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The overall world production of polyester was about 30 milion 

tons in 2000, this value increased to 55 million in 2012 and most 

consisted of PET. As a result of the diversity of its applications in 

a high volume of consumer products, large amount of PET waste 

is also generated, which includes polymer manufacturing waste as 

well as the products after the end of their useful life. PET is semi-

crystalline, thermoplastic polyester of characteristic high strength, 

transparency, and not biodegradability [1]. The PET bottle was 

patented in 1973 by Nathaniel Wyeth and began to be used popu-

larly for the production of disposable soft drink bottles in the 

1980s. In 1987, more than 700 million pounds of PET were con-

sumed in their production [2]. PET is not a hazardous product, but 

its waste quantity increases drastically. With the increasing pres-

sure of keeping the environmental clean. Recycling of PET waste 

is an ecofriendly manner is the only solution. PET waste can be 

recycled by different methods like physical recycling and chemical 

recycling. Chemical recycling is the reaction of PET with various 

reagents to obtain products that are used in the chemical industry 

[3]. During chemical recycling, PET waste can be depolymerized 

to base monomers or oligomers. With the use of solvent of depoly-

merization, generally called solvolysis of polymer, methanolysis 

[4] and glycolysis [5] are the main possible routes. Steel is aback 

boon of heavy industries, Corrosion control of steel is of technical, 

economical, and environmental importance, corrosion inhibitors 

are commonly used to reduce the corrosion attack on the steel 

surface [6].The presence of the inhibitors lead to decline in the rate 

of corrosion of steel and hence the lifetime increases [7]. Most of 

the effective acid inhibitors are organic compounds containing 

nitrogyen, oxygen and /or sulfur and these compounds adsorp at 

the steel surface and hence slow down the rate of corrosion [8-

12].The strength of the adsorption depends on the several factors 

such as the chemical structure of the inhibitors,the presence of 

electrodonating or electrorepelling group,molecular weight of the 

inhibitor,temperature and electrochemical potential at the metal / 

solution interface [13,14]. surfactant inhibitor has many ad-

vantages such as high inhibition efficiency, low price, low toxicity 
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and easy production [15]. The adsorption of the surfactant on the 

metal surface can markedly change the corrosion resisting property 

of the metal [16], and so the study of the relationship between the 

adsorption and corrosion inhibition is of great importance. In the 

previous works depolymerization by aminolysis of PET, with mo-

noethanolamine [17], and ethylene di amine [18] the products 

nonionic surfactants act as good corrosion inhibitors for steel in 

HCl. This work is one from the series aimed to alleviate the envi-

ronmental pollution by accumulation of plastic waste by converting 

waste into modified products, and to evaluate the modified prod-

ucts as corrosion inhibitors for metals and alloys in different aque-

ous media [17-22]. In the present work Propylene glycol was used 

to convert PET waste into Bis-(3-hydroxy-propyl)-terephthalate, 

BHPT, via solvent free green recycling, the product was evaluated 

as corrosion inhibitor for carbon steel in 1.0 M H2SO4 by weight 

loss, hydrogen evolution (gasometry), open circuit potential, poten-

tiodynamic polarization, Electrochemical impedance spectroscopy( 

EIS), and SEM. The effect of inhibitor concentrations and tempera-

tures were studied. Thermodynamic parameters were computed and 

discussed. Corrosion inhibition mechanism was discussed. 

Poly(ethyleneterphthalate) (PET) waste is collected from bever-

age bottles. Propylene glycol (PG) and manganese acetate were 

obtained from Aldrich Chemical Co., England. The carbon steel 

specimen of the type( L-52) used for this study has the following 

chemical composition : (wt%);C :0.26, Mn :1.35%, P: 0.04%, S: 

0.03 Nb:0.005,V:0.02, Ti:0.03, and the remainder is iron. The ag-

gressive solution (1.0 M H2SO4) was prepared by appropriate dilu-

tion of analytical grade H2SO4 with double distilled water. 

