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ABSTRACT

Thiosemicarbazide derivatives have been used dlsitots for corrosion of steel in acidic medium Wgight loss,
potentiodynamic polarization, electrochemical imgece spectroscopy (EIS) and electrochemical frequen
modulation (EFM) techniques. Poteniodynamic poktian measurements means that they acts as a tijpe o
chemical inhibitors .The inhibition efficiency imases with increasing the inhibitor concentrati@amd also
increase with increasing the temperature. The aggison of thiosemicarbazide derivatives on the stefaf carbon
steel obeys Langmuir's adsorption isotherm. FronmVE#he causality factors are very close to theowdticalues
which indicate that the measured data are of goality. Nyquist plots show a single capacitive lowp
uninhibited and inhibited solutions.

Keywords: Inhibition of corrosion; Carbon steel; HCI; thiosearbazide derivatives; EIS.

INTRODUCTION

Carbon steel is the most useful substance for nmézddaengineering techniques, as its low costgitat strength.
Deterioration of metals by the reaction with thevimnment is the mean of corrosion. For the praveciof
corrosion inhibitors are used .Most widely inhib#@re organic compounds contains nitrogen, oxygehsulfur.
These centers are adsorption centers. Thiosemidebaerivatives inhibitors are used as organidbitdr that
contains nitrogen, oxygen and sulfur .Most of theilganic inhibitors are adsorbed on the carbon steéace. The
strength of the inhibitor depends on its structtine properties of the environment;....etc .The intgoairaim of this
paper was done by some thiosemicarbazide derigasffects of as inhibitors for the corrosion oflmar steel in
1M hydrochloric acid. The most important techniquesre employed, chemical weight loss, electrochamic
(potentiodynamic, electrochemical frequency modoigatEFM and electrochemical impedance frequeriug$e
techniques were employed in 1M HCI without and wdiffierent compound concentrations ranges.

MATERIALS AND METHODS

2.1 Materials
The compositionsf commercial C stedre listed in Table: 1

C Mn P Si Fe

0.200 | 091 0.007] 0.002 Rest

2.2 Solutions

Hydrochloric acid and organic additives were of lgigal grade .The organic inhibitors used in thtady were
phenyl, ally and ethyl thiosemicarbazide derivagive
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2.3 inhibitors
Table 2: includes structures of the thiosemicarbade derivatives
INHIBITOR STRUCTURES
le) o
"
H H N N
(T 1 - T @
N N
H H
J S
S
Phenyl O O

2,2'-((95,108,11R,12R)-9,10-dihydro-9,10-ethanoanthracene-11,12-dicarbonyl)bis(N -
phenylhydrazinecarbothioamide)

o o)
C N N N N XN
~ o
HQC/ \ﬁ/ T \N N 71/ H, CH,
’ S
Ally S

2,2'-((9S,10S,11R,12R)-9,10-dihydro-9,10-ethancacttne-11,12-dicarbonyl)bis(N-allylhydrazinecarlagimide)

(o]
H H H H CH
~—~—CHs
HaC\C/NTN\N N/N\"( ﬁz
Ho H H
ethyl O S
S

2,2'-((9S,10S,11R,12R)-9,10-dihydro-9,10-ethancacttne-11,12-dicarbonyl)bis(N-ethylhydrazine-1-ctinamide)

2.4 Methods

2.4.1Weight lose measurements

Specimens of C-Steel were abraded up and degrdgsadetone rinsed with bidistilled water then fipadried
between filter paper. After this we must weighthwgfreat accuracy the specimens were dipped in 1@® tM HCI
without and with different concentrations of thiosearbazide derivatives. After various time (3B0Imin). After
3 h, the coins were obtain, washed, dried, andhegigiccurately. The efficiency of inhibition (%l&)d the degree
of coverage surface of investigated compound faahwrrosion in HCI were measured from Eq. (1) (2)

% | E =100 x0 = [1- (W / W°)] x100 1)

Where W° = the data of the mean mass reductiorowitimhibitor.

