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carbon steel at different Temperatures
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Abstract

In this research, the nanoparticle graft co-polymer was prepared, by reacting glycerol with terphthalic acid as a first step, and
in the second step added maleic anhydride to prepare graft co-polymer by solubilization process. Fixed weights of the Poly
(Terphthalic acid-co-Glycerol-G-Maleic anhydride) were mixed with different weights of acrylic acid (0.2 — 0.4 — 0.6 —and
0.8 mol) with the addition of drops of cobalt octoate to get different concentrations of the inhibitor. Carbon steel ingots were
coated with these concentrations and the inhibition efficiency was calculated at different temperatures (303 —313 —323) k with
a fixed time of 30 minutes. The highest results of inhibition efficiency recorded 91.41% at concentration 0.8 mol of Nano-

polymer and at 303 K .
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1. Introduction

Nanotechnology has wide applications in
research. Nanoparticles have size ranges from 1 to
100 nm and They have used in different areas like
industrial[1, 2], environmental [3], biomedical [4],
agriculture [5] and food [6-9]. They have unique and
superior elementary physical and chemical
properties for example higher outward area,
mechanical strength, optical active and chemical
reactive [10, 11]. From the most important uses for
nanoparticles in industrial field is having a great
ability to protect the metal from corrosion in
different environments [12, 13]. Corrosion occurs
when metals interact with their surroundings. The
metal converts into a more chemically stable form
such as oxide, hydroxide, or sulfide by the chemical
or electrochemical reactions metal and environment.
Corrosion is the biggest problem of the world
because it damage or destruction of material. The
cost of the corrosion is equal to about 4% of the
gross national product [14-16]. There are many
different ways are used to reduce corrosion rate such
as metal surface coating, using corrosion inhibitors,
Environmental Modifications, change in pH and
potential by cathodic or anodic reaction[17]. The

most common methods to decrease the corrosion
rate are using inhibitors. These inhibitors reduce the
corrosion rate by forming  protective film on the
metal surface. There are many organic and inorganic
inhibitors used to reduce corrosion especially the
organic compounds that have heteroatoms in their
structures (such as N, O, S), aromatic ring, certain
functional groups , and conjugated varied bonds
, These factors enable organic inhibitors to adsorb on
metals surfaces and decrease corrosion[18-20]. But
these inhibitors don't prefer because they are very
expensive and toxic for environment. So these
inhibitors are replaced by nanomaterials inhibitors.
Nano compounds are blocking active sites of metal
surface so it can reduce the rate of corrosion and
also provide hardness, straight, durability, optical
qualities and thermal stability[21]. So the aim of this
article forming new inhibitor (Nano-Polymer) which
has high molecular weight, environmentally
friendly, less expensive, more effective, and safe to
minimize corrosion. The mechanism of inhibition
(of the polymer used) can be explained that its
adsorption increases on the metal surface through
the electrons of the pi bonds of the aromatic rings
and the free (unlinked) electron pairs of oxygen in
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the hydroxyl (OH) and carbonyl (CO) groups. Since
the oxygen atoms in the polymer will give a pair of
unbonded electron to the empty orbital in the metal,
thus strong stable bonds will be formed between the
metal surface and the inhibitor (polymer).[22]

2. Experimental

All chemicals were supplied by chemical
companies.  The electrochemical measurements
were performed on MLab 200 Potentiostat /
Galvanostat.

2.1. Synthesis of Poly Terphthalic acid-co-
Glycerol-G-Maleic anhydride graft (PTGM)
Nano-particles (5):

It was synthesized by two steps

The first step: formed Linear Nano co-polymer
@)

A mixture of compound terephthalic acid (1) (2.0
mole, 332g) and (50 ml) dimethylsulphoxide

(DMSO) was warmed to 40°C in two-necked round
bottom flask. This flask was equipped with a
thermometer until clear liquor is formed. Adding
(1.0 mole, 92gm) from glycerol (2) and heating the
mixture to 120 °C. p-Xylene (25 ml) was added in
two stages carefully to withdraw the water resulting
from the esterification process. The flask was gently
heated at 145°C for 80 min. The reaction was cooled
to 50 °C to give Linear Nano co-polymer 3

Linear Nano co-polymer (3), yield 95%; IR
(KBr):~v = 3423 (br, OH alcoholic), 2902 (OH
carboxylic acid), 2654, 2544, (C-H spand sp?
hybridization absorption), 1726 (C=0 ester group),
1597, 1581 (C=C), 1284 -1259 (C-0) cm '; H
NMR (500 MHz, CDCly): 8 = 13.24 (s, 2H,
COOH),7.53- 8.10 (m, 8H, CH- aromatics), 6.27-
6.46 (d, 4H, methylene), 4.24- 4.50 (m, 1H, methyl),
3.44- 3.62 (t, 1H, aliphatic alcohol;) ppm (Fig. 1 and
2).

