] * ® L ] L ] ® [ ]
e o8 L 4 L 4 L 4 L} L a8 ®
] L  d p ] L ] ]
|
P _ HH_WW_1
D —
. X e H wW 7

Figure 3. Mesh arrangement at the test section (all dimensions are in mm).
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Figure 4. Wind tunnel CFD boundary conditions.
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Figure 5. Wind tunnel descretization using COMSOL 3.5 program.
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Figure 6. Total velocity as a function of the fan input current.

118



Number 11 Volume 20 November - 2014 Journal of Engineering

253
R

D
QK
0:‘::\::\\\\\\

Y s \ N O
RS X WY 0o
W X BRI ' 0% 33
TR IR e
W i
02,000 0025525% R 00, 0, RS RN
Ul
'c,'l

gl
@ i s
-~ I"'"IIII’/"%%I

Velocity = 30 m/s

Velocity = 45 m/s

Figure 7. Velocity uniformity across the inlet plane of the test section for 10, 30, and 45 m/s.

119



Number 11 Volume 20 November - 2014 Journal of Engineering

R
IR
NSNS

SRR

2
2
=, % s o
R 2R 22 W
R s %2 SRR
N e
2 e e A
N LK
X IR
R 288 SR 5
N

Velocity = 30 m/s

XX
Q2 N\
N
KRR WA
RN
s 7

N
0

Velocity = 45 m/s

Figure 8. Velocity uniformity across the mid plane of the test section for 10, 30, and 45 m/s.

120



Number 11

50
40 |—
velocity = 10 m/s
velocity = 30 m/s
- - =  velocity =45 m/s
30—
€
g =
]
> PR =] -
20 f—
10 fm—
0 1 | 1 1 | 1 | 1 1 | 1
0 100 200 300 400 500 600 700
X (mm)
Figure 9. Test section velocity of the
horizontal axis at the inlet plane.
50
40 —
velocity = 10 m/s
----- velocity = 30 m/s
- — - — velocity =45m/s
K S T P o
0
£
2 |
8
]
> PR =] -
20 |—
10
0 1 I 1 I 1 I 1 l 1 I 1 1
0 100 200 300 400 500 600 700
X (mm)

Figure 11. Test section velocity of the
horizontal axis at the mid plane.

121

Volume 20 November -

2014 Journal of Engineering
50
40 —
0 R eSS 2% SleTSiiE 2is SieiEi=E SIS Sieeielin -~
£
20 — |
10
0 1 1 1 | 1 I 1 I 1 1
0 100 200 300 400 500 600 700
Y (mm)
Figure 10. Test section velocity of the
vertical axis at the inlet plane.
50
40 —
velocity = 10 m/s
velocity = 30 m/s
= - —  velocity =45 m/s
B e
\\E{
g [ !
2 !
20 |— |
10 =
0 1 I 1 I 1 I 1 I 1 I 1 I 1
0 100 200 300 400 500 600
Y (mm)

Figure 12. Test section velocity of the
vertical axis at the mid plane.

700



50

40

Velocity (m/s)
w
o

N
=3

50

40

30

Velocity (m/s)

20

Figure 15. Test section velocity of the
diagonal a-a at the mid plane.

122

Number 11 Volume 20 November - 2014 Journal of Engineering
50
| 40 f—
velocity = 10 m/s velocity = 10 m/s
_____ velocity = 30 m/s - — = = — velocity =30 m/s
- —_ —  velocity =45 m/s - — - — velocity =45 m/s
e e e e e e e e e e e - - - . B0 e o o o o - o e e e e -
£
- %- -
— R 20 |— N
10
1 l 1 l 1 l 1 l 1 I 1 l 1 l 1 0 1 I 1 I 1 I 1 | 1 I 1 I 1 I 1
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
A-A (mm) B-B (mm)
Figure 13. Test section velocity of the Figure 14. Test section velocity of the
diagonal a-a at the inlet plane. diagonal b-b at the inlet plane.
50
— 40 }—
velocity = 10 m/s velocity = 10 m/s
----- velocity = 30 m/s - = = = = velocity =30 m/s
= — - — velocity=45m/s - — - — velocity =45 m/s
— ———m =T T T T T T T T T T T T e e e e L. . 30 oo s SESHT MRS TS SR sy momis Sagia o
€
- %- b \.
— . 20 [— N,
10
PR IS S N Y [T T ' ol 1 by oy by by ]y
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700
A-A (mm) B-B (mm)

Figure 16. Test section velocity of the
diagonal b-b at the mid plane.

800



(( Number 11 Volume 20 November - 2014 Journal of Engineering
b= ‘//4./)/’/1 1= . o o % © e
- e o —
/}/./ /r/
.///o/ //'/ UlUg=( y/5 )(1/8)
. o UlUg=( y/s )(1/8.24) LU 2
/,,,w' /.T
4
/‘
0.6 0.6 /
‘T
=) g
> = —
® O @ Vesuement
04 |— 04 |— Curve Fitting
. ’ .Measuremenl
Fit 10: Power
0.2 p— 02 p—
. | 1 I | 0 1
0 0.2 0.4 06 0.8 1 0 0.2 0.4 06 0.8 1
yls yis
Figure 17. The boundary layer velocity profile Figure 18. The boundary layer velocity
over the lower surface of the test section velocity profile over the lower surface of the test
=10 m/s at mid plane. section velocity = 30 m/s at mid plane.
1= /,T/f/o
o o ° . e
/0/
’//" UUe=( y/5 ,(] 9.16)
08 |—
'
0.6 f
S
o
04 |—
. . .Measuremenl
Curve Fitting
02 |—
6 | | | |
0 0.2 04 0.6 0.8 1
y/é

Figure 19. The boundary layer velocity profile
over the lower surface of the test section velocity
=45 m/s at mid plane.

123



Number 11 Volume 20 November - 2014 Journal of Engineering

Table 1. Boundary layer characteristics inside wind tunnel test section.

Velocity (m/s) | & (mm) | 8 (mm) 0 (mm) H (mm)
10 10 | 1.9644E-03 | 1.58571E-03 | 0.81
30 25 2'65013?65 2.12062E-03 | 0.803
25 2 30E-03 | 247103 | 082

Min: 64,602

Figure 20. Flow field and pressure Figure 21. Pressure distribution inside
simulation inside wind tunnel when wind tunnel when inlet velocity 1.23
inlet velocity 1.23 m/s m/s

H

Figure 22. Flow field and pressure simulation Figure 23. Pressure distribution inside
inside wind tunnel when inlet velocity 3.5 m/s wind tunnel when inlet velocity 3.5 m/s.
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Figure 24. Flow field and pressure Figure 25. Pressure distribution inside
simulation inside wind tunnel when wind tunnel when inlet velocity 5.25
inlet velocity 5.25 m/s. m/s.
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Figure 26. Static pressure along test section for
three velocities values.
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ABSTARCT

The removal of heavy metal ions from wastewater by sorptive flotation using Amberlite
IR120 as a resin, and flotation column, was investigated. A combined two-stage process is proposed
as an alternative of the heavy metals removal from aqueous solutions. The first stage is the sorption
of heavy metals onto Amberlite IR120 followed by dispersed-air flotation. The sorption of metal
ions on the resin, depending on contact time, pH, resin dosage, and initial metal concentration was
studied in batch method .Various parameters such as pH, air flow rate, and surfactant concentration
were investigated in the flotation stage. Sodium lauryl sulfate (SLS) and Hexadecyltrimethyl
ammonium bromide (HTAB) were used as anionic and cationic surfactant respectively. The
sorption process, which is PH dependent, shows maximum removal of metal ions at pH 7.
Langmuir and Freundlich isotherm expressions were found to give both a good fit to the
experimental data. Kinetic data correlated well with Lagergren second order kinetic model, and
flotation step enhanced the removal efficiency of nickel and cadmium from wastewater from about
75% to 94% and reduce turbidity so it can dispense with the filtering process, which is expensive
technology. It is believed that flotation separation has great potential as a clean water and
wastewater treatment technology.

