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Abstract

Mild steel is a type of carbon steel with quite a low carbon content, or particularly known as plain-
carbon steel. It is often used as a construction material because of its relatively low price. However,
unlike stainless steel, it has low corrosion resistance, therefore some form of protective film should be
applied to prevent it from rusting in corrosive environment. The inhibiting action of the synthesized
dithiocarbamates (DTC), namely, Co(II) N-butylmethyldithiocarbamate, Co[BuMedtc], and Co(II) N-
ethylbenzyldithiocarbamate, Co[EtBenzdtc], towards the corrosion behavior of mild steel in acidic
solution was studied. The proposed structures of complexes were characterized by using Fourier
transform infrared (FTIR), ultraviolet-visible (UV-Vis), gravimetric analysis, molar conductivity, and
melting point measurement. The analyses data deduced that the DTC ligands have successfully
coordinated to Co(Il) ion in a bidentate manner. The corrosion inhibition study showed that
Co[BuMedtc], was a better corrosion inhibitor as compared to Co[EtBenzdtc], because this is most
likely due to the presence of a less bulky alkyl substituent (-CH3) in Cu[BuMedtc], and hence, showing
great corrosion inhibition performance. Besides, the shorter the alkyl chain length in Cu[BuMedtc]s,,
the higher the solubility of the complex in the acid medium. The complexes showed better effectiveness
in hydrochloric acid (HCI) rather than sulphuric acid (H>SO,) solution. The corrosion happened more
actively in HCI than H,SOj4 due to the chloride ions showing more destructive effect than sulfate ion on
the carburized low carbon steel samples. In addition, when the concentration of inhibitor increases, the
corrosion rate will decrease.
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Introduction
Corrosion process is a slow but continuous deterioration of metals by the action of the surrounding
media such as air, water or salt solution as a result of electrochemical reactions (Nadira et al., 2019).
The corrosion process occurrs on electrochemical cells, whereby the electrons flow through metal from
sites where anodic reactions are going to take place towards the sites which cathodic reactions are taking
place. These cell reactions are the results of a pair of anodic and cathodic reactions occurring at the
same time on the corroding surface (Aslam et al., 2022). It negatively impacts both natural and industrial
environments. Metallic corrosion is the most common problem in industries that leads to huge financial
losses to repair and replace corroded materials (Junaedi et al., 2013). Besides, it can also cause
pollution to the environment as it releases hazardous waste, especially that from mild steel corrosion
which contaminates the air and water (Andreani et al., 2016). Corrosion of mild steel in industries
always occurs due to exposure to acids such as hydrochloric acid (HCI), sulfuric acid (H,SO,) and in
acid cleaning applications (Hashim et al., 2020). The most common activities include the use of an acid
solution to remove undesirable scale and rust in the pickling of steel. The use of acid solution causes
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metal dissolution and promotes the corrosion process. Hence, the corrosion inhibitor is the most
efficient and practical method of protection on a metal surface that is being used to overcome the
problem (Yuan et al., 2020). Corrosion inhibitor is a chemical substance that is added to the electrolyte
in a small amount to lessen the corrosion rate. It will reduce the rate of both anodic oxidation as well as
cathodic reduction by forming a protective layer on the surface of the metal. A study from Chigondo
and Chigondo (2016) has shown that most of the previous corrosion inhibitors are inorganic inhibitors
that contain phosphate, chromate, and other heavy metals. Recently, it is being slowly prohibited by
regulations because of its toxicity, where it has become a threat to aquatic life in the marine industry
(Yuan et al., 2020). Moreover, Sanni et al. (2019) also further reported that synthetic organic inhibitors
usage is now being harmed due to their toxicity in nature and requires high cost to produce it. Even
though compounds such as acetylenic alcohols are used as an effective commercial acidizing inhibitor,
it produces toxic vapors under the acidizing process conditions in which it will become a threat to the
environment in handling the waste disposal (Quraishi et al., 2002). Most of the effective corrosion
inhibitors are the organic inhibitors because it contains heteroatoms like sulfur (S), nitrogen (N), and
oxygen (O) having free lone pair of electrons with the presence of aromatic ring in the structure (Li et
al., 2019). This allows the capability of the inhibitor to coordinate with the metal substrates via
chemisorption mechanism in which it involves the transfer of electrons from inhibitor to the metal
(Sastri, 2014). It is significant to search for corrosion inhibitor that is efficient and easily available.
Moreover, it should be lower in terms of the cost of production and its toxicity (Aslam et al., 2022).

