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Abstract

Metals are protected from corrosion by using inhibitors. To replace the environmentally hazardous inorganic and organic
chemicals, various plant extracts were tested as green inhibitors. In this paper, inhibition of corrosion of various types of
brass, medium and green inhibitors have been reviewed. The green inhibitors are eco-friendly, cheap and easily available.
Protective films on metal surface is formed by adsorption of polar atoms present in inhibitors onto the metal surface.
Inhibition efficiency of inhibitors depends on their chemical structure and properties. Adsorptions of these ingredients on
metal surface obey various adsorption isotherms. Corrosion of metals and its inhibition was analyzed by weight loss method
with different time and temperatures. Corrosion study was carried out by Open Circuit Potential (OCP), Galvanostatic
polarization and Electrochemical Impedance Spectra (EIS) methods. The protective films have been analyzed by various
techniques such as X-ray Diffraction spectroscopy (XRD), Energy Dispersive X-ray Spectroscopy (EDX), Scanning Electron
Microscope (SEM), UV-Visible spectra, AFM and Fourier Transform Infrared (FTIR) spectroscopy. The present review
paper is an overview of works published on protection of brass metal from corrosion by using green inhibitors.
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Introduction

Corrosion of metal/alloy, which can be defined as the
deterioration of materials due to their reaction with the
environment. Brassis analloy of copper and zinc. Recently,
brass and its alloys are widely used in the manufacture of
integrated circuits. They are widely used as tubing material in
condensers and as heat exchangers for water cooling systems.
Hence the study of brass corrosion inhibition is of great
importance.

Corrosion inhibitors are chemical compounds usually used in
small concentrations which are added to aggressive medium to
reduce corrosion. To prevent corrosion various organic and
inorganic substances are used. But the toxicity of most corrosion
inhibitors made us heading for the use of environment friendly
inhibitors. The plant extracts are ecofriendly, biodegradable,
readily available and potentially low cost, and can be used
nowadays as ‘Green Inhibitors’. Various parts of plants such as
their seeds, leaves, flowers, fruits and barks etc., have been used
as green corrosion inhibitors. Extracts of plant materials contain
various organic compounds having hetero atoms such as P, N, S
and O. These atoms adsorb on metal surface through their
electrons. It has been observed that the adsorption depends
mainly on functional groups, steric effect, aromaticity, electron
density of the donor atoms and pi orbital character of donating
electrons. It has been reported that many plant extracts were
proved as effective inhibitor for the corrosion of brass in acid as
well as in other medium®#,
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Metals used: Various green inhibitors were used to control the
corrosion of different gradesbrass such as Brass™*°¢10:131%
18212325 Brass (Cu-40Zn)*®, Brass (Cu-40Zn)®, Duplex (o, B)

brass*®, a-Brass™'*1216171920  cy.30Zn  Alloy™ and Brass
(60/40)%.
Medium: In this overview, plant extracts are used for

controlling the corrosion of brass alloy in various medium has
been studied. This research is mainly focused on acidic
medium*3# 781119212 Byt few mediums like sodium chloride
2 sodium sulfate® and sea water medium?***>®*° have been used
for this purpose.

Plant materials as green inhibitors: Different parts of the
plant such asleaves®®>'01416-1821-24 = )il seeds®®2 peel®®,
plant extract”9!213% I#* and algae'® were used as
corrosion inhibitors.

, seed oi

Extracts used: Various solvents like alcohol**®1220242 acid
2L water’*? were used to prepare extract of plant materials.

Additives to study synergistic effect: In few cases, additives
such as KSCN " and S were used in combination with green
inhibitor to study their synergistic effect.

Methods: Various methods such as weight loss method™***®
2024 Ppotentiometric  polarization”#13+510171923.25 = Flectrg
chemical Impedance Spectroscopy (EIS)****>%% Open Circuit

Potential**°, Synergistic effect’” and Kinetic parameters: Rare


http://www.isca.in/
http://www.isca.in/

Research Journal of Recent Sciences

ISSN 2277-2502

Vol. 9(4), 13-17, October (2020)

constant and Half- life period">? were used to study the
corrosion mechanism and for calculation of percentage of
inhibition efficiency of different inhibitors.