Key words: heavy metals; sorption; flotation; Kinetics; turbidity.
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1. INTRODUCTION

Heavy metals are generally considered to be those whose density exceeds 5 g/cm®, Nocito et al.,
2007. Removal of heavy metals from wastewater is of primary importance because they are not
only causing contamination of water bodies and are also toxic to many life forms. Industrial
processes generate wastewater containing heavy metal contaminants. Since most of heavy metals
are non degradable into nontoxic end products, their concentrations must be reduced to acceptable
levels before discharging them into environment. Otherwise these could pose threats to public
health and/or affect the aesthetic quality of potable water, Aslam, et al, 2004.According to World
Health Organization (WHO) the metals of most immediate concern are nickel, cadmium, chromium,
copper, zinc, iron, mercury and lead, WHO, 1984.

Nickel ions represent a serious environmental problem since they are widely used in many
industries and general applications. Among them are: industrial effluents, industrial fertilizers,
catalysts, gears, magnets, airbag valves, electronics, tooth protects, exhaust smokes, stainless steels,
etc, Arsalani, et al., 2009. Its removal is of major concern because nickel compounds are
carcinogenic and also can cause asthma. Another common adverse health effect of Ni (Il) is skin
allergy, Aslam, et al., 2010. In addition to nickel, cadmium is consider one of the most toxic
metals affecting the environment, the source of cadmium are mining and metallurgy of cadmium,
cadmium electroplating, , is widely used in pigments, as heat stabilizers for plastics, for corrosion
resistance of steel and cast iron, metal plating, phosphate fertilizer, mining, pigments, alloy
industries, in soldering and brazing and in the battery industry (Ni - Cd batteries), and ceramic
industries waste waters contain undesired amounts of Cd** ions is highly toxic and there is some
evidence that it is carcinogenic, Hiatt and Huff, 1975. Sorptive flotation involves the preliminary
abstraction or scavenging of metal ions using appropriate sorbents which exists in fine or ultrafine
particle size range, subsequently he process was followed by a flotation stage for solid — liquid
separation of the metal —loaded sorbent particles from the treated clean solution.

The aim of the present work is to study the removal of nickel, and cadmium ions from
wastewater by sorptive flotation method using Amberlite IR120 and Amberlite CG50 as an
exchanger resins and bubble column for flotation. In addition, investigate the parameters that
influence the separation efficiency, such as contact time, pH, and dose of resin, and initial metal
concentrations, air flow rate, surfactant type. Also this study aims at determining isotherm model
and kinetic models for this system.
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2. MATERIAL and EXPERIMENTAL PROCEDURE
2.1 Materials

Analytical grade reagents were used in experimental studies. Nickel nitrate Hexahaydrate
N2NiOg.6H,0 and Cadmium nitrate tetrahydrate Cd (NO3)..4H,0 were used for preparing synthetic
solutions. pH adjustments were carried out by using 0.1N HNO3 and 0.1N NaOH. Amberlite IR120
strong acid cation exchange resin from (Rohm and Hass) and Amberlite CG50 resin from (Hopkin
and Williams Company, UK) was used, its physical and chemical properties are given in Tables 1
and 2 respectively. Sodium lauryl sulfate C;,H,5NaO4S (SLS) and Hexadecyl trimethyl ammonium
bromides (HTAB) as anionic and cationic surfactants, respectively.

Tablel. Properties of Amberlite IR120.

Matrix Styrene
Functional group Sulfunic acid (strong acid)
Particle size(mm) 0.3-1.2

Maximum temperature °C 120
pH range 0-14
Total capacity(equiv/l) 1.8

Table 2. Properties of Amberlite CG50.

Matrix Macroporous crosslinked methacrylate
Functional groups -COO
Physical form Dry fine powder
lonic form as supplied H+ week acid
Total exchange capacity 10 meqg/g min
Moisture content 10% max
Particle size Nominally 100 to 200 mesh (US Std)
75 to 150 pm

2.2. Apparatus

Batch experiments were carried out in Lap Mixer (Cole Parmer, USA). WTW series ion lab pH-
meter used for pH measurements. GBC 933 plus Atomic Absorption Spectrometer AAS was used to
measure concentrations of soluble nickel and cadmium ions.

2.3. Equilibrium studies

Batch equilibrium experiments have been carried out to find the optimum PH, time, and
equilibrium isotherms. The procedure involved filling the flask with 1L of heavy metal ions solution
of 25-200 ppm. About 1 g of adsorbent was added into flask. Resins and solution dumped into a
flask and after mixing at 400 rpm, the solution and the resin allowed for equilibrium for 50 min in
the mixer. The adsorbent and the solution were separated through filter paper. The effect of pH for
heavy metal ions removal using ion exchangers was studied in pH range of 3-8 amount of resin
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0.25- 3 g, concentration of heavy metal ions 25-200 ppm. Sorption isotherm studies were carried
out with different initial concentrations of metal ions while maintaining the resin dosage at constant
level. For pH effects, 25-200 mg/l of metal ions and ion exchange resins amberlite IR120 dose 1000
mg/1L were used. Kinetic experiments were conducted by using a known weight of resin dosage
and optimum metal ion concentration. After regular intervals of time, suitable aliquots were
analyzed for metal ions concentrations and recorded. The rate constants were calculated by using
the conventional rate expression. After the sorption stage the solution was placed in the flotation
column. The flotation tests were carried out in a bubble column (acrylic) of 6 cm inside diameter
and 120 cm in height. Fig.1 shows a schematic diagram of experimental apparatus. Air supplied by
the compressor was fed to the column through a pre — calibrated rotameter. Air entered the column
was dispersed as bubbles into liquid. Feed inter with different metal concentration was poured
gently at the top of the column. At the same time, the column was pressurized so as not to weep the
liquid through the holes. Perforated plate of the air distributer was used which has 25 holes with
0.05 cm diameter. The holes are arranges in the equilateral triangular pitch through the whole area
which are located inside the column. The column was operated at batch mode as far as the liquid
phase and continuous flow with respect to air. This column contains six taps of 0.2 cm inside
diameter, these taps arranged at interval of 15 cm and used to draw samples from the column ,
samples were taken at preset time intervals as 2 , 5, 10 and 15 min, samples were withdrawn slowly
to minimize entrainment of air bubbles. Between experiments, the column was cleaned using
HNOs, and then rinsed three times with double distilled water. Metal contents of solution were
analyzed by AAS.
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Figure 1. Schematic diagram of the experimental set-up.

3. RESULTS and DISCUSSION
3.1. Effect of Resin Type

Two types of Resin were used in this study to find out the most efficient resin
1- weak acid ion exchange resin ( Amberlite CG50 )
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2- Strong acid ion exchange resin ( Amberlite IR120)

Fig.2 shows the effect of resin type on the removal efficiency of Cd** and Ni** ions, respectively,
from these figures it can be seen that the strong ion exchange resin (Amberlite IR120) is more
efficient than week acid ion exchange resin (Amberlite CG50), were the removal efficiency when
using 2 g dose of amberlite IR120 reaches about 98.8% and 99.4% for nickel and cadmium
respectively, while for the same dose of CG50 it reaches 23% and 47% for nickel and cadmium
respectively, and this is because of the ability of the sulfuric acid group to exchange cations or
split neutral salts also because the strong acid ion exchange resin useful across the entire pH range,
Wheaton and Lefevre, 2000, so the decision towards use strong acid ion exchange resin Amberlite
IR 120.
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Figure 2. Effect of resin type on removal of (a) Cd®* (b) Ni** with different dosages at (t,120min ;
PH, 7; mixing rate 400 rpm; initial metal concentration 100 mg/L).