W = data of the mean mass reduction in presenuehifitor.

The results leads to a comparative way betweeinthitors according to the surface coverage anidk%how that
phenyl > ally > ethyl.

2.4.2 Electrochemical Techniques

Three different electrochemical techniques weredaoted using three electrode system arranged Iass gell as
follows; carbon steel specimen as working electr(hief), saturated calomel electrode (SCE) acts a referen
electrode, and platinum wire serves as an auxikdegtrode. In the present work, the working elsidérwas made
of square specimen of carbon steel welded with eoppd from one side and totally encapsulated antgass rod,
of larger diameter (5 mm) so that only one facéhefcarbon steel specimen, of dimension (1cm x lem$ left to
be exposed to the test solution. The electrodeaede was related to a Luggin capillary and theofiphe capillary

is set to be very near to the surface of the eldetworking in order to partially eliminate erraiginated from IR
drop. All the measurements were performed undgnsiet conditions. Before starting electrochemisglegiments,
the working electrode was prepared in the same eranh sample preparation for mass loss method hed t
electrode potential was stabilized for 20 min. Adbults from electrochemical were utilized by Garmgtrument
(PCl4/750) with a Gamry system depend on the ESAt@Dcomputerized frameworks contain DC105 soft@re
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potentiodynamic polarization measurements, EIS@®vare for electrochemical impedance (ac) spectpg, and
EFM140 software for electrochemical frequency matlah techniques. In addition, Echem Analyst 6.68veare
was used for data fitting, graphing and plotting.

2.4.2.1 Potentiodynamic Polarization

Tafel curves obtained from potential polarizati@ars by automatically sweeping the working electrpdéential
from (-0.7 to 0.7 V vs. SCE) (3),utilized for calated The current corrosion by extrapolation ofhodic and
anodic Tafel solp fa andpc) to gives log &, and potential of corrosion (Ecorr) for acid freéthweach
concentration of the investigated plant extracte Thhibition efficiency (%IE) and surface covera(®@ were
calculated using the obtained values.gf.iThen (i) was utilized for measured of (IE %) artj &s in equation 2:

%IE =6 x 100 = [1' (iorr (inh)/ icorr (free)] x100 (2)

Where iongreef COrrosion current densities without inhibitor,
icorrinny= COrrosion current densities with of inhibitor.

2.4.2.2 Electrochemical impedance spectroscopy {EIS

At open circuit potential, alternative current ség) in range of frequency from 100 kHz to 0.5 tere applied to
measure the impedance of the corrosion proces&gfiivalent electrical circuit was tested to analgpe explain
the impedance. The coverage surfaeafid inhibition efficiencies given from the impeda results are measured
from equation 3:

%IE =0 x 100 = [1- (RS /Ry)] X100 ©)

Where R =the charge transfer resistance without inhibitors.
R.= charge transfer resistance with inhibitor.

2.4.2.3 Electrochemical frequency modulation (EFM)

Two different frequencies 2 : 5 Hz with frequen@sb equals to 0.1 Hz were applied to obtain trerrimadulation
spectra of the electrochemical frequency modulatibis necessary for the value of lower frequencybe not
greater than a half of the higher frequency. Theaetu responses, obtained from EFM spectra, assidoe
intermodulation and harmonically current peaks. biggest peaks were utilizes to measure the Thipks fa and
Bc), the current density for corrosiog.{), and the causality factors CF-2&CF-3 (4,5).

2.5 Surface results

The surface morphology was obtained with carboel st@ins by put in solution of inhibitor for a oday. After the
immersion period, the coins were dried and thereatfithe film obtained on the surface of the meta$ measured
by SEM methods. Analyses of C-Steel morphologyraftee day exposed to 1 Molar HCI.

