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Functiile cercetarii stiintifice:
- cognitiva
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- informativa

Scopul cercetarii stiintifice: asigurarea progresului civilizatiei
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3. Sectiunea suplimentara: Mentiuni, multumiri

4. Sectiune complementara: Anexe
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Recent Advancements in Electrode Materials for the High-
performance Electrochemical Supercapacitors: A Review

Shen-Ming Chen"", Rasu Ramachandran’, Veerappan Mani', Ramiah Saraswathi’

! Electroanalysis and Bioelectrochemistry Lab, Department of Chemical Engineering and
Biotechnology, National Taipei University of Technology, No.1, Section 3, Chung-Hsiao East Road,
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Supercapacitors are energy storage devices emerging as one of the promising energy storage devices in
the future energy technology. In this perspective, rapid progress is made in the development of
fundamental and applied aspects of supercapacitors. Various techniques have been developed
specifically to estimate the specific capacitance. Numerous efforts were made in the literature to
increase the specific capacitance value of the electrode materials. The electrode materials which have
unique structural and electrochemical capacitance properties, such as high capacity and cyclic stability
showed great supercapacitors performances. Recently, there are much new types of electrode materials
were developed to play an important role in the capacitance behavior. In this review, we focused on the
applications of various nanostructured electrode materials like carbon nanomaterials, metal oxides and
conducting polymer towards highly efficient supercapacitors.

Keywords: Carbon based materials, metal oxides, conducting polymers, supercapacitors
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Electrochemical supercapacitor application of pervoskite thin films
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Abstract

‘We have explored electrochemically deposited pervoskite nanocrystalline porous bismuth iron oxide (BiFeO;) thin film electrode {rom
alkaline bath for electrochemical supercapacitors. The pervoskite BiFeO; nanocrystalline thin film electrode showed comparable specific
capacitance of 81 F g~' and electrochemical supercapacitive performance and stability in an aqueous NaOH electrolyte to that of com-

monly used ruthenium based pervoskites.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Pervoskite thin films; Electrochemical supercapacitor

1. Introduction

A recently invigorated interest in the development of
supercapacitor is due to the power requirement of a num-
ber of applications that have exceeded the capability of bat-
teries available in the market today [1]. Metal oxides show
pseudo-capacitance due to the Faradaic reactions between
the solid material and the electrolyte which is voltage
dependent. The double layer capacitance has a typical
value of 10-40 mF em™? for a real surface, while superca-
pacitor may be 10-100 times greater. In order to increase
the energy and power densities, extensive research on metal
oxide electrodes and electrolytes in supercapacitor has been
carried out. For the purpose of gaining both high energy
and power densities, several types of mixed metal oxides
have been proposed as supercapacitor electrodes [2].

Prototypes made of ruthenium oxide have been highly
successful and are commercialized [3] due to the idea of
using an extra battery is rejected since the modern batteries
are incapable of providing high powers without perfor-
mance degradation. A lot of attempts are going on to
increase the capacitance values of the electrode with the

" Corresponding author.
E-mail address: sshan@hanyang.ac.kr (S.-H. Han).

minimum investment. As is highly expensive, alternative
metal oxides are being explored. Most of the attempts are
made with a small amount of ruthenium which served as
an excellent metal oxide for supercapacitor, with other
materials for better performance. For example, many
researchers have studied the activated carbon with RuQO,
[4.5], where the total specific capacitance of composites as
a function of the ruthenium oxide content. Additionally,
some researchers have used lead ruthenate pyrochlore,
which was able to provide the necessary metal centers for
redox reactions [6-8]. One of the attempts to obtain the
better performance of supercapacitor electrode was to use
pervoskite like SrRuQ; containing one of element ruthe-
nium [9]. In this work, using the same strategy, the perv-
oskite BiFeO; nanocrystalline electrode is exploited as an
efficient potential candidate for supercapacitor application.
It is expected that the combined oxide of transition metal
oxides, a pervoskite i.e. BiFeO; has to show the similar
or perhaps better performance. The bismuth iron oxide in
five crystallite phases ie. BiFeOs;, Bi>Fe 0y, BisFesOq;,
BiyFe.0y and BigFe,04 is well known. That means this
material may sustain the charges in its phases during the
electrochemical changes.

