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Inhibition M echanisn of the Im idazoline Derivate
mn H, S Solution

ZHAO Jingmao , LIU He xia, XIAO Chag LU Yuan
(School of M aterials Science and Technology, Beijing University of Chem ical Technology,
Beijing 100029, China)

Abstract W eight lossmethod and polarization curve measurementwere employed to study the inhibition mech

anisn of midazolne derivate formild steel m acidic solution with H, S The results show that the derivate can re

tard the cathodic process and belongs to the cathodic type mhibitor The adsomption of the derivate on the sur

face of mild steel accords with the amended Langnuir adsomption isothemal equation, and higher temperature

will facilitate its adsoption The changes in the apparent activation energy (Ea) and the pre exponential factor

(A) of the corrsion reaction before and after the addition of mhibitor were also discussed
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1 Introduction

As a low cost but excellent constructionalmateri
al catbon steel is widely applied to many industrial

it suffers severe attack m service
[1]

units Howeves

particularly in the oil refinery *. Under various actu
al envionments not only unifom corrosion but also
localized corosion can happen and the corrosion rate
can range from practically zero corosion to extremely

The use of mhiitors is one of
5]

serious corrosion'”.
the most practical methods to control corrosion”’
Most mhibitors are organic canpounds containing ni
trogen, sulfur and oxygen atans Among them, inid
azoline derivates have many advantages such as high
mhibition efficiency, low toxicity and easy produc
tion. Their inhibition is attrbuted prinarily to the ad
soiption of the molecules of corrosion nhibilors via
their functional group, onto the metal surface’ .

There are many studies with regard to the relationship
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between adsomption and corrosion'® " However only

a few researches on the adsomption of nhibitor in acid
[1112] In this pa

pet the mhibition efficiency of an inidazoline deri

ic solution with H, S have been done

vate was measured by weight loss method for mild
steel in acidic solution with H, S, and its mhibition
mechanisn was explained by polarization curves and

Langmuir adsoption
2 Expermental

2 1 Materials and Preparation

The material was mild steel Q235 in as received
condition with the following chemical campositions
0 23% C, 0. 47% Mn, 0 046% Si 0 024% S
0.012% P, 0. 024% (by mass) Cu and remainder
Fe

The rectangular specinens with a dinension of
50mm x 10mm X 3mm were used for mmersion test

The specinens were cut fram Q235 steel plate, pol
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ished with silicon cathide paper up to 800# rinsed
with distilled water and degreased with acetone before
use

The acidic solution containing 1000 mg/L. H, S
was prepared in the follow ing way: the distilled water
was at first de aerated by passing high purity nitrogen
gas for 1h, and then suitable anount ofNa, S+ 9H,0
was added to the distilled watey finally the solution
acidity was adjusted to pH =2 by adding diluted HC1
to the solution m a sealed vessel to avoid H, S esca
ping All the reagents were AnalaR grade except the
midazoline nhibitoy which was synthesized in our

lab by o1ganic an ine and organic fatty acid.
2 2 Inmersion Test

Corrosion rates of the mild steel were measured
by mmersion experinent in the solution with and
without m idazolne inhibitor respectively Three par
allel steel sheets were mmmersed m 500 mL bottle,
which contained 500 mlL solution A fier mmersed 6
hours the sheets were taken out and put in an mhibi
ted 10% HC1 solution for5Smin, then cleaned with wa
te acetone and weighed again The test temperature

was 40 C, 60°C and 90 °C respectively.

2. 3 Polarization M easurements

Potentiodynam ic polarization tests were carried
out using 273A Poltentiostat/Galvanastat ( EG&G
Campany, USA) in the test solution A rod of mild
steel Q235 mounted into epoxy resin was used as the
working electrode with an exposed area of 0. 785an’.
After the electrode was immersed in solution for
0. 5h, the potential was swept fran - 1. 5 to 0. 6V
(vs SCE) with a scan rate of 0. 5mV /s The refer
ence electode was a saturated calamel electiode
(SCE), and the counter electrode was Pt plate  The
polarization measurements were performed at 20 +
1C.
3 Results and D iscussion

3. 1 Polarization Curves of M ild Steel in
H, S Solution with and without
Inidazolne Derivate
Fig 1, showsthe potentiodynam ic polarization
curves ofmild steel mmersed in the test solution con

taining different concentrations of inidazoline deri

vate. It can be seen that corrosion of the steel in acid
ic solution with H, S is mainly controlled by cathodic
reaction Under the condition, the mamn cathodic re
action is the reduction of H", as shown by Stem'™.
The cathodic current decreases gradually with the
concentration of nhiitor ncreasing while the anodic
currents and the corrosion potential are affected slight
Iy Therefore, the addition of mhibitor can maily re
tard the H* reduction and the derivate is a cathodic

type nhibitor Its mhibition mechanisn belongs to

“coverage effect according to Cao s ﬂleoryllSJ.
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Fig 1 Effect of mhibitor on the polarization cuwes of mild

steel in solution containing 1000 mg/L. H, S with dif

ferent concentrations of inhibitor

3.2 Adsomption Model of Inidazoline
Derivate on M ild Steel Surface

Fig 2 shows the mhibition efficiency of the deri
vate at different concentration at60 °C and 90 °C, re
spectively It illustrates that the inhibition efficiency
increases along with increasing the concentration of
midazoline mhibitor at each temperature, and keeps
alnost constant when its concentration is over 200
mg/l. This is n agreement with the result of polari
zation test It is also seen that the higher the tempera
ture iy the higher the inhibition efficiency is which
implies that higher temperature will facilitate the ad
somption of inhibitor on the cathodic active sites of the
steel surface

