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ABSTRACT

lonic liquids (ILs) have gained significant attention in recent years as potential corrosion
inhibitors to various applications. Traditional corrosion inhibitors, such as organic compounds
and inorganic salts, have limitations in terms of toxicity, volatility, and environmental impact.
However, ionic liquids offer a promising alternative. lonic liquids are salts that exist in a liquid
state at or below 100 degrees Celsius. They typically comprise an organic cation and an inorganic
or organic anion. The unique combination of a liquid state and ionic nature gives them several
advantageous properties, such as high thermal stability, low vapor pressure, and tunable
physicochemical properties. Additionally, the charged nature of the ionic liquid allows for
electrochemical interactions with the metal surface, further enhancing corrosion inhibition. In this
paper, imidazole-based ionic liquids were synthesized by alkylation of imidazole derivatives using
1-bromohexadecane. The anti-corrosion properties of the material were evaluated using the
weight method and potentiodynamic polarization method. Results showed that the synthesized ILs
are good corrosion inhibitor for CT3 steel.
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1. INTRODUCTION

Corrosion, the degradation of materials because of chemical reactions with their environment,
is a major concern in industries such as oil and gas, chemical processing, and metal manufacturing.
Corrosion inhibitors are among the best methods for preventing corrosion because of their low cost
and effectiveness [1]. Traditional inhibitors often contain harmful elements for human health and
environment, among them, chromate inhibitors are the most common. In order to address this
matter, greener corrosion inhibitor have been studied, and ionic liquids are one of the most
promising candidates [2, 3]. lonic liquids have low volatility, reducing the risk of release into the
environment. They also exhibit low toxicity compared to traditional inhibitors, making them more
environmentally friendly. This is particularly important in industries where worker safety and
environmental impact are paramount concerns. They are organic salts in liquid form because of
their low melting temperature. When used as corrosion inhibitors, ionic liquids form a protective
film on the metal surface, preventing further corrosion reactions. The film acts as a physical barrier,
shielding the metal from corrosive agents [4, 5].

One of the key advantages of ionic liquids, as corrosion inhibitors, is their ability to be tailored
for specific applications [6]. By modifying the cation or anion structure, the properties of the ionic
liquid can be adjusted to suit different metal substrates and corrosive environments. This allows
for the development of highly efficient and selective corrosion inhibitors [7].

lonic liquids are composed of positively charged organic cations and negatively charged
inorganic or organic anions. The combination of these ions creates a unique, non-volatile, and often
non-flammable liquid with a wide liquid range. The choice of cation and anion significantly influence
the properties of the ionic liquid, such as viscosity, conductivity, and solvation ability. Common
cations include imidazolium, pyridinium, and phosphonium, while anions can range from halides to
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organic salts. Among several approaches to synthesize ionic liquids, alkylation is frequently used
because of its high yield and simplicity [8, 9]. In this work, two ionic liquids were synthesized by
alkylation of 1-methylimidazole and 1,2-dimethylimidazole using 1-bromohexadecane. The CT3
steel treated with synthesized ILs showed great corrosion resistance behavior.

2. EXPERIMENTAL

2.1. Materials

1-bromohexadecane CisHzsBr 97%, 1-methylimidazole CsHsN2 99%, 1,2-dimethylimidazole
CsHgN2 99% were purchased from Macklin, China; sodium chloride NaCl 99%, acetonitrile
CH3CN 99% were obtained from Xilong.

2.2. Experiment preparation
2.2.1. Instrumentation

The synthesized ionic liquids were characterized by Fourier transform infrared (FT-IR) using
Tensor Il with a scan range of 400-4000 cm™ to identify the functional groups. Proton nuclear
magnetic resonance *H-NMR was measured by AVANCE I11 HD 500 MHz to learn the structure
of the ionic liquids. Thermogravimetric analysis was measured by NETZSCH STA 409PC/PG up
to 900 °C at a heating rate of 10 °C/minute.