However, preparation of single-phase BiFeQs is a criti-
cal task due to its narrow temperature stability range [1].
Moreover, bismuth and iron show the affinity of oxygen
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- proprietarul rezultatelor cercetarii stiintifice,
- recunoasterea contributiilor stiintifice,

- codul de etica al UPT
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Dreptul de autor (copyright): este o forma de proprietate
intelectuala care confera autorului unei lucrari originale
prioritati exclusive pentru o anumita perioada, referitoare
la publicare, distributie (comercializare), adaptare (pentru
cinematografie sau TV). Dupa aceasta perioada opera intra
in patrimoniul public. Copyrightul are ca scop asigurarea
controlului si profitului pentru autori. In felul acesta este
incurajata creatia stiintifica si artistica.

Durata: 50 — 100 de ani de la moartea autorului.

Plagiatul: insusirea fara drept a calitatii de autor al unei
opere stiintifice, literare, muzicale, de arta plastica sau,

in general, orice creatie intelectuala. Notiunea de plagiat
include nu numai tnsusirea textului, ci si a ideilor altui autor,
fara a-l cita si prezentarea lor drept creatii personale.
Plagiatul reprezinta o infractiune.
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Codul de etica al UPT - Art 37 T
Pot constitui abateri de la normele de buna conduita in masura in care nu constituie infractiuni
potrivit legii penale, urmatoarele fapte descrise de Legea nr. 206/2004:
1. confectionarea de rezultate sau date si prezentarea lor ca date experimentale,
ca date obtinute prin calcule sau simulari numerice pe calculator ori ca date sau rezultate
obtinute prin calcule analitice ori rationamente deductive;
2. falsificarea de date experimentale, de date obtinute prin calcule sau simulari numerice pe
calculator ori de date sau rezultate obtinute prin calcule analitice ori rationamente deductive;
3. ingreunarea deliberata, impiedicarea sau sabotarea activitatii de cercetare-dezvoltare a
altor persoane, inclusiv prin blocarea nejustificata a accesului la spatiile de cercetare-dezvoltare
prin avarierea, distrugerea ori manipularea aparaturii experimentale, a echipamentului,
a documentelor, a programelor de calculator, a datelor in format electronic, a substantelor
organice sau anorganice ori a materiei vii necesare altor persoane pentru derularea,
realizarea sau finalizarea activitatilor de cercetare-dezvoltare.
4. plagiatul;
5. autoplagiatul;
6. includerea in lista de autori a unei publicatii stiintifice a unuia sau mai multor coautori care
nu au contribuit semnificativ la publicatie ori excluderea unor coautori care au contribuit
semnificativ la publicatie;
7.includerea in lista de autori a unei publicatii stiintifice a unei persoane fara acordul acesteia;
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8. publicarea sau diseminarea neautorizata de catre autori a unor rezultate, ipoteze,

teorii ori metode stiintifice nepublicate;

9. introducerea de informatii false in solicitarile de granturi sau de finantare, in dosarele de
candidatura pentru abilitare, pentru posturi didactice universitare ori pentru

posturi de cercetare-dezvoltare,

10. abuzul de autoritate pentru a obtine calitatea de autor sau coautor al publicatiilor
persoanelor din subordine;

11. abuzul de autoritate pentru a obtine salarizare, remunerare sau alte beneficii materiale
din proiectele de cercetare-dezvoltare conduse ori coordonate de persoane din subordine;
12. abuzul de autoritate pentru a obtine calitatea de autor sau coautor al publicatiilor
persoanelor din subordine ori pentru a obtine salarizare, remunerare sau alte beneficii
materiale pentru soti, afini ori rude pana la gradul al lll-lea inclusiv;

13. abuzul de autoritate pentru a impune nejustificat propriile teorii, concepte sau rezultate
asupra persoanelor din subordine;

14. obstructionarea activitatii unei comisii de etica, a unei comisii de analiza in cursul unei
analize a unor abateri de la buna conduita in activitatea de cercetare-dezvoltare din subordine;
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Redactarea sectiunii “Experimental part”se face pornind la unul dintre I]
principiile de baze ale elaborarii lucrarilor stiintifice:

Orice lucrare stiintifica trebuie sa poata fi verificata de alti cercetatori,
adica experimentele trebuie sa fie reproductibile, fapt care garanteaza validitatea rezultatelor.