3.2. Effect of Contact Time

The effect of contact time on the sorption of metal ions by Amberlite IR120 was studied by
adding 1 g /L of resin to 100 mg/L of contaminated solution. The solution was mixed for different
time intervals. Fig.3 shows the effect of contact time on the sorption of nickel, and cadmium. From
this figure it can be seen that the percentage of metal removal increased with increasing time and it
reached the plateau value at 2 hr for nickel and cadmium ions. The same behavior were noticed by
Onundi et al., 2010, also the results shows that within the first 30 min uptake metal ions removal
by the resin were relatively fast, which is 72.7% for nickel and 70.4% for cadmium, a few
progressive increase between 30 to 60 min and after 60 min the percentage of removal efficiency
reached 96.8% and 98.6% for nickel and cadmium respectively. The initial sorption rate was very
fast due to the existence of greater number of resin sites available for the sorption of metal ions. As
the remaining vacant surface sites decreasing, the adsorption rate slowed down due to formation of
repulsive forces between the metals on the solid surface and in the liquid phase. The decreasing of
Mass transfer leads to increase the uptake of metal ions with contact time. This is a critical
parameter for best removal of metal ions in the waste water. The ion exchange rate and the
equilibrium removal efficiency of cadmium was faster than nickel while in binary system a
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decreasing in removal efficiencies are noted because of the competition between two metal in the
solution the results are plotted in Fig. 4 ,the same behavior were noticed by El-Sayed et al., 2010.
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Figure 3. Effect of contact time on removal of Ni** & Cd®* ions (pH 7; amount of resin 1g/I;
mixing rate 400 rpm; initial metal concentration 100 mg/L; single system).
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Figure 4. Effect of contact time on removal of Ni?* & Cd®* ions (pH 7; amount of resi 1g/L;
mixing rate 400 rpm; initial metal concentration 100 mg/L, binary system).

3.3. Effect of pH

The effect of pH was examined by adjusting the pH in range of 2-8. Hydronium ion
concentration is a parameter affecting the ion exchange process. This is partly because hydrogen
ions themselves are strongly competing adsorbate and the solution pH influences the ionization of
surface function group.; 100 mg/L metal solution was used. Resin amounts of 1 g/L were added to
the beaker and solution were mixed at 400 rpm at temperature 25°C. The sorption of metal ions
increases with an increase in pH. Up to pH 5, the increase in sorption is gradual, which however,
increase drastically at pH > 5. At higher pH > 7.0, Cd** and Ni?* ions sorption become nearly
constant, the amount of sorbate was found to decrease because the surface area of the sorbent were
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more Protonated and competitive sorption occurred between H* protons and free metal ions toward
the fixation sited, Onundi, et al., 2010. Therefore, H* ions react with ionic functional groups on the
surface of the sorbent and result in restriction of the number of the binding sites favorable for the
sorption of metal ions; pH affects both the surface charge of adsorbent and the degree of ionization
of heavy metals in solution. The results are plotted in Figs. 5 and 6 for single and binary systems,
respectively. From these figures it can be seen that the removal efficiency reached 98.4% and
96.7% for nickel and cadmium ions, respectively, for single system while for binary system it
reaches 75.5% and 73.8% for nickel and cadmium, respectively.
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Figure 5. Effect of pH on removal of Ni** & Cd** ions (contact time 2 hr; amount of resin 1g/L;
mixing rate 400 rpm; initial metal concentration 100 mg/L; single system).
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Figure 6. Effect of pH on removal of Ni** & Cd?* ions (contact time 2 hr; amount of resin 1g/L;
mixing rate 400 rpm; initial metal concentration 100 mg/L; binary system).

3.4. Effect of Resin Dose:

The resin amount also one of the important parameters to obtain the quantities uptake of metal ion.
The dependence of metal sorption on resin amount was studied by varying the quantity of Amberlite
IR120 0.25, 0.5, 1, 2 and 3 g/L in 100 mg/L of metal solution, pH 7 and contact time 2 hr. The
mixing speed of 400 rpm remained constant and temperature was maintained at 25°C. The results
are plotted in Figs. 7 and 8. These figures reveals that the removal of metal ions increase with
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increases in resin dosage from 0.25 to 1 g/L, the removal remain unchanged above 1 g/L of
Amberlite IR120 , Obviously that by increasing the resin amount, the sorption density, and the
amount of adsorbed metal ion per unit mass increases, Rafati, et al., 2010. A small increase in the
removal efficiency can be noticed when the amount of resin increased from 1 to 3 g/L because 1g/L
was enough to adsorb nearly all metals existing in the solution and reach very high removal
efficiencies. The increasing in the resin amount resulted in a decrease in the contact time required to
reach equilibrium. The results were expected because for a fixed initial metal concentration,
increasing sorbent amount provides greater surface area or ion exchange sites or adsorption site,
Gupta and Bhatta, 20009.
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Figure 7. Effect of resin dose removal of Ni** & Cd?* ions on Amberlite IR120 on (pH 7; Time
120 min; mixing rate 400 rpm; initial metal concentration 100 mg/L; single system).
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Figure 8. Effect of resin dose removal of Ni** & Cd?** ions on Amberlite IR120 on (pH7; Time 120
min; mixing rate 400 rpm; initial metal concentration 100 mg/L; binary system).

3.5. Effect of Initial Concentration

Experiments were done by using 1 g/L of resin, pH 7, contact time 120 min, and constant
shaking speed, 400 rpm with different initial metal concentrations 25, 50, 100, 200 mg/L for Ni?*
and Cd** ions. Fig.9 shows the effect of varying metal concentrations on the sorption under the best
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conditions. The results show that the increase in initial metal ion concentration decreases the
sorption percentage removal. This behavior due to that 1 g of resin may contain enough
exchangeable sites for the concentration range 25-50 mg/L, but when the concentration increases to
100 and 200 mg/L the exchangeable sites in 1 g will not be enough to accumulate these
concentrations so that the depletion in percentage removal was obvious. The maximum cation
exchange resin percent was obtained as 95.7% and 91.6% for Ni** and Cd*" for single system
while it reaches 57.6% and 67.4% for Ni** and Cd** for binary system, respectively. This decrease
in the removal efficiency is due to competition between metals Ni** and Cd®* for binding sites
presented in the resin. The adsorption phenomena depend on the charge density of cations. The
charges of metal ions are the same (+2); therefore Cd** (biggest diameter) have minimum sorption
while Ni?* (least diameter) have maximum sorption.
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Figure 9. Effect of initial metal concentration on removal of Ni** & Cd®* ions on Amberlite IR120

(pH 7; amount of resin 1g/L; Time 120 min; mixing rate 400 rpm; single system).

3.6. Sorption Isotherms

Sorption isotherms are very powerful tools for the analysis of sorption process. Sorption
isotherms establish the relationship between the equilibrium pressure or concentration and the
amount of adsorbate adsorbed by the unit mass of adsorbent at a constant temperature, Sevgi, 2007.
Langmuir and Freundlich isotherm models are widely used to investigate the sorption process.

3.6.1 Langmuir Isotherm Model

Langmuir sorption isotherm models the monolayer coverage of sorption surfaces and assumes
that sorption occurs on a structurally homogenous adsorbent and all the sorption sites are
energetically identical. The saturated monolayer curve can be represented by the expression, Rao,
et al., 2006:

__ Qmax bCe
de = 14bC, (1)

A linear form of this equation is:
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C 1 C
be _ = 4 Le 2
de qmb + dm ( )
Where:

b = is constant related to the affinity of the binding site (L mg™).

g = the sorbed metal ions on the biomass (mg g™).

C. = metal ions concentration in the solution at equilibrium (mg L™).

gm = maximum sorption capacity for a monolayer coverage (mg g™*). The linear Langmuir plots are
obtained by plotting C¢/ge vs. C¢ (Fig. 10).
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Figure 10. Langmuir isotherm for ion exchange of Ni?* & Cd** ions on Amberlite IR120
(concentration 100 mg/l, amount of resin 1g/l ;Time 120 min ; mixing rate 400 rpm).

3.6.2 Freundlich Isotherm Model

Freundlich equation is derived to model the multilayer sorption and for the sorption on
heterogeneous surfaces. The Freundlich isotherm theory says that the ratio of the amount of solute
adsorbed onto a given mass of sorbent to the concentration of the solute in the solution is not
constant at different concentrations, Rao, et al., 2006. The Freundlich equation is:

Je = K¢ Ce" (3)

Where: Kyand n = the Freundlich constants
A linear form of equation 3 is:

Log ge = (1/n) log Ce + log K¢ (4)

where g is the amount of solute adsorbed per unit weight of adsorbent (mg/g), Ce is the equilibrium
concentration of solute in the bulk solution (mg/L), K¢ is a constant indicative of the relative
adsorption capacity of the adsorbent (mg/g), 1/n is a constant indicative of the intensity of the
adsorption. The linear Freundlich plots are obtained by plotting log ge versus log Ce from which the
adsorption coefficients could be evaluated (Fig. 11). All constants determined from Langmuir and
Freundlich isotherms are given in Tables 3 and 4 for single and binary system.
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Figure 11: Freundlich isotherm of Ni** & Cd** ions on Amberlite IR 120 (pH7, concentration 100
mg/l; amount of resin 1g/L; Time 120 min; mixing rate 400 rpm).