Figure (1): The FT-IR spectrum of linear co-polymer

1M

e

Figure (2): The *"HNMR spectrum of linear co-polymer

The second step;

Dissolving (0.5 mol, 58 g) of maleic anhydride
(4) in 10 ml DMSO at 40°C then added to Linear
Nano co-polymer 3. The mixture was gently heated
to 90°C, the drops of p-xylene was added in two
stages carefully to withdraw the water at 105°C.
After 40 min. the reaction mixture was cooled to

Egypt. J. Chem. 65, No. 11 (2022)

room temperature. Leave the reaction mixture at
room temperature for 6h. Adding the cold distilled
water to the reaction to form the suspension solution
and leave overnight. The ppt was filtered and
washed with distilled water to form PTGM Nano
Particals .
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5.Poly Terphthalic acid-co-Glycerol-G-Maleic
anhydride graft (PTGM) Nano-patrticles (5):

IR (KBr):~v = 3500 for stretching alcoholic -OH
with stretching (H-bond), 3140 aromatic =C-H,
3050 alkenes =C-H, 2880 aliphatic C-H, 1740 C=0
ester and 1250 C-O ester cm™. The spectrum of

"HNMR (600 MHz, (CD5)sSO) & = 13.12 (s, Protons
of carboxylic groups), 7.79-7.48 (m, protons of
aromatic ring), 6.46 (d, CH of maleic anhydride),
5.91-5.56 (d, CH,-CH-CH,), 4.28-4.23 (m, CH,-CH-
CH,). (Fig. 3, 4)

<y >
—(ﬂeug‘““

asmitace K

2600 2000

Page 1/1

Figure (3): The FT-IR spectrum of graft co-polymer

Figure (4): The "HNMR spectrum of graft co-polyme

2.2. Preparation of carbon steel specimens:

o

2.5cm

Figure (5): schematic diagram of carbon steel
specimen

Cylindrical shaped carbon steel specimens (2.5 cm
diameter and 3 mm height), as illustrated in Figure
(5), with chemical composition 0.462% C, 0.260%
Si, 0.597% Mn,0.0108% P, 0.0215% S, 0.0877% Cr,

Egypt. J. Chem. 65, No. 11 (2022)

0.0206% Mo, 0.0974% Ni, 0.0275% Al, 0.297% Cu
and Fe balanced.. The specimens were grounded
with emery paper of fine grain size (grade 80-400),
Then the specimens were washed, dried and stored
until use.

2.3. Preparation of coating:

A mixture of (0.1 g, 1.168 * 10™* mol) nano-
polymer with different mols (0.2, 0.4, 0.6, 0.8 mol)
of acrylic acid, and add (2-3) drops of (cobalt
octoate and hardener) with continuous mixing, until
forming the orange solution. Coating carbon steel
specimens with this solution, and dry it. Figure (6)

2.4. Preparation of Corrosive environment
solutions:

The attacker solution 1M H,SO, was
prepared through mitigation of analytical degree
98% H,SO, solution with distilled water.
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After immersion in acid after painting

-D- -C=

after polishing

Before polishing

-B- _A_

Figure (6): shape of carbon steel specimens

polymer —— acrylic acid —> cobalt octoate ——» hardener

VoY

0.1g

V0
|

Figure (7): Preparation of coating

2.5. Potentiostatic Polarization Measurements:

Potentiostatic polarization measurements
were conducted in a cell consists of three electrodes,
reference electrode (calomel electrode RE), auxiliary
electrode (platinum electrode AE), and working
electrode (carbon steel specimens WE). The working
electrode was dipped into the test solution for 30
min, with a time step of 1 sec and left to attain
steady-state open circuit potential (OCP). Potential
range was auto (£250 mv) relative to the OCP. The
corrosion potential (E.) and corrosion current
density (lcor) Were measured by tafel method. The
inhibition efficiency (I1%) was calculated as in
equation (1) [23].

