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ABSTRACT

The corrosion efficiency of a newly synthesizedtagime derivative with carbon steel was studie@.BN sulfuric
acid. The results of potentiostatic polarizationaserements demonstrated that this derivative i®@dgcorrosion
inhibitor. The inhibition in both of the corrosiveedia was observed to be a mixed type. The polteftizero
charge (PZC) at the metal—solution interface watedgined for both the inhibited and uninhibited id@ns to
provide the mechanism of inhibition. The inhibiformed a film on the metal surface through chloratesulfate
bridges depending upon the medium. The temperatependence of the corrosion rate was also studiethé
temperature range from (35 - 65J.

Keywords:. corrosion, sulfuric acid, carbon stef@l,lactam, pyromellitic dianhydride, amic acid.

INTRODUCTION

The B-lactam group; the four-membered nitrogen-contgning; of antibiotics is one of the most importambup

of antibacterial agents used in clinical medici@e.the basis of the molecular structures surrogndimd supporting
this active site, they classified to four groupsephalosporins, penicillins, carbapenems, and newxtains.
Cephalosporins are the safest and the effectiviebieidal agents esp. against gram-negative osgasiand differ
from penicillins by the heterocyclic ring system].[ Cefotaxime is an antimicrobial agent commonged for
severe Salmonella infections, especially in chitdf2] and has an excellent activity against mosiss of S.

pneumoniagand high level resistance to penicillin [3].

Also, cefotaxime is considered as an excellentosion inhibitor by Shukla and Quarishi. They stddie
corrosion inhibition of mild steel in 1 M HCI solah by cefotaxime sodium using Tafel polarization,
electrochemical impedance spectroscopy and wedgist ineasurement. It was reported [4] to be mdestéfe as
corrosion inhibitor (95.8%) as a result of the pree of free NE group which gets strongly protonated in
hydrochloric acid solution without considering itstability of in acidic media [5]. The hydrolysef cefotaxime
sodium would be expected by either de-esterificatio3-lactam cleavage at this low pH. [6].

Corrosion by its simplest definition is the proce$a metal returning to the material’'s thermodyiastate which
is electrochemical reaction that follows the lawstleermodynamics and it is time and temperatureeddpnt.
Corrosion in aqueous solutions is the most comni@tl gorrosion process¢§s].

Corrosion of metallic surfaces [7] can be contebler reduced by the addition of chemical compouttdshe
corrodent. This form of corrosion control is callethibition and the compounds added are known asosion
inhibitors, which is one of the most common effeetand economic methods to protect metals espgdmbcid
media [8].
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The majority of the well-known inhibitors are orgmmompounds containing heteroatom, such as O,r\§ and
that, at the same time, contain N and S in theurcaires are of particular importance, since thesyide an
excellent inhibition compared with the compoundst tontain only N or S [9].

The aim of this work is to study the corrosion hbition efficiency of newly prepared cefotaxime —mmellitic
diamic acid with carbon steel against 0.3N sulfag@d by Tafel polarization technique.

EXPERIMENTAL SECTION

Instruments and Chemicals:

Instruments. Atomic Absorption Spectrophotometer, Shimadzu. daf@pectroMay stationary metal analyser,
AMETEK Spectro-Analytical Instrument (Germany, 20h2del). Melting points were determined on Galkzmip
capillary melting point apparatus. FTIR spectraevegcorded using KBr discs on Shimadzu FTIR-8400rieo
Transform Infrared spectrophotometer.

'H-NMR and™C-NMR spectra were recorded on near magnetic resenBruker, Ultrashield 300 MHz in Jordan,
using tetramethylsilane as internal standard amtkedated dimethyl sulfoxide (DMSQs)das solvent.

Chemicals: all the used chemicals were from BDH and usedawitfiurther purification.

