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Abstract— Preventing the corrosion of steel pipeline has
played an important role in various industries. The problem of
finding an inhibitor that has little or no impact on the
environment has recently motivated numerous studies.
Chemical inhibitors are often used for these processes, primarily
to control the metal dissolution and acid consumption. Use
corrosion inhibitors to prevent metal dissolution
and minimize acid consumption. The rates of anodic
corrosion of steel pipeline plates in different concentration of
phosphoric acid (6, 8, 10, 12 and 14 mol) were determined by
measuring the limiting current of anodic dissolution. The rates
of corrosion in absence and in presence of acid derivatives have
been measured. The corrosion rate depends on the types of
inhabitations and its concentrations. The rate of corrosion
decreases by amount ranging from 4.05 to 77.88 % in the case of
divided cell and undivided cell depending on acid compounds
and its concentrations. Those compounds verify Flory- Huggins
isotherm. Thermodynamic parameters also given. Antimicrobial
activity were examined for the two compounds used as chemical
inhibitors. The results indicated that tested compounds did not
show high activity against bacteria under test (Escherichia coli
and Bacillus subtilis) while compounds revealed high activity
against fungi. All new compounds were active against the
microorganisms. The acid derivatives have been examined to
show its Antitumor Activity. The results showed that
compounds I & compound II possess the highly significant effect
against breast cancer cell line (MCF7). These results show that
using (.Compound I:
2-{3-[2-(4-Oxo0-2-phenylquinazolin-3(4H)-ylamino) acetyl]
thioureido}-benzoic acid) &. (Compound 1I:
2-[2-(4-Oxo0-2-phenylquinazolin-3(4H)-ylamino)
acetylcarbamo-thioylthio] acetic acid) as inhibitors for the
corrosion of steel pipeline did not harmful on human health.

Index Terms— Electrodeposition; Corrosion Inhibit;
Limiting Current; Mass Transfer; Thermodynamic
Parameters; Acid derivatives.

I. INTRODUCTION

Studies on preventing the corrosion of steel pipe line in
acidic environments and the problematic chemical processes
that arise have attracted the attention of researchers from a
wide range of industrial sectors [1 ]. Preventing
the corrosion of steel pipe line has played an important role in
various industries, especially in the chemical and
petrochemical processing industries that employ the use of
steel pipe line. A number of studies have been conducted to
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investigate effective methods for preventing corrosion. Acids
are widely used in industrial processes, such as pickling,
cleaning, descaling, etc. Inhibitors are effective in reducing
the dissolution rate of metals [2—6]

The most of corrosion inhibitors can eliminate the undesirable
destructive  effect and prevent metal dissolution.
Electropolishing is the electrolytic metal finishing process
currently widely used in several high applications such as
cardiovascular and orthopedic body implants, pharmaceutical
and semiconductor installations. The process provides a very
clean, smooth layer, resistant surface. Currently, all metal,
alloy and intermetallic compound can be electropolished [7]
It is generally accepted that acid molecules inhibit corrosion
via adsorption at the metal-solution interface [ 8 ] were two
primary mechanisms of adsorption chemical or physical are
associated with acid compounds acts firstly by blocking the
reaction sites or generating a physical barrier to reduce the
diffusion of corrosion species to the metal surface.

One of the most important methods in the protection of steel
pipeline against corrosion is the use of organic inhibitors [9].
Acid derivatives compounds containing polar groups
including nitrogen, sulfur, oxygen [10-16] and heterocyclic
compounds with polar functional groups and conjugated
double bonds have been reported to inhibit steel pipe line
corrosion .The inhibiting action of these acid compounds is
usually attributed to their interactions with the steel pipe line
surface via their adsorption. The Polar functional groups can
be regarded as the reaction center that stabilizes the
adsorption process [18].

In this study, the effect of acid derivatives compounds on the
inhibition of steel pipeline corrosion in 8M H;PO, at different
condition has been investigated. The rate of steel pipeline
corrosion was determined by measuring the anodic limiting
current, i.e. at which polishing take place.

II. EXCREMENTAL PROCEDURE

2.1. Materials

Analar grade of H3;PO, (85% w/w) supplied by BDH
Chemicals Ltd., was used for the preparation of the electrolyte
solution. Doubly distilled de-ionized water with a measured
resistivity > 18 MQ/cm was used in the preparation of
solutions.