Table 3. Parameters of Langmuir and Freundlich isotherms for ion exchange of Ni?* & Cd** ions on
Amberlite IR120 (single system).

Model Parameters Ni?* Cd** Model Parameters Ni“ Cd*
Langmuir | gm(mg/g) 227.27 | 200 Freundlich K¢(mg/g) 11.155 |9.143
equation | b (1/mg) 0.0270 | 0.0345 | €quation 1/n 0.621 | 0.689

R? 0.9771 | 0.986 R? 0.9884 | 0.961

Table 4. Parameters of Langmuir and Freundlich isotherms for ion exchange of Ni?* & Cd** ions on
Amberlite IR120 (binary system).

Model Parameters | Ni®* Cd** Model Parameters | Ni** cd**
Langmuir | gm(mg/qg) 140.84 | 243.9 Freundlich Ks (Mg/g) 3.634 1.438
equation | b (I/mg) 0.0126 | 0.004 equation 1/n 0.6718 | 0.8438

R 0.9937 | 0.9925 R 0.9946 | 0.9981

3.7. Kinetics of Sorption

The study of sorption kinetics of heavy metal removal from waste water is significant as it
provides valuable insights into the reaction pathways and into the mechanism of sorption reaction.
Monitoring a kinetic experiment helps to study how the sorption system is affected by process
variables and to understand the step which limit sorption. In addition the sorption kinetics describes
the solute uptake rate which in turn controls the residence time of sorbate uptake at the solid —
solution interface .Therefore it is important to predict the rate at which sorbate is removed from
aqueous solutions in order to design appropriate treatment processes. Kinetic studies were
performed by using 100 mg/L concentration, pH was adjusted to 7, resin mass was 1 g and 400 rpm
for 120 min.
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3.7.1. Pseudo-First Order Reaction Kinetic

Simple linear equation for Pseudo-first order reaction kinetic is, Lagergren, 1989.
In (Qe-r) = In g — kat )
where kj is the rate constant of the first-order adsorption, g; is the amount of heavy metal adsorbed
at time t (mg/g) and ge is the amount of heavy metal adsorbed at saturation (mg/g). Plot of In (qe-0r)
versus t allows calculation of the rate constant k; and ge.

3.7.2. Pseudo-Second Order Reaction Kinetic

Pseudo-second order reaction kinetic can be expressed as, Ho and Mckay, 1999:

t 1 1
— = =+ (Dt
qdt h (Qe)

(6)

h=k.q.” that can be regarded as the initial sorption rate ast — 0. Under such circumstances, the
plot of t/g; vs. t should give a linear relationship, which allows the computation of qe, K, and b. A
comparison of sorption rate constants, experimental and calculated g. values for the pseudo- first
and pseudo second order reaction kinetics of removal of Ni?* and Cd®* for single and binary systems

are tabulated in Tables 5 and 6, respectively.

Table 5. Comparison of sorption rate constants, experimental and calculated ge values for the
pseudo-first- and —second-order reaction kinetics of removal of Ni?* & Cd®* ions by Amberlite
IR120 for single component systems.

Pseudo-first-order Pseudo-second-order
Metal i
e experimental mg/g k1*103min'1 e calculated R2 K *10_3g/mg i e calculated R2
mg/g mg/g
NiZ* 98.3 0.0375 66.254 | 0.9848 | 1.408*107 102.04 0.9942
cd** 98.6 0.0365 76.624 | 0.9689 | 7.14*10* 107.52 0.9796

Table 6. Comparison of sorption rate constants, experimental and calculated g values for the
pseudo-first- and —second-order reaction kinetics of removal of Ni?* & Cd®* ions by Amberlite
IR120 for binary component systems.

Pseudo-first-order Pseudo-second-order
Metal | g imental ma/
e experimental mg/g k1*103min'1 e calculated R2 K *10_3g/mg i (e calculated R
mg/g mg/g
NiZ* 38.2 0.0361 29.189 |0.9662 | 9.08*10 * 45.66 0.9945
cd* 39.15 0.0375 25.888 0.935 | 1.235*10° 42.918 0.9911
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4. FLOTATION

After the completion of the sorption stage, the solution transferred to the second stage (flotation
stage), and study removal efficiency for different time intervals 2,5,10,15 min at different pH value
3,5,7 and 8 with two types of surfactant, Sodium Lauryl Sulphate (SLS) and Hexadecyltrimethyl
ammonium bromides (HTAB) as cation and anion surfactant respectively with different surfactant
concentration 100 , 200 and 300 mg/L.

4.1 Effect of pH

Several works related to the foam separation techniques point out that pH plays an important
role in flotation. Depending on pH, different interfacial properties and reaction routes may be found,
Matis and Mavros, 1991. The effect of pH on the removal of nickel & cadmium ions by bubble
column are shown in Figs. 12 and 13 by plotting the removal ratios versus time at various pH
values .As shown in these figures the removal ratios increase after approximately 5 minute from the
beginning of the run. It was found that the highest removal achieved when the pH of the solution
was between 7-8, this result was similar to Turtureanu, et al., 2008. They suggested that the
flotation of nickel and cadmium ions, has significantly values of removal efficiency at pH 7 -8
because at pH higher than 8 the metals will precipitates as hydroxide and flotation is a precipitate
flotation process.
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Figure 12. Effect of pH on the removal efficiency of (a) Cd** (b) Ni?* (concentration 100 mg/L;
Q=500 ml/min; SLS=100 mg/L; single system).
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Figure 13. Effect of pH on the removal efficiency of (a) Ni’* (b) Cd?* (concentration 100 mg/L;
Q=500 ml/min; SLS=100 mg/L; binary system).

4.2 Effect of Surfactant Type

The type of surfactant plays a significant role in foam flotation. The type of collector needed
depends on the pH of the solution. In general, anionic collectors are needed at pH 1-7 because the
metal ions are in cationic forms. at very high pH, cationic collectors would be needed if the metal
ions were present as anions, Zoubolis and Matis, 1987. The removal rate of Ni** and Cd*" ions
from water was studied at two different types of surfactant (sodium lauryl sulfate and
Hexadecyltrimethyl ammonium bromide) in order to show the effect of adding anionic and cationic
surfactant on the removal rate of metal ions. The effects are shown in Figs. 14 and 15 by plotting
the (R %) versus time. From these figures, it can be seen that the anionic surfactant (SLS) at pH 7 is
more efficient than the cationic surfactant (HTAB) at the same pH, no significant removal rate was

obtained using (HTAB), Al-Obaidi, 2011.
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Figure 14. Effect of surfactant type on the removal ratio of (a) Ni** (b) Cd®* (concentration 100
mg/L; Q=500 ml/min; SLS=100 mg/L; HTAB=100 mg/L; single system).

139



i) Number 11 Volume 20 November - 2014 Journal of Engineering

90 - 90 -
85 4 (a g5 | (h)
(@) . o —
¢ 80 1 i 80 -
o
> 75 —— - = g 75 .4 - u
S £
S 70 7 £ 70 -
b w
& 65 - ——SLS 3 65 - o— SLS
S 60 - 3 60
5 ——HTAB £ —@— HTAB
£ 55 - @ 55
T} o
m 50 T T T T T T T T T T T T T T T 1 50 T T T T T T T T T T T T T T T 1
50515253 54 5556 57 58 59 60 61 62 63 64 65 66 505152 535455565758 59 606162 63 64 65 66
t(min) t(min)

Figure 15. Effect of surfactant type on the removal of (a) Ni** (b) Cd®* (concentration 100 mg/L;
Q=500 ml/min; SLS=100 mg/L; HTAB=100 mg/L; binary system).