N% = I”’:Tﬂ X100% ............. equation (1)

corr

Where I]% is the ratio of the efficiency of inhibition.
leorr » linn 1S COrrosion current density in the absence

and presence of inhibitors

HO_ _=©

3. Results and Discussion

Terephthalic acid (1) reacted with glycerol
(2) to form ester (3). The most characteristic features
of Linear nano co-polymer 3 are IR spectrum (fig 1)
showed the appearance of a strong broad band at
about 3423 cm™ for stretching alcoholic -OH with
stretching (H-bond), and at 1726 cm™ strong band
C=0 ester group.[24] The spectrum of HNMR
showed the presence of singlet signal at 13.24 ppm
characteristic of proton in carboxylic acid group, the
signals at 6.27-6.46 ppm for four protons of
methylene in the structure of co-polymer, the
multiples at 4.24- 4.50 ppm of methyl protons, and
the triplet signal in 3.44- 3.62 ppm due to the proton
of aliphatic alcohol so this spectrum was confirmed
the structure of our target polymer [25, 26]. (Scheme

1)
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3, Linear Nano co-polymer
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Scheme 1
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As shown in (Scheme 2) ester 3 was reacted with
maleic anhydride (4) to give Poly Terphthalic acid-
co-Glycerol-G-Maleic anhydride graft (PTGM)
Nano-particles (5). The structural assignment of
compounds 5 was based upon spectroscopic data for
example IR showed the appearance of a strong broad
band at 3500 cm™ for stretching alcoholic -OH with

(@}

(@] (@]
1 I H> 1
HO C@—C—O—CHZ?H—C -O—C

OH

3.Linear Nano co-polymer

stretching (H-bond), and the spectrum also showed a
strong sharp band at 1740 cm™ and 1250 cm™ for a
stretching band C=0O ester and C-O ester
respectively. The spectrum of 'HNMR (600 MHz,
(CD3)3S0) showed the appearance 13.12 (s, COOH),
6.46 (d, CH of maleic anhydride), 5.91-5.56 (d, CH,-
CH-CH),), 4.28-4.23 (m, CH,-CH-CHy,).

(@] C
1 N
OC on + /(l:‘\ /o

(n-1)HO

105 °C/ 40 min.

(@)

Hy |
HO ﬁ@—ﬁ:—o—c HCHzc—O—ﬁOﬁ OH
o @) o

5, Poly(Terphthalic acid-Co-Glycerol-G-Maleic anhydride)

[ PTGM Nano F’articals]

Scheme 2

By using solubilization process we prepared the
linear and graft co-polymers in the size of nano
particles, which measured by atomic force
microscope (AFM), fig (8a-c) shows the outer
surface of the nanoparticles of linear co-polymer.
The roughness of this surface and the square root
square are calculated according to the coefficient:

n
R (Zi — Zav)?
m E N
i=1

Where N, Z = the number of measured points

The bold size of the nanoparticles has an important
role in the roughness of the surface, surface
homogeneity, and its uniform crystalline system. As
shown in (Fig. 8a-c), the roughness coefficient of a
linear co-polymer surface was 1.19 nm, the square
root square was equal to 1.37 nm and the average of
height of the particles was equal to 4.80 nm. (Fig. 9)

Egypt. J. Chem. 65, No. 11 (2022)

is shown the distribution of the different proportions
of particle sizes of the linear co-polymer
nanoparticle. Table (1), represents the total rate of
the particle sizes of the common linear nanoparticle
and the different proportions of these volumes; the
results indicate that the molecular size of the linear
co-polymer nanoparticle was 94.09 nm. On the other
hand, (Fig. 10a-c) represents the outer surface of the
nanoparticles of graft co-polymer. The roughness
coefficient of a graft co-polymer surface was 2.12
nm, the square root square was equal to 2.44 nm and
the average of height of the particles was equal to 8.3
nm. (Fig.10a). Also Table (2) represents the total rate
of the particle sizes of the graft co-polymer
nanoparticle and the different proportions of these
volumes; the results indicate that the molecular size
of the graft co-polymer nanoparticle was 74.39 nm.
(Fig. 11) represent the distribution of the different
proportions of particle sizes of the graft co-polymer
nanoparticle.[18, 27]