Dithiocarbamates (DTC) have showed many coordination modes such as isobidentate, anisobidentate,
monodentate, and triconnective (Sivasekar et al., 2015). It is an organosulfur ligand that capable of
forming complexes with most of the elements and can stabilize transition metals in a variety of oxidation
states (Hogarth, 2012). It is by the reason of the resonance forms of dithiocarbamate ligands whereby
it is the outcome of delocalization of the nitrogen lone pairs onto the sulfur atom. Scientific interest in
complexes with dithiocarbamate anions, RR’NC(S)(S) is due to the presence of thioketone and thiol
sulfur atoms in those ligands, capable of acting as c-, ©-, or (o,7)-donor as well as n-acceptor. (Khitrich
et al., 2014). In this study, two new series of DTC complexes were synthesized by using in situ method,
namely Co(II) N-butylmethyldithiocarbamate (Co[BuMedtc],) and Co(II) N-
ethylbenzyldithiocarbamate (Co[EtBenzdtc],) complexes. The chelating property of dithiocarbamates
are due to their possession of two sulfur atoms which is more effective than nitrogen or oxygen atoms
in donating electrons in the ligands (Odularu & Ajibade, 2019). Both complexes were characterized by
using the Fourier transform infrared (FTIR) and ultraviolet-visible (UV-Vis) spectroscopy. The melting
point for both complexes was recorded and the percentage of Co(Il) was studied by using gravimetric
analysis. Molar conductivity measurement was also conducted on both complexes. Meanwhile, the
corrosion inhibition of different inhibitor concentrations in HCI and H,SO4 was determined by using
the weight loss method.

Methods

Instrumentation

The infrared spectra were recorded on Perkin Elmer Spectrophotometer, a Fourier Transform-Infrared
Attenuated Total Reflectance (FTIR-ATR) in the range of 4000 cm — 650 cm™ for mid-IR. The
electronic spectra were measured by PG instrument T80/T80+ spectrophotometer in the region of 200
nm — 600 nm for the synthesis complexes using methanol as a solvent. The measurement was conducted
using 1 ¢cm quartz cuvettes with 1 x 10 M concentration of complexes. The synthesis complexes also
undergo determination of melting point using melting point apparatus model SMP10 Stuart and the
measurement was taken in an open capillary tube. Furthermore, gravimetric analysis was performed on
the Model Lindberg/Blue muftle furnace. The molar conductivity values were measured with DMF
solvent at room temperature using SI Analytic Lab 970 conductivity meter at the concentration of 2 x
107 M.
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Synthesis of Co(II) dithiocarbamate complexes

The complex of Co[BuMedtc],, with the molar ratio of reaction materials is 2:2:1. An ethanolic solution
of N-butylmethylamine (0.002 mol) was stirred for one hour at 4°C before adding an ethanolic solution
of carbon disulfide (0.002 mol). After 30 minutes, a few drops of ammonia were added to the mixture
until precipitate began to form. Thereafter, 10 mL of cobalt(II) chloride (0.001 mol) solution was added
into the mixture and stirred for 2 hours. The color precipitate formed. The mixture then was filtered,
washed with cold ethanol and dried. The product was recrystallized by using
acetonitirile:tetrahydrofuran (1:2) mixture. The product purity was checked by a thin-layer
chromatography (TLC). The steps were repeated to synthesize Co[EtBenzdtc], with N-
ethylbenzylamine as the starting material (Sonia & Bhaskaran, 2017).

Corrosion Inhibition Study

The acidic solution 1 M of 37 % of HC1 was prepared by a dilution process. The inhibitor concentrations
were 0.1, 0.01 and 0.001 M in which were diluted with 1 M of HCI and H,SOj, solution. The mild steel
with size of 4 x 1.5 cm was cleaned by using emery paper and washed with distilled water and acetone.
After that, the initial weight of dried and cleaned mild steel was measured using an analytical balance.
Next, the specimens were immersed in 10 mL of 1 M HCI solution with and without different inhibitor
concentrations at room temperature. After 24 hours of immersion, the specimen was rinsed with distilled
water and then dried. The final weight of specimens was recorded and average mass was calculated.
The corrosion inhibition activity was repeated to replace HCI with H,SO,. The experiment was
performed in triplicate to determine the average weight. The weight loss of mild steel, AW(g), the
corrosion rate Crw (mg cm™ h™'), surface coverage (0) and inhibition efficiency, IEwi(%) can be
calculated as shown in Equation (1) to Equation (4), respectively (Daoud et al., 2015).