RESULTS AND DISCUSSION

3.1 Chemical Method (Weight-loss measurements)

Figure 1 shows the weight loss-time curves for €e5in 1M hydrochloric acid in the presence andeabs of
different concentrations of thiosemicarbazide dsiires at 2%. These curves are characterized by a sharprrise i
weight loss from the beginning. Curves for addaieentaining system fall below that of the freedadihese curves
indicated that, the weight loss of C-Steel deparmidoth the type and concentration of the inhibitocrease in
bulk concentration and consequently increase ofaser coverage by the additive increases their itibib
efficiencies towards C-Steel dissolution. The rissof Table 3 show that the inhibition efficienclyal additives
increases with the increase of their concentratiorike corrosive medium. It is thus obvious thatréase of bulk
concentration and consequently, increase of sudezz coverage by the additive retards the digealof C-steel.
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Table 3: Values of inhibition efficiencies (% IE) and (0) of thiosemicarbazide derivatives for the C-steatorrosion in acidic medium from
mass reduction method at various Concentrations andt room temperature

Compound| Conc., x16M | C.R.,, mgcrimin® | @ % IE
Blank 0.0 0.0103 - -

1 0.008 0.221| 22.1

5 0.0055 0.466 | 466

Phenyl 9 0.00452 056 | 56

13 0.00382 0.628 | 62.8

17 0.00346 0.663| 66.3

21 0.00316 0.693| 69.3

1 0.00859 0.122| 12.2

5 0.0067 0.349| 34.9

Allyl 9 0.00542 0.473| 47.3

13 0.00481 0.532| 53.2

17 0.0042 0.592| 59.2

21 0.0039 0.621| 62.1

1 0.00925 0.098| 9.8

5 0.00675 0.342| 34.2

Ethyl 9 0.00545 0.47 47

13 0.00491 0.521| 52.1

17 0.00432 0.58 58

21 0.00401 0.61 61

Figure 1: Weight loss-time curves for the corrosiorof C-Steel in 1 M HCI in the absence and presencé different concentrations of
phenyl thiosemicarbazide at 25 °C
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3.1.1. Adsorption isotherm

One of the most convenient ways of expressing @tisor quantitatively is by deriving the adsorptisotherm that
characterizes the metal/inhibitor/ environmenteys{6). Various adsorption isotherms were appliefit 1© values,
but the best fit was found to obey Langmuir adsorptsotherm which are represented in Figures ifanibitors
phenyl, allyl and ethyl respectively, Langmuir aqgion isotherm may be expressed by: @GL/K+T)

Where C is the concentration (mof*Lof the inhibitor in the bulk electrolyt®) is the coverage surface degree
( ® =%IE/100), the efficiency of inhibition % (I E) 200 x ® (7), K ads is the adsorption equilibrium
constant. A plot of versus @ should give lines straight with 1/K ads interceplie variation of the adsorption
equilibrium constant (K ads) of the inhibitors withe molar concentrations was obtained The expeitisngive
good curves of adsorption isotherm .figures(2,8i4¢ the adsorption isotherm s of the three inbilsiis shown:
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Figure 2: Langmuir isotherm adsorption of phenyl hiosemicarbazide

on surface of C-Steel in 1M hydahloric acid at various

temperatures
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Figure 3: Langmuir adsorpition isotherm of ally thiosemicarbazide

on C-steel surface in1M HCI at diffent temperatures
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Figure 4: Langmuir adsorption isotherm of ethyl thiosemicarbazide on C-Steel in 1M HCI at different teperatures
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Table (4): Adsorption parameters for inhibitors in 1M HCI obtained from Langmuir adsorption isotherm at different temperatures

Inhibitor | Temperature°C|] K,sx 10°M™ | Slope R?
25 25.25 1.27 0.996
30 35.8422 1.19 | 0.9992
Phenyl 35 48.5436 1.14 0.9991
40 64.1025 1.09 0.998
45 96.1538 1.02 0.9973
25 13.3155 1.26 0.9973
30 19.2307 1.2 0.9972
Allyl 35 29.6735 1.16 0.9974
40 51.5463 1.14 | 0.9971
45 66.666 1.09 | 0.99938
25 11.5473 1.22 0.998
30 13.8312 1.18 | 0.9977
Ethyl 35 17.1821 1.17 0.9979
40 23.8663 1.16 0.997
45 33.8983 1.09 0.9603