Synthesis of N-(substituted) pyromellitic bisamic acid [10]

yclic anhydride (pyromellitic anhydride) (0.01 molin (25mL) of acetone was added dropwise to atiswiuof
(0.02mol) of a primary hetero-amino compound (a@fohe) in (25mL) of acetone with stirring and cogli
Stirring was continued for four hours then the déepwn precipitated amic acid was filtered off, Wwad with
diethyl ether, dried, and recrystallized from aceto(Yield: 57%, m.p: > 308C). FTIR data ¥, cm?): 3444 and
3429 (OH) carboxylic and(NH), 1743 (C=0) ester, 1678 (C=0) carboxylic, 1§&€Z0) amide, 1627(C=N), 1570
(C=C) aromatic, 1261(C-O) ester, 678 (C-S) thiazt#MR data §, ppm): =(2.7 (methyl), 2.85 (aliphatic), 3.9 (-
CH,0), 4.8 (OCH), 6 (vinylic), 7.1-7.9 (aromatic), 8.2-8.8 (NH)2.55 (OH) protons*CNMR data (ppm): 30.7
(methyl), 34.2-36.8 (aliphatic), 56.5 (-GH), 62.1-62.9 (OCH), 63.3-71.1 (vinylic)), 131-135 (aromatic), (1683L
(C=N),), (166.4-166.6 (C=0) amide, 167.1 (C=0) camfic, 169.8-169.9 (C=0) ester carbons.

Carbon steel species preparation:

The circular carbon steel sheets of 2.5 cm x OrB2vere abraded with a series of emery paper (8afe500-800)
and then washed with distilled water and acetorféerAveighing accurately, the specimens were imetbrat
inclined position in beakers which contained 50 a@filthe studied sulfuric acid concentration with feliént
concentrations of the inhibitor.

The aggressive acid solution (with or without intob presence) was open to air. After a specifioeti the
specimens were taken out, washed, dried, and wetigbeurately.

The material composition employed for the preseatkwwas characterized with two different instrunagicins
(Atomic Absorption Spectrophotometer and SpectroMastationary metal analyser) to specify its actual
metallurgical type: C% : 0.187, Si% : 0.311, Mn%03, S%: 0.012, Ni%: 0.029, Fe%: 98.3.

RESULTSAND DISCUSSION

Cefotaxime introduced in reaction with pyromelliicanhydride producing new pyromellitamic acid @ning
different heterocycles.

The strategy in synthesis of new heterocyclic denrees based on choosing known biologically actieenpound
having wide application in pharmaceuticals and &tdal uses (cefotaxime), introducing ith in reantiwith
pyromellitic dianhydride. This reaction affordedachcterized pyromellitamic acid which linked to aekime
moiety with FTIR,"HNMR, and**CNMR spectroscopies as indicated in Scheme (1).
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Scheme (1)

a.Ecorry lcorr » and P% results:
A convenient way to express the corrosion behavajurn metal is by considering its potential — cotrdensity
diagram which is generally known as the polarizatiarve (Figure (1)).

The corrosion potential ¢E;) of a material in a certain medium at a constampterature is a thermodynamic
parameter in which under the equilibrium potentimlopposite sign) of the cell consisting of therking electrode
and the auxiliary electrode, the rate of anodisaligtion of working electrode material becomes étmghe rate of
the cathodic process that takes place on the sktiecgle surface.
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Figure (1): The polarization curve of carbon steel in 0.3N H,SO, and different concentration of the prepared compound dissolved with
1mL DM SO at different temperatures

When (E.;) becomes more negative, the potential of the @Gédveell becomes more positive and the Gibbs free

energy changeAG) for the corrosion process becomes more negdtive.corrosion reaction is then expected to be
more spontaneous on pure thermodynamic ground.
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When the measured value of.{f becomes less negative, the potential of the spaeding Galvanic cell becomes
less positive, hence th&@) value for the corrosion process becomes lesativeg and the process is thus less
spontaneous (Table (1)).