696 Mohammedali D. R. et.al.

h
0
§

= - p— -_—
ZO00mm E !‘;‘ - % > --

O HNNW WA
in 0
]
55 BB

BEBBBEBBEE

[l
h
§

©
]
by

» gy
in
0
H

LT ™

[}
Ul
]

1000nm

h
U
g

.

o
o
0
g
:

- AMCSPANIG97262.csm
CSPNI Title
Topography

Pixels = (388.396)

Size = (2010nm.20S1nm)

SOO0Onm

4.55nm
4.05nm
3.550m
- 3.05nm
2.55nm
2.05nm
- 1.55nm
1.05nm
0.55nm
0.05nm
. ACSPM697262.csm
CSPM Title
Topography
Pixels = (388,396)
Size = (2010nm,2051nm)

Figure (8 c): Image of Atomic Force Microscope for linear co-polymer shows 2D Image and showing all details
of particles
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Figure (9): Distribution of the different proportions of particle sizes of the linear co-polymer nanoparticle.
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Table (1): The total rate of the particle sizes of the linear co-polymer nanoparticle and the different

proportions of these volumes

Sample:1

Code: Sample Code

Line No.: lineno

Grain No.:139

Instrument: CSPM

Date:2018-04-23

Avg. Diameter: 94.09 nm

<=10% Diameter:75.00 nm

<=90% Diameter:115.00 nm

<=50% Diameter: 90.00 nm

Diameter | Volume | Cumulation | Diameter | Volume | Cumulation | Diameter | Volume | Cumulation
(nm)< (%) (%) (nm)< (%) (%) (nm)< (%) (%)
75.00 7.19 7.19 100.00 8.63 68.35 125.00 1.44 93.53
80.00 12.95 20.14 105.00 7.19 75.54 130.00 5.76 99.28
85.00 16.55 36.69 110.00 7.19 82.73 145.00 0.72 100.00
90.00 11,51 48.20 115.00 5.04 87.77
95.00 11,51 59.71 120.00 4.32 92.09

8.00nm
7.00nm
6.00nm
S5.00nm
4.00nm
3.00nm
2.00nm

1.00nm

Onm

--\S.csm
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Topography
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Figure (10 b): Image of Atomic Force Microscope for graft co-polymer shows 2D Image.
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CSPM Imager Surface Roughness Analysis

Figure (10 c): Image of Atomic Force Microscope for graft co-polymer shows 2D Image and showing all details

of particles.

Table (2): The total rate of the particle sizes of the graft co-polymer nanoparticle and the different

proportions of these volumes

Sample:2

Code: Sample Code

Line No.: lineno

Grain No.:208

Instrument: CSPM

Date:2019-05-31

Avg. Diameter:74.39 nm

<=10% Diameter:0 nm

<=50% Diameter:70.00 nm

<=90% Diameter:95.00 nm

Diameter| Volume | Cumulation| Diameter | Volume | Cumulation Diameter | Volume | Cumulation
(hm)< | (%) (%) (nm)< (%) (%) (nm)< (%) (%)

55.00 10.58 10.58 85.00 7.69 75.96 115.00 1.44 98.56
60.00 12.98 23.56 90.00 6.73 82.69 120.00 0.48 99.04
65.00 10.10 33.65 95.00 4.81 87.50 125.00 0.48 99.52
70.00 12.50 46.15 100.00 4.33 91.83 140.00 0.48 100.00
75.00 7.21 53.37 105.00 2.88 94.71

80.00 14.90 68.27 110.00 2.40 97.12

Percentage(%)
"
d

L
i
o

Diameter{nm)

Granularity Cumulation Distribution Chart

Figure (11): Distribution of the different proportions of particle sizes of the graft co-polymer nanopartical.
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3.2. Surface Coverage
The following formula is used to calculate the
extent of polymer coverage on the surface of carbon

steel.

0="25 equation (2)

: Surface coverage , n% :
efficiency [19, 20].