2.2.2. Synthesis imidazole based ionic liquids
a. 1-hexadecyl-3-methylimidazolium bromide

In the first step, 30.5 g 1-bromohexadecane was dissolved in 30 mL acetonitrile solvent in a
round bottom flask and then the mixture was heated to 80 °C. After that, 8.2 g of 1-
methylimidazole was gradually added to the above solution. The reaction mixture was performed
for 3 hours while stirred continuously and the temperature was set to 80 °C for the whole
procedure. Then, the product was filtered out, washed three times with CH3CN. The product was
left to dry in air and then weighted. Finally, 34 g of product was obtained.

b. 1-hexadecyl-2,3-dimethylimidazolium bromide

The synthesis procedure was performed similar to the above process, using 30.5 g 1-
bromohexadecane and 9.6 g of 1,2-dimethylimidazole. Acetonitrile was the solvent of choice, and
the reaction mixture was performed for 3 hours at 80 °C. Finally, the product was filtered out,
dried and then weighted. Finally, 31.3 g of product was obtained.

2.2.3. Corrosion inhibiting performance

The weight method was used to determine the rate of metal corrosion caused by +saline
environment: the difference in mass of metal sample before and after experiments during a period
of test time. Test procedure and corrosion rate evaluation were executed according to ASTM G1-
03. The polarization curve of electrodes was determined by the potentiodynamic method on the
Autolab PGSTAT30 device at the scanning speed of 10 mV/s, using CT3 steel. The test solution
was 3.5% aqueous NaCl solution, in which the synthesized ionic liquids were dissolved. The
corrosion inhibitor performances of ionic liquids were tested by ranging the concentration from 0
to 300 ppm. The average corrosion rate of the sample can be calculated as follows:
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Where K is corrosion rate constant, 8.76 x 10* for mm/year unit; T is time of exposure in hours;
A is the area in cm?; W is the weight loss in grams, and D is the density of the materials, in this
case, density of CT3 steel is 7.85 g/cm?.
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3. RESULTS AND DISCUSSION

3.1. Synthesis of imidazoline based ionic liquids

Both ionic liquids were synthesized via alkylation reaction using 1-bromohexadecane as
alkylated agents. The chemical reactions occur as follows:

H3C\ H,C

MeCN

CH, CH,

H3C\ H3C\
N + C16H33Br W N Br- 2
©) O

Under the same reaction conditions, 1-methylimidazole is more susceptible to alkylation than
the dimethyl derivative. The extra methyl group on carbon atom 2 makes the bulky alkylated agent
1-bromohexacane harder to access. As the result, the productivity of 1-hexadecyl-3-
methylimidazolium bromide HdmImBr (87.9%) was slightly higher than of 1-hexadecyl-2,3-
dimethylimidazolium bromide HddmImBr (78.1%).

The IR spectra of HdmImBr and HddmImBr are presented in figure 1 a,b, respectively. In both
cases, they show characteristic IR transmittance of imidazole ring. For HdmImBr (Fig. 1a), the
peaks at 3060 and 3150 cm™ are correspond to the stretching of the C-H bond of imidazole ring,
and the bending of the same bond is at 1380 cm™. The imidazole ring also has characteristic peaks
at 1635 and 1590 cm™, attributed to the C=C stretching. The stretching of C-N is confirmed as the
existence of a peak at 1250 cm*. The bending of H-C-C and H-C-N in the ring also results in a
peak at 1140 cm, while of C-N-C bending is showed at 660 cm™.

BREREE
\
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Figure 1. IR spectrum of (a) 1-hexadecyl-3-methylimidazolium bromide
and (b) 1-hexadecyl-2,3-dimethylimidazolium bromide.

Alkyl groups on the imidazole ring show characteristic transmittance of aliphatic bonding. The
presence of methylene groups (-CH.-) can be seen at 2950 cm™ (strongest peak, correspond to the
stretching of C-H bond), and 1470 cm corresponds to the bending of the C-H bond. Methyl groups
(-CHs) show the same C-H bond stretching and bending at 2850 and 1430 cm, respectively.
Owing to the long chain of hexadecyl group, the intensity of peaks caused by (-CH-) groups is
stronger than that of (-CHs) groups, as the number of methylene groups is greater than the number
of methyl groups. This results show similarity with previous publication [10].
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FTIR spectrum of HddmImBr (Fig. 1b) show similar characteristics as of HdmImBr. The
bending and stretching of corresponding bonds in imidazoline and alkyl groups only show minor
deviation between the two IR spectra. The presence of methyl group on carbon atom 2 makes a
small difference as corresponding to an extra C-H stretching at 2915 cm™®. The increase in methyl
groups compared to HAmImBr also makes the intensity of peaks cause by bending and stretching
of (-CHs) groups stronger.
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Figure 2. '"H-NMR magnetic resonance Figuré 3. Therfnogravihwetric an‘alys‘is of 1-
spectrum of 1-hexadecyl-2,3- hexadecyl-2,3-dimethylimidazolium bromide.
dimethylimidazolium bromide (D20).