The corrosion current density.4j) is a kinetic parameter and represents the rateoofosion under specified
equilibrium condition. 4, value for carbon steel in the applied acidic memdidout inhibitor is higher than with
applied inhibitor which referred to its efficiengygeneral view (Table (1)).

Generally, the protection efficiency (P%), whichsagalculated from weight loss (¢fml) data not fromgi,,, was
decreased with temperature increasing and mayfeeted with acid concentration, acid compositiang ahemical
structure of the tested inhibitor (Table (1), Fig(2)).

1 P%

lSO!Pmr o [
100 ppm

Conc. of Inhibitor

Figure (2): Comparison of inhibition efficiency of different concentration the prepared inhibitor for corrosion of carbon steel in 0.3 N
H>S0,

Adsorption can be of a purely physical nature byamseof electrostatic or Vander Waals forces, wigich easily
removed from the surface, or a chemical nature vfoiems chemical compounds.

Table (1): Values of the open circuit potential (OCP), the corrosion potential (E ), thecorrosion current densities (I ), weight loss (wt
corr corr

loss), penetration loss, protection efficiency (P%), and Surface Coverage (0) for carbon stedl at three different concentrations of
cefotaxime-amic acid derivativeand four different temperaturesin 0.3N sulfuric acid

i
E y corr’ i
Condition Conc. Ter}?p., OSP’ 27’ Al cr_r}s’2 Zvrtnlzo 331 Penn?tr:]ét;on, P% 0
(x10™)
308 | -0510] 05092 939.28  235.0D 10.90 - -
. 318 | 0501 -0.4987 1320.00  330.00 15.30 - -
HzSQiwith 1 mL DMSO 03N 358 | 0.494] -0.4854 131000  328.00 15.20 - -
338 | 0.491| -0.4890 1730.00  432.00 20.10 - -
308 | -0.468| 04658 12502 3130 145 86.6808 0.8668
50 ppm |_318_| -0.450| 04563 21062 5274 2.44 84.0303 0.8403
328 | -0.459| 04498 59051  148.0D 6.85 54.8780 0.5448
338 | -0.458| 04577 1120.00 280.00 13.00 35.1851 518.3
308 | -0.454| 04424 307.46  76.90 357 67.2165 0.6727
. 318 | -0.454] 04438 639.05  160.0D 7.42 51551 @415
76 with 1 mL. DMSO and 0.3 N43Q: | 100 ppm —75— 7531 04504 89645  224.0D 10.40 31.7073 7031
338 | -0.453| -0.4514 1330.00 33L.0D 15.40 23.3796 330.4
308 | 0475 04641 38512  96.3( 4.47 59.0212 0.5902
150 ppm|_318_| 0.465] -0.465¢  559.21 140.0D 6.49 575157 O0.H75
328 | 0.462| 04608 706.19  177.0D 8.20 46.0865 3460
338 | -0.460| 04578 819.18  205.0D 9.51 525462 @525
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They undergo a chemisorptions process which ingbeeharge sharing or a charge transfer process.tdkes
place more slowly than the physical adsorption, thé bonding achieved is stronger, making desamptio
considerably more difficult.

Inhibitor efficiency is higher for a compound whichn donate electrons easily for the molecularditadsorption
and corresponds to high electron density at theumned adsorption center in the molecular.

Most organic inhibitors are compounds with at leas# polar function, the polar function is regardsdhe reaction
center for the establishment of the chemisorbedlpamose strength is determined by the electrorsitlenf the
atom acting as the reaction cerftér

A positive value of P% (Table (1)) indicates thhibition of corrosion by the added inhibitors aibhdlecreased
with increasing in both its concentration and tpeleed temperature range. The variation in inhiitefficiency
with the concentration increasing of the acid mayadltiributed to the rate of evolution of hydrogehich may
interfere with the absorption of the inhibitor dretmetal surface.

b.The Tafel dope, transfer coefficient, and polarization resistance:
From deep analysis of the polarization curves whiate been obtained for at four temperatures, & passible to

derive data concerning (the cathodig) @nd anodic,) Tafel slopes) and (the cathodic)(and anodicdy) transfer
coefficients).

