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ABSTRACT
In this research two new Schiff bases N,N'-bis[(3,4-dihydroxy-5-nitrophenyl)methylidene]thiourea (BDHNPMTU)
and 2-[(3,4-dihydroxy-5-nitrophenyl)methylidene]hydrazine-1-carbothioamide (DHNPMHC) were synthesized by
condensation of 3,4-dihydroxcy-5-nitro-benzaldehyde with Thiourea and Thiosemicarbazide. The structures of Schiff
bases were fully characterized by elemental analysis, FT-IR and UV—Vis methods. The inhibitive effects of two Schiff
bases BDHNPMTU and DHNPMHC towards the corrosion on copper in 0.5M HCI were investigated using weight loss
measurement technique. Surface morphology of metal surface in presence and absence of inhibitors were studied by
scanning electron microscope (SEM). Results show that both BDHNPMTU and DHNPMHC are an effective inhibitor for

copper corrosion in 0.5 M HCl solution. It was found that inhibition efficiency increases with increasing concentration of

inhibitor. Adsorption of the inhibitor on the copper surface followed Langmuir adsorption isotherm. SEM study also
support the inhibition of corrosion of copper. BDHNPMTU and DHNPMHC show maximum inhibition efﬁciency i.e.
96% and 95.83% at highest concentration of inhibitor (5X10°M). The order of inhibition efficiency of the two Schiff’s

bases for Cu metal are BDHNPMTU>DHNPMHC.
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1. INTRODUCTION

Corrosion is the deterioration of metal by chemical
attack or reaction with its environment. The
environment could be of any type such as atmosphere,
water, seawater, acid, alkaline, steam, gases, soil and
liquid metals etc. It is a natural process that converts a
pure metal into a more chemically stable form such as
oxide, hydroxide, or sulphide. Corrosion is one of the
major causes of material failure and hence leads to a
huge coast to our society. Corrosion has a huge
economic and environmental impact on all facets of
national infrastructure [1-6]. Copper is used as a
conductor of heat and electricity, as a building material
and as a constituent of various metal alloys, such
as brass, bronze, gunmetal, German silver and
thermocouples for temperature measurement. Due to
the excellent mechanical properties and low cost,
copper is extensively used as a constructional material in
many industries [7, 8].Copper is resistant toward the
influence of atmosphere and many chemicals, however,

when exposed to the corrosive industrial environment,

it is easily corroded. Normally, acid solutions such as
hydrochloric acid are widely used such as in acid
pickling, industrial cleaning, oil well cleaning, etc. The
use of inhibitor is one of the most practical methods for
protection against corrosion to protect metal dissolution
and acid consumption [9].

Organic Compounds containing a heteroatom (N, O
and S) in their structure act as good corrosion
inhibitors. The corrosion inhibitor efficiency of
organic inhibitor depends on the chemical structure and
physiochemical ~properties of the compound like
functional groups, electron density at the donor atom,
p-orbital character, and the electronic structure of the
molecule. They form a coordination bond with vacant d
orbital of metal and form a protective layer on the
surface of metal [10-16]. Most of organic inhibitors are
expensive, toxic and have negative effect on the
environment; these properties restrict its use to inhibit
the metal corrosion. Thus it is important and necessary

to develop low cost and environmentally safe corrosion

inhibitors [17].
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Schiff bases have important application in field of
corrosion inhibition of metals and their alloys. It is based
on the ease of synthesis from relatively inexpensive
starting-materials and their eco-friendly or low toxic
properties. Schiff bases have hetero atoms such as (P, S,
N and O), and aromatic ring in their structure. Due to
These
molecules normally form very thin and persistent

this property they form a protective layer.

adsorbed films that lead to a decrease in the corrosion
rate due to the slowing down of anodic, cathodic
reaction or both. The efficiency of the inhibitor depends
on the environment, in which it acts, the nature of the

metal surface, and the structure of inhibitor itself

[18-21].