- materialele folosite, indicatori de calitate, furnizori, conditionare si depozitare,

- aspecte teoretice ale metodelor aplicate, formule de calcul, standarde, norme specifice,
- descrierea completa si exacta a echipamentului si a tehnicilor folosite,

- prezentarea in mod exhaustiv a conditiilor de lucru si a operatiilor executate,

- parametrii urmariti experimental,

- modul de prelucrare si interpretare a datelor experimentale, tehnici statistice utilizate,

- informatii asupra soft-urilor folosite (licenta!!!)

Cerinte:
- prezentarea sa fie succinta si clara,
- verbele folosite sa fie la timpul trecut!
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Results and discussion ”I] Universtatea

Este sectiunea in care sunt anuntate descoperirile autorilor

Sunt prezentate datele obtinute de autori sub forma de:
- tabele,

- grafice,

- diagrame.

Se vor evita redundantele in prezentare.

In mod obligatoriu se includ si rezultatele negative.

Be sure to include negative results —
writing a results section without them not only invalidate the paper,
but it is extremely bad science.
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Unitati de masura - Sistemul International de Unitati

Uriversitatea
- Unitati fundamentale l.ll] s
Fundamental Quantities | SlUnit Symbol
| Length | meter 1 m
| Mass | kilogram | kg
Time | second j S
Electric current | Ampere | A
| Temperature | Kelvin |
| Amount of subtance | mol | mol
| Luminous Intensity | candela | cd
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Physical Symbol Name and Symbol Fundamental Derived Units
Quantity SI Unit Units Involved involved
frequency forv hertz (Hz) st 5!
force F newton (N) kg m s kgm s
work W joule (]) kg m* s Nm
energy Q, Ep, Ek, Eelas joule (J) kg m*s* Nm
power P watt (W) kg m*s-° ] st
pressure P pascal (Pa) kgm's? N m*
charge Q coulomb (C) As As
potential V volt (V) kg m* s? A JC?
difference
resistance ohm (£2) kg m* s” A* VA!
magnetic field B tesla (T) kgs A NA'm™
intensity
magnetic flux @ weber (Wb) kgm?®s? A* Tm?®
activity A becquerel (Bq) st s
absorbed dose W/m gray (Gy) m?*s* J kg!

Figure 103  Derived Units




Prefixe pentru unitati
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Symbol

for Scientific
Prefix Prefix Notation
exa E 1000000000000 000000 1018
peta P 1 000 000 000 000 000 10's
tera T 1 000 000 000 000 1012
giga G 1 000 000 000 10°
mega I 1 000 000 10°
kilo k 1 000 10°
hecto  h 100 10°
deka  da 10 107

. - 1 10°

deci d 0.1 107"
centi ¢ 0.01 1072
mili m 0.001 102
micro W 0.000 001 102
nano  n 0.000 000 001 10°°
pico p 0.000 000 000 001 10-12
fernto  f 0.000 000 000 000 001 10712
atto a 0.000 000 000 000 000001 10718
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Atentie la prezentarea valorilor numerice: cifre semnificative!!!

0.3452756489V — 0.3453V — 0.345 V

pH = 7.67895 — pH = 7.68 — pH = 7.7

0.000000123 m — 0.123:10° m —51.23:10’ m
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Prezentarea unitatilor de masura

kg - m

-2
= kg ms

Notatii si abrevieri
Temperatura: t T

Energie: E w

Curent: / ]

SEM - scanning electronic microscopy;
TEM - transmission electronic microscopy,
DNA - dezoxiribinucleic acid,

NMR - nuclear magnetic resonance
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Corrosion resistance of carbon steel in weak acid solutions in the
of 1-histidine as corrosion inhibitor

Marian Bobina®, Andrea Kellenberger?, Jean-Pigrre Millet®, Cornelia Muntean®, Nico
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ARTICLE INFO

AESTRACT

Al hisery
Received 25 July 2002
Accepind 19 Devember 2012
Awailable galing 11 January 2013