Values ofo have been calculated from the corresponding vaifitse Tafel slopef)) using the relatioft?:
ac= 2.303RTB.F and o= 2.303RTP, F
where R is the gas constant and F is the Faraatzstant.

A value of the cathodic transfer coefficientof = 0.5, or of the cathodic Tafel slope of (- 0.12 &tddé"), may be
diagnostic of a proton discharge — chemical desmrptechanism in which the proton discharge is réite —
determining step.

If the chemical desorption is the rate — deterngrstep, the rate would be independent of the ovenpial since no

charge transfer occurs in such a step and théeatemes directly proportional to the concentratiothe coverage
(0) of adsorbed hydrogen atofi8. On the other hand, if the discharge processlisvied by a rate — determining
step involving chemical desorption, the expectddevafa should be (2.0).

The obtained results (Table (2)) indicated thatwhgation of the Tafel slopes and of the corresiog transfer

coefficients could be interpreted in terms of tlaiation in the nature of the rate — determinirgpsrom charge
transfer process to either chemical — desorptidio etectrochemical desorption.

The obtained values of the (cathodig) (and anodicff,) Tafel slopes) and (the cathodig)(and anodicdy) transfer
coefficients) were differed after the newly synilked heterocyclic derivatives that indicated toirttedéfects on the
metal dissolution and subsequently the corrosioegss at all (Table (2)).

The polarization resistance,,Riccording electrode, is defined as the slope pdtantial (E) — current density (i)
plot of the corrosion potential (&) as:

0
R = —’7 atn - 0
0i Jrc
Wheren=E — E, is the extent of polarization of the corrosionigutial and i) is the current density corresponding

to a particular value ofyf. From the polarization resistanBg, the corrosion current density,, can be calculated
as:

icorr = B / Rp
Wherep is a combination of the anodic and cathodic Tsli@bes 5, o) as:

P =PaPc/2.303 fat Bc)
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For the general case, by insertirflj from the previous equation indi = p / R;) equation one obtains the so —
called the Stern — Geary equatith

Ro = BaPBe / (2.303 Bat Bc) icon)

The measurement of polarization resistance has siatriyar requirements to the measurement of fulbppation
curves and it is particularly useful as a methodatoidly identifying corrosion up-setting and iating remedial
action®,

Table (2): Valuesof the Tafel slopes (B, Bc) , transfer coefficients(a,, o), polarization resistance (Rp), and equilibrium exchange current
density for polarization carbon steel at three different concentrations of cefotaxime-amic acid derivativeand four different temperatures
in 0.3N sulfuric acid

N
)
Condition Cone. | TGP | g et | v dhnget | e o Q.cmgp(’xlo“) /?/ lcgg';
X

308 | -0.1197 01277 | 05106 04786 0.0542 48.0361

. 318 | -0.1218 01117 | 05181 05649  0.0377 72.5290
H,SQOwith 1 mL DMSO 03N 358 | -0.1246 0.0954 | 05223 06822 0.0370 76.2616
338 | -0.1198 01254 | 05598 05348 00282  103.0896

308 | -0.0975 0.0595 | 06268 10212 03724 71263

50 ppm | _318_|_-01263 0.0681 | 04918 09266 02165 12,6809

328 | -0.1494 0.0719 | 04356 09052 0.0761 37.1214

338 | -0.1248 0.0969 | 05374 06952 0.0408 71.2695

308 | -0.1565 0.0563 | 0.3905 1.0856 _ 0.1438 18.4448

76 with 1 mL DMSO and 0.3 NSO, | 4o [~ 318 | -0.1587 0.0659 | 0.3976 0.9576 _ 0.0694 39.4748
328 | -0.1264 0.0774 | 05149 08409 0.0504 56.0174