The synthesized ILs were characterized by *H-NMR magnetic resonance spectroscopy (figure
2). It can clearly be seen that in the NMR spectrum, two doublet very close to each other at
chemical shift 7.482 and 7.467 ppm are belong to the two adjacent hydrogen atoms on the carbon
atom 4 and 5, each contributes to the integration value of 2. A triplet at 4.169 ppm with an
integration value of 2 indicate two hydrogen atoms of the alpha methylene group (-CHa-) in
hexadecyl chain that directly bond with the nitrogen atom 3. Meanwhile, 3 hydrogen atoms of
methyl group (-CHs) that bond with nitrogen atom 1 show a singlet at 3.807 ppm. The existence
of the methyl group on carbon number 2 of the imidazole ring was confirmed by a singlet at 2.641
ppm with integration value of 3. Two hydrogen on a beta methylene group of hexadecyl show
peaks at 1.8 ppm because they still affected by the shielding effect of the nitrogen atom 3 and the
aromatic ring. The rest of the methylene groups of the long chain have a regular chemical shift and
form a multiplet at 1.2 ppm. The methyl group at the end of the chain shows a triplet at 0.84 ppm.

The thermogravimetric analysis show that 1-hexadecyl-2,3-dimethylimidazolium bromide is
thermal stable up to 200 °C. At higher temperature, the ionic liquid shows degradation. The weight
loss rate reaches a maximum at about 327 °C, and nearly all sample was thermolysis at 400 °C.
This result shows that the synthesized ionic liquid is thermally stable at high temperature.

3.2. Corrosion inhibition characteristics
3.2.1. Corrosion inhibition mechanism
The mechanism of ionic liquids adsorption and corrosion inhibition was illustrated in figure 4.

Corrosive

o & 'y 'Y ' substances

Hydrophobic
* carbon
chains
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Figure 4. lllustration of ILs corrosion inhibition mechanism .
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In corrosive environment, metallic iron was oxidized to become ferrous (Fe?*)/ferric (Fe*)
cations. The bromine anions from the ILs will then be adsorbed on the steel surface by electrostatic
attraction, serving as a bridge connecting imidazolium ions and the substrate. As a results, a self-
assembled hydrophobic layer made of long-chain hydrocarbon was formed, acting as a barrier that
prevents the steel surface from corrosive substances. The interaction between ferrous cations and
7 system of aromatic rings also contribute to the adsorption of ILs on the steel surface.

3.2.2. Corrosion inhibition measurement

Three CT3 samples were submerged in saline solution of NaCl 3.5%, one added 300 ppm 1-
hexadecyl-3-methylimidazolium bromide and one added 300 ppm 1-hexadecyl-2,3-
dimethylimidazolium bromide. The test was performed at 42 hours. After that, the samples were
taken out, weighted again and the corrosion rate was calculated using formula in section 2.

Table 1. Assessment of corrosion by weight method.

Samples Weight Exposure Area | Time | Corrosion rate Protection
loss (g) (cm?) (h) (mmly) effect (%0)
Control 0.017 10 42 0.451 -
HdmImBr 0.007 10 42 0.186 58.76
HddmImBr 0.008 10 42 0.213 52.77

The results show that ionic liquids have anti-corrosion property, by forming a layer of hydrophobic

film on the surface of the metal, prevent the direct exposure to the corrosive environment.
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Figure 5. Tafel diagrams of CT3 steel at different concentrations of 1-hexadecyl-3-
methylimidazolium bromide (a) and 1-hexadecyl-2,3-dimethylimidazolium bromide (b).

Table 2. Tafel parameters and corrosion inhibition efficiency of ILs at different concentration.