Schiff bases of thiourea and thiosemicarbazide have been
widely studied in past years due to their excellent
corrosion inhibition efficiency for metals in acid media
[22-31]. The Schiff bases of thiourea (BDHNPMTU)
and thiosemicarbazide (DHNPMHC) are nontoxic,
relatively cheap and easy to produce at high purity.
These properties would justify the use of Schiff base of
thiourea and thiosemicarbazideas corrosion inhibitor.
The aim of the present study is to compare the
anticorrosive properties of Schiff bases of thiourea
(BDHNPMTU) and thiosemicarbazide (DHNPMHC) on
copper corrosion in 0.5 N HCL.

2. MATERIAL AND METHODS
All the reagents used in this study were of analytical
3,4-dihydroxcy-5-nitro-benzaldehyde,

thiourea

grade.

%}\r

3.4- dlhydroxy S-nitrobenzaldehyde thiourea jg/\ /\Q:N:\ _

177

and glacial acetic acid were of obtained from (SLR,
ethyl alcohol and hydro-
chloric acid were directly procured from Molychem
India Limited. The BDHNPMTU and DHNPMHC were
synthesized and characterized on the basis of reported

India). Thiosemicarbazide,

various past research studies [32-37].

2.1. Synthesis of BDHNPMTU

The  N,N'-bis[(3,4-dihydroxy-5-nitrophenyl)methyli-
dene]thiourea (BDHNPMTU) was synthesized from
3,4-dihydroxcy-5-nitro-benzaldehyde and thiourea in
equal molar ratio in ethanol (20ml) in presence of
glacial acetic acid (2ml). The content was refluxed for
about 4-5 hours at 70°C with water condenser. On
cooling the contents the dark brown coloured solid
(M.P.110°C) separated out. The method of synthesis is
summarized in Fig.1.

2.2. Synthesis of DHNPMHC

The  Schiff base 2-[(3,4-dihydroxy-5-nitrophenyl)
methylidene]hydrazine-1-carbothioamide (DHNPMHC
was synthesized from 3,4-dihydroxcy-5-nitrobenzal-
dehyde (2gm) and thiosemicarbazide (2gm) in ethanol
(20ml) in presence of glacial acetic acid (2ml). The
content was refluxed in round bottom flask fitted with
water condenser for about 6-7 hours at 70°C. On
cooling the contents the shining yellow colored solid
(M.P.175-180°C) separated out. The yield of
(DHNPMHC) is 3.35gm (81.25%). The method of

synthesis is summarized in Fig.2.

Ethanol / Glacial acetic acid

70°C /4 -5 hr
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0

Fig. 1: Synthetic scheme of BDHNPMTU
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Fig. 2: Synthetic scheme of DHNPMHC
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2.3. Characterization of BDHNPMTU

The structure of compound was characterized by
elemental analysis, IR and electronic studies. The
elemental study of compounds shows the presence of C
(44.34%), H (2.48%), N (13.79%), O (31.50%), S
(7.89%) in BDHNPMTU and C (37.42%), H (3.08%),
N (21.79%), O (24.88%), S (12.42%) in DHNPMHC.
Absence of a U(C=0) band of aldehyde and presence of

U(C=N) band of azomethine group occurred at 1690-
1640 and 1695-1650cm” in the IR spectra  of
BDHNPMTU and DHNPMHC respectively confirmed
the synthesis of BDHNPMTU and DHNPMHC. In the
electronic spectrum of BDHNPMTU and DHNPMHC,
n- T* absorption peak of azomethine group were
observed at 310.5, 320.5, 341.5, 354, 370 nm and 352,
366.5, 390, 391, 416, nm respectively.