338 | -0.1336 0.0820 | 05020 0.8091 _ 0.0339 85.8137

308 | -0.1309 0.0888 | 0.4660 0.6883 _ 0.1205 22.0434

150 ppm 318 | -0.1303 01139 | 04843 05540  0.0833 32.8932

328 | -0.1425 01141 | 04567 05704 0.0652 43.3332

338 | -0.1315 01151 | 05100 05837  0.0558 52.1501

The term (B /icor) COrresponds to the resistan€® ¢f the metal/solution interface to charge — tfangeaction. It

is also a measure of the resistance of the metabmamsion in the solution in which the metal ismiarsed. The
reaction resistanceRf), which mainly depends upon the equilibrium exgeourrent densityid) determines what
may be termed the polarizability, i.e., what oveembial (=E-E..,) a particular current density needs (for a driven
cell) or produces (for a spontaneously performiel).c

The results of the polarization resistance) (Ralculated from term (& /icor) for the corrosion of carbon steel. For
all applied condition, Rdecreased with temperature range increasing. Ttreased of Rvalues imply increasing
corrosion rate (Table (2)).

¢. Thermodynamic results:

Thermodynamics, the science of energy changeshédws widely applied to corrosion studies for maagrg. The
change in free energ\\G) is a direct measure of the work capacity or maxn electric energy available from a
system. Chemical and corrosion reactions behaegantly the same fashion.

Thermodynamic laws tell us that there is a stramgléncy for high energy state in a system to teamsinto low
energy state. It is this tendency of metals to mdmoe with components of the environment that letdshe
phenomenon known as corrosioh

The free — energy change accompanying an electmichkreaction can be calculated by the followingation®:
AG =-nFE

where 4G is the free — energy change,is the number of electrons involved in the reactie is the Faraday
constant, an equals the cell potential (E =8).

From the value ofiG at several temperatures, the change in the en{rtf)yof corrosion process could be derived
according to the well — known thermodynamic relatio

AS = — dpG) / dT
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Values of4G are usually plotted against temperature (T); thiuany temperature the value ofHsldG)/dT= 49
which corresponds to the slope of thelG) versus (T) plot at that temperature.

The change in free energ§G, is related ta\H, the change in the enthalpy, aa8, the change in entropy of the
corrosion reaction at a constant temperature, Thégquatiot'®:

AG =AH-TAS

When a metal undergoes corrosion, there is a chan@ébbs free energyAG) of the system, which is equal to the
work, associated with the corrosion reaction.

The variation of the (AG) for corrosion of carbon steel in the researchdimns, generally values &G were
negative suggesting the existence of thermodynd@aisibility for the corrosion of the electrodes erétls in the
absence or the presence of the applied inhibitahé acidic medium (Table (3)).

Values of AS) were positive or negative depending on the pesir negative dependencies af@) values on
temperatures. Values oA%) reflect the change in the order and orientatibthe solvent molecules around the
hydrated metal ions in the corrosion medium whemamatoms were corroded and subsequently hydratatie
solution.

Table (3): Thethermodynamic quantitiesfor carbon steel at three different concentrations of cefotaxime-amic acid derivative and four
different temperaturesin 0.3N sulfuric acid

— Temp., | -AG, AS, AH,
Condition Conc. K KJimol | KJmol. K | Ka/mol
308 | 98.26032 54.52432
. 318 | 96.23414 51.07814
H,SOswith 1 mL DMSO 03N —or—t=eedt 0142 oo
338 | 94.36233 46.3663B
308 | 89.84683 71.98283
318 | 88.03291 69.58891
50pPPM 358 T 8675031 008 67.7353
338 | 88.32237 68.71837
308 | 85.36993 106.3139
. 318 | 85.60149 107.2256
76 with 1 mL DMSO and 0.3 N43Q, | 100 ppm 378 8728033 0.068 109.5848
338 | 87.10666 110.0907
308 | 89.55738 74.77338
318 | 89.90472 74.64070
150 ppm =58 8s.8s108 ° 048 73.13798
338 | 88.28378 72.05978

Values ofAS were generally positive due to negativityAd®, this suggests a lower order in the solvatecstat
the metal ions as compared with the state of natahs in the crystal lattice of the corroding aledes. The
obtained results indicate the variation afS((KJ/mol. K)) with the absence and presence ofafhy@ied inhibitor
(Table (3)).