PET waste was depolymerized with propylene glycol glycol 

(PG), at weight ratio of PET to Glycol (PG) 1:3 (wt% of PET: wt% 

of PG) using 0.5% of manganese acetate as catalyst (by weight 

based on weight of PET). The reaction mixtures were heated under 

vigorous stirring in nitrogen atmosphere at temperature about 170–

190 oC for 3 h and at 200 oC for 1 h. The temperature of the reac-

tion was then lowered to 100 oC for 1 h. The mixture was allowed 

to cool to room temperature. at the end of the reaction, saline water 

was added to the reaction mixture with vigorous agitation followed 

by phase separation, the product, poly(bis(2-Hydroxy eth-

ylene)terephthalate) (BHPT) was obtained in organic layer as white 

viscous product, which have the chemical structure as showed in 

Figure 1. The general diagram for the green synthesis procedure as 

presented in Figure 2. 

Coupons of steel of 4 x 8x 0.1cm dimensions were used as test 

specimens, the specimens were polished by 410 and 610 emery 

papers, respectively, degreased with acetone, washed with distilled 

water and finally dried using two filter papers. The described treat-

ment was carried out immediately before each measurement. The 

specimen of the given metal was immersed in 100 ml of the test 

solution (i.e., 1.0 M H2SO4) with different inhibitors concentra-

tions, samples maintained in test solution up to 8hours. Experi-

ments were carried out under different temperature 30, 40, 50, and 

60oC. 

The potential of steel electrode was measured against saturated 

calomel electrode (SCE) in 1.0 M H2SO4 solution in absence and 

presence of different concentrations of the used inhibitor at 30 °C. 

All measurements were carried out using Multi-tester until the 

steady-state potentials are reached. 

The working electrode was made from carbon steel rod that has 

the same composition as mentioned in point 2.1. The rod was axial-

ly embedded in araldite holder to offer an active flat disc shaped 

surface of an area 1 cm-2. Prior to each experiment, the working 

electrode was polished successively with fine emery paper, rinsed 
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Figure 1. the chemical scheme of the green synthesis process for 

the  Bis-(3-Hydroxy- Propyl) Terephthalate, BHPT compound. 

 

 

 

 

Figure 2. Flow Diagram of the solvent free green synthesis Pro-

cesses. 
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with acetone, washed with double distilled water and finally dried 

before dipping into the electrolytic cell. A platinum wire was used 

as a counter electrode and a saturated calomel electrode (SCE) as 

the reference electrode to which all potentials are referred. The 

electrochemical experiments are performed using radiometer ana-

lytical, Volta master (PGZ301, DYNAMIC ELS VOLTAMME-

TRY). Under stirring with scan rate 1 Mv/s and potential was 

scanned in the range of -800 to 0 mV. 

Electrochemical impedance were obtained using a Voltalab 40 

for all EIS measurements with a frequency range of 100 kHz to 50 

mHz with a 4 mV sine wave as the excitation signal at open circuit 

potential. If the real part is plotted on the X-axis and the imaginary 

part is plotted on the Y-axis of a chart, we get a Nyquist Plot. The 

charge transfer resistance values (Rct) was calculated from the dif-

ference in impedance at lower and higher frequencies. 

The scanning electron microscope (SEM) is a type of electron 

microscope that images the sample surface by scanning it with a 

high energy beam of electrons in a raster scan pattern. The surface 

morphology of the carbon steel was analyzed before and after the 

corrosion tests, by a Joel (840 X Japan) scanning electron micro-

scope. This instrument was operated in a secondary electron imag-

ing made with an accelerating voltage of either 10 or 20Kev. Mag-

nifications ranging from 50 to 10000X could be obtained by this 

tool in the present investigation three magnifications were selected 

950, 1200 and 2400X. 

The progress of the corrosion reaction was determined at 30 ºC. 

by volumetric measurement of the evolved hydrogen. The metal 

sample was put in a Büchner flask containing the test solution. The 

flask is sealed with a rubber bung, and from its hose barb protrud-

ing from its neck, rubber tubing is connected to the bottom of an 

inverted measuring cylinder which is fitted above a basin. The 

cylinder and the basin are filled with distilled water. The evolved 

hydrogen gradually displaces the distilled water and is collected at 

the top inside the cylinder, and its volume is measured directly with 

time. The experiment is done in the absence and presence of differ-

ent concentrations of the tested inhibitor. 