Inhibition

3.3. Potentiostatic Polarization Measurement

The potentiostatic polarization technique has been
used to study the effect of the presence of deferent
moles of inhibitor (0.2, 0.4, 0,6, 0.8) mole , on the
corrosion of carbon steel alloy in 1M H,SO, over the
range of temperatures (303-323)K , the obtained
polarization parameters including corrosion potential
(Ecorr), corrosion current density (leorr), Slopes of the
linear segments anodic and cathodic (Ba), (Bc) Tafel
slopes, surface coverage (8) and inhibition efficiency

-700
-650 303K
-600
-550
-500

(M%) are shown in Table(3) The results show that
raising the concentration enhances the inhibition
efficacy at constant temperature, the corrosion
current density reduces with the addition of inhibitor
to the aggressive media, but increases as temperature
rises with a minor shift in the E,, values[28, 29].
Figure (12) shows the polarization curves. In order
to better understand how the inhibitor affects the
corrosion of carbon steel in 1M H,SO, solution,
where Possible measurements of polarization were
Made in the presence and absence of Nano-polymer
concentrations (0.2, 0.4, 0.6, 0.8) mole at several
temperatures (303 - 323) K. 3D illustration for the
obtained results is demonstrated in Figure (13).The
highest corrosion inhibition efficiency (91.41%) was
recorded in the presence of 0.8 mole of inhibitor at
303k in 1M H,SO,.

——Blank ——0.2mol
0.4mol 0.6mol

—0.8mol

-450
§ -400
w350
-300

-250

-200

-700
-650 313k
-600
-550
-500
-450
-400

Log'l

corr

——Blank ——0.2mol

0.4mol 0.6mol

0.8mol

ECOI’I’

-350
-300
-250
-200

-700
-650 323k
-600
-550
-500
-450
-400
-350
-300
2250
-200
3 2 1

ECOI’I’

1 2
LOB leorr 3

——Blank ——0.2mol

0.4mol 0.6mol

0.8mol

Logdcorr 1 2 3

Figure(12): Potentiostatic polarization curves for carbon steel in 1 M H,SO, in the absence and presence of

Nano-polymer over temperature range (303-323) K.
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Table (3): polarization parameters for the corrosion of carbon steel by different moles of inhibitor in 1M H,SO,
at the temperature range (303-323) K

Tem. Inhibitor - Ecor leorr Pa - B 1% /]
K Mol (mV) (MA/cm?) | (mVdec™) (mVdec™)
303 452.4 2520 107.6 159.5 0
313 0 428.6 2940 77.6 85.4 0
323 376.1 3220 60.6 190 0
303 0.2 385.8 821.4 49.6 48.52 67.40476 | 0.674048
313 386.7 1120.3 67.1 109.8 61.89456 | 0.618946
323 378.2 1258.6 55.4 73.3 60.91304 | 0.60913
303 0.4 379.8 701.3 51.4 134.3 72.17063 | 0.721706
313 385.1 871.5 454 61.8 70.35714 | 0.703571
323 386.3 1025.5 63.3 88.9 68.15217 | 0.681522
303 0.6 390.0 434.1 44.6 86.3 82.77381 | 0.827738
313 385.6 580.9 47.2 86.6 80.2415 0.802415
323 387.5 732.5 63 88.3 77.25155 | 0.772516
303 0.8 387.3 216.4 46.0 82.8 91.4127 0.914127
313 386.0 289.4 52.3 74.1 90.15646 | 0.901565
323 382.8 3523 62.3 121.4 89.05901 0.89059
acid over the temperature range 303-323 K. equation
m 30 (4) is used to calculate the Gibbs free energy of the
3 adsorption process (AGggs). By equation (5) we can
100 ‘J/\ 31 calct_llate _the reaction enf[halpy AHads from the
30 3 relationship betweep logarithm of K,y values were
plotted versus 1/T Figure (15) [20, 30, 31].
= Cinh 1 .
£0 B = —— 4 Cinh......... 3)
40 P AGygs = - RT IN (55.5 Kags) veveeennn... (4)
20 - 303, logKyqs = (— ;‘;ﬁ) + Constant ............ (%)
0 - — Where (Cinh) is concentration of the inhibitor, (0) is
02 (a4 323 the surface coverage, (T) is the absolute temperature
c-mdf os and (R) is the universal gas constant. The numerical

Figure (13): 3D illustration for the variation of the
inhibition efficiency at different inhibitor moles in 1
M H,SO, over the temperature range 303-323 K