4.3 Effect of Surfactant Concentration

The key to floatability (or non floatability) of chemical species is hydrophobicity. Substances
are rendered hydrophobic by addition of the appropriate collector, in which the polar groups are
eliminated by adsorption leaving non-polar groups exposed to solution. An important factor relates
to the ratio of collector to metal ion. Usually a small excess of collector is added to guarantee
maximum removal of the metallic ions in solution. Excessive collector should
be avoided, not only due to higher cost, but also because of other negative effects, such as large
foam losses, micelle formation, competition between the metal-collector complex and free collector
ions for bubble surface sites and the potential toxicity of residuals amounts of collector in the
effluent, Scorzelli, et al., 1999. The ions are completely soluble at pH 7 and the removal rates are
strongly dependent on collector concentration requiring higher collector concentration for complete
removal and at high pH the ions are insoluble, the effect of different SLS concentrations on the Ni**
and Cd** removal efficiency at pH=7 are presented in Figs. 17 and 18 respectively. From these
figures, it can be seen that at low surfactant concentration 50 mg/L low removal was obtained, this
may be attributed to the presence of insufficient amounts of surfactant required for complete
flotation, Ghazy, et al., 2008.The separation efficiency improves with increasing surfactant
concentrations up to 200 mg/L. Further increasing in surfactant concentration up to 300 mg/L
results in decreasing in the removal efficiency. The decreasing in the metal removal for raised
collector concentration can be due to competition between collagen collector complex and free ion
collectors for a place in the surface of the bubble, Medina, et al., 2005, Mohammed, et al., 2014.
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Figure 16. Effect of surfactant concentration on the removal efficiency of (a) Ni** (b) Cd**
(concentration 100 mg/L; Q=500 ml/min; SLS=100 mg/L; single system).
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Figure 17. Effect of surfactant concentration on the removal efficiency of (a) Ni** (b) Cd**
(concentration 100 mg/L; Q=500 ml/min; SLS=100 mg/L; binary system).

4.4 Effect of Air Flow Rate

The effect of gas flow rate 500, 1000 and 1500 ml/min on the removal efficiency of Ni** and
Cd?* in the bubble column was investigated. The results are shown in Figs. 18 and 19 for pH=7 as
gas flow rate increased, the removal ratio increased, This is because increased gas flow rate causes
early bubble detachment, large fluid activities (stress) at the bottom section and bubble coalescence
and (mostly) break up, Sulaymon and Mohammed, 2010. This results in a large number of small
bubbles which leads to increasing surface area available for adsorption metal-collector.
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Figure 18. Effect of Air flow rate on the removal ratio of (a) Ni** (b) Cd®* (concentration 100 mg/L;
SLS=100 mg/L; single system.
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Figure 19. Effect of Air flow rate on the removal ratio of (a) Ni** (b) Cd®* (concentration 100
mg/L; SLS=100 mg/L; binary system.

5. TURBIDITY

Turbidity is the optical property that causes light to be scattered and absorbed rather than
transmitted in straight lines through the sample, Asano, 2007. In our case turbidity caused by 3
different things (Amberlite IR120 resin, Ni** and Cd** ions, and SLS as a surfactant). The practical
benefit of sorptive flotation process include turbidity decreasing from the wastewater , and by
flotation process we will not need the filtering process, which is a complex and expensive one
compared to the process of flotation. There is now interest in the technology as a pretreatment step
in Ultrafiltration membrane plants and in desalination reverses osmosis plants, Edzwald, 2010, and
by reducing turbidity the process of removing heavy metals from wastewater completed and here
we fine the benefit of sorptive flotation.
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5.1 Turbidity with Different Surfactant Concentration

From Fig. 20 obviously turbidity rate dropped during the flotation process with different
surfactant concentration. In the beginning of flotation process the contaminated water include three
different contaminants metals and resin from the sorption stage and surfactant that added after
sorption stage, the initial turbidity increase with increasing surfactant concentration. From this
figure it can be noticed that starting the flotation process the turbidity decrease immediately in the
first 2 min and almost fades after 15 min. the turbidity reduction efficiency reaches 90%, 85.3% and
78% for 100 mg/L, 200 mg/L and 300 mg/L SLS concentration, respectively. From these result we
realized the fact that the flotation process is very useful and conceders to be very effective process
to remove turbidity, and also we find out that with increasing of the surfactant concentration will
decrease the turbidity removal efficiency.
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Figure 20. Turbidity with different surfactant concentration (resin dose 1g/L; Q=500 ml/L).

5.2 Turbidity with Different Flow Rates

Water flow rate has a significant influence in reducing turbidity due to increasing the bubble rise
velocity .The effect of air flow rate on the turbidity removal is shown in Fig. 21. The experimental
results showed that at 500 ml/min the turbidity decrease about 90 % while in 1500 ml/min the
removal efficiency of turbidity is about 100%.
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Figure 21. Effect of Air flow rate on the removal of turbidity (resin dose 1g/L;
concentration=100 mg/L; SLS=100 mg/L).

4. CONCLUSION
The following conclusions are exacted from the present study:

Amberlite IR120 strong acid cation exchange resin is a better alternative to Amberlite CG50
weak acid cation resin for the removal of nickel and cadmium ions from wastewater.

The optimum pH for metal ions sorption on to Amberlite IR120 is about 7.

The linear Langmuir and Freundlich, isotherms were used to represent the experimental data.
Langmuir and Freundlich both results good fitting to the experimental data for the two metals.
The monolayer adsorption capacity of nickel and cadmium calculated from Langmuir model
was obtained 227.27, 200 mg/g for nickel and cadmium respectively.

By applying the kinetic models to the experimental data, it was found that the adsorption of
nickel and cadmium ions on Amberlite IR120 resin followed second order kinetics.

The anionic surfactant SLS was found to be more efficient than HTAB. Removal efficiency
increase with increasing SLS concentration up to 200 g/l for both metals while above this
concentration the removal efficiency decrease due to the competition between colligend
collector complex and free ion collectors for a place in the surface of the bubble.

Removal efficiency increase with increasing air flow rate , because of the large number of small
bubbles which leads to increasing surface area available for adsorption metal-collector

Flotation process very effective in reducing turbidity so it can dispense with the filtering
process, which is expensive technology by the flotation process.
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ABSTRACT

Atter studying the reality of application to occupational safety in new Iragi building projects and
sampling the situation wilt that in developed and neighboring countries, researcher found that there is a
big gap in the level of safety application conditions, this indicates the need fora quick and clear
reference for local engineers to use it on site for safety conditions in their projects . As a case study the
monitors work the researcher studied a huge project in the United Arab Emirates.This project
considered for safety requirements to highest grades. This case study may be far away from the projects
in Irag, but we hope to rise the lraqi work level in the near future. After seeing the way of
administration work and how they were rated the severity of each phase of the work, an idea was
builtabout the most dangerous situations in projects with multiple floorsbuildings. To find multiple
solutions to the risk, researchers identified 46 cases with their ratings, type of perceived risk in each
case, and displayed a format survey to the most important specialized institutions and companies
operating in Iragq and the United Arab Emirates. Finally theresearcher takes the results,and format a
software that any user can use in his personal computer to studythe expected risk,how to avoid it and
how to deal with it if it happens.

Key Word: construction management safety.
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1. INTRODUCTION
After independence the construction industry has grown significantly. In civil engineering projects
many works big or small are executed, for the execution of these works skilled and unskilled labor
along with machines and equipment are employed. with the introduction of machines for increasing the
output of the work, the number of the accidents also increasing. It is a hard fact where the safety ends,
accident start. Any work completed without accidents results economical. Nobody wants to be injured,
but it happens so sudden that one cannot help. On the one hand accidents cause injury to the worker
and agony to his family and on the hand;they cause mental tension and financial burden to the owner.
Though the social concern of the safety of construction workers and their protection against injury is
quite evident since long, but so far no tangible results have been observed. The survey of occupational
injury and illness incidence carried out in 1992 shows that up to 14,5% workers suffer from these
injuries . thebreakup of occupational injury in different industries is shown in Tablel, Gupta, 2005.
When management found itself in the problem, by legislation, of having to pay for injures in the job, it was

decided that it would be financially better to stop the injuries from happening. This decision by the industry all
over the world gave birth to the organized industrial safety movement .Management concentrated heavily, if not
entirely, on correcting the hazardous physical conditions that exist in work place in the early years of safety
movement. This showed a significant decline in the death rate (deaths per million men —hours worked) during
the first 20 years of the safety movement, Petersen, 1971, afterMirza, 2001.