These data obtained given that these thiosemiciadoderivatives are adsorbed on the surface oé€l sirough the
(S, N, O) protonated atoms or via the lone paelettrons of this atoms. The degree of inhibit®nirectly due to
the presence of adsorption layer which relatedhto molecular structure function. The equilibriutmst@ant of
adsorption Kads obtained from the intercepts ofdranir adsorption isotherm(8)is due to the energe fof
adsorptiorAG® ads as follows: Kads=1/55.8@¢ ) /RT)

3.1.2 The temperature effect.

Temperature effect on the rate of corrosion of €e5in 1M hydrochloric acid and with of various centrations of
inhibitor was done in the range of temperature®f45°C . As rise temperature, the corrosion rate incraaskthe
efficiency of inhibition of the thiosemicarbazideri/atives increase The adsorption behavior ofsemoicarbazide
as inhibitors on the surface occurs through cheimi@4L0)

Table 5: Values of corrosion rate (C.R) of C-Stealorrosion by thiosemicarbazide derivatives in 1 M K|l from mass reduction methods
at various concentrations at temperature rangesof285°C

i o Keon (Mg cn? min?)x10°

[inh X 10M 5ese T 30°C| 35°C] 40°G 45
0 | 103| 15 | 22.3| 338 669D
1] 8 11 | 147| 20.4| 315
5| 55 | 6.75| 812| 10| 114
phenyl | 9 | 452 | 536| 65| 7.75 95
13| 382 | 436| 533 635 7.7%
17 | 346 | 397| 468 5371 63
21| 313 | 369| 424 45 5
1 | 859 | 124| 16.8| 243 33.
5 | 67 | 87| 102| 135 194
9 | 5425| 681 85 11| 151

allyl 13| 481 5.6 6.8 9.25 1218
17 4.2 5.03 6.15 7.5 10
21| 859 | 124| 16.8] 243 338
1 9.25 11.7 19 29.2| 41.6b
5 | 675| 9.16| 128 19.5 28
9 | 545 | 7.33| 104| 148 224
Ethyl

13 | 4.91 6.33 8.5 12.33  18.7
17 | 4.32 5.62 7.66] 1058 154
21 | 4.01 5 6.7 9.75 10.3

3.4 Kinetic —thermodynamic corrosion parameter
The activation parameters for the corrosion proeese calculated from Arrhenius-type plot accordingq. 6:

Keorr=A eXp(E*/RT) (6)

Where A = Arrhenius constant pre-exponential, T emperature absolute, R = universal constant gas and
*, = activation corrosion energy apparent. Valueapdarent activation energy of corrosion for C-StegéMHCI
shown in Table 6, in presence and absence diff¢héygemicarbazide derivatives was measured fropesbf 1/T
versus log (k) diagrams are shown in Figure.5. Inspection ofvhieies obtained that the energy of activation is
decreased in with inhibitor than without thiosemizzide derivatives inhibitors. This due to deceeaste of
adsorption inhibitor with data approach to equilibr due to the experiments at bigger temperatucesrding to
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Hoar and Holliday (11).But, Riggs and Hurd(12) “tiped that the decrease in the activation enefgpwosion at

higher levels of inhibition arises from a shift thfe net corrosion reaction from the uncovered pathe metal

surface to the covered one, Schmid and Huang folmidorganic molecules inhibit both the anodic aathodic

partial reactions on the electrode surface andalphreaction takes place on the covered areiathieureaction rate
on the covered area is substantially less thah@mmcovered area similar to the present studg). The alternative
formulation of transition state equation is showrkQ. 7:

kcorr = (R T/ Nh) é25"/R) g CaH"/RD) 7

WhereAH" activation enthalpy, & = rate of metal dissolutiomS = activation entropy, N = Avogadro’s number,
and h = Planck’s constant.