3.4. Adsorption Isotherms

In our work we studied the adsorption isotherms
for the Nano- polymer on the carbon steel alloy to
know the nature of interaction between the metal
surface and the inhibitor molecules nano polymer.
The experimental outcomes from the potentiostatic
polarization studies are wused to test several
adsorption isotherms, and the best fitting was found
obey Langmuir isotherms model. The adsorption
constants (K,ss) Wwere calculated according to
Langmuir equation (3),
Figure (14) shows the Langmuir relationship for
adsorption of Nano-polymer inhibitor in 1 M H,SO,4
adsorption while values more negative than -40
kdmol™ involved charge sharing or transfer from the

Egypt. J. Chem. 65, No. 11 (2022)

value of 55.5 represents the molar concentration of
water in acid solution.

Table (4) shows the adsorption parameters Kgg,
AGgs and AH,g their values gives an illustration
about the nature of adsorption process and the ability
of the nano-polymer to get adsorbed onto the metal
surface. The values of Kads were positive in all
cases, indicating a favorable adsorption.[32] The
higher Kads values refer to high ability for
adsorption and the lower the temperature.

The values of AG,gs Were negative; this indicates that
the reaction was spontaneous, feasible and high
stability of the adsorbed layer of nano-polymer on
the metal surface. [33] The calculated value of the
AG,qs that was lower than -20 KJmol™ indicates that
the adsorption process is probably by physical
adsorption. The negative values of AGggs Up to -20 kJ
mol™ are compatible with electrostatic interactions
between the charged metal which signifies physical

inhibitor molecules to the metal surface to form
coordinate type of bond which signifies chemical
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adsorption.[34-36] The negative AH,q4s values refer

to the exothermic

nature of

the adsorption

on the metal's superficies is indicated by positive
AS,4s Values.[29, 38]

process[37]. The irregularity of the adsorbed layers
1 .
0.9 -
0.8 - 313
0.7 -
qg)-G N 323
5 -
0.4 -
0.3
0.2
0.1 -+
0 ‘ ‘ ‘ ‘ ‘

0 0.2 0.4 0.6 0.8 1
C mol

Figure (14): Langmuir relationship for adsorption of
Nano-polymer in 1 M H2SO4 acid over temperature
range 303-323 K.

Langmouir 303

6.88
6.86 -
6.84 -

)

T6.82 -

4

® 68

6.78
6.76

y =505.79x + 5.1877

R?=0.9194

6.74

0.003

Figure (15): Log Kads versus 1/T for carbon steel

0.0031

0.0032
1T

0.0033

0.0034

with and without Nano-polymer in 1 M sulfuric acid
solution over temperature range 303-323 K.

Table (4): The thermodynamic function of the adsorption process for the nano-polymer inhibitor

Medium Temp. Kads AG 4 AS, 4 AH 46
(™M) (K) (mol?) (KJ.mol™?) (KJ.mol*.K™) (K).mol™)
323 5790388 -52.6023 0.132873
Y 313 6108735 -51.113 0.13236 -9.68443
303 7336757 -49.9415 0.132861

3.5. Kinetics of Corrosion

To learn more about the electrochemical behavior of
the investigated carbon steel alloy in acidic medium
in the absence and presence of Nano-polymer , (The
Arrhenius relationship) , Eqg. (6)[39], was used to
calculate the effect of temperature on corrosion rate.
enthalpy ( AH*), entropy of activation (AS*) and
Gibbs free energy (AG*) were calculated via the
equations below" (7,8), where i, corrosion current
density, A: Arrhenius constant, E,: activation
energy, R: the gas constant, T: the temperature of the
solutions, h: is the blank constant, N: is the
Avogadro number.[40]

Ea
logl.orr —logA — 303 AR 6)
. RT ASx  AHx
Lcorr v €R e R . (7
AG =AH -TAS . ®)
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Figure (16) show the diagram between ( Log icor)
versus (1 / T) for carbon steel alloy corrosion in 1M
of H,SO, in the absence and the existence of
diversified concentrations of Nano-polymer where
the activation energy (E, ) was extracted from the
slope of the drawn relationship. Table (5) shows
values E, , AH*, AS*, AG*.The positive values of
activation enthalpy (AH*) indicate that the reaction
is endothermic. Positive Gibbs free energy (AG¥*)
values indicate the creation of the spontaneously
activated compound, The study shows that the
increase in the concentration of the inhibitor
increases the activation energy (E,) and thus the
energy barrier for the inhibition reaction increases.
The negative values of (AS*) in the presence of
inhibitors denote the increase in the regularity of the
system.[41-45]
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Figure (16): Arrhenius plot of the carbon steel 1M H,SO, at Nano-polymer concentrations at the temperature

range 303-323K.