This paper presents the inhibibory properties of w=histidine on the corrosx

meedia containing acetic ackd/sodium acetate. The inhibition efficiencies

mmmmpﬂdw'ﬂmwhﬂmunh’fﬁkl mdhod a

spectroscopy. The adsorg of Lhistidine abeys the L

energy indicate the nature of interactions between inhibitor ruolnn.l]u H

inhibition effect was studied using scanning electron microscopy and e
S2MIE

1. Introdsction

The use of chemical compounds in a very wide range of applica-
tions is restricted by the protection of the environment and health
considerations. Lately, at industrial bevel, it was reguired (o use
chemicals not only due to their elficiency, but slso 1o their safery.
These concepts are valid as well in the feld of anganic compournds
which act a8 corrosion inhibitors for metals and alloys. In this re-
spect, here is 2 special emphasis on natural compounds, nontosic
and ecologically Iriendly. In this way, berberine |1), iryptamine |2)
and some extracts from natural plants [3-6) were reported as effi-
cienll corrasion inhibitors for steel and iron in different 1est salu-
tions. The amine acids and derivatives have been wed a3 goosd
corrosion inhibitars for mild steel [7-12), carbon steel [13-15)
stainbess steel | 16], iron [ 17). nicked [ 18], copper [19.20). dluminum
[21], and alloys [22.23] in dilferent aggressive soluthons,

Generally, these compounds act on the cormodion process by
adsorplionon the metal surface, larming a protective film s bleck-
ing the active sives. The sdsorplion mechanism of the inhibitor mol-
ecules plays a very important rale because the protection degres of
the metal or alloy depends on the adsorption process [16].

The aim of this work is to investigate the inhibiting properties
of w-histidine on the corrosion process of carbon steel in corrosive
solulions containing sodium acetate, the main ingredient used in
deicing solutions |24], and acetic acid in order 1o ensure & constant
pH and more aggressive media. Sodium acetate, either liquid or so-
lid, i effective a1 bow Lemperature in ice and dosp snow |24], and

* Corrnesposding autlor. Tel: +40 FSE404150.
E-muatil andsimess mirolae vaszilcsindchimuspt oo (M. Vasilcs).

001 0-53EXS - see front mamey & 2013 Buevier Lid. All righes ressrved,.
o [ o o) 10, 10 B 6fjooorscL POEZ. 1 2000

has bewn used on some winter roadwa
salts, being less corrosive and more sw
[25] lee Shear is an improved deicing a
acetate and sodium lormate which exh
[reezing point of waler, penstrate ice,
bonding between the ice and paveme
decers with an ecological corresion i
raking into account that this kind of sal
2. highways, airplanes and airports, J

Studies on the corrosion process o
solutions are of industrial impartanc
bexyl group makes them a basic busi
pounds swch as drugs, pharmaceuticals

It is required to mention that v-his
cormosion inhibitor for mild steel a5 we
tions |7].

2. Experimental

The weight loss, linear polarization,
spectroscopy and eyclic vollammerry |
1o observed the inhibitive properties of
process. The surfasce morphology ol th
investigated after removing the produ
tack. The adsorption isotherm of the
studied and discussed.

21, Materials

The chemical structure of w-histidin

] ML Bobing o gl Marmoson Soemoe 69 (2003 ) 385-355

Tabile 1

Blemental compesition of the cabon Soe samphes.
Elemn=nl Fe C = P 8 o Mi
WLE b 04084 02510 e o3z [ITEEL] 1182 nozg
Element Bdo Cu Al v Co L -] L
wWiLE i3 00234 002xs < uoiz4 iTirrr <O <0010

Experimental messurements were carried oul on cylindrical
samples of carbon steel with the elemental composition presented
in Table 1.