129 H 1vHCI
® 1x10-6
A 5x106
1441 v 9x106
4 13x10-6
P 17x10-6
-1.64 ¢ 21x10-6
=
5 -1.84
O
N4
8 20+
2.2
2.4+
2.6 T T T T T
3.10 3.15 3.20 3.25 3.30 3.35

1000/T

Figure 5: shows a curve of (log &) against (1/T) of phenyl thiosemicarbazide in acid medium. Straight lines are obtained with a
slopes equal toAH* /2.303R) and intercepts are [log (R/Nh AS*/2.303R)]
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Figure 6: shows a curve of (log &-/T) vs. (1/T) for phenyl thiosemicarbazide in 1 M KCI. Straight lines are obtained with a slopes equa
to (AH* /2.303R) and intercepts are [log (R/Nh AS*/2.303R)]
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Table 6: parameters of activation for corrosion ofmetal with and without various concentrations of ifibitors in1M HCI

Comp. | Conc.,M | E, AH’ AS
Blank 71.6 | 30.17| 50.33-
1X10° 50.9 | 21.28| -120.79
5X10° 28.9 | 11.55| -198.8
Phenvl 9X10° 28.14 | 10.72| -206
Y 13X10° | 27.76 | 9.97 -213
17X10° | 23.55| 9.22 -220
21X10° | 17.99| 6.73 -239
1X10° 55.71 | 21.61 -116
5X10° 40.01| 16.21| -161.4
Allvi 9X10° 39.06 | 15.63 -167
y 13X10° | 37.14] 1459 | -173
17X10° | 32.55] 13.05| -189
21X10° | 29.29 | 11.69| -200.6
1X10° 59.73 | 24.27| 96.86
5X10° 55.14 | 23.36 | -106.43
Ethvl 9X10° 54.76 | 22.36 | -115.62
Y 13X10° 51.5 21.2 | -125.77
17X10° 46.9 20.7 | -130.17
21X10° 46.3 | 19.62 | -139.17

3.5Potentiodynamic Polarization Measurements

Figure 6: given the cathodic and anodic Tafel poddion diagrams for metal in 1 molar hydrochlogicid in the

presence and absence of various phenyl derivatineentrations at room temperature, respectivelymArig. 5, it

is clear that both cathodic reduction, Hactions and anodic dissolution of metal werebitbd when added
investigated phenyl derivative to 1 molar hydrocitlcacid and this inhibition was more powerful witlse

concentration of phenyl derivative. Tafel slope sinéted to more positive and more negative potéstivith other
the blank slope by raising the concentration ofittvestigated phenyl derivative inhibitors. Thimmsamption lead
to that the phenyl derivative additives play aseditype inhibitors (14, 15).

Figure 6: Tafel polarization diagrams for C-Steel orrosion in acidic medium without and with concentiations of phenyl derivative at 25
°C

0.1
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C}l
IS
G 1E-3
<
IS
1E4 —— IMHCI
= —— 1x10-6
—— 5x10-6
—— 9x10-6
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—— 17x10-6
——21x10-6
= ——
-1.0 0.8 0.6 0.4 0.2 0.0 0.2
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The data in Table 7 given that the rise in phemyhdtive concentration leads to lower thgJi current corrosion
density, but thef, B.) Tafel slopes are constant lead to that the agsist of the two reactions (anodic dissolution
metal and cathodic reduction hydrogen) were obthini¢ghout exchange on mechanism of metal dissalufi6-
18).
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Table 7: Corrosion potential (E.rr), corrosion current density (torr), Tafel slopes fc,Ba), degree of surface coveragd), and inhibition
efficiency (% IE) of C-Steel in 1 M HClat 25°C forphenyl derivative