2.4. Experimental

For the mass loss study, rectangular copper specimens
of size 3.0cm x 2.0cm x 0.1 cm with a small hole of
about 0.02 cm. diameter near the upper edge were
employed. All the chemicals employed were of
analytical grade and the corresponding solutions were
prepared in double distilled water. Test solutions with
given concentration of the inhibitor in the acid was
prepared by properly diluting the bulk solution of the
both inhibitors (0.01N). To prepare stock solution of

DHNPMHC, small amount of DMSO was added

178

for solubility reasons. Concentrations of inhibitors
(BDHNPMTU and DHNPMHC) in various test solution
ranged from 1.0% to 5.0%.
Each specimen was suspended by a V- shaped glass hook
made by capillary glass tube and immersed in a glass
beaker containing 50 ml of test solution at room
temperature. After the exposure of sufficient time, the
test specimen was taken out, cleaned under running
water and dried in oven, after drying, specimens were
weighted. The variation in mass loss was followed at an
interval for 4 hours to 72 hours in 0.5 N HCI as shown
in the tables 1 and 2.
The percentage corrosion inhibition efficiency was
calculated as

n % = 100 (AM,, - AM,)/ AM,,
Where, AM;: Mass loss of metal in uninhibited
solution, AM;: Mass loss of metal in inhibited solution

The degree of Surface coverage () of metal specimen
by inhibitor was calculated as:
© = (AM,, - AM))/AM,,
The corrosion rates can be calculated by the following
equation:
Corrosion rate (mm/yr) = (Mass loss x 87.6)/DAT
Where, D: density of copper, A: surface area of metal

specimen, T: time exposure

Table 1: Concentration of inhibitor (COI), mass loss (AM), inhibition efficiency (n), surface coverage (o)
and corrosion rate (mm/yr) for copper metal in presence of BDHNPMTU at different time interval

co 4 hours 24 hours 48 hours 72 hours
I (0 ;,0) AM 1 CR(mm AM | CR (mm AM | o CR(mm AM | CR (mm
(mg) (%) /yr) (mg) (%) /yr) (mg) (%) /yr) (mg) (%) /yr)
blank  0.09 0.391 0.15 .. 0.10 0.25 .. 0.08 1.5 . 0.349
1 003 62 062 0.146 0.059 62 062 0.039 009 61 0.61 0.03 0.52 657 0.65 0119
2 0025 73 073 0.101 0045 71 071 0.030 0.07 71 071 0.03 034 774 077 0078
3 0012 87 087 0.048 0.025 8+ 0.84 0.016 0.04 83 0.83 0.01 0.19 87.5 0.37 0043
5 0003 9% 09 0.012 0.009 94 094 0.006 0.01 93 093 0003 011 928 092 0.025

Table 2: Concentration of inhibitor (COI), mass loss (AM), inhibition efficiency (n), surface coverage (o)
and corrosion rate (mm/yr) for copper metal in presence of DHNPMHC at different time interval

co 4 hours 24 hours 48 hours 72 hours
1%) AM o CRmm AM CR(mm AM (Rmm AM g (R (mm
(wg) (%) fy)  (mg) (%) fyr)  (mg) (%) lyr)  (mg) (4) /yr)
blank  0.09 0.39 0.15 ... 0.10 0.25 ... 0.08 1.5 0.339
1 002 729 072 0.10 0.057 63 0.63 0.03 0.10 61 0.61 0033 048 68 0.68 0.108
2 0.009 90.6 0.90 0.03 0.038 75 0.75 0.02 005 8 0.8 0016 038 746 074 0.085
3 0.006 93.7 0.93 0.02 0.022 85 0.85 0.01 003 8 0.8 0.012 016 893 0.8 0.036
5 0.004 958 0.9 0.01 0009 9+ 094 0006 0.00 93 093 0.005 011 926 092 0.04
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2.5. Surface Morphological Studies

The surface morphology of the copper surface after its
immersion in the acidic medium in the absence and in
the presence of the BDHNPMTU and DHNPMHC
(at 5% concentrations) were carried out by scanning
electron microscope (SEM) at 25.0kv and 10um
resolution.