The interest in safety awareness among construction industry and the whole industry at large has greatly
increased in the past decade. This can be attributed to many factors .Recognition of relationship between safety
management and the return on investment is one of the factors, www.arab_eng .org ,2007.

Up until 1970, there were no codes that required safety of the employees at their worksites in United State
,www.arab_eng .org ,2007. At that time, the Occupational Safety and Health Administration (OSHA) was
formed to establish a safe workplace, which is defined as free of both health hazards and dangerous conditions
for all employees. OSHA has since produced the Occupational Safety and Health Standards. The standards are
continually updated. Specific standards for the construction industry are classified as 29 (CFR) 1926 code of
federal regulations, here in after called the standard all employers are required to implement these standards to
ensure that any persons employed by them would be free from any danger while at the workplace. Since1970,
the standards have grown to include nearly all worksite activities,www.arab_eng .org ,2007.

The Objective of this research is to establish a practical and effective program for the prevention of and
response to incidents and injuries, and to assign specific responsibilities to contractors and owners and their
supervisors in the recognition, evaluation and control of hazardous activities or conditions within their
respective areas of contract responsibility.

2. SAFETYDEFINITION

In order to understand safety, it iS necessary to consider what is meant by “safety”. Depending on one’s
perspective, the concept of aviation safety may have different connotations, such asBerardinis, 1999.

zero accidents (or serious incidents), a view widely held by the travelling public; construction works:
manufactures work;

the freedom from danger or risks, i.e. those factors which cause or are likely to cause harm;

the attitude towards unsafe acts and conditions by employees (reflecting a “safe” corporate culture);

the degree to which the inherent risks in aviation are “acceptable”;

the process of hazard identification and risk management; and the control of accidental loss (of persons and
property, and damage to the environment).

Safety is a condition in which the risk of harm or damage is limited to an acceptable level. The safety hazards
creating risk may become evident after an obvious breach of safety, such as an accident or incident, or they may
be proactively identified through formal safety management programmer before an actual safety event occurs.
Having identified a safety hazard, the associated risks must be assessed. With a clear understanding of the nature
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of the risks, a determination can be made as to the “acceptability” of the risks. Those found to be unacceptable
must be acted upon. Berardinis, 1999.

Safety management is centered on such a systematic approach to hazard identification and risk management —
in the interests of minimizing the loss of human life, property damage, and financial, environmental and societal
losses.Keller, 1998.

Safety is the state in which the risk of harm to persons or of property damage is reduced to, and maintained at or
below, an acceptable level through a continuing process of hazard identification and risk management.
(Researcher)

3- Safety Cycle

Safety cycle given the number and a potential relationship of the factors that may affect safety, an
effective (SMS safety management system) is required. An example of the type of systematic process
required is shown in Fig.1,Abdul-Rahman, 1988.

Hazard identification is the critical first step in managing safety. Evidence of hazards is required and
may be obtained in a number of ways from a variety of sources, for example: Bush, 1975.

a) Hazard and incident reporting systems;

b) Investigation and follow-up of reported hazards and incidents;

c) Trend analysis;

d) Feedback from training;

e) Flight data analysis;

f) Safety surveys and operational oversight safety audits;

g) Monitoring of normal operations;

h) State investigation of accidents and serious incidents; and

i) Information exchange systems.

Each hazard identified must be evaluated and prioritized. This evaluation requires the compilation and
analysis of all available data. The data is then assessed to determine the extent of the hazard; is it a
“one-of-a-kind” or is it systemic? A database may be required to facilitate the storage and retrieval of
the data. Appropriate tools are needed to analyses the data. Having validated a safety deficiency,
decisions must then be made as to the most appropriate action to avoid or eliminate the hazard or
reduce the associated risks. The solution must take into account the local conditions, as “one size” does
not fit all situations. Care must be taken that the solution does not introduce new hazards. This is the
process of risk management.

Once appropriate safety action has been implemented, performance must be monitored to ensure that
the desired outcome has been achieved, for example: Saudi Aramco, 1993.

a) The hazard has been eliminated (or at least the associated risks have been reduced in probability or
severity).

b) The action taken permits coping satisfactorily with the hazard.

¢) No new hazards have been introduced into the system.

If the outcome is unsatisfactory, the whole process must be repeated.

4- Factors Affecting System Safety

The factors affecting safety within the defined system can be looked at two ways: first, by discussing
those factors which may result in situations in which safety is compromised; and second, by examining
how an understanding of these factors can be applied to the design of systems in order to reduce the
likelihood of occurrences which may compromise safety.

3
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The search for factors that could compromise safety must include all levels of the organization
responsible for operations and the provision of supporting services. Safety starts at the highest level of
the organization, DiBerardinis,1999 and these factors are:

4-1 Active failures and latent conditions

Active failures are generally the result of equipment faults or errors committed by operational
personnel. Latent conditions, however, always have a human element. They may be the result of
undetected design flaws. They may be related to unrecognized consequences of officially approved
procedures. There have also been a number of cases where latent conditions have been the direct result
of decisions taken by the management of the organization. For example, latent conditions exist when
the culture of the organization encourages taking short cuts rather than always following approved
procedures. The direct consequence of a condition associated with taking short cuts would materialize
at the operational level by non-adherence to correct procedures. However, if there is general acceptance
of this sort of behavior among operational personnel, and management is either unaware of this or takes
no action, there is a latent condition in the system at the management level.Keller and Associates,
1989.

4-2 Equipment Faults

The likelihood of system failures due to equipment faults is in the domain of reliability engineering.
The probability of system failure is determined by analyzing the failure rates of individual components
of the equipment. The causes of the component failures may include electrical, mechanical and
software faults. DeReamer,1980.

A safety analysis is required to consider both the likelihood of failures during normal operations and
the effects of continued unavailability of any one element on other aspects of the system. The analysis
should include the implications of any loss of functionality or redundancy as a result of equipment
being taken out of service for maintenance. It is therefore important that the scope of the analysis and
the definition of the boundaries of the system for purposes of the analysis be sufficiently broad so that
all necessary supporting services and activities are included.

The techniques for estimating the probability of overall system failure as a result of equipment faults
and for estimating parameters, such as availability and continuity of service, are well established and
are described in standard texts on reliability and safety engineering. These issues will not be addressed
further in this manual. Keller andAssociates, 1989.

4-3 Human Error

An error occurs when the outcome of a task being performed by a human is not the intended
outcome. The way in which a human operator approaches a task depends on the nature of the task and
on how familiar the operator is with it. Human performance may be skill-based, rule-based or
knowledge-based. Errors may be the consequence of lapses in memory, slips in doing what was
intended, or the result of mistakes which are conscious errors in judgment. A distinction should also be
made between honest or normal errors committed in the fulfillment of assigned duties, and deliberate
violations of prescribed procedures or accepted safe practices. Saudi Aramco,1993.

4-4 System Design
Given the complex interplay of human, material and environmental factors in operations, the complete
elimination of risk is an unachievable goal. Even in organizations with the best training programmers
and a positive safety culture, human operators will occasionally make errors. The best designed and
maintained equipment will occasionally fail. System designers must therefore take into account the
inevitability of errors and failures. It is important that the system be designed and implemented in such
4
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a way that, to the maximum extent possible, errors and equipment failures will not result in an accident.
In other words, the system is “error-tolerant”. Hinze, and Gambatese,2003. The hardware and
software components of a system are generally designed to meet specified levels of availability,
continuity and integrity. The techniques for estimating system performance in terms of these
parameters are well established. When necessary, redundancy can be built into the system to provide
alternatives in the event of failure of one or more elements of the system.