Temperature effect: Room temperature™ *1822* and higher
temperatures’ 3681117182024 \yare ysed to study percentage of
inhibition efficiency.

Adsorption isotherms: The adsorption characteristic of the
phytoconstituents present in the green inhibitors onto the brass
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2,5,11,14,15

isotherm and Frumkin adsorption isotherm®® were

suggested.

Metal surface analysis: When plant extracts were added in
corrosive solutions to prevent the corrosion of metal a protective
films formed on metal surface which is confirmed by different
examination techniques, such as SEM®215181921%5 = Ap\j20)
FTIR®415182024 " yy/ gpectral3>6814182024  Energy Dispersive
X-ray (EDX) technique™*#?  X-Ray  Diffraction
(XRD)1,8,10,14,19, IR spectroscopy1'3’5'6’19, AFMZO, EFM11’12’25,

surface has been studied. For this, various types of adsorption
isotherms, such as Langmuir adsorption isotherm
, Freundlich adsorption isotherm

24

13,78

1,2,3,5,6,8,9,12-14,18-

, Temkin adsorption

GC®, GC-MS*%,

brass is shown in Table-1.

Table-1: Green corrosion inhibitors for Brass in different media.

List of various green inhibitors for prevention of corrosion of

Metal Medium Inhibitor Additive | Methods Findings Ref.
. Weight loss It is mixed type inhibitor.
Punica . . . .
Brass IN ranatum fruit i measurments with Langmuir and Fremkin adsorption 1
HCI g time and temperature. | isotherms. Maximum 94.52 %
UV, IR, XRD studies. | inhibition efficiency found.
Vitis vinifera Weight loss with
Brass Sea (grape) seed i time, temperature and | Langmuir and Temkin adsorption 5
(Cu-27Zn) water gang oKin various concentration | isotherm
' of inhibitor, UV, IR.
Jatropha i Weight loss with Langmuir, Frundlich and Frumkin
1 N HCI - S .
Brass and Sea curcas time, temperature and | adsorption isotherms, Maximum of 3
(Cu-40Zn) water Leaves various concentration | 92.29 % inhibition efficiency
of inhibitor, UV, IR. found.
Duplex Carica Papqya Weight loss with
(0, ) brass M and Camellia - time, potential synergism 4
’ HNO; Sinensis (tea) P ynergism.
measurement,
Leaves
Weight loss
Natural Azadirachta measurement at Langmuir and Temkin isotherms ,
Brass Sea indica Leaves - various temperature maximum of 83% inhibition 5
Water and immersion time. efficiency found.
UV and IR studies
Emblica . _— . L
Natural officinalis seed Weight loss with time | Langmuir adsorption isotherm,
Brass Sea (Amla) - and temperature, UV | maximum of 74.99 % inhibition 6
Water & IR studies. efficiency found.
Curcumin Weight-loss, N L
a-Brass HNO; Derivatives KSCN | galvanostatic Itis m'.XEd type m_hlb!tor, 7
. Frumkins adsorption isotherm
polarization
Ciﬁgop;]hﬂllj%m Weight loss
phyTl measurements with Langmuir and Frumkin adsorption
Brass IN seed oil . .
(Cu-40Zn) HCl (Tamanu oil - temperature,UV, isotherms Maximum of 72.97% 8
FTIR and XRD inhibition efficiency found.
extract) A
studies.
Camellia Weight loss with Langmuir adsorption isotherm,
Brass 0.1 M . . . . . Lo L
(CuB5/Zn35) | Na,SO sinensis - time, potentio maximum inhibition efficiency 9
2o dynamic polarization, | was achieved 91.67%.
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EIS, SEM methods
Potentiodynamic
Jatropha polarization, Electro
Sea Curcas leaves impedance Maximum of 90.93% of inhibition
Brass - e 10
water Extract spectroscopy and efficiency
XRD spectral
techniques.
Weight loss with