Table (5): AH*, AS*, AG* ,E, values for the corrosion of carbon steel in the presence and absence several of
Nano-polymer concentration. at temperature rang (303-323)K

Inh- AH* E, -AS* AG*(KJ.mol™)
mol (KJmol™) | (KImol™) | (KJmol™.K™") [ 303k 313k 323k

0 10.69750824 | 13.2556 0.145024785 54.6400182 56.09026605 57.54051391
0.2 19.8613304 22.4175 0.124171633 57.4853352 58.72705153 59.96876786
0.4 21.18248319 | 23.7386 0.121755264 58.07432809 | 59.29188073 60.50943337
0.6 24.00477193 | 26.5609 0.116024524 59.16020272 | 60.32044796 61.4806932
0.8 22.43087685 | 24.987 0.126938395 60.89321055 | 62.1625945 63.43197845

3.6. Thermodynamic of Corrosion process
The Gibbs free energy for corrosion of carbon
steel in 1M H,SO, medium at several temperatures
(303-323)K. was calculated using the equation(9).
[46]
AG = - nFEq,
n: The number of electrons flowing from the anodic,
F: Faradays constant , Ecorr: potential cell . The
change in enthalpy (AH) for the corrosion process is
calculated by using the (Gibbs-Helmoholtz) equation

(10) by the slope of the linear relationship between
(AG / T) and (1 / T) as shown in Figure(17).The
change in entropy (AS) is calculated from the values
of (AG ), (AH ) according to the following
equation(11).[29, 47-51]

AG/T=AH/T +cons ............... (10)

AG=AH-TAS
The thermodynamic amounts AG, AH and AS for
carbon steel in 1M H,SO, at several temperatures
(303-323) K are presented in Table(6)

¢ Blank 0.2mol 0.4mol
300 +
0.6mol X 0.8mol
280 1 y = -87.363x + 525.09
R?=0.991
- 260 -
B 60 y =-219.47x + 981.1
< R2=0.9163
240 -
y =-66.521x + 456.99
. R?=0.959
220 y = -93.925x + 550.06
R? = 0.9689
200 T T T T 1
3.05 3.1 3.15 3.2 3.25 3.3 3.35

(1/T)*103

Figure(17): Relationship. Between AG/T versus 1/T for inhibition Nano-polymer in 1M H,SO, at the

temperature range 303-323K.
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Table (6): shows the thermodynamic quantities AG, AH and AS for the carbon steel in the presence and absence
different inhibitor concentration at temperature rang (303-323)K

Tem. Inhibitor AG AS AH
K Mol (KJ.mol™) (KJ.mol™?) (KJ.mol™)
303 0 87.29992658 -1012.442002 -219.47
313 82.70722488 -965.4224437
323 72.57626523 -904.1680038
303 0.2 74.44808063 -534.0299691 -87.363
313 7462175422 -517.5231764
323 72.98150361 -496.4226118
303 0.4 73.29025667 -461.4232893 -66.521
313 74.31300117 -449.9488855
323 7454456596 -436.7354983
303 0.6 75.2585574 -558.3615756 -93.925
313 74.4094865 -537.809861
323 74.77613075 -522.2945224
303 0.8 74.73753662 -612.6981407 -110.91
313 74.48667476 -592.3216446
323 73.86916865 -572.0717296

4. Conclusions

1- In this study we have proven that Poly
(Terphthalic acid-co-Glycerol-G-Maleic anhydride)
acts as efficient corrosion inhibitor for carbon steel
in1 M H,S0,.

2- The electrochemical analysis revealed that the
inhibition efficiency increases with increasing the
concentration of Poly (Terphthalic acid-co-Glycerol-
G-Maleic anhydride) and decreases the temperature.
So in this research the highest result of inhibition
efficiency is 91.41% at 0.8 mol of Nano-polymer
and at 303 K.

3- The adsorption of Poly (Terphthalic acid-co-
Glycerol-G-Maleic anhydride), onto carbon steel
surface fits Langmuir adsorption model.
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