The performance of the human element cannot be specified as precisely; however, it is essential that
the possibility of human error be considered as part of the overall design of the system. This requires an
analysis to identify potential weaknesses in the procedural aspects of the system, taking into account
the normal shortcomings in human performance. The analysis should also take into account the fact
that accidents rarely, if ever, have a single cause. As noted earlier, they usually occur as part of a
sequence of events in a complex situational context. Therefore, the analysis needs to consider
combinations of events and circumstances in order to identify sequences that could possibly result in
safety being compromised. DeReamer1980.

Developing a safe and error-tolerant system requires that the system contain multiple defenses to
ensure that, as much as possible, no single failure or error will result in an accident, and that when a
failure or error occurs, it will be recognized and remedial action taken before a sequence of events
leading to an accident can develop. The need for a series of defenses rather than just a single defensive
layer arises from the possibility that the defenses themselves may not always work perfectly. This
design philosophy is called “defenses-in-depth”.

For an accident to occur in a well-designed system, gaps must develop in all the defensive layers of the
system at the critical time when that defense should have been capable of detecting the earlier error or
failure. An illustration of how an accident event must penetrate all defensive layers is in Fig.2, Saudi
Aramco,1993.

5- SAFETY MANAGEMENT PROCESS

Strategies to reduce or eliminate the hazards are then developed and implemented with clearly established
accountabilities. The situation is reassessed on a continuing basis, and additional measures are implemented as
required.

The steps of the safety management process outlined in Figs.2-4 are briefly described below:

5-1 Collect the data.

The first step in the safety management process is the acquisition of relevant safety data — the evidence
necessary to determine safety performance or to identify latent unsafe conditions (safety hazards). The data may
be derived from any part of the system: the equipment used, the people involved in the operation, work
procedures, the human/equipment/procedures interactions, etc.

5-2 Analyses the data.

By analyzing all the pertinent information, safety hazards can be identified. The conditions under which the
hazards pose real risks, their potential consequences and the likelihood of occurrence can be determined; in other
words, Whatcan happen? How? andWhen? This analysis can be both qualitative and quantitative.

5-3 Prioritize the unsafe conditions.
A risk assessment process determines the seriousness of hazards. Those posing the greatest risks are considered
for safety action. This may require a cost benefit analysis.

5-4 Develop strategies.
Beginning with the highest priority risks, several options for managing the risks may be considered, for example:
1) Spread the risk across as large a base of risk-takers as practicable. (This is the basis of insurance.)

5
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2) Eliminate the risk entirely (possibly by ceasing that operation or practice).

3) Accept the risk and continue operations unchanged.

4) Mitigate the risk by implementing measures to reduce the risk or at least facilitate coping with the risk. When
selecting a risk management strategy, care is required to avoid introducing new risks that result in an
unacceptable level of safety.

5-6 Approve strategies.
Having analyzed the risks and decided on an appropriate course of action, management’s approval is required to
proceed. The challenge in this step is the formulation of a convincing argument for (perhaps expensive) change.

5-7 Assign responsibilities and implement strategies.

Following the decision to proceed, the “nuts and bolts” of implementation must be worked out. This includes a
determination of resource allocation, assignment of responsibilities, scheduling, revisions to operating
procedures, etc.

5-8 Re-evaluate situation.

Implementation is seldom as successful as initially envisaged. Feedback is required to close the loop. What new
problems may have been introduced? How well is the agreed strategy for risk reduction meeting performance
expectations? What modifications to the system or process may be required?

5-9 Collect additional data.

Depending on the re-evaluation step, new information may be required and the full cycle reiterated to refine the
safety action.

Safety management requires analytical skills that may not be routinely practiced bymanagement. The more
complex the analysis, the more important is the need for the application of the most appropriate analytical tools.
The closed loop process of safety management also requires feedback to ensure that management can test the
validity of its decisions and assess the effectiveness of their implementation.Guldenmund, 2000.

6- SAFETY ECONOMICS
The conference of the International Roundtable on Construction Safety and Health, (Frankfurt 1995) identified
four major interventions to affect the risk factors:

e Improved site planning and management

e Improved training of workers and supervisors

e New construction technologies

o Markedly improved performance monitoring and data.
Therefore, to prevent accident, money must be spent. Provisions of safety equipment, planning and design of
safe construction procedure need financial supports. One of the objectives in project management is to maximize
profit through the safe construction work .Evidently effective safety management is profit maker for construction
companies .Accidents are associated which high direct and indirect costs hence, construction and safety
professionals should control these cost .Efforts have been made over the years to establish bases on which total
losses can be established from measurable costs. But in every instance, it has been found that the total losses
exceed by far the amount reimbursable by the insurance companies.Mirza, 2001.

The types of losses that can result from accidents injuries or unsafe conditions are shown
below.Mirza, 2001.Theses include the direct, indirect and hidden costs of injury or fatality all of them
may be not applicable for every specific instance, and cost of many are difficult to determine.

e Payments for settlement of injury or death claims
e Cost of rescue operations and equipment

e Expenditures of emergency equipment

e Loss of function and operations income
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e Cost for corrective actions to prevent reoccurrences

Degradation of efficiency of operations because of loss of experienced and trained personnel
Increased insurance cost

Loss of public confidence, and bytheir revenue

Loss of prestige

Degradation of morale

7- FACTORS THAT IMPROVING THE CONSTRUCTION SAFETY
In their study,Jaselskis, et al., 1996, presented the results of a complementary study which tended to be
more quantitative in comparison to other prior studies. The results pointed to several project-level
factors that are statistically significant in improving safety performance. Further, the study provided
contractors, specialty contractors and owners with objective strategies to achieve better safety
performance.

e Increase time devoted to safety

e Provide greater detail in the written safety program

e Increase the number of safety meetings between upper management and field safety

reprehensive

¢ Increase number of informal inspection

e Increase number of meetings for safety performance
While, Sawacha, etal., 1999, discussed various variables that influence safety on construction sites.
The impacts of the historical, economical, psychological, technical, procedural, organizational and
environmental issues were considered in terms of how these factors were linked with the level of site
safety. The results of research suggested that variables related to organization policy are the most
dominant group of factors influencing safety performance in the United Kingdom construction
industry.
Evelyn, et al., 2005. presented the results of a postal survey of contractors in Singapore. The findings
revealed that site accidents were more likely to happen when there are:

¢ Inadequate company policies.
Unsafe practices.
Poor attitudes of construction personnel.
Poor management commitment.
Insufficient safety knowledge.
Training of workers.
The study recommended that the project managers must pay more attention regarding the
factors identified above to help enhance safety performance on construction sites and reduce the
frequency of accidents.

8- OWNER’S AND CONTRACTOR’S SAFETY PERFORMANCE

Hancher, et al., 1998, Focused the analysis on four indicators of contractors and owners safety
performance, and they were as follows:-

The Experience Modification Rate (EMR).

The (OSHA) Recordable Incident Rate (RIR).

The Lost Time Incident Rate (LTIR).

The Workers’ Compensation Claims Frequency Indicator (WCCFI).
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The data presented in this study reveal:

e Different OSHA incident rates for contractors who keep track of accidents versus those

contractors who do not;

e Different EMR and RIR for small versus large contractors; and

e A different WCCFI for union versus open shop contractors.
While, Hinze and Wilson, 2000, conducted a study on a selected group of large, primarily industrial
firms to assess their safety records. The findings revealed that companies with good safety performance
can still make improvements through implementing specific safety practices.

A study by Hinze and Gambatese, 2003, concluded that specialty contractors and owners safety
performance was consistently influenced in part by a number of factors. The factors shown to improve
safety performance include:
e Minimizing worker turnover.
e Implementing employee.
e Drug testing.
e Training of workers.
Sang,2006, presented two objectives in his study:
e Identify the role of the safety programs and management’s opinions toward safety practices
within roofing companies, and,
e Obtain detailed injury and illness types/body parts and determine how this information related
to costs.

9- SAFETY REGULATIONS IN CONSTRUCTION PROJECTS IN IRAQ

Many lIraqgi local contractors have started works in Iraq since 1930. In 1970 one main state company
(The State Construction Contracting Company) had started in execution of very largeimportant
projects, then followed in 1987 established many state companies, such as,:Ali, 2009.