Lemon Higher temperature R S L
a-brass HlNM essential oil - effect, Galvanostatic Itis m|>'<edt-y pe inhibitor, Temkin's 11
O3 D adsorption isotherm.
polarization, EIS and
EFM measurements.
Weight loss with
Thyml_Js time, potentio It is mixed type but mainly
1M vulgarise ) N A .
a-brass HNO plant extract - dynamic polarization, cathodlg |nl_1|b|tor. Langmuir 12
8 SEM, EIS, EFM adsorption isotherm.
techniques.
Ceratonia Weigh_t loss, . A R
. Potentiodynamic It is mixed type inhibitor but
Copper and 1M Siliqua plant o . . .
Brass HNO; Extract - polarization, EIS, predom.lnar)tto cathodic, Langmuir 13
SEM and EDX adsorption isotherm.
techniques.
Cnidoscolus V_Veight loss with _ _ _
Cu-30Zn 1M Chayamansa i time and temperature, | Langmuir, Temkin adsorption 14
Alloy HCI Leaves UV, FTIR, XRD and | isotherm.
SEM-EDX.
Weight-loss method,
Sargassum poten_tiod_ynamic o o _
Brass 0.1N wightii (Algae) i polarlzatlon,EIS,ra_te Itis m|>_<ed _type inhibitor. Temkin 15
H3PO, constant and half-life | adsorption isotherm.
period,FTIR and
SEM technique.
Weight losswith
Allium Sativum various tme, . L N
a-Brass HCI (garlic) - potentiodynamic It is mixed type inhibitor. 16
polarization
measurement
Weight losswith
0.5M Allium Sgtivum variou_s time, _ o o
a-Brass HNO (garlic) - potentiodynamic It is mixed type inhibitor 17
3 polarization
measurement
10N Wrightia Weight loss with time Lang_muir adsorp'f)ior) is_ot_h(_erm.
Brass HCl tinctoria leaves - and temperat_ure. uv, qu!mum_87.06_ % inhibition 18
FTIR, SEM image. efficiency is attained.
Gas Chromatography
Pomegranate ?é%?ﬁg‘;i:;%scow Itis mi>_<edt_ype inhibitor. _Langmuir
: . adsorption isotherm Maximum
a-Brass H,SO, Peel Extract - potentiodynamic 91.86% inhibiti - . 19
o .86% inhibition efficiency is
polarization. X-ray attained
Diffraction (XRD) '
analysis, SEM, FTIR.
3.50 Myrrh extract | 16 ppm Weight loss with Itis mixgd-type in_hibi_tor,
a-brass NaCl sulfide temperature_, _ Langm_w_r adsorption |s_otherm, 20
OCP,potentiodynamic | synergistic effect, Maximum 67%
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polarization, inhibition efficiency is attained.
Electochemical
Impendance
spectroscopy (EIS),
EFM, AFM, UV
spectroscopy and
FTIR.
Weight-loss, Higher
temperature,
. galvanostatic It is mixedtype inhibitor, Langmuir
Brass HNO iﬁé?g;ﬁg:}; polarization, adsorption isotherm, Arrhenius 21
8 Electochemical plot. Maximum 97.26 % inhibition
Impendance efficiency is attained.
spectroscopy and
SEM study.
Bacopa :’:;'S;;:S?; ;ié?eher It is mixedtype inhibitor, Langmuir
Brass HNO monnieri constant and Half- adsorptlor] isotherm, Arrhenius
3 . . plot. Maximum 22
(60/40) Leaves life, galvanostatic 97 87 % inhibition effici .
olarization. EIS -87 % inhibition efficiency is
EEM study ' ’ attained.
Weight-loss, Higher
Cuminum temperature, It is mixedtype inhibitor, Langmuir
Brass HNO; cyminum seed galvanostatic adsorption isotherm, Arrhenius 23
polarization, EIS, plot.
SEM studies.
Cardiospermum Weight loss with time
Brass 1HOC'|\I Halll_((:azl\)/il;um - Er.]l_d It;mggr;u;;ed wv, Langmuir adsorption isotherm. 24
SEM image.
copper and Galvanostatic
a-brass 1M Plgta0|a pola_rlzatlon, EIS It is mixed type inhibitor but
atlantica plant - studies. EDX. GC & . . 25
(60-40,Cu-- HNO; GC-MS. EEM predominant to cathodic.
Zn) SEMstudies.
Conclusion 2. Deepa Rani P. and Selvaraj S. (2010). Inhibitive action of

