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Abstract  
New nitro compounds of mono- and diesters of alkenyl succinic acids were 

synthesized. On the basis of these nitro compounds and mineral oil T-30, 

compositions of various concentrations were prepared, which were investigated 

as conservation liquids. The anticorrosion protection of the conservation 

liquids obtained by adding this inhibitor to the mineral oil Т-30 has been tested 

in various aggressive environments. The anticorrosion protection of the 

conservation liquids was studied in the hydro chamber "G-4" in accordance 

with GOST 9.054-75, as well as in accordance with the current standard 

(ASTME-85) in the experimental chamber "CORROSIONBOX-1000E" in the 

condensation phase. The protective properties were recorded from the day of 

the initial corrosion spots by visual inspection on the surface of the metal plate 

and were evaluated by day. It was revealed that as the content of nitro 

compounds of ASA esters in the compositions changes, their ability to protect 

against corrosion also changes. As the concentration of the inhibitor added to 

the mineral oil increases, its protective properties increase. It has been found 

that the anticorrosion protective effect of the 10% - compositions of the dibutyl 

ester of HSA and its nitro compound in mineral oil Т-30 withstands 456 and 

475 days in the chamber "CORROSIONBOX-1000E," 104 and 121 days in sea 

water and 109 and 129 days in the 0.001% sulfuric acid solution, respectively. 

Compared to the compositions of nitro compounds of diesters of ASA, 

conservation liquids prepared on the basis of nitro compounds of monoesters of 

ASA showed a relatively low protective effect against corrosion. The studies 

carried out have shown that the synthesized nitro compounds of esters of 

alkenylsuccinic acids have high inhibitory properties and can be recommended 

as a component of conservation liquids 
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Introduction  
One of the most effective ways to ensure the protection of metals from corrosion is the 

introduction of corrosion inhibitors into the system of conservation liquids. There are corrosion 

inhibitors of organic and inorganic nature. For example, the first inhibitors of the adsorption type 

are adsorbed on the surface of metals and suppress the reactions of dissolution and reduction of 
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metals [1, 2]. Compared to inorganic corrosion inhibitors, organic inhibitors have lower toxicity, 

they can be used in small concentrations, and they have better film-forming characteristics [3-5]. 

The lubricating oil bases do not withstand high temperatures (> 250 °C) and stringent 

operating conditions and therefore anti-oxidizing additives must be used. As antioxidants of 

lubricating oils, organic compounds containing heteroatoms have been found to be widely used. 

Nitrogen-containing organic compounds are known to be used as antioxidants, detergent-

dispersing agents and corrosion additives in fuels and lubricants [6, 7]. The use of some 

nitrogen-containing compounds in a multicomponent system prevents their widespread use as 

conservation liquids. In addition, these compounds are poorly soluble in oils (especially in 

essential synthetic oils) and, accordingly, have low hydrolytic stability, which prevents their 

widespread use in industry. For example, the disadvantages of the АКОР-1Б additive used in 

conservation lubricants are its complexity (consists of 30-80% high-molecular compounds of 

alkenylsuccinic acids (ASA) amidoesters, 2-27% sulfur-containing additives, 8-53% С12-С30 - α-

olefin fraction and 1-3% antioxidant additives), short duration of corrosion protection, as well as 

high cost (due to the high content of the inhibitor (5-35% by weight)), which makes it 

economically unprofitable [8]. 

Nitro compounds synthesized by nitration of light reflux formed during tar coking were 

investigated as corrosion inhibitors [9]. The prepared 10% compositions of various nitro 

compounds are multicomponent and demonstrate a low effect (68, 80, 85 days in the hydro 

chamber "G-4") of protection against corrosion in various aggressive media. 

The aim of this work is to obtain a high-quality preservative liquid containing a nitro group 

and having a high inhibitory ability in mineral oils. 

Experimental Part 

New nitro compounds of mono- and diesters of alkenylsuccinic acids have been 

synthesized. The physicochemical parameters of the nitro