The degree of surface coverage (0) can be re
canled . as. the ;area fragtion, of cathodic active, sites

covered by the corrosion mhibitor and can be calculat

ed fron Eq (1) Lol
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100 . 90C mild steel surface confoms to the amended Langnuir
.~ 60°C adsorption isothemal equation, as shown I Eg
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Fig 2 Effect of mhibitor concentration on mhibition efficiency

at different temperatures
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Fig 3 Relationship between C /0 and C at different tempera

Where V, V, represent the cormosion rate of spec

mens with and without the presence of mhibitor re e
spectively  Assum ing that the adsorption of inhibitor

on mild steel surface follows the Langnuir adsoption The adsomption equilbrim constant (K) can be

. . [1921]
isothemal equation ’ caleulated in tems of E¢ (3). Other themodynam ic
—% =T1< +C (2) parameters were calculated approximately according to

Eqs (4), (5) and (6)™'*:
Where C is the mhiitor concentration, K is the s (4), (5) and (6)

adsorptive equilbrium constant The figure about the

relationships between C /6 and C at 60°C and 90°C is AH® ,II?TZ’I; ﬁ) (4)

described in Fig 3 and the linear regression results 1

are shown n Tah 1 K= 55 Sexp(_—AG) (5)
Fig 3 indicates that C /8 and C obey linear cor AR AGY

relativity at 60 °C and 90 °C. However, the slopes of AS’ = T (6)

wo lines deviate from the theoretical value, 1, to The results are listed in Tah 2.

same extent Therefore, the adsormption of nhibitor on

Tah 1 Linear regression resulis between C /8 and C at different temperatures

T e /C Linear regression Sl Intercept Adsomtive equilibrium
anpemiire coefficient /r ope A constant/K
60 1. 000 L 12 29. 894 0. 033
90 1. 000 1. 05 2 781 0. 360
Tah 2 Them odynam ic parameters of adsorption on material surface using Eqs (3) ~ (6)
Correction Adsorptive equilibrium A H® AGP AS
Temperature /C 1 - -1
factor/e constant/K /kJ* mol /kJ* mol /J- K+ mol
60 1129 0. 038 77322 -25049 238 244

90 1. 054 0. 379 77. 322 -9.197 238 246
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It can be seen fram Tah 2 that the value of K in
creases with the temperature going up, which ndi
cates the adsomption process will be enhanced when
the temperature rises The positive values of the ad
somption heat (A H’) mean that the adsomption of in
hibitormolecules onto mild steel surface is an endo
themal process which also proves that the higher
temperature will be helpful to the adsorption of mhibi
tor The negative values of the adsoption free energy
(A G”) mean that the adsomption is a spontaneous
process The positive values of the adsorption entopy
(A'S”) suggest that the process of adsorption is ac
It might be
mtepreted n the following way: the adsoiption of in

canpanied by the increasing of entropy.

hibitor ontom ild steel surface results in the desorption
of H,O0 molecules The decrease in entropy resulied
fron the fomer process is snaller than the mcrement
i entropy in the latter process as a result the sys
tem ic entropy icreases It is a driving force for the
displacement of H,O molecules by inhibitor on m ild

steel surface™ .

3. 3 Effect of midazoline Derivate on the Apparent
Activation Energy and Pre exponential Factor

of Corrosion Reaction

It has been reported by a number of researchers
that the relationship between the logaritun of the cor
rosion rate and the reciprocal of temperature is linear
approxinately for the acid corrosion of mild steel and
follows Eq (7) ho2ol

-Ea
RT

Where V is the corosion rate, Ea is the apparent

hV = + IhA (7)

activation energy, R is the gas constant T is the tem

perature, and A is the pre exponential factor
Fig 4 is the relationship between InV and 1 /T.

It is found that all the regression coefficients (1) are
very close to 1, which means that the linear relation
ship beween then is good The values of Ea and A
were calculated through the slope and intercept of the
lnes and the results are shown i Tah 3. It betrays
that Ea and A decrease when the concentration of in

hibitor goes up A represents the collision frequency
of the reactive particles its fall will bring on a drop
in the corrosion rate On the contrary, the decrease of
Ea will accelerate the corrosion reaction, and the val

ue of the corrosion rate depends on them. In the pres

ent study, the variance of A is more rematkable than
that of Ka, i e the value of Amightbe the dan inant
factor to decide the corsion mate Therefore, the
lower A and Ea in the presence of inhibitor will ulti

mately lead to the lower corosion rate, which is con

sistent with the results of the gravinetric and polariza

tion m easurem en ts

3
24 blank
T‘.“
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2.8 3.0 32
T'x10° /K

Fig 4 Relationship between InV and 1/T i solutions contai

ning different concentrations of inhibitor

Tah 3 Parameters of the regression betveen IV and 1 /T

Concentration . .
Linear regression

Ea

(fn:hll])ﬁ(:r coefficiont/r Slope/( -EaR) Intercept/lnA AJe mol! A
0 0. 987 -4 460 14. 83 37. 08 2 76 x 10°
20 0. 985 -2 381 7. 66 19. 80 2 31 x10’
100 0. 995 - 1. 850 519 15. 38 L 79 x10°
600 0. 999 - 1. 367 353 11. 36 3 44 x10'
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4  Conclusions

1) The imidazoline derivate can mainly retard
the H' reduction of mild steel in acidic solition with
H, S and belongs to the cathodic type inhibitor

2) The adsomption of ihibitor on the cathodic
active sites of the steel surface accords with the anen
ded Langmuir adsorption isothemal equation

3) The adsomption process will be increased at
higher temperature Betler corrosion nhibition can be
obtained at higher temperature

4) With the increasing of ihibitor concentra
tion, both the pre exponential factor and the apparent
activation energy decrease in the present study The
value of A is the dan inant factor to decide the corro
sion rate so that the corrosion rate reduces due to the

addition of mhibitor
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