In the recent years there has been great deal of work concerning
the applicability of various natural products as corrosion
inhibitors. The major reason for exploring them has been the
fact that these inhibitors are bio-degradable and eco-friendly.
They do not pose threat to the environment as compared to
synthetic compounds. The literature gathered above states that
extracts of various natural substances have demonstrated
efficient corrosion inhibition on metal surfaces.

Acknowledgement

| would like to thanks my family members for helping me to
prepare the present review work.

References

1. Deepa Rani P. and Selvaraj S. (2010). Inhibitive and
adsorption properties of pumica granatum extract on brass
in acid media. J. of Phytology, 2(11), 58-64.

International Science Community Association

vitis vinifera (grape) on copper and brass in natural sea
water environment. Rasyan J. Chem., 3(3), 473-482.

Deepa Rani P. and Selvaraj S. (2011). Comparative account
of Jatropha curcas on Brass (Cu-40Zn) in acid and sea
water environment. Pacific J. of Sci. and Tech., 12, 32-46.

Loto C. A, Loto R. T. and Popoola A.P.I. (2011).
Inhibition Effect of Extracts of Carica Papaya and Camellia
Sinensis Leaves on the Corrosion of Duplex (o ) Brass in
1M Nitric acid. Int. J. Electrochem. Sci.. 6, 4900-4914.

Deepa Rani P. and Selvaraj S. (2011). Azadirachta Indica
Leaves as Green Inhibitor for Brass in Natural Sea Water
Environment. Asian J. Res. Chem., 4, 1469-1473.

Deepa Rani P., Sathya S. and Selvaraj S. (2012). Inhibitive
Efficacy of Amla as Green Inhibitor for Brass in Natural
Sea Water Environment. Int. J. of Chem. and Pharm. Sci.,
3(1), 41-45.



Research Journal of Recent Sciences
Vol. 9(4), 13-17, October (2020)

7.

10.

11.

12.

13.

14.

15.

ISSN 2277-2502

Fouda A. S. and Elattar K. M. (2012). Curcumin
Derivatives as Green Corrosion inhibitors for a-Brass in
Nitric Acid Solution. J. Mater. Eng. Perform., 21, 1059-
9495,

Deepa Rani P. and Selvaraj S. (2013). Adsorption and
inhibitive efficacy of tamanu oil extract on brass (Cu-40Zn)
in acid media. J. Chem. Bio. Phys. Sci., 3(2), 998-1007.

Ramde T., Rossi S. and Zanella, C. (2014). Inhibition of the
Cu65/Zn35 brass corrosion by natural extract of Camellia
sinensis. Applied Surface Sci., 307, 209-216.

Deepa Rani P. and Selvaraj S. (2014). Inhibitive Efficacy of
Jatropha Curcas Plant Extract on Brass in Seawater
Environment. Int. J. Adv. Sci. and Tech. Res., 4(2), 785-
794.

Fouda A. S., Nofal A. M., Awad A. and Riyad R. (2014).
Lemon essential oil as green corrosion inhibitor for a-brass
in nitric acid solutions. Int. J. of Adv. Res., 2(7), 1193-1207.