9-1 Public companies:
These companies working under the Law No. 22 for year 1997 and these are some of their companies
are:

e Al-Rasheed General Company for Constructive Contracting and it specialized by (constructive
building, foundations and piles).
Al-Mansoor General Company for Constructive Contracting and it specialized by (constructive
building).
Al-Farouk General Company for Constructive Contracting and it specialized by (constructive
buildings, piles).
Al-Mutasim General Company for Constructive Contracting and it specialized by (constructive
building).
Ashour General Company for Constructive Contracting and it specialized by (roads).

There is a big gap between Iragi companies and other countries related to:

The lack of safety culture in companies and their managers and crafts.

The workers attitudes and behaviors towards the risks not safely.

The employer does not provide safety equipment such as personal protective equipment (PPE).
Safety is not one of the priorities of the companies such as cost, time and quality.

8



Number 11 Volume 20 November - 2014 Journal of Engineering

Usually all the state and local companies award many of their works of different type to small local
subcontractors, then local subcontractor in order to reduce their costs and hence awarded the
subcontractors did not follow the safety regulation in the following aspects:
e Firefighting system
e Lighting of the project
Guarding the projects
Fencing of the projects
Concerning the workers in :
a. Not having toilets which match the number of labors.
b. Not using the safety clothes (over all).
c. Not using safety boots (safety shoes).
d. Not using helmets during the works.
e. Not using glass and safety measures during welding.
e Concerning the safety measure at the sites :
a. Not using prepare fence for the working areas and not having warning signs.
b. Not using guarding signs for the people toward entry into work area.
c. Not insuring the safety of the works or the third party as this done by the main contractor
according to the Contract Conditions for Civil Engineering Works.

The Contract Conditions for civil engineering works in its latest addition has emphasized on the
safety measures and regulation as this will reduce accident and hence reduce the cost of the projects
and making sure that the project has three main items which are the quality of work, cost of the project,
and execution of the project.

In order that the main contractors to have the ISO certificate in the near future they have to
follow and execute the safety regulation (OSHA or OHSAS 18001) concerning with safety.

9-2 Private companies:

There are many companies work in private sector and they work under the law No. 21 for year
1997, and these works include (roads, paving and constructive building). These companies suffering
such as the public companies above form the lack of safety in construction projects.

10-Filed Work

The field work is defined in three stages:

10-1 Stage one:

Case study (Palace Tower):

(Palace Towers) is one of the largest and beautifulness developments at the Dubai Silicon Oasis
(DSO),Fig.4. The Palace Towers offer a balance between work and home; in addition to a premier
lifestyle of endless opportunities with easy access to business areas of DSO and it’s easy to get the
maximum out of work and play at the same time.

Palace Towers offer a host of amenities from a fully equipped gym to two separate 20/10mt. pools for
residential and office complex to shopping and dining facilities' Every one of the 424 spacious
residential apartments is tastefully appointed, with contemporary layouts and designs that combine the
convenience of today’s lifestyle with timeless elegance. For the business user, the 150 high-tech office
suites provide a central and prestigious location from which to work.
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The Safety Management Plan of this project means get rid of danger, risk, or injury, while many things
that could go wrong are around.

This could happen by being aware, educating yourself and others about safety issues which will not
only keep accidents to a minimum, it will help to save lives.

The ultimate goal in accident prevention is "zero" disabling injuries and no lost work-time. However,

there are many barriers to achieving this goal, the most important of which is the human attitude.

From this case study (Palace Tower), In addition to full details of project information, location,
Stakeholders Profile and safety management plan researcher make a lot of a good information to this
research.

10-2 Stage two:

Interviews and Questionnaires;

All people from many levels concerned by the public construction projects ,within the construction
contract companies, were chosen to be interviewed and subjected to a well-designed questionnaire.
Questionnaireis the most important work of the research as it enters the details of the safety work
directly where they were when the study most of the cases in which possible cause of risk and identify
potential risks and negative consequences of her and left the answer on how to avoid those risks and to
address the matter to the questionnaire, which included 54 Foundation Inc. government, and is worth
mentioning that the response has been received from 42 enterprises and companies only a number is
relatively good and is also noted that most of the answers were close, and this convergence by type of
case.

10-3 Stage three:

Development the computer safety program:

In this computer safety program, the researchers enter the details of the safety work directly for most of
the cases in which possible cause of risk and identify potential risks and negative consequences of it
and the answer on how to avoid those risks, which included 46 activity which included many risks and
their mitigation action to be taken Fig.4, shows the flow chart of the program.

The program is designed in a Visual Basic 6 language, which is a Form of several Forms and all his
work shows it. Some of these forms are show in Figs5,6,7,8,9.
Thus, the rest of the Forms and the art form made the background color of color button it.
Project either out of the total of the first Form there is a button to exit.

11- CONCLUSION
This study is a case study for safety construction project, the researcher focus on safety management can best be
described as a set of actions or procedures relating to health and safety in the workplace by management to
achieve the followings:
1. Preventing environmental pollution and minimizing risks in the activities carried out in the
organization.
2. Providing information and training for people at all levels so they can effectively meet their
responsibilities.
3. ldentification, assessment and control of all workplace hazards and risks.
4.  Enhance interested party satisfaction.
5 Incorporate health and safety responsibilities into job descriptions for all workers and encourage workers
to identify unsafe work situations.
6.  Responsibilities should be assigned for such things as induction training, first aid, emergency procedures
and workplace inspections.
10
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Ensure that all workers fully understand their responsibilities for health and safety.

Construction can be a hazardous business. This is widely recognized by everyone in the
construction industry. When accidents happen, the costs are high — in people, profits and
productivity.

One of the best ways to avoid injuries and minimize costs is through good planning and co-
ordination — both before and on the job. This should start when the decision is made to go ahead
with the project, and should consider allstages and parties associated with the work.So everyone
involved in a construction project is responsible under the act, including: Clients, Designers/
advisers, Main Contractors, Subcontractors and Employees.

In short, everyone involved with a construction project of any kind from planners, designers and
supervisors through to on-site workers have a role to play in the management of health and
safety during a construction project. This level of duty for each doesn’t go beyond what is
reasonable for them to take.

12- RECOMMENDATION

The researcherspropose the following recommendations:-

1. to make a comparison study between this project and other project with similar specifications
with fixing for some affecting factors in the project plan.
2. toapply such study on industrial project to obtain the requirement of plan and safety management
which may be different than the requirement of commercial and residential projects.
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Table 1.Occupational injury rate.

Sa. % of total
Industry e

No. injury
1 | Finance insurance. 2.0
2 | Services 4.9
3 | Whole sale and retail trade 7.2
4 | Agriculture, forestry 7.7
5 | Transportation utilities 8.5
6 | Manufacturing 10.2
7 | Mining 10.5
8 | construction 14.5
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Figure 1.Safety cycle, Abdul-Rahman A., 1988.
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Figure 5.Flow chart for the computer program.
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LTI CRANE. FORK LIFT Etc...

MOVEMENT OF TRAILER/
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Figure 7.FormNo. 2 of the computer program.
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ACTIVITIES Crane: Opetatiors:

HAZARD INVOLVED |2l of wie rope Boom failure Bumping o crushing of persariel by loads ARSI

Fatalty or serious injuy Fatally or serious injury Fatalty, serios injury

MITIGATION ACTION TO BE TAKEN MITIGATION ACTION TO BE TAKEN MITIGATION ACTION TO BE TAKEN FARMODIEEN
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ANES et
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Painting of boam to be done regulary to operate crane and ditect loads
aveid rusting.
Ay damage found in the wire rope:

B oom should be fitted by experienced
The same should to be replaced with mecharic and periodic checks fo be caried
certfied ones

COMPRESSOR Grouting Lifting of heavy objects Placing concrete

Dredging excavation Grouting Joints (i (s "):I':i'g izt

Figure 8.FormNo. 4 of the computer program.
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to distinguish the difference flammable and other cylinders shal be kept PUMPS/ CRANES fetc...

In diferent lozation as marked )
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: Person walking in the swing
Cunoloies) cages area of crane/excavator
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Figure 9.FormNo. 18 of the computer program.
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Figure 10.FormNo. 44 of the computerprogram.
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