AW = Wi-W> )
AW
AW T o 2)
HZCORW 'CRW 3)
Cw
ce,, -C
IE,, =| ——~—% 1x100 (4)
C°hw

Where:-

W, = the average weight of mild steel before immersion (g)
W, = the average weight of mild steel after immersion (g)
AW = the average weight loss (g)

S = the surface area of mild steel (cm?)

t = the immersion time (h)

C°rw = the corrosion rate in the absence of the inhibitor
Crw= the corrosion rate in the presence of the inhibitor

IEw. - inhibitor efficiency

Result and Discussion

Synthesis of Co[BuMedtc], and Co[EtBenzdtc],

The synthesis of Co[BuMedtc], complex with a molar ratio of 2:2:1 yielded dark green color precipitate
while synthesis of Co[EtBenzdtc], complex yielded light green color precipitate. The complexes
showed different types of colors due to the properties of ligands used. Synthesis was carried out using
a condensation method aimed to prepare dithiocarbamate complexes through in situ synthesis. The
melting point for both complexes was found at 360°C to 375°C. The difference values of melting point
in the range 1°C — 3°C indicated the complexes were relatively free of impurities. Figure 1 and Figure
2 show the proposed structures for both complexes of Co[BuMedtc], and Co[EtBenzdtc],, respectively.
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Figure 2. Proposed structure for Co(II) N-ethylbenzyldithiocarbamate, Co[EtBenzdtc]..

Fourier Transform-Infrared Attenuated Total Reflectance (FTIR-ATR) Spectroscopy

Table 1 comprises the FTIR-ATR data obtained for Co[BuMedtc],, Co[EtBenzdtc],, and their starting
materials. Two important stretching bands were observed for both complexes, which were v(C==S) and
v(C—N). The complexes spectra notified that the stretching band of thioureide moiety, v(C— N)
shows partial double bond characteristic due to the electron delocalization within ditiocarbamate

(Awang et al., 2010) with the value of 1500 cm™ for Co[BuMedtc], and 1487 cm™ for Co[EtBenzdtc]s.

Table 1 reveals that the stretching band of v(C——S) for Co[BuMedtc], and Co[EtBenzdtc], is 973 cm
"and 959 cm’!, respectively. This suggestion based on the chelating character of the dithiocarbamate
moiety to Co(II) ion (Brown et al., 1976). The v(C — S) stretching vibration was detected at
approximately 1000 cm™ without any splitting suggesting a bidentate nature of the dithiocarbamate
ligand. Shahzadi et al. (2007) observed that v(C-N) vibrations lie between the range 1250 cm™-1360
band in both complexes showed a higher wavenumber compared to v(C-N) in butylmethylamine (1460
cm™) and ethylbenzylamine (1454 cm™). This happened due to the delocalization of electrons towards
the center of the metal after being coordinated with DTC ligands. Furthermore, there was a broad peak
that appeared at 3300 cm™ corresponding to v(O-H) vibration in Co[EtBenzdtc],. This was probably
because the complex was not dried enough and needed a longer time to be fully dried.

Table 1. Summary of FTIR-ATR data for Co[BuMedtc], and Co[EtBenzdtc], and their starting materials.

Wavenumber (cm™)

Compounds ——————————— """~
v(C-N)  v(C-H) v(C=S) vN-H) v(C—S) v(C—N) v(O-H)
Carbon disulfide - - 1541 - - - -
Butylmethylamine 1460 2959 - 3408 - - -
Ethylbenzylamine 1454 2966 - 3305 - - -
Co[BuMedtc], - 2959 - - 973 1500 -
Co[EtBenzdtc], - 2976 - - 959 1487 3300
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Figure 3. IR spectrum of Complex Co[BuMedtc],, C1.
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Figure 4. IR spectrum of Complex Co[EtBenzdtc],, C2.

UV-Vis Spectroscopy

The electronic transition spectra data of Co[BuMedtc], and Co[EtBenzdtc], had been displayed in Table
2. A transition of m—n* at 220 nm represented S-C=S in carbon disulfide, CS,. Meanwhile, both
complexes displayed an absorption peak at 270 nm, implying the 1 — =* transition in N-C=S and S-
C=S. Dithiocarbamates usually show two absorption peaks in the UV indicating to the 1 —n* and n
—7* transitions (Mamba et al., 2010). Coordination of dithiocarbamate to the Co(Il) led to changes in
the spectra region. The change in the ligand conjugation was caused by the deprotonation of the ligand
upon coordination. The n—n* transition were also present in the spectra of the complexes with small
shifting which were assigned 325 nm for both Co[BuMedtc], and Co[EtBenzdtc],. The presence of
absorption peak at 480 nm for Co[BuMedtc], and 475 nm for Co[EtBenzdtc], were due to d-d transitions
in accordance with the d’ electron configuration of Co(Il) ion. The number of unpaired electrons for
Co(II) that was obtained was based on electron configuration [Ar] 3d’ and the electron arrangement in
the free ion of the metal.
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Table 2. Electronic spectra data for the raw material and its metal complexes.