2.1.1. Compound L
2-{3-[2-(4-Oxo-2-phenylquinazolin-3(4H)-ylamino)acetyl ]t
hioureido }-benzoic acid.

2.1.2. Compound 1I:
2-[2-(4-Ox0-2-phenylquinazolin-3(4H)-ylamino)acetylcarba
mo-thioylthio Jacetic acid. Supplied by BDH Chemicals Ltd.,
were used as organic additives (chemical inhibitors).

2.1.3. Solution Composition
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Solution consists of 8M H3;PO, (100 ml) and different
concentrations of acid derivatives materials. The
concentrations of acid derivatives (.Compound I
2-{3-[2-(4-Oxo0-2-phenylquinazolin-3(4H)-ylamino)acetyl]th
ioureido }-benzoic acid) &.(Compound II:
2-[2-(4-Oxo-2-phenylquinazolin-3(4H)-ylamino)acetylcarba
mo-thioylthio] acetic acid were used as organic additives
cover range from 1x10°M to 1x 10°M. while the blank
solution consists of 8M H;PO,

2.2. Apparatus and Techniques

Fig (1) represents the cell and the electrical circuit that
has been used in this work. The cell consisted of a rectangular
plastic container having the dimensions (5.1x5.0x10.0 cm)
with electrodes fitting the whole section. Two electrodes,
each as rectangular steel pipeline plate of 10 cm height and 5
cm width, are located 5.1 cm apart. A porous poly vinyl
chloride diaphragm is used to prevent the effect of H, bubble.
The electrical circuit during this work consisted of 6 Volt
D.C. power supply of 6 volt with a voltage regulator and
multi-range ammeter was connected in series with cell.
Potential differences were obtained by increasing the cell
current stepwise and measuring the steady state anode
potential against a reference electrode, which consisted of
wire, immersed in a cup of Luggin probe filling with
phosphoric acid solution containing organic compound at
concentration similar to that in the cell. The tip of Luggin
probe is placed 0.5 - 1 mm tube from the anode surface.
Ortho-phosphoric acid concentration is prepared from analar
Ortho-phosphoric acid and distilled water. The anode height
is 2 cm. before each run the block part of the anode is
insulated with poly-styrene lacquers and the active surface of
the anode is polished with fine emery paper, degreased with
trichloroethylene, Washed with alcohols and finally rinsed in
distilled water. Electrode treatment is similar to that used by
Wilke. The rate of steel pipeline corrosion under different
conditions is determined by measuring the limiting Current at
25°C.

Luggin Prob

Reference Electrode

Diaphragm

6 Volts D.C.

Power suplly

ﬂ: —_ NP, S NP
Rheostat

Fig (1). Schematic diagram of the apparatus [19 ]

2.3. Antimicrobial Activity

The agar diffusion method by Cruickshank et al [20] studded
for the screening process. The bacteria and fungi maintained
on nutrient agar and Czapek’s - Dox agar media, respectively.
The assay medium flasks containing 50 mL of nutrient agar
for bacteria and Czapek’s - Dox agar medium for fungi
respectively allowed to reach 40-50 °C to be inoculated with
0.5 mL of the test organism cell suspension. The flasks were
mixed well, poured each into a Petri dish (15 x 2 cm), and
allowed to solidify. After solidification, holes (0.6 cm
diameter) were made in the agar plate by the aid of a sterile
cork poorer (diameter 6 mm). The synthesized target
compounds dissolved each in 2 mL. DMSO. In these holes,
100ul of each compound placed using an automatic
micropipette. The Petri dishes left at 5° C for 1 h to allow
diffusion of the samples through the agar medium and retard
the growth of the test organism.