ihi jcorr ﬁc ﬁa 0,
Inhibitors | Conc,M| EormV WA cn® | mV dect | mv dect (C] % IE

blank -499.00 427.0 150 100

1x10° | -488.00 324.0 170 105 0.241 247

5x10° | -484.00 309.0 150 102 0.2796 276

Phenyl 9x10° | -479.00 296 120 110 0.307 30,7

13x10° | -482.00 247.0 120 96 0422 42p

17x10° | -490.00 116.0 120 76 0.728 728

21x10° | -496.00 97.10 110 78 0.77 77.26

1x10° | -500.00 208.0 150 100 0.494 4944

5x10° | -455.00 186.0 170 200 0.547 54)7

Allvl 9x10° | -447.00 141 210 120 0.657 657

Y 13x10° | -450.00 140.0 220 106 0.699 65)9

17x10° | -455.00 138.0 220 96 0.664 664

21x10° | -456.00 | 107.00 210 111 0.74  73.97

1x10° | -449.00 153.0 130 100 0.628 628

5x10° | -455.00 142.0 120 78 0.655 65p

Ethvi 9x10° | -464.00 137 120 79 0.66  66.]7

Y 13x10° | -456.00 133.0 120 70 0.676 67/

17x10° | -464.00 126.0 100 69 0.693 69.8

21x10° | -459.00 | 114.00 111 65 0.72 7226

3.6 Electrochemical Impedance Spectroscopy (EIS)

“The effect of inhibitor concentration on the imp@ede behavior of C-Steel in 1M HCI solution at Z5 i%
presented in Fig. 7 (a,b). The curves show a simyfae of Nyquist plots (Fig.7a) for C-Steel in theesence of
various concentrations of phenyl derivatives, tkistence of single semi-circle showed the singlargh transfer
process during dissolution which is unaffected bg presence of inhibitor molecules, deviations frperfect
circular shape are often referred to the frequetisgersion of interfacial impedance, which arisae tb surface
roughness, impurities, dislocations, grain bouredgaradsorption of inhibitor, and formation of padayers and in
homogenates of the electrode surface (19,20), atigms of the data reveal that each impedance aliagonsists of
a large capacitive loop with one capacitive timastant in the Bode—phase plots (Fig.7b), the etedtequivalent
circuit model is shown in Figure 8, it used to gmalthe obtained impedance data, the model comdiiie solution
resistance (B, the charge-transfer resistance of the interfamiarosion reaction (§ and the Constant phase
element (CPE), excellent fit with this model wasaofied with our experimental data”.

The data of the & interfacial capacitance can be measured from patemCPE data ¢ and n utilized the
expression (21):

Ca = Yo (Omad ™ 8)(

Whereoma.x = angular frequency at which the imaginary compoé the impedance reaches its maximum data n =
deviation parameter of the CPE:<h< 1 and Y = magnitude of the CPE.

EIS value (Table 8) given that the,Ralues rise and they@ates lower with raising the concentrations ofhitbr.

Because the replacement gradual of water moledwyldbe inhibitor molecules adsorption on the swefa€ metal
(22, 23).
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Figure 7a: The Nyquist diagrams for the C-Steel capsion in 1M hydrochloric acid with and without concentrations of phenyl derivative
at room temperature
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Figure 7b: The Bode diagrams for the C-Steel corrasn in 1M hydrochloric acid with and without concertrations of phenyl derivative at
room temperature
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Table 8: EIS value for the C-Steel corrosion in 1Mhydrochloric acid with and without concentrations d phenyl derivative at room