The (BHPT) compound was synthesized without using any sol-

vent via the direct catalytic reaction of PET and PG (1:3 wt. %) in 

the presence of 0.5% manganese acetate as a trans esterification 

catalyst, the reaction was carried out in nitrogen atmosphere. The 

product of bis-(3-hydroxy-propyl) Terephthalate (BHPT) was sepa-

rated by phase separation using aqueous saline water. The structure 

of (BHPT) was established on the basis of its spectral data, since 

the IR spectrum showed absorption bands at 3350–3300 assignable 

to the (OH) groups, indicates the termination of the products with 

hydroxyl groups. On the other hand, the band observed at 810 cm-1 

for all depolymerized PET is assigned to –CH out-of-plane bending 

of p-substituted phenyl. This band confirms the presence of phenyl 

rings in depolymerized products. The presence of strong absorption 

bands at 1737 and 1170 cm-1 assignable to C=O stretching and C-O 

stretching of ester groups. While, the 1H-NMR spectrum revealed 

signal at δ 1.94 (m, 4H, 2CH2), 3.53 (m, 4H, 2CH2), 4.25 (t, 4H, 

2CH2), 4.92 (S, 2H, 2OH, D2O exchangeable) and 7.90 (m, 4H, Ph-

H), represent p-substituted phenyl group. 

The potential of carbon steel electrodes immersed in 1.0 M H2SO4 

solution was measured as a function of immersion time in the ab-

sence and presence of BHPT inhibitors derived from waste, as 

shown in Figure 3. It is clear that the potential of steel electrode 

immersed in 1.0 M H2SO4 solution (blank curve) tends towards 

more negative potential firstly, giving rise to short step. This be-

havior was reported by other investigators [23-25] which represents 

the breakdown of the pre-immersion air formed oxide film presents 

on the surface according to the following equation: 

 
This is followed by the growth of a new oxide film inside the 

solution, so that the potential was shifted again to more noble direc-

tion until steady state potential is established. Addition of inhibitor 

Fe2O3 + 3 H2SO4 → Fe2(SO4)3 + 3H2O  

 

Figure 3. Potential–time curves for carbon steel immersed in 1.0 M 

H2SO4 solution in the absence and presence of inhibitor (BHPT). 

 

 

 

Figure 4. Galvanostatic polarization curves of carbon steel in 1.0M 

H2SO4 solution containing different concentrations of  inhibitor 

(BHPT) derived from PET waste. 
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molecules to the aggressive medium produces a negative shift in 

the open circuit potential due to the retardation of the cathodic 

reaction. 

Figure 4. illustrates the galvanostatic polarization curves for 

carbon steel electrode in 1.0 M H2SO4 solution with and without 

different concentrations of used inhibitor derived from plastic 

waste, (BHPT). Some electrochemical corrosion parameters such 

as the values of cathodic (βc) and anodic (βa)Tafel slopes were de-

termined from the linear region of the polarization curves. , The 

values of corrosion current density (Icorr) were computed from the 

intersection of the anodic and cathodic lines with the corrosion 

potential (Ecorr.). Inspection of Table 1. It is concluded that, The 

values of anodic (βa) and cathodic (βc) Tafel slopes are 

approximately changed slightly proved that these compounds acted 

as mixed inhibitors . The surface area available for anodic dissolu-

tion of iron and cathodic hydrogen evolution reaction decreases 

without affecting the reaction mechanism. The values of Ecorr. 

change slowly to negative values indicating that these inhibitors are 

of mixed type inhibitors mainly cathodic. The values of Icorr. de-

crease and hence the values of IE's increase, indicating that the 

inhibiting effect of these compounds toward the corrosion of car-

bon steel in 1.0M H2SO4 solutions. 

The inhibition efficiency is given by the following equation [23-

25]: 

 
Where: Iuninh and Iinh ae the corrosion current densities in the ab-

sence and presence of inhibitor respectively. 

The impedance spectra (Nyquist plots) of carbon steel in 1M HCl 

containing various concentrations of the inhibitor at 30 0C is shown 

in Figure 5. Nyquist plots contain depressed semicircle with center 

under real axis. The size of the semicircle increases with the inhibi-

tor concentration, indicating the charge transfer process as the main 

controlling factor of the corrosion of carbon steel. It is apparent 

from the plots that, the impedance of the inhibited solution has 

increased with the increase in the concentration of the inhibitor. 

The experimental result of EIS measurements for the corrosion of 

carbon steel in 1.0 M H2SO4 in the absence and presence of inhibi-

tor is given in Table 2. 