Inhibitor conc. | leor Beor pa B | IE | S
(ppm) | (mA/cm?) | (VISCE) | (V/dec) | (V/dec) | (%) (mmy)

Control - 4.441 -0.548 0.069 0.102 - 0.516
1-hexadecyl-3- 50 3.224 -0.574 0.065 0.071 | 432 | 0.394
methylimidazolium 100 4.550 -0.590 0.055 0.053 | 60.9 | 0.529
bromide 200 2.649 -0.580 0.071 0.071 | 355 | 0.324

300 6.851 -0.668 0.077 0.711 | 91.8 | 0.238

1-hexadecyl-2,3- 50 3.128 -0.595 0.051 0.047 | 419 | 0.387
dimethylimidazc;lium 100 4.962 -0.579 0.054 0.534 | 66.5 | 0.607
bromide 200 4.201 -0.654 0.070 0.075 |56.3 | 0.514

300 2.892 -0.622 0.072 0.066 | 38.7 | 0.354
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The potentiodynamic method show the similar results at the same ionic liquid concentration
(table 2 and figure 5). At lower content, however, the added ionic liquid have adverse effect,
especially at 100 ppm. The increase in corrosion rate can be attributed to the ionic nature of the
inhibitor. At low concentration, the inhibitor amount is not enough to cover the whole metal
surface, meanwhile, the extra bromide ion contributes to the accelerated corrosion rate. At higher
content, ILs show good corrosion protection property. HdmImBr displays a better performance
overall in both weight and electrochemical method. Although the extra methyl group of
HddmImBr make it potentially more hydrophobic, the bulkier imidazolium head of HddmImBr
make a bond between the IL and metal surface weaker.

4. CONCLUSIONS

Two imidazole-based ionic liquids were successfully synthesized by alkylation reaction using
1-hexadecylbromide at high productivity. The FTIR and *H-NMR magnetic resonance spectrum
prove the structure of the products. The thermogravimetric analysis reveal the synthesized ILs have
high thermal stability, up to 200 °C. The corrosion tests by weight method and potentiodynamic
method show unanimous results. Although at low concentration, synthesized ILs are not good at
protecting metal; at higher content, ILs show promising corrosion inhibiting properties. Between
two products, 1-hexadecyl-3-methylimidazolium bromide shows better performance, decrease
corrosion rate from 5 mm/year to about 2 mm/year at 300 ppm concentration.
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TOM TAT

Nghién ctru tdng hop chit Iéng ion trén co sé imidazole
rng dung lam chat @c ché in mon kim loai

Chdt long ion da thu hit dwoc s chii y dang ké trong nhitng nam gan day vi co tiém
ning sir dung lam chat irc ché an mon. Cac chat ke ché an mon truyén thong, chang han
nhw cac hop chat hitu co' va mudi vé co, cé nhitng han ché la ddc tinh cao, tinh dé bay hoi
va tac dong xdu téi méi truong. Tuy nhién, chat long ion mang lai mot giai phap thay thé
ddy hita hen. Chat long ion la muoi t6n tai & trang thdi long ¢ nhiét dé bang hodc dwdi 100
do C. Chung thuong bao gom mot cation hitu co' va mét anion vé co hodc hitu co. Suw két
hop doc dao gitra trang thdi long va ban chdt ion mang lai cho chung mot $6 ddc uu viét,
chang han nhw dg én dinh nhiét cao, dp sudt hoi thap va cdac ddc tinh héa 1y c6 thé diéu
chinh. Ngodi ra, ban chat tich dién cua chat long ion cho phép twong tic dién héa voi bé
mat kim loai, tang cuong hon nita kha nang irc ché an mon. Trong bai bdo nay, chat long
ion trén co so imidazole duoc tong hop bang cach alkyl héa dan xudt imidazole sir dung I-
bromohexadecane. Pdc tinh chong dn mon cia vit liéu dwoc danh gid, bang phwong phap
trong luong va phwong phap phdn cuc thé dong. Két qua cho thdy chadt long ion tong hop
dwoe ¢6 kha ndng ikc ché an mon tot cho thép CT3.

Tir kKhoa: Chét long ion; Chit tc ché dn mon; Imidazole; 1-hexadecylbromide.
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