temperature
o Cai, Ret, o
Inhibitors | Conc. M uF cn® | ohm cnd (C] % IE
Blanc 1.27E-04 33.89
1x10° 2.56E-04 75.37, 0.55 55.0
5x10° | 6.93E-05 138.70 0.756  75/6
phenyl 9x10° 3.96E-04 24120 0.859 859
13x10° | 4.52E-04 400.80 0915 91
17x10° | 5.30E-04 454.00 0.925 9255
21x10° | 3.78E-04 608.50 0.944 944
1x10° 4.51E-04 4155 031% 31p
5x10° | 2.41E-04 61.59 0.53 53.8
allyl 9x10° 8.05E-05 70.33 0595 595b
13x10° | 3.14E-04 71.00 0.599 599
17x10° | 2.61E-04 78.43 0.637 63[
21x10° | 3.48E-04 129.80 0.781 78[1
1x10° 1.27E-04 28.45 0.376 376
5x10° | 1.91E-04 4558 0421 4217
oy 9x10° 1.80E-04 49.14 0.621 627
4 13x10° | 1.92E-04 75.13 0.64 64.0
17x10° | 1.96E-04 78.920 0.676 676
21x10° | 1.95E-04 87.921 0.70¢ 70.6

Figure 8: Equivalent electrical circuit model utilized to fit the results of impedance

Rz Rt

24—

CFE

3.7 Electrochemical frequency modulation measurenee(EFM)

The EFM “is a nondestructive corrosion measurentechnique that can directly give values of the @sion
current without prior knowledge of Tafel constahiiee EIS; it is a small ac signal, it is generaflgcepted that in
most cases, the corrosion rates determined witkHM technique, are much higher than the valuesraéed with
other techniques exhibiting low corrosion ratest)(2

_+1M HC
5 1E-6
s
Frequency

B H‘ \‘

WAl Al TT TSR

WA N [ Lt

A
qveney e qveney
=

Figure 9: EFM for the C-Steel corrosion in 1M hydrachloric acid with and without concentrations of pheyl derivative at room
temperature
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Table 9: Electrochemical kinetic parameters obtaind by EFM technique for C-Steel in the absence angresence of different
concentrations of phenyl thiosemicarbazide in 1 M gl at 25°C

[I n h]X:l.Or6 icorr Ba Be Keor.

Inhibitor ¢ wnem? | mvdec? | mvdect | CF2 | CF3 | 1ov | © | %IE
Blank 0 628.1 | 98.66 | 126.3 | 2.77 | 1.94 | 287.0