It can be observed that polarization resistance (Rp) value in-

creased with increase in the concentration of the inhibitor. Whereas 

values of the capacitance of the interface (Cdl) starts decreasing, 

with increase in inhibitor concentration, which is most probably 

due to the decrease in local dielectric constant and/or increase in 

thickness of the electrical double layer. This suggests that the in-

hibitor acts via adsorption at the metal/solution interface [26] and 

the decrease in the Cdl values is caused by the gradual replacement 

of water molecules by the adsorption of the inhibitor molecules on 

the electrode surface, which decreases the extent of metal dissolu-

tion [27]. 

The inhibition efficiency [28] is given by the following equation: 

 
Where Rct is polarization resistance without inhibitor, and R 

ct(inhi) is polarization resistance with inhibitor. The proposed 

equivalent circuit is represented in Figure 6. 

BHPT compound derived from green glycolysis of plastic waste 

was evaluated as corrosion inhibitor for carbon steel alloy in 1 M 

sulfuric acid by weight loss methods at different concentration, 

%IE = 1–  (Iinh / Iuninh) x 100 (1) 

 
)( R

100R)( R
)(R IE %

inhict

ctinhict
ct


 (2) 

 

Figure 5. Nyquist plots for carbon steel in 1.0 M H2SO4 solution at 

30⁰C containing various concentrations of inhibitor (BHPT) de-

rived from PET waste. 

 

 

Table 1. Electrochemical corrosion parameters obtained from  the galvanostatic polarization measurements for carbon steel  in 1.0M H2SO4 

solution containing different concentrations of (BHPT) inhibitor derived from plastic waste. 

% IE θ 
ba 

mVdec-1 

bc 

mVdec-1 

Icorr 

mA cm-2 

-Ecorr 

mV (SCE) 

Conc., 

ppm 
Sample 

  ------ 86 98 0.723 485 - Blank 

38.03 0.380 102 114 0.448 508 100 

BHPT 

48.13 0.481 108 120 0.375 516 200 

69.02 0.690 114 126 0.224 522 300 

75.10 0.751 126 132 0.180 530 400 

84.51 0.845 130 138 0.112 534 500 

Table 2. AC impedance data of carbon steel in 1.0 M H2SO4 solu-

tion at 30 ºC 

Sample 
Rct 

Ohm cm2 

Rs 
Ohm cm2 

Cdl 
µF cm-2 

IE% θ 

Blank 104.269 2.18 40.95 --- --- 

100 237.012 1.64 8.56 56.0 0.56 

200 322.789 1.58 4.19 67.6 0.67 

300 392.478 2.23 3.13 73.4 0.73 

400 470.124 1.86 2.25 77.8 0.78 

500 591.568 1.74 1.42 82.4 0.82 
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from 100 to 500 ppm, Figure 7 presented plot of inhibitor concen-

tration VS. Inhibition efficiency from figure 7 it can be seen that as 

the concentrations increase the corrosion inhibition efficiency in-

crease this is due to increase the number of adsorbed molecules at 

higher inhibitor concentrations. 

To elucidate the mechanism of corrosion inhibition and to deter-

mine the kinetic thermodynamic parameters of corrosion process, 

weight loss were performed at 303, 313, 323, and 333k. Figure 8 

presented the effect of solution temperature on the corrosion inhibi-

tion efficiency, the inhibition efficiency decreased with increasing 

solution temperature as showed in figure 8 this due to the protec-

tive film formed on the steel surface is less stable at higher temper-

ature, which may be due to the desorption of some adsorbed mole-

cules from the steel surface at higher temperature leaving greater 

area exposed to acidic environment. 

 

The dependence of the corrosion rate on temperature can be ex-

pressed by Arrhenius equation and transition state equation: 