2.6. Adsorption Isotherms

The corrosion inhibitors act by adsorbing over the
metallic surface. An adsorption isotherm is the
mathematical expression, which relates the bulk
concentration of adsorbing species to its surface
concentration at constant temperature. An adsorption
isotherm gives the relationship between the coverage of
an interface with an adsorbed species and the
concentration of the species in solution. Most of the
organic inhibitors obey Langmuir adsorption isotherm.
An inhibitor is found to obey Langmuir if a log 6/(1-0)
v/s log C gives a linear plot.

3. RESULT AND DISCUSSION
The results of Weight loss technique show that both
Schiff bases BDHNPMTU and DHNPMHC inhibit the

corrosion rate of copper in acidic medium (0.5N HCl).
Corrosion rate values decrease as the concentration of
inhibitor increases. Inhibition efficiency increases
with  increasing concentration of  Schiff bases
Fig.5. DHNPMHC have shown a decrease in its
inhibition performance by rising exposure time or
immersion time. BDHNPMTU and DHNPMHC show
maximum inhibition efficiency i.e. 96% and 95.8% at
5% (5 X 10™*M) inhibitor concentration (4 hr immersion
time). The plot log 8/(1-6) v/s log C gives a straight
line for both inhibitors Fig.6. Hence, adsorption of
both inhibitors on copper surface obey Langmuir
isotherm. The SEM images of a fresh copper,
copper after immersion in 0.5N hydrochloric acid and
with inhibitors for a period of 4 hour are shown in
Fig.7 a-d. It also revealed that the metal surface was
smooth and free from depressions in the case of copper
immersed in 0.5 N hydrochloric acid containing
BDHNPMTU and DHNPMHC, whereas the surface is
damaged in the case of copper immersed in
0.5N hydrochloric acid without inhibitors. The order
of efficiency of Schiff bases are BDHNPMTU
>DHNPMHC.
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Fig. 3: IR spectrum of BDHNPMTU
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Fig. 7: (a) Fresh Copper. SEM Image for 4 hour time duration (b) Cu + 0.5 N HCI (c) Cu + 0.5 N HCI+5%

BDHNPMTU (d) Cu + 0.5 N HCI + 5% DHNPMHC

4. CONCLUSION

The efficiency of synthesized Schiff bases BDHNPMTU
and DHNPMHC as corrosion inhibition for copper in

acidic media have been studied. Results obtained from
weight loss technique indicate that both Schiff bases act
as efficient inhibitor for copper corrosion in acidic
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media. The graph between inhibition efficiency and
concentration shows that the inhibition efficiency
increases with concentration of inhibitor. Adsorption of
both the inhibitors on copper surface obey Langmuir
isotherm. SEM study also support the inhibition of
copper corrosion in acidic medium. All results shows
that the Schiff base BDHNPMTU is more efficient
inhibitor than DHNPMHC for copper corrosion in
acidic medium. This work may contribute towards the
research of copper corrosion inhibitors for copper metal
and its alloys.

5. ACKNOWLEDEMENT

Special thanks to Department of Chemistry, Dungar
College Bikaner and the Principal, Govt. Lohia (PG)
College, Churu for providing facility of Research
Laboratory. A special thanks to Dr. N. K. Soni, NTPC,
Research Centre, Noida for providing SEM facility.