Different concentrations of the inhibitor, -histidine [Merck,
ooE) berween 1074 and 10-TM, have been wsed to determine
the inhibitien elfect of this aming acid on the corrodion rate ol car-
bon steel in 0.5 M CHCO0HM0Z5 M CHpODOMa test solutions. The
corrasive media was prepared from glacial acetic acid [Fluka,
99.8%) and sodium acelate (Flukl, 99%)

2.2 Weight loss measuremenis

Weigh loss (W) experiments were carried oul using dise sam-
ples of carbon steel having the dimensions & 15 mm « 5 mm. Be-
Fore i i in the rest sal wiith ar without the inhibivor,
the samples were abraded with dilferent SiC paper (220, 500, 800,
and 1000). ultrasonically cleaned in distilled water, rinsed with
Acetane s ||I'H.'||y dried. Alver 240 h EXpidune Eire A0 rooem [em-
perature in 100 mL corrosive solulions, the Specimens were Laken
oul, brushed under n.lm'l:irlg, wialer [0 remove the cormotion pﬂhﬁ-
ucts, washed with distilled water and acetone and dried. Belore
and after the cormosive anack the .i.lrh]ﬂei have been wupnd
using an analytical balance (precision +0.1 mg) The weight loss
in mgcm™ h~" has been calculated using Eg. (1) [29]:

Wy — Wy
Sxl

W= (1)
where W and W are the initial and final mass of the samples in
mg, 5 is the total surface ares of specimens in cm® and [ i the expo-
Sane i in h.

From the calculated W the inhibition efficiency (i) and surface
coverage (#) of the inhibitor were ablained using Eqs. (2] and {3)
[30]:

n[%]-(l—:, )xwu (&0
Wear
0ml-E (3

whiere W and W, are the weight loss of the samples in the pres-
ence and absence of the inhibilor, respectively.

2.3 Flecrrochemfonl megtirements

Potentiodynamic polarizalion medsurements were carried oul
in 0.5 M CH,COOHM2S5 M OH,C00Ma test solulions in the absende

0

H

v
<H || [ M

Fig 1. Chemical strucnsne of L-Besridine.

and presence ol dilferent concentrations [ 10—=102 M) of -histi-
dine, in a conventional three-electrodes cell st roam lEmperature.
Carbon steel samples with 1 em?® surface area in contact with sobu-
tion were wed a5 working electrodes, the relerence was a silver-
silver chboride electrode (AglAgOlsaturated KC1) and two graphite
rods were used a5 counter electrodes. The samples preparation be-
Tore the experiments was similar 1o weight loss measurements. Be-
fore each experiment the test solutions were deserated by
bubbling high purity nitrogen in order 1 Jvoid any reaction with
dissalved ocygen. Polarization curves were obtained with an Auto-
lab PCSTAT 302N af 4 sean rate of 2 mV s~" in the potential range
of =200 m¥ o +200 mV relative to the open circuil potential. Elec-
trochemical impedance spectroseopy (EIS) measurements wene
carried out at E_, a1t 298 + | K after 2 stationary state was schieved
i the requency range from 10 kHz to 10 mHz and AC veltage
amplitude of 10 my peak [0 peak. The EIS specira were measured
in a three electrodes cell connected 1o 2 PAR 2263 polentiostat.
The working electrode was carbon steel with an sctive surface of
0.5 cm®, the counter electrode was a P wire and the reference a
saturated calomel electrode. Before each experiment the surfsce
of the electrode was prepared similarly as previously described
and the test solutions were deserated by bubbling pure nitrogen
Tor 1h

24, Surface morphaligy

Carbon steel surface was analyzed with a Keyence VHX-G00
Digital Microscope and a Philips XL 30 ESEM scanning electron
microscope (SEM), respectively. The images of the samples, same
used in the WC'GH[ loss measurements, were reconded after 240 b
Exposune rime in @sr solutions in the absence and the presence
ol w-histidine.

3. Resulis and discussion
A1 Weighr lass dara

From the weight loss data of carbon steel samples after 240 h
immersion lime in corrosive solulions, in the sbsence and presence
al different amounts of c-histidine, the inhibition efficiency and
surface coverage were calculated and the results are given in Ta-
bie 2. The results indicate thal aming acid reduces the corrosion
process and the effect s more pronounced a8 the concentration
ol the inhibitor increases.