Fouda A.S., Shalabi K. and Idress A.A. (2014). Thymus
Vulgarise Extract as Nontoxic Corrosion Inhibitor for
Copper and a-Brass in 1 M HNO;z Solutions. Int. J.
Electrochem. Sci., 9, 5126-5154.

Fouda A.S., Shalabi, K. andldress A.A. (2015). Ceratonia
Siliqua Extract as a Green Corrosion Inhibitor for Copper
and Brass in Nitric Acid Solutions. Green Chem. Letters
and Reviews, 8, 17-29. doi:10.1080/17518253.2015.1073
797.

Bright A., Michlin Ruphina Maragatham S., Malar vizhi 1.,
Kalirajan. K. and Selvaraj S. (2015). Corrosion Effect of
Cu-30Zn Alloy Using Cnidoscolus Chayamansa Leaves
Extract in Acid Media. Int. J. of Innovative Res. in Sci.,
Engg. and Tech., 4(10), 10181-10191. DOI:10.15680/
IJIRSET.2015.0410090.

Selva kumar R. and Chandrasekaran V. (2015). Sargassum
wightii Extract as a Green Inhibitor for Corrosion of Brass
in 0.1 N Phosphoric Acid Solution. Oriental J. Chem.,
31(2), 939-949.

International Science Community Association

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Res. J. Recent Sci.

Loto C. A, Loto R. T. and Ohwofasa Oshogbunu (2016).
Effect of Allium Sativum Extracts on the Corrosion and
Inhibition of a-Brass in HCI. Mor. J. Chem., 4(3), 711-721.

Loto C. A. and Loto R. T. (2016). Inhibition effect of garlic
extracts on the corrosion of alphabrass in nitric acid. Der
Pharma Chemica., 8(2), 162-171.

Deivanayagam P., Malarvizhi I. and Selvaraj S. (2016).
Influence of wrightia tinctoria leaves on the corrosion of
brass in acid medium. Int. J. of Adv. Sci. Res., 1(4), 42-48.

Cheyad Mustafa Sabri and Salman Tagharied Ali (2017).
Characterization and Study the Inhibition Activity of
Pomegranate Peel Extract for a-Brass corrosion in H,SO4
Solution. Oriental J. Chem., 33(3), 1241-1251.

Gadow A.S., Motaweab M.M. and Elabbasy H. M. (2017).
Investigation of myrrh extract as a new corrosion inhibitor
for a-brass in 3.5% NaCl solution polluted by 16 ppm
sulfide. RSC Adv., 7, 29883-29898.

Patel B.B. and Vashi R.T. (2017). Azadirachta Indica
extract as corrosion inhibitor for corrosion of Brass in nitric
acid. J. of Applicable Chem., 6(3), 340-349.

Vashi R.T. and Patel B. B. (2018). Corrosion Inhibition of
Brass (60/40) in Nitric Acid by Brahmi (Bacopa monnieri)
Leaves Extract as Green Inhibitor. Int. J. of Res. and Rev.,
5(4), 245-255.

Patel B. B., Vashi R. T. and Desai S. A. (2018). Cuminum
Cyminum (Jeeru) seeds extract a green corrosion inhibitor
for brass in HNO3; media. J. of Emerging Technologies and
Innovative Res., 5(11), 446-451.

Deivanayagam P. and Selvaraj S. (2018). Cardiospermum
Halicababum Leaves Extract as Green Inhibitor for
Corrosion of Brass in 1.0 N Hydrochloric Acid Solution.
Int. J. for Res. in Engg. Application & Management., 4(6),
292-298, DOI: 10.18231/2454-9150.2018.0732.\

Fouda A. S. and Idress A. A. (2019). Investigation of the
inhibition of copper and a-brass corrosion in nitric acid
solutions by pistacia atlantica extract. Third international
conference on basic sciences & their applications, Special
Conference Issue, Int. J. of Applied Sci., 1(1), 29-50.