 
Where Ea is the apparent activation energy, R is the universal gas 

constant, A is Arrhenius pre exponential factor, T is the absolute 

temperature, h is the Plank’s constant, N is the Avogadro’s number, 

ΔSa is the entropy of activation, and ΔHa is the enthalpy of activa-

tion. The apparent activation energy can be calculated by linear 

regression between log Rcorr. and 1/T, Figure 9 showed an Arrheni-

us plot for carbon steel immersed in 1.0 M sulfuric acid in absence 

and presence of different inhibitor concentrations. The plots ob-

tained are straight lines and the slope of each straight line gives the 

apparent activation energy, the results were shown in table 3. In the 

present study the higher value of Ea for carbon steel in presence of 

(BHPT) inhibitor compared to that in its absence is attributed to its 

physical adsorption. The increase in Ea can be attributed to an ap-

preciable decrease in the adsorption of the inhibitor on the carbon 

steel surface with increase in temperature and a corresponding 

increase in corrosion rates occurs due to the fact that greater area of 

metal is exposed to acid environment [32]. The relation between 

log Rcorr./T and 1/T where shown in figure 10. Straight lines are 

obtained with slope (-ΔH /2.303R) and an intercept of [log(R/Nh) + 

(ΔS /R)], from which the values of ΔHa and ΔSa were calculated 

and listed in table 3. The positive sign of enthalpy reflect the endo-

thermic nature of steel dissolution process, the increase in ΔHa with 

ln Rcorr. = (-Ea /RT) + A (3) 

Rcorr. = (RT/Nh) exp (∆Sa /R) exp ( -∆Ha / RT) (4) 

 

Figure 6. The equivalent circuit model for the electrochemical 

impedance measurements. 

 

 

Figure 7. Plot of inhibition efficiency vs. inhibitor concentration 

(ppm). 

 

 

Figure 8. Effect of temperature on I.E for carbon steel in 1.0 M 

H2SO4 in the presence of different concentrations of the used in-

hibitor (BHPT). 

 

 

 

Figure 9. Arrhenius plot for carbon steel in 1.0 M H2SO4 solution 

in the absence and presence of different concentrations of the in-

hibitor (BHPT). 

 

 

Table 3. Values of activation parameters for carbon steel in 1.0M 

H2SO4 in the absence and presence of different concentrations of 

the inhibitor (BHPT). 

Inhibitor concentrations  

(ppm) 

Ea  

(kJmol-1) 

∆Ha  

(kJmol-1) 

∆Sa 

(Jk-1 mol-1) 

Blank 53.82 53.43 185.16 

100 57.97 54.3 171.4 

200 61.2 58.4 168.1 

300 63.14 63.3 162.5 

400 64.2 65.4 154.4 

500 66.3 68.3 147.3 
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increase in the concentration of the inhibitor for carbon steel corro-

sion reveals that decrease in carbon steel corrosion rate is mainly 

controlled by kinetic parameters of activation [11, 33, and 34]. The 

entropy of activation values are less negative for inhibited solutions 

than that for the uninhibited solutions. This suggests that an in-

crease in randomness occurred while moving from reactants to the 

activated complex [11, 34]. 

Adsorption depends mainly on the charge and nature of the metal 

surface, electronic characteristics of the metal surface, adsorption 

of solvent and other ionic species, temperature of corrosion reac-

tion and on the electrochemical potential at solution-interface. Ad-

sorption of inhibitor involves the formation of two types of interac-

tion responsible for bonding of inhibitor to a metal surface. The 

first one (physical adsorption) is weak undirected interaction and is 

due to electrostatic attraction between inhibiting organic ions or 

dipoles and the electrically charged surface of metal [33, 35]. In 

order to obtain the adsorption isotherm the degree of surface cover-

age (Ѳ) for various concentration of the inhibitor (Ci) has been 

calculated. The data were tested graphically by fitting to various 

isotherms. A straight line with correlation coefficient nearly equal 

to 1.0 was obtained on plotting Ci/Ѳ against Ci as shown in fig-

ure11. The adsorption of the inhibitor compound (BHPT) on the 

carbon steel surface followed Langmuir adsorption isotherm model 

at all studied temperatures. 

The surface coverage (Ѳ) is related to inhibitor concentration Ci 

by the following equation[36]: 

 

Where, Kads is equilibrium constant of the equilibrium adsorption 

process. Langmuir isotherm assumes that adsorbed molecule occu-

pies only one site and it does not interact with other adsorbed spe-

cies. The Kads values can be calculated from the intercept lines on 

the Ci / Ѳ axis. This is related to the standard free energy of 

adsorption (ΔGads) by the following equation: 

                                                     
Where, R is the gas constant and T is the absolute temperature. The 

constant value  of 55.5 is the concentration of water in solution in 

mol/L. The values of ΔGa for the inhibitor on the surface of carbon 

steel are given in table 4. The negative value of ΔGads. indicated 

spontaneous adsorption of the inhibitor on the carbon steel surface. 