Values of the enthalpy of corrosionH) reflect the enthalpy changes associated withctireosion reaction and
may be ranged from negative to positive valuespming to the experimental conditions, indicatingthermic or
endothermic nature of corrosion reaction.

AH values variation with changing of inhibitor contmtion controlled by the all applied conditio@enerally, the
direction ofAH variation sequence is oppositeA@ variation (Table (3)).

d.Kinetic of Corrosion:
The rate (r) of corrosion in a given environmentliiectly proportional with its corrosion currengrebity (o) in
accordance with the relatiél? :

r=0.13 (e p) icor

where €) is the equivalent weight of the metal and is its density. For the increasing values @f.fiwith a
temperature follow Arrhenius equatifft, it is reasonable as:

109 (icor)= —Ea/ 2.303 RT + log A

2814



Ahlam M ar ouf Al-Azzawi and K afa K halaf Hammud J. Chem. Pharm. Res., 2014, 6(7): 2808-2819

whereA andE, are the pre- exponential factor and energy of/atitin of the corrosion process respectively.

Values ofE, were derived from the slopes of the (lag)iversus (1/T) linear plots while those of (A) wedgtained
from the intercepts of the plots at (1/T=zero);ues of (A), expressed in term of (Amper. 9mhave then been
converted into (molecules per eper second)X) was defined as:

A = (KT/h) exp AS/ R)

where K, h, T, R4S are Boltzmann constant (1.3818@.K%), Planck constant (6.62608x3111.S), temperature
on Kelvin scale, gas constant (8.314 J/Mol. K) #raentropy of activation respectively.

In order to calculate the activation paramet&f=f the corrosion process, transition state eqoatiere used with
Arrhenius equation:

icor = (RT / Nh) expAS/ R) exp (AH" / RT)

where A is the pre-exponential factor; N, h are datiro’s number and Plank’s constant respectivety BnAH"
andAS' are the activation energy, change in enthalpyarahge in the entropy of the corrosion processigtt
lines are obtained with a slope ofH'/R and an intercept of (In (R/Nh)AS/R) from which the values afH" and
AS' are calculated (Table (4)).

The apparent activation energy reflects on theiadify of the reaction and denotes the energy eatior the
chemical reaction where lower, Eieans lower energy barrier for the steel corro$fin

The relationship existed between values of thevatitin energy (B and logarithm of pre — exponential factor (log
A) in different media suggesting the operation aompensation effect in kinetics of corrosion. Téuggests that,
the corrosion reaction proceeds on surface siteighvwvere associated with different energies afvation.

Generally, E values for inhibited solution are higher than traue for inhibitor-free solution. The increase in
activation energy in the presence of inhibitorsiigs physisorptiof?®.

However, in which the higher value of #6r the inhibited system indicates physical adgorpin the initial stage,
cannot be taken into account as decisive becausengbetitive inhibitor adsorption on the metal aog with water,
whose desorption from the surface requires sonieaion energy?.

Therefore, the adsorption phenomenon of organiibitdn molecules on the metal surface is not comisd only as
physical or chemical adsorptié?.

The positive sign oAH" suggests that the dissolution process is endotbénmature and its dissolution is sI&®.
In the presence of tested compoundsaiitlAH* values change in a similar manner. These reseltdy the known
thermodynamic relationshif >’ between EandAH":

(AH* = E,— RT)

Typically, the enthalpy of physisorption processlasver than that of 40.00 kJ/ mol while the entlyalpf
chemisorptions process approaches 100kJfriol

Generally, the values &S* are higher for inhibited solutions than for umirited solution. This might be the result
of the molecular adsorption, which could be regdrde a semi-substitution process between the mekdau the
aqueous phase and water molecules on the carbeirsstéace®®.