Talde 2

The nbibition efchency and surlace coverage ohiained by veeight ot mesLnemenes.
w-hisidine conc. (M) HIx} # [serface coverage]
1= 10 318 031
5x 10t 245 0445
1z 007" 582 D5ET
5= 107" BET DLEET
1= 10 ELE L:41
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3.2 Linear palarizarion

One af the most used methods (o determine the cormsion rate
of metals and alloys in corrodive solulions is linear polarization
Fig. 2 reveals the cathodic and ancdic polarization curves obtained
for carbon steel in 0.5 M CHO00H/0.25 M CHO00Ma A room
temperalure in the absence and presence of different concentra-
tions of -histidine.

The values of electrochemical parameters associated with this
process, e cormasion potentisl [Eq), corfodion current density
[licarr). Cathodic and anodic Tafel slopes (b, and b.) and corrosion
rate were determined by extrapolating potentiodynamic curves
using GPES saltware, Also, the inhibition efficiency () and surface
coverage have been caleulaved with Eqs. (4) and (5) |31] and the
values obLained are presented in Table 3.

i) = (*—',;é} x 100 @)
leare = Gy
o b (5)

WHETE e andl i2,, are the uninhibited and inhibited corrosion cur-
rent densities, respectively.

The analysis of data given in Table 3 shows that both the cathe-
dic and anodic Talel slopes decrease indicating that -histidine is a
mined type inhibitor acting on both the hydrogen evolution reac-
tion and metal dissalution. Moreover, the Talel !|ﬂm‘i di not sulfer
_iigl'i'lﬁf.l.rll wariation with merease of aming acid concenlralion
suggesting that the presence of inhibitor in the test solulion does
ol modily the process mechanism and act as sdsorptive inhibitor,
retarding both cathodic and anodic reaction by blocking the active
sites [17.32). An inerease in inhibitar eomcentration probably

mcrease the number of inhibitor
interface and decrease the corre
the cormsion patential value slig
The inhibition process can be an
L-histidine molecules on the activ
sition of cornsion products on th

From the Talel polarization res
inhibition mechanism invalves bl
the mhibitor molecules via adsor

33 EIS measirements

Information about the inhibiti
alen obtained by electrachemic:
advantage of this method is that 2
walues also double Luyer capacita
SAFTE Mexurement.

Fig. 3 gives the EIS spectra of
without and with various concen

The complex plane plots revea
pressed semicircle. The diameter
the polarization resistance and it
of w-histidine

A simple electrical equivalent
o model the experimental data.
nection bepween the salulion res
tion af the double Luyer capac
resistance. Due 1o the deviations [
itance is usually replaced by a
whose impedance i given by:

Zore = 1T (jua)”

where Tis a parameter related ot
i an exponent between 0 and 1 de
ol the CPE.

The experimental data were [t
linear beast-squares (CNLSs) proc
ues of the circuit elements are giv
standard errors.

The inhibition efliciency was
resistance values using Eq (7] |3

o (252

where Rous and Ry are polarizati
ence and sbsence of -histidine.
The obtained values of the in
the concentration of amino ascid
the values caleulated from HEneu
'ﬂ‘!’iﬂll loss measurermenLs.
Dauble layer capacitance valug
impedanee data using Eg (8] and

Teca(i +57)

Tabile 3

Palarizarksn parameners o the corrogion of carbs soeel in 0.5 B OH,ODOHO2S M CH DOO0KS wihsi dai varisus Cosoenration 4
Inh. conc. (M) [T ] —E e [N —b, (m¥ dec™") B, [m¥ dec™) Ry (1) Coir. i
Blasd 1590 &5 163 i 443 LET
1= 10 el B05 15 oz B4l 134
5= 107" B3 BO5 155 Bz L L5
1w 10 Ll B05 152 oz 965 (13-
5= 107" 522 03 142 a5 1218 11
L 10 31l &0 141 a7 14837 043

3z ML Bobing ¢t el f Cormusion Sthewee €9 (3013) 385355
o bk [3] The cyclic valtammograms measured on carbon steel electrode
n] o M i Che sarme (el solulions in the bsence and the presence of w-his-
“ :~1lgﬂ tidine is presented in Fig. 5. The main curve shows, slomng the oxy-
v

om a1 1 10 {01} Wo»
TiHy

Fig % Experimental Myquist [a) asd Bode (b) plots of carbon sreel in (U560
CHCOOH[IIS M CH,CODM with 3o Withow varisus coscentiasioes of L-bisi-
dine. Symbols are experimental data and contiecus Eees are abtained by CNLS
nming.