1 4135 | 131.1 183 | 2.30 | 2.23 | 188.9 | 34.2| 0.342

5 3665 | 133.8 | 1481 | 2.70 | 2.69 | 167.50| 41.6 | 0.416

Phenyl 9 3488 | 1288 | 1363 | 2.70 | 2.38 | 159.40| 44.5| 0.445

13 319.8 | 120.0 120 | 4.36 | 1.80 | 141.9 | 49.1| 0.491

17 2022 | 1168 125 | 4.11 | 1.18 | 92.41 | 67.8] 0.678

21 137.3 | 99.890 | 1045 | 456 | 1.10 | 62.75 | 78.1| 0.781

1 4465 | 72.620 | 193.6 | 2.19 | 1.94 | 204.00| 28.9 | 0.289

5 260.7 | 75530 | 844 | 347 | 2.08 | 123.30| 57.1| 0571

Al 9 268.7 | 93.630 | 1046 | 2.16 | 1.75 | 122.80| 57.2| 0572

13 2575 | 86.780 | 92.63 | 2.65 | 1.59 | 117.70| 60.0 | 0.600

17 237.7 | 84.960 | 98.16 | 3.40 | 1.81 | 108.60| 62.2 | 0.622

21 2314 | 84.260 | 90.06 | 2.87 | 1.69 | 105.70| 63.2 | 0.632

1 475 | 67.000 115 | 2.35 | 1.75 | 220.00 | 24.4 | 0.244

5 379 | 71.300 | 1051 | 3.10 | 1.99 | 195.00] 39.7 | 0.397

Ethy] 9 357 | 80.000 | 985 | 2.80 | 1.87 | 172.00| 43.2 | 0.432

Y 13 336 | 88.100 | 905 | 2.90 | 1.68 | 166.00| 46.5 | 0.465

17 250 | 85500 | 88.1 | 3.10 | 1.71 | 128.00] 60.2 | 0.602

21 239 | 81.260 | 805 | 3.00 | 1.85 | 118.00] 61.9 | 0.619

The measured corrosion kinetic parameters at difteconcentrations of C-Steel in1 M HCI at 25 °G{iBa, Pes
CF-2, CF-3 and % IE) are given in Table 9. “Therosion current densities decrease by increasing the
concentration of investigated compound and thecieficy of inhibition increases by increasing inigesied
compound concentrations, the causality factorsahld 9 are very close to theoretical values whiotoeding to
EFM theory (5, 25) should guarantee the validityTafel slopes and corrosion current densities, da@ausality
factors in Table 9 indicate that the measured detaof good quality, the standard values for CF@ &@F-3, the
deviation of causality factors from their idealwes might be due to the perturbation amplitudeteasmall or that

the resolution of the frequency spectrum is nohlégough, another possible explanation is thairthibitor is not
performing very well”. The obtained data showed dj@greement of kinetic corrosion parameters frommBERM,

EIS and Tafel extrapolation methods.

3.8 SEM experimental

To identify the investigated thiosemicarbazide aiives compound molecules are in fact adsorbeslidiace of C-
Steel, SEM experiment was done. The micrographs &¥M-Steel surface single and after one day insinarin
1 molar hydrochloric acid with and without the aéi of higher concentration 21x f0of thiosemicarbazide
derivatives are given in Figures (9a-c). As expecteigure 9a given clear surface metallic, whilethaut
investigated thiosemicarbazide derivatives compotheldamaged surface of C-Steel by HCI corrostogufedb).
In contrast, with the investigated thiosemicarbeaazigrivatives compound Figure 9c, the no affecteadirosion
for metallic surface. It is clear from the adsawptof investigated thiosemicarbazide derivativesgounds on the
C-Steel surface and confirms the formation of a fiim of investigated thiosemicarbazide derivasvampounds
resulted in micrograph SEM, thus protecting Carbi@el surface verses corrosion.

SEI 30kV WD12mm  SS58 x1,500 10pm
Sample 0000 02 Jul 2014
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SEI 30kV WD13mm

sseo

-

SEI 30KV, WD10mm . SS50
Sample.

Figure 9 (a-c): micrographs SEM of surface C-Stedh) after24h immersion in 1 molar hydrochloric acidand ethyl derivative, (b) after
24 h of immersion in acidic medium and allyl, (c) fier 24 h of immersion in 1 molar hydrochloric acid+ 21x10%f phenyl at 25+1 °C

4. Corrosion Inhibition Mechanism

Results of the present paper have shown that ttresanvestigated thiosemicarbazide derivatives aommgd
(inhibitors) resist the acid corrosion of C-Stesl adsorption the investigated thiosemicarbazideivdgves
compound onto the surface of metal. “The resultwshdhat the inhibition efficiency of thiosemicaride
derivatives rise with rise in inhibitor concentoatisuggests that some of the molecules of theitohire adsorbed
on the metal surface thereby protecting the coVesadace from further corrodes attack”. Raising thhibitor
concentration rises th@ surface coverage degri surface of metal.

CONCLUSION

1- Thiosemicarbazide derivatives acts as an camdsiibitor for of metal in acidic solution

2- The inhibition efficiency rise with rise in theoncentration of the investigated thiosemicarbazidavatives
inhibitor

3- The inhibition is due to the inhibitor molecudelsorption on the surface of metal by charge tesnisy the
diffusion of the inhibitor molecules

4- The adsorption of these compounds on the mettdce follows Langmuir adsorption isotherm

5-Results obtained from potentiodynamic polarizat®mixed-type inhibitor.

6- Reasonably good agreement was observed betwmendata obtained from the mass reduction and
electrochemical measurements were in good agreement
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