Conflict of interest
None declared

6. REFERENCES

1. Hoar TP, Mears DC, Rothwell GP. Corrosion Science,
1965; 5:279-289.

2. KarthigaN, Rajendran S, Prabhakar P, Rathish R]. Int.
J-Nano Corrosion Science & Engineering, 2015; 2 Suppl
4:31-49.

3. Desai PS, Indorwala NS. Research Journal of Chemical
Sciences, 2015; 5 Suppl 3:30-36.

4. Eddy NO, Ebenso EE. Pigment and Resin Technology,
2010; 39:77-83.

5. Karthik G,Sundaravadivelu M. Egyptian Journal of
Petroleum, 2016; 25:183-191.

6. Eddy NO, Ebenso EE. Int J Electrochem Sci, 2010;
5:731-750.

7. Lee ]D. Concise Inorganic Chemistry, 2015; 5:816-834.

8. Grieken RV, Revie RW. Corrosion and Corrosion Control,
New York:Wiley; 1985.

9. Sorkabi HA, Seifzadeh D, Hosseini MG. Corrosion Science,
2008; 50:3363.

10. Lotto RT, Lotto CA, Popoola APL. ] of Mater and Environ
Scien, 2012; 3:885-894.

11. Kumar S, Swami VK. Remarking AnAnalisation, 2019; 4
Suppl 1:259-263.

12. Musa AY, Kadhum AAH, Mohamed AB, Takriff MS,
Daud AR, Kamarudin SK. Corrosion Science, 2010;
52:526.

13. Radi A, Hammouti B, Radi S. J of Mater and Environ Scien,

14.
15.
16.
17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

2010; 1:96.

Joseph X, Rajendra N. Int J Electrochem Sci, 2011; 6:348.
Gogoi PK, Barhai B. Int ] Electrochem Sci, 2011; 6:136.
Negam NA, Yousef MA, Tawfik SM. Recent Patents on
Corr Science, 2013; 3:1.

Ladha DG, Naik U], Shah NK. J of Mater and Environ
Scien, 2013; 4:701-708.

Albuquerque MA, De Oliveira MCC, Echevarria A. Int |
Electrochem Sci, 2017; 12:852-860.

Al-amiery AA, Kadhum AAH, Alobaidy AHM,
Mohamad AB, Hoon PS. Materials, 2014; 7:662-672.
Ibrahim MM, Hameed RSA, Abu-Niwas AH, Mohmad
SE. 0CAIJ, 2014; 10 Suppl 7:271-281.

Kumar S, Sharma PK, Swami VK. Shrinkhla Ek
Shodhparak Vaicharik Patrika, 2019; 6(9Suppl 1):171-
175.

Sudheer, Quraishi MA. Corrosion Science, 2013; 70:161-
169.

Qiang Y, Zhang S, Xu S, Li W. J of Colloid and Interf
Science, 2016; 472:852-859.

Zhang ], Lin Z, Han GC, Chen SL. Appl Surface Science,
2016; 389:601-608.

Monticelli C, Balbo A, Esvan ], Chiavari C. Corrosion
Science, 2019; 148:144-148.

Issaadi S, Doudi T, Chafaa S. Appl Surface Science, 2014;
316:582-589.

Shanmuga PV, Rani CU, Balachandran V, Velrani S.
Journal of Science and Technology, 2018; 10 Suppl 1:44-
52.

Prakashaiah BG, Kumara DV, Pandith AA, Shetty AN,
Rani BEA. Corrosion Science, 2018.

Kumar S, Swami VK. ] Adv Sci Res, 2020; 11Suppl
4:337-340.

Kumar S, Chahar Y, Swami VK. International Journal of
Trend in Scientific Research and Development, 2021; 5
Suppl 5:1945-1950.

Kashar TI, Motaal MA, Emran K, Sukar NA. European
Scientific Journal, 2017; 13 Suppl 3:249-278.

Kuruvilla M, John S, Joseph A. J of Bio- and Tribo- Corr,
2016; 2Suppl19:2-10.

Meena L, Choudhary P, Varshncy AK, Varshncy S. Inter |
of Chem Tech Research, 2018; 11 Suppl 7:337-346.
Abirami M,Nadaraj V. Inter ] of Chem Tech Research, 2014;
6 Suppl 4:2534-2538.

Rizwana B, Lakshmi S. Inter | of Chem Tech Research,
2014; 4 Suppl 1:464-473.

Xavier A, Srividhya N. J of Appl Chemistry, 2014; 7
Suppl 11:6-15.

Sakthilatha D, Deepa A, Rajavel R. Synth and React in
Inorg, Metal-Orga and Nano-Metal Chemi, 2015; 45:286-
297.

Journal of Advanced Scientific Research, 2022; 13 (2): March-2022