It can be observed that the double Layer capscitance in the ab-
sence of inhibitor is larger than in its presence, The addition af -
histiddine in the test solulion leads 1o a decrease af the double layer

capacitances, because the inhibitor molecules adsorb at the inner
Helmholtz plane and block the active sites on the metal surface.

3.4 Cyelic witammetry

The manner in which w-histidine can influence the comosion
process is pointed by its electrochemical behaviar in test solutions
studied by cyelic voltammetry. Fig. 4 shows the cyelic valtamemo-
grams reconded in 0.5 M CHyCODH{025 M CH3CO0Na on platinum
electrode in the sbdence and the presence of dilferent amounts ol
inhibitor, On the base curve, in the sbsence of w-histidine, the amo-
dic branch corresponding to the oxygen release [curve 1) and the
cathodic one for lydrogen evolution resction (cure 2) are distine-
tive. Further, one can also observe the reduction pesk (3) of the
oxide layer formed on electrode surface and the peak (4] associated
with the oxidation of adsorbed hydrogen The addition of com-
pound in the test solution leads 10 an increase of the current (5)
that can be attributed (o amino acid axidation. Also, the presence
of inhibitor in the st solution réduces the cathadic and anodie
processes.

gen and hydrogen evalulion reactions (2 and 6), the characteristic
peaks for metal dissalution (1 and 4). On the cathadie branch, one
can oheerve the reduction current (pesk 3) carresponding to the
redusction of the passive film and the current plateau 5 attributed
1o the reduction of iron ons (o metallic iron Ala, in the anodic
sense, peak 7, corresponding (o the oxidation of adsorbed hydro-
gen on metal surface, is olberved.

In the presence of the aming acid in the test salution, the pas-
sivation of the metal surface occurs more easily, critical current
being reduced.

15, Adsorprion sotferm

Useful infarmation about the inhibition mechanism of carbon
steel cormosion process can be gained from adsorption isotherm,
by determining the standard Gibbs free energy value that charac-
Lerizes the type of inferaction existing between inhibitor mabecules
and metal surface. The Gibbs energy was caleulated with Eg. (9)

135].
AGL, = —FT In{55.5K 2} (]

where B is the universal gas constant B314 ] mol™" K7, T the ther-
modynamic lemperature in K, K, is the equilibriom constant for
the sdeorption process and 55.5 represents the molar concentration
af water in the solution.

In the case of aming acids adsarption the most suilable iso-
therm was found 1o be l.lrlgl'rluil' isotherm, wriltén in the linéar
form [10) [10,11,23:

Cimh
e (10)

From the linear dependence (/0= ) drawn using the
experimental parameters computed from weight lois data and
Tafel slopes (Fig. 6), the value of the adsorplion constant was
calculated. The regression coefficient B for all methods was very
dhose to 1, indicating that the adsorption process of w-histidine on
metal surface obeys the Langmuir isotherm. The values of standard
Gibbs free energy determined by the three methods are
=28.7 k] mal=" by Tafel slopes, =28.5 k] mal~" by weight loss data
and =308k mal™" by EIS messurements, revesling that the
adsarption of inhibitor molecules on metal surfsce akes place
duie 1o electrostatic interactions berween the amino acid mobecules
and electrode surface. Generally, values of the free enengy less neg-
ative than =40k mol™ are associsted with processes thal occur
by physical adsorption af the inhibitor on metal surfsce |36].