. Amax Molar absorptivity, €
Compounds Transitions
(nm) (M*cm?)

Carbon disulfide n—om* 295 13300
n—om* 220 167100
Co[BuMedtc], n—om* 325 134500
n—om* 270 192100

d-d 480 2300
Co[EtBenzdtc], n—y* 325 122400
n—om* 270 182300

d-d 475 1900

The bathochromic shifting of the transition was due to the complexation effect of the metal ions (Ali et
al., 2013). The bands related to 7—7* electronic transition in the complexes shifted compared with
those observed at the free Schiff base ligands. This referred to the coordination of the ligands to the
metal center of the complexes (Mahmoud et al., 2020). It involves the shift of absorption maximum
towards higher wavelength in the complexes due to the presence of a certain functional group on the
ligands. The molar absorptivity, € shows the ability of complexes to absorb light at a certain wavelength.
There was absorption occurring at a range higher than 400 nm, which represented the d-d transition
(Latif et al., 2018). This portrayed the lower value of molar absorptivity for d-d transitions, which was
2300 M cm™! for Co[BuMedtc], and 1900 M cm™ for Co[EtBenzdtc]s.

Gravimetric Analysis

The gravimetric analysis of Co(II) was carried out within a temperature range above room temperature
up to 30 °C (Aslam et al., 2020). This analysis was conducted to determine the mass (by percentage) of
metal in the complexes. The solid residue which was cobalt oxides, CoO formed after the
decomposition was completed. The percentage of metal calculated for Co[BuMedtc], and
Co[EtBenzdtc], were 7.59% and 4.33%, respectively. The equations shown below were used to
determine the percentage of metal in both complexes, whereby a refers to mole of analyte while b is
mole of precipitate.

Molecular weight of analyte
. — x a/b
Molecular weight of precipitate

Gravimetric Factor, GF =

Weight of analyte = Weight of precipitate x GF

Weight of analyte < 100
Weight of precipitate

Percentage of analyte (%) =

Molar Conductivity Measurement

The molar conductivity of both Co(II) complexes lie in the range 4.0 S cm?mol™? —12.5 S ¢cm? mol™!
indicating non-electrolyte behavior (Hazani et al., 2018). Moreover, the deduced data indicated that
there were no counter ions present in the complexes. The non-electrolyte behavior shows that the ligand
was directly coordinated to the central Co(Il) (Jyothi & Farook, 2019).

Corrosion Inhibition Study

The corrosion inhibition activity was carried out on mild steel in 1 M HCI and H,SOj4 solution using the
weight loss method. This study aims to compare the effect of complexation and substituent groups
present in the inhibitors on the corrosion inhibition performance for the mild steel in an acidic medium.
The mild steels were submerged for 24 hours at room temperature in varying acid concentrations. The
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variety concentration of 0.001 M, 0.01 M, and 0.1 M were chosen to identify the effectiveness of the
inhibitor’s concentration towards the corrosion rate. The corrosion inhibitor data can be shown below
in Table 3. The investigated ligands were chosen based on the effect of alkyl substituents present in the
structures. The inhibitor efficiency tends to increase as inhibitor concentration increases. It is also
noteworthy that the Co[BuMedtc], complex at 0.1 M of inhibitor concentration shows good inhibition
efficiency for mild steel in 1 M hydrochloric acid and 1 M sulphuric acid as compared to
Co[EtBenzdtc], complex. This was most likely due to the presence of less bulky alkyl substituent (-
CHs) in Co[BuMedtc],. Meanwhile, a bulkier group in Co[EtBenzdtc], tends to cause a steric hindrance
that affects the orientation of inhibitor molecules on the metal surfaces and reduces their corrosion
inhibition effectiveness (Blagus & Kaitner, 2010). Co[EtBenzdtc], has a high electron releasing effect
on its ligand compared to the ligand in Co[BuMedtc].. This was due to the presence of ethyl group (-
CH,-CH3) in Co[EtBenzdtc], structure and methyl group (-CHs) in Co[BuMedtc],. Shetty (2019) has
stated that the presence of multiple electron releasing groups shows stronger adsorption onto a metal
surface and exhibits good inhibition activity. Thus, a ligand from Co[EtBenzdtc], will be more favored
to be adsorbed on the metal surface than Co[BuMedtc]; as it can penetrate easily to the aqueous phase.
It is also chemically adsorbant at the metal/solution interface (Aiad & Negm, 2009). Besides, this also
indicated that more complexes were adsorbed on the metal surface when the inhibitor concentration
increases, promoting wider surface coverage and these complexes act as chemisorption inhibitors. The
efficiency of the complexes as corrosion inhibitors depends on their ability to be adsorbed onto the
metal surface. In this study, the corrosion rate of complexes in H,SO4 was higher than HCI medium as
shown in Table 3.