Generally, the magnitude of ΔGa around -20kJ/mol or less negative 

indicates electrostatic interactions between inhibitor and the 

charged metal surface (i.e., physisorption). Those around -40kJ/mol 

or more negative are indicative of charge sharing or transferring 

from organic species to the metal surface to form a coordinate type 

of metal bond (i.e., chemisorptions). In the present work, the calcu-

lated values ΔG° at 303K for carbon steel is -39.3 kJ/mol, which 

indicate that adsorption of the inhibitor on the mild steel surface 

involves both physical and chemical process [37]. But the inhibi-

tion efficiency decreased with increasing temperature indicating 

inhibitor adsorbed predominantly physically on the surface of car-

bon steel. The enthalpy of adsorption (ΔHads) can be calculated 

from the rearranged Gibbs-Helmholtz equation[37-43]: 

 
The variation of ΔGads/T with 1/T gave a straight line with a 

slope of ΔHads as shown in figure 12. The entropy of adsorption 

ΔSads was calculated using the following thermodynamic equation 

[38-43]: 

Ci / Ѳ = 1/ Kads + C (5) 

ΔGads = -RT lin(55.5 Kads) (6) 

ΔGads/T = (ΔHads /T) + K (7) 

 

Figure 12. ΔGads/T versus 1/T plot for carbon steel in 1.0 M H2SO4  

inhibited solution. 

 

 

 

Figure 11. Langmuir adsorption isotherm for carbon steel in 1.0 M 

H2SO4 inhibited solution at various temperatures. 

 

Figure 10. Transition state plot for carbon steel in 1.0 M H2SO4 

solution in the absence and presence of different concentrations of 

the inhibitor (BHPT). 

 

Temperature (k) -ΔGads - ΔHads ΔSads 

303 39.3 10.3 94.9 

313 40.1 10.3 94.5 

323 41.1 10.3 94.9 

333 42.1 10.3 94.8 

Table 4. Thermodynamic parameters for the adsorption of the 

inhibitor in 1.0 M H2SO4 on the carbon steel at different tempera-

tures. 
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The calculated values of heat of adsorption and entropy of ad-

sorption are listed in table 4. 

The negative sign of ΔHads indicated the exothermic process of 

adsorption of the inhibitor on carbon steel surface in sulfuric acid. 

The positive value of ΔS ads in the presence of inhibitor can be at-

tributed to the increase in the solvent entropy and more positive 

desorption entropy. It is also interpreted that the increase of disor-

derness is due to more water molecules which can be desorbed 

from the metal surface by one inhibitor molecule. Therefore it is 

revealed that decrease in the enthalpy is the driving force for the 

adsorption of the inhibitor on the surface of carbon steel [38-40]. 

Corrosion inhibition mechanism in acidic medium is the adsorp-

tion of inhibitor onto metal surface. The adsorption of inhibitor at 

the metal/solution interface is the first step in the inhibition mecha-

nism in acidic media. Four types of adsorption may take place dur-

ing inhibition involving organic molecules at the metal/solution 

inter-face [29]: 

1. Electrostatic attraction between charged molecules and the 

charged metal, 

2. Interaction of unshared electron pairs in the molecule with the 

metal, 

3. Interaction of π-electrons with the metal, and 

4. A combination of the above. 

Concerning inhibitors, the inhibition efficiency depends on sev-

eral factors; such as the number of adsorption sites and their charge 

density, molecular size, heat of hydrogenation, mode of interaction 

with the metal surface, and the formation metallic complexes [30]. 

Physical adsorption requires presence of both electrically charged 

surface of the metal and charged species in the bulk of the solution; 

the presence of a metal having vacant low-energy electron orbital 

and of an inhibitor with molecules having relatively loosely bound 

electrons or heteroatom with lone pair electrons. However, the 

compound reported can be protonated in an acid medium. Thus 

they become cations, existing in equilibrium with the correspond-

ing molecular form: 

 
The protonated BHPT, could be attached to the carbon steel sur-

face by means of electrostatic interaction between SO4 
-2 and proto-

nated BHPT since the steel surface has positive charge in the 

H2SO4 medium [31]. This could further be explained based on the 

assumption that in the presence of SO4
-2 the negatively charged 

SO4
-2 would attach to positively charged surface and thereby proto-

nated BHPT being adsorbed to the metal surface. Apart from elec-

trostatic interaction, some chemical interaction is also involved. 