The molecular structure is one of the major factoflsiencing the adsorption of the organic molesute the metal
surface, and hence the inhibitor properties, esfigén the case of chemisorption, which involvésige sharing or
charge transfer from the inhibitor molecules to tietal to form coordinate type of bonds. The etettr density of
the atoms, acting as reaction centers of the mi@scdetermines the adsorption bond.

So the influence of the chemical structure is lgditto the molecular area in the adsorbed stateausecit
determines the area of the metal, shielded byrthibitor.
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Owing to the acidity of the mediu®®, the N, O, and S heteroatom could not remain Intism as free acids ¢
bases. They exist as a neutral species or in tien@aform. Thus, the adsorption ole examined molecules cot
be occurred due to the formation of a links betwienc-orbital of iron atoms, involving the displacemehtater
molecules from the metal surface, and the lone? electron pairs present on the N, O, S atoms oh#terocclic
rings.

Moreover, these compounds may also adsorb thrcuglelectrostatic interactions between the positigblargec
nitrogen atom and the negatively charged metabsa
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Figure (3): Optical Microscope images of (0.3N) sulfuric acid and ImL DM SO after potentiostatic test: (a) general view (100pm), (b) in
polymethyl methatacrylate, (c) upper view after cross section operation, (d) cross section image

Figure (4): Optical Microscope images of (50 ppm) after potentiostatic test (general view (100pm))
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Figure (5): Optical Microscope images of (100 ppm) after potentiostatic test: (a) general view (100um), (b) in polymethyl methaacrylate,
(c) upper view after cross section operation, (d) cross section image

Figure (6): Optical Microscope images of (150 ppm) after potentiostatic test (general view (100pm))

The better performance of the tested compound<inticasolutions can be related to the specific gotson of
anions having a smaller degree of hydration. Beipegcifically adsorbecthey create an excess negative chi
toward the solution and favor more adsorption ef¢htions

The high pelectron density of the heterocyclic moiety comesif the high electronegativity of its oxygen he-
atom in addition to the presence of eron donating group which attached directly to tkéehocyclic moiety. Thi:
in turn leads to decrease the positive charge teonsi the cationic form of the moiety, causing éase of the
inhibition effect.

The lowest inhibition efficienc{?® may be a result to the absence of the positivegehathis should be attributed

the difficulty of resonance to take place in th@damedium. Moreover, the small size of compound mesult in
low surface coverage and consequently leadingstitenbition effect.
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When the inhibitor contains carboxylic acid grotips group can react with corrosion products, whiadteases the
protective layer thickness. This leads to slighigter corrosion inhibition.

In the uninhibited HSO, solutions, the mechanism of anodic dissolutionoimes successively the reversible
adsorption of the anions (S0 to the surface, release of electrons from treodmkd anions to the metal surface
and desorption of the adsorbed anions along withibes, after picking up electrons from the Fe at&§i,

Table (4): Kinetic quantitiesfor carbon steel at three different concentrations of cefotaxime-amic acid derivativeand four different
temperaturesin 0.3N sulfuric acid

Temp., Ea A, ASt, AH*,
K KJ/mol. | Molecules’ cm?s | KJ/mol. K | KJ/mol.
308
H,SO,with 1 mL DMSO 0.3N g;g 15.8232 2.9463 x 1® 0.2376 13.1406
338
308
318
50 ppm 328 65.7512 1.0029 x & 0.3818 63.0706
338
308
76 with 1 mL DMSO and 0.3 N43Q, | 100 ppm g;g 41.1089 1.9736 x 70 0.3109 38.4283
338
308
318
150 ppm 328 21.7128 1.2197 x 10 0.2494 19.0456

338

Condition Conc.
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