2.4. In vitro Antitumor Activity
Measurement of Potential Cytotoxicity by SRB assay:

The newly synthesized compounds have been evaluated for
their Potential Cytotoxicity testing against breast cancer
(MCF?7) using the method of Skehan and Storeng[21]. Cells
plated in 96-multiwell plate (10* cells / well) for 24 hrs before
treatment with the compounds to allow attachment of cell to
the wall of the plate. Different concentration of the compound
under test (0, 1, 2.5, 5 and 10 pg/ml) were added to the cell
monolayer triplicate wells prepared for each individual dose.
Monolayer cells incubated with the compounds for 48 h at
37°C and in atmosphere of 5 % CO,. After 48 h, cells fixed,
washed and stained with Sulfo-Rhodamine-B stain. Excess
stain washed with acetic acid and attached stain recovered
with Tris EDTA buffer. Color Intensity measured in an
ELISA reader. The relation between surviving fraction and
drug concentration plotted to get tumor survival curves of
each cell line. The ICs, percent control of infected and
uninfected response values calculated for the various active
compounds was in Table 7 Doxirubsin (DOX) used as
positive standard. Compounds having ICsy < 5 pg/ml
considered potentially active and exposed to further in vivo
studies

3. RESULTS AND DISCUSSION

3.1. Effect of Electrode Height on Limiting Current density.

Figs (2.-5) and table (1) are showing that the limiting current density decreases with the increase in height
The average limiting current density decreases with increase in the height according to the following equation

IL=C/H)®

Where C is constant. H is the height of electrode.
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Potential (mV)

divided cell

undivided cell

Table (1): The relation between the potential and current at different anode height, in (8 M) H3PO,, using divided& undivided
cell.
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Figure (2.): The relation between the potential and current at different anode height, in( 8 M) H;POy, using divided cell.
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Figure (3): Give the effect of anodic height on the limiting current density using divided cell.
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Figure (4): The relation between the potential and current at different anode height, in ( 8 M) H3PO,, using un divided cell
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Figure (5): Give the effect of anodic height on the limiting current density using un divided cell.

3.2. Electropolishing using Divided and Undivided Cell.

Potential
T °C

Height(cm)

divided cell

undivided cell

Table (2): The variation of the current and voltage at different temperatures, at (1 cm) electrode height and in (8M) H;PO, using
divided and undivided cell
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Figure (6.): The relation between the current and volt at different temperatures, in (8 M) H3POy, and the height of anode (1 cm).

3.3. Effect of Acid Derivatives Concentration on the Limiting Current for Steel Pipeline:

The observed limiting current density, which represents the rate of steel pipeline metal corrosion in phosphoric acid at
25°C, decreases with increasing the concentration of the acid derivatives under test. It found that the limiting current decreases
with increasing the concentration of acid derivatives. From the practical point of view and based on results obtained the used
acid derivatives, studied in the concentration 10 mol/l, inhibit the corrosion of steel pipeline metal in 8 M H3PO, acid
If the values of limiting current in absence of acid derivatives (I blank), and in the presence of acid derivatives (I organic), the
percentage inhibition calculated from the following equation:

! blank — | organic

x 100
' blank 2

1 inhibition =
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Status Limiting current density, A.cm™
Concentration, M

L

Undivided ‘ Divided Undivided ‘ Divided .

Compound I

Compound II

Table (3): The effect of temperature on the limiting current for divided and undivided cells at different concentrations of the acid derivatives using divided and

undivided cell.
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Figure (7): The relation between the percent efficiency of inhibition for different and concentration for divided cell & undivided cell.

3.4. Application of Thermodynamic Parameters

Straight lines are obtained with a slope X and intercept log x K. The experimental data fit the Flory-Huggins adsorption
isotherm, which represented by

log© /C=logxk+ xlog(l- ©) (3)

Where x is the number of water molecules replaced by one molecule of the inhibitor.
The kinetic adsorption isotherm may written in the form

log6/1-0© =logk'+ylogC (4

The free energy of adsorption (G,4). At different concentrations of the organic materials as calculated from the following

equation:

AG,q4s = -RTIn (55.5K) (5
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Where the value 55.5 is the concentration of water in the solution mol/1

kinetic adsorption isotherm
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Figure (8) kinetic &Flory-Huggins adsorption isotherm
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Flory - Huggins

Compound Isotherm

calculated values of free energy of adsorption, AG a4, (K.J. mol ']) of the adsorbed organic materials.