The non-bonding electrons of oxygen atoms and π-electrons of 

benzene ring caused chemical interaction. 

The scanning electron microscope (SEM) depends on the using 

of a finely focused beam of electrons to scan over the area of inter-

est. The electrons interact with the atoms (at or near the surface of 

the sample) that make up the sample producing signals that contain 

information about the sample's surface topography [32]. Figure 13 

shows a characteristic inclusion observed on the polished carbon 

steel surface, which was probably an oxide inclusion, so that a 

comparison can be drawn with the morphology after exposure to 

the corrosive media. Figure 14 shows SEM image of the surface of 

carbon steel specimen after immersion in 1.0 M sulfuric acid for 24 

hours, while Figure15 shows SEM image of another carbon steel 

specimen after immersion in 1.0 M sulfuric for the same time inter-

val in presence of 500 ppm of the inhibitors (BHPT). SEM obser-

vations of the steel surface showed that a protective film of inhibi-

tor molecules is formed on the carbon steel surface. The protective 

film presented on the surface of carbon steel at a concentration of 

500 ppm of Inhibitor (BHPT) Figure 15, appears to be very smooth 

and to cover the whole surface without any flaws. This confirms 

the observed high percentage inhibition efficiency (% IE) of Inhibi-

tor (BHPT) derived from PET, plastic waste as it was discussed in 

the previous sections. 

ΔSads = (ΔHads - ΔGads) / T (8) 

[BHPT] + xH
+ → [BHPTx]

x+ (9) 

 

Figure 13. SEM  micrographs of carbon steel sample after polish-

ing 

 

Figure 15. EM micrographs of carbon steel sample after immer-

sion in 1.0 M H2SO4 solution with 500 ppm of the inhibitor 

(BHPT) at 30 ºC. 

 

 

 

Figure 14. EM micrographs of carbon steel sample after immer-

sion in 1.0 M H2SO4 solution without inhibitor for 24 hr. at 30 ºC. 
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The hydrogen evolution method (gasometric method) was used 

for evaluation of the inhibition efficiency of BHPT compound de-

rived from green glycolysis of plastic waste for corrosion process 

of steel in 1.0 M H2SO4 corrosive medium. The volume of hydro-

gen evolved during the corrosion reaction of c-steel in 1.0 M 

H2SO4 in absence and presence of different concentrations of the 

inhibitors was measured with time at room temperature (25 ºC). the 

inhibition efficiency was calculated using the following equa-

tion[40-43]. 

 
Where Vinh is the volume of hydrogen gas evolved for inhibited 

solution and Vfree for the uninhibited solution. The values of 

evolved hydrogen volumes and inhibition efficiencies at different 

concentrations are shown in table 5, the inhibition efficiency in-

crease with increasing the inhibitor concentration. Which indicate 

that the used inhibitors BHPT compound derived from waste act as 

good inhibitor for carbon steel in 1.0 M sulfuric acid. The volume 

of the evolved hydrogen decrease gradually with increasing inhibi-

tor concentration which may due to inhibitor compounds control 

the hydrogen evolution reaction. 

From the experimental data we can concluded that: 

1. PET waste could be depolymerized using propylene glycol in 

the presence of manganese dioxide catalyst to give 

Bis(Hydroxy Propylene) terephthalate, BHPT, the process is 

solvent free efficient green process. 

2. BHPT compound act as mixed inhibitor for carbon steel in 1.0 

M H2SO4. 

3. The corrosion inhibition efficiency increase with inhibitor con-

centration and decrease with temperatures. 

4. The impedance of the inhibited solution has increased with the 

increase in the concentration of the inhibitor. 

5. SEM observations of the steel surface showed that a protective 

film of inhibitor molecules is formed on the carbon steel sur-

face. 

6. The protective film formed confirms the observed high percent-

age inhibition efficiency (% IE) of Inhibitor (BHPT) derived 

from plastic waste. 

7. The volume of the evolved hydrogen decrease gradually with 

increasing inhibitor concentration which may due to inhibitor 

compounds control the hydrogen evolution reaction. 

8. The data obtained from different techniques are in good agree-

ment. 
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