Focusing on Co[BuMedtc],, H,SO4 has a higher corrosion rate due to its efficiency to ionize completely
in the solution by emitting two mole of protons. Hence, it can react strongly to the surface of mild steel
compared to HCI in which it only emits one proton. According to Loto (2018), oxide film formation
occurrs faster in H,SO,4 than HCI solution, resulting in greater pores emerging on the surface of mild
steel, thereby higher corrosion rate. Ouakki et al.(2019) also emphasized that sulfuric acid corrodes
mild steel and makes the surface of metal highly asymmetrical. However, it can be seen from the
analysis of Co[EtBenzdtc], that the highest inhibition efficiency was recorded at 0.1 M H,SOy. This
was probably due to the chloride ions that have shown more destructive effect than sulfate ion, hence
the corrosion happened more actively in HCI than H,SO4 (Ajeel et al., 2012). From Figure 5, it can be
concluded that the inhibitor efficiency increases as the inhibitor concentration increases. Overall,
Co[BuMedtc], shows better inhibition efficiency than Co[EtBenzdtc],. Moreover, it shows that the
corrosion rate decreases as the inhibitor concentration increases as shown in Figure 6. Inhibitor at
concentration 0.001 M corrodes at a higher rate and Co[EtBenzdtc], shows high corrosion rate over 24
hours immersion time as compared to Co[ BuMedtc], (Daoud et al., 2015; Othman et al., 2021).
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20 2

Inhibitor efficiency %
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Figure 5. Inhibitor efficiency for Co[BuMedtc], (C1) and Co[EtBenzdtc], (C2) in different concentration of
HCIL.

97



Journal of Academia Vol. 10, Issue 1 (2022) 91 — 101

0.012

0.01

0.008

(=}
o
S
»
@

0.004

0.002

0 01 02 03 04 05 06 07 08 09 1 11

Corrosion rate, Cyy, (g cm™ hY)

Inhibitor concentration (M)

—@— Corrosion rate C1 in HCI Corrosion rate of C1 in H25S04

Corrosion rate of C2 in HCI Corrosion rate of C2 in H2S04

Figure 6. Corrosion rate for Co[BuMedtc], (C1) and Co[EtBenzdtc], (C2) in different concentration of HCI and
H,SOs.

Table 3. The corrosion inhibitor data.

Solution Inhibitor Concentration Weight loss, Corrosion rate, Inhibitor
M) AW (g) Crw (g cm™ ) efficiency,
Nw(%)
Blank 1 0.203 1.41x 103 -
Co[BuMedtc], 0.1 0.092 6.38x 10™ 54.7
0.01 0.093 6.45x 10™ 54.25
HC1 4
0.001 0.098 6.80x 10 51.77
Co[EtBenzdtc], 0.1 0.125 8.68x 10 38.43
0.01 0.132 9.16x 10™ 35.03
0.001 0.140 9.72x 10™ 31.06
Blank 1 0.355 2.46x 1073 -
Co[BuMedtc], 0.1 0.264 1.83x 103 25.60
0.01 0.281 1.95x 103 20.73
H,SO, 3
0.001 0.290 2.01x 10" 18.29
Co[EtBenzdtc], 0.1 0.153 1.06x 1073 56.91
0.01 0.281 1.95x 1073 20.73
0.001 0.292 2.03x 1073 17.48
Conclusion

Both Co[BuMedtc], and Cu[EtBenzdtc], have been successfully synthesized under condensation
reaction and fully characterized by using FTIR-ATR and UV-Vis, melting point determination,
gravimetric analysis, and molar conductivity measurement. Both complexes had gone through corrosion
inhibition screening and as a result, both Co(II) complexes have potential to be applied as corrosion
inhibitors. These complexes demonstrated promising anti-corrosion activity, whereby as the inhibitor
concentration increased, the corrosion rate decreased. Overall, Co[BuMedtc], showed good
performance as a corrosion inhibitor compared to Co[EtBenzdtc], in HCI medium at 0.1 M of inhibitor
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concentration with the highest percentage recorded at 54.7%.
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