3.5. Thermodynamic Treatment of the Results

From the integrated form of Arrhenius equation:
InI=-Ea/RT+InA )
Where R is the gas constant (8.314 k. J. mol -1), Ea is the activation energy (k.J.mol.-1) and A is the frequency factor. It seen

that the gradient is given by
— Ea/R and intercept by InA. Table (4) give the values of Ea for the compounds used. The values of enthalpy AH*, entropy

AS*, and energy of activation AG * obtained by the equations:

AH* =Ea-RT @)
AS* /R =In(kTe/h) €]
AG* = AH*- TAS* C)]

Where k is Boltzmann’s constant, e = 2.7183, h is Plank’s constant, T is absolute temperature and R is the universal gas
constant. The values of the calculated thermodynamic parameters for different concentrations of organic materials in H;PO,

using divided and undivided cell.

m Thermodynamic parameters.
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H*A G*A
(K.J.mol™) (K.J.mol ) mol”. (K.J.mol™)

Un divided

Compound IT

Un divided

Table (5) give the values of Ea for the compounds.
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Figure (9): The relation between the logarism of the limiting current and 1/T for all at different concentration using divided cell and undivided cell.
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Figures (10): The relation between A H (K .J. mol ! Jand A S * (J. mol 'K for different concentrations .

3.6. Biological Activity

The plates incubated at 30° C for 24 h for bacteria and 72 h of incubation at 28° C for fungi. DMSO showed no
inhibition zones. The diameters of zone of inhibition measured and compared with that of the standard, the values were
tabulated. Ciprofloxacin[22 - 23] (50 pug/mL) and fusidic acid[24] (50 pg/mL) used as standard for antibacterial and
antifungal activity respectively. The observed zones of inhibition presented in Table 6.

Compound No. Zone of Inhibition (mm) of Microorganisms
Bacillus subtilis Escherichia coli Candida albicans | Aspergillus flavus
Penicillin 50 45 17 46
Compound I 30 29 18 35
Compound II 40 30 17 40

Table (6): In vitro antimicrobial activity by agar diffusion method of the tested compounds.

The synthesized compounds were screened in vitro for their antimicrobial activities against Escherichia coli NRRL
B-210 (Gram -ve bacteria), Bacillus subtilis NRRL B-543 (Gram +ve bacteria), Aspergillus flavus and Candida albicans NRRL
Y-477 (Fungi). The diameters of zone of inhibition measured and compared with the standard, the values were tabulated.
Tetracycline used as standard for the antimicrobial activity and the observed zone of inhibition presented in Table 6.

The results indicated that tested compounds did not show high activity against bacteria under test (Escherichia coli
and Bacillus subtilis) while compounds revealed high activity against fungi. All new compounds were active against the
microorganisms.

3.7. Structure Activity Relationship (SAR) Studies:
The antimicrobial activity results and structure activity relationship indicated that the five-membered heterocyclic rings
attached to quinazolines moiety resulted in increase of antimicrobial activity.

In conclusion, the antimicrobial screening suggests that the newly synthesized compounds showed moderate to good
activity against the tested organisms. Hence the compounds prepared in this study are chemically unrelated to the current
medication, suggests that further work with similar analogues is clearly warranted.

3.8. Antitumor Activity
The results obtained in table 7 showed that compounds (I& II) possess the highly significant effect against breast cancer cell
line (MCF7) and this is might be due to the five-membered heterocyclic rings attached to quinazolines moiety.

Compound ICs pg/ml
DOX 2.97
Compound I 4.00
Compound II 5.50

Table (7): The IC50 (ng/mL) of some of the selected new compounds against Breast cancer cell line (MCF7)
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CONCLUSION

The value of the limiting current which represents the rate of corrosion is found to decrease by increasing the height of
the anode and by increasing the phosphoric acid concentration. The anodic limiting current density takes higher values for
undivided cell than that of the divided cell. Adsorption of these organic compounds (I&II) is founded to obey Flory — Huggins
and Kinetic adsorption Isotherms but not Langmuir Isotherm. The limiting current density in presence of the added organic
compounds (I&II) decreases with increasing concentration using both the divided and undivided cells and depends on their
component and solution temperature. All the values of the activation energies are less than 40 K J. mol ' indicating that the
reaction is diffusion controlled. The results indicated that tested compounds (I &II) did not show high activity against bacteria

and The results obtained showed that compounds (I &II) possess the highly significant effect against breast cancer.
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