It is noted that the mechanism of corrasion inhibition of carbon
sreel im 0.5 M CHLCO0HD25 M CHOD0MNa solution in the pres-
ence of i-histidine can be deduced on the basis of sdsarption iso-
therms. I 8 well known that in an ackd solution -histidine exises
X a protonated species like some other amino acids [17.2021).
For acetic acid{sodium acetate the calculared value of pH is 446
and the protonation degree of the inhibitor i very close o 1, Laking
inte account the fallowing reaction equilibrium equations:

Table 4

Experimeental values of EEC paramesers for carbom steel in 05 5 CH, COOH25 M CH 000N solution withfwithaur varkus concentration of s-hesridine.
Bad conc (M) R (51 T (Fem™ &*") L Ry {1 o} Ca [F em™) (%)
Elank 9.3[1.5%) 116 = 10 (R 090 {0.7X) 264 (LIX) 546 -
1= 107 L5 [1.7%) 114 W0 [4iFE) 0LES (LEX) 75 (1.3%) 57 15
1= 107" 1£8 [ 1.0 154 = W0 [22E) 0LB0 (05K} 642 (10%) WA 589
1= 107 45([56%) 138 = 10 [25X) 0LES (Sued]) H2E (35X) E Y a1
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H,N—R(NH )—CODH HxN‘—R(NH
H,N’ R(N)-C(X)' + HyN— R(!

The values of acidity constants are
pKas=9.08 [37]. As a consequence, in
almost all amino acid  molecul
(H3N*-R{NH")~C00~). Dué to the elect
carbon steel and inhibitor molecules,
on the cathodic active sites of metal
evolution reaction. At the same time,
molecules can adsorb on the steel surf
nitrogen atoms of imidazole ring o
unshared electron pairs.

3.56. Surface analysis

The surface morphology of the carb
tigated after corrosive attack by the me
time in the absence and presence of t
graphs have been performed after th
products formed on the sample surfa
of t-histidine the surface of the sampl
(Fig. 7a), while the presence of His fav
compact layer that protects the sampl

(b)

images ales ng the

Fig 7. Mi
mm 107 M -histidine.

o ML Eobing e el MCormosion Sohemce 69 (2013) 385-355

Fig £ SEM ivages obeained for carbon sreel samples: abraded withost immersion
in sest solutions [a); after 240 h imanersion i rhe Blaak soluton (b); amd afer 240 b
immersion in e 1T soletion wich 107 b -Residing (o)L

Details about surfsce morphology were oblained by scanning
electron microscopy.

Fig. 8 shows the SEM images reconded for the abraded surface of
the carbon stesl sample (1) and after removing the axide layer
from the surface. In the absence of inhibitor the image reveals clear
pits and cavities with roughness due 1o metal dissolution under
corrosive attack by the media (bl For 10~ M concentration af
inhibitor there are fewer corrodion marks observed on sample
(), sugge=ting that the carbon steel surface was protected by 1-his-
tidline molecubes.

The atomic percentage of the elements is shown in Table 5

Talde 5
Apoemic pescestage of the clements
Fe C or k! Ll L) (1]
Blank 7407 3245 1.5 138 - - -
107 M inh. 4577 3804 L& 4BS 135 156 5593
4. Conclusions

r-histidine is 2 mixed safe corrosion inhibitor for carbon steel in
weak acid solutions that acts boath over the cathodic prosess ol
hydrogen evolution and the anodic process of metal dissolution.
Inhibition eficiency was determined by thres different methods:
weight loss, linear polarization and electrochemical impedance,
all giving comparable results. Inhibition eficiency increases with
the amount of inhibitor and the maximum valee was B1LET for
1072 M e-histidine. The amino scid adsorplion on metal surfsce
abeys Langmuir isotherm, and the value of Gibbs frée energy reveal
the electrostatic interactions between the charged molecules and
the charged carbon steel. Generally, values af the free energy leis
negative than =40 k| mol™ are associsted with processes that oc-
cur by physical adsarption of the inhibitar on metal surfsce. From
surface analysis it resulls that aming acid suppréesses the cormosion
process by forming a protective film over the metal surface which
prevents penstration of the cormodsive media The double Lyyer
ﬂpﬁ.‘ilﬂi&.‘ﬂ' abtaimed rom EIS measurements decreases with the
increasing ol inhibiter concentralion, arguing an adsorplion pro-
33 af the -histidine on the metal surface.

The good inhibition eficiencies of L-histidine in Jcelic acid[so-
dism acetale solution makes if a suitable allernalive as environ-
mentally [rendly cormosion inhibitor in deicing solulions in
which sodium acetate is a main mmpmmthe Hﬂ'-‘dﬂ[.lstil}l'[his
inhibitor congist in biodegradability and zéro impact on [he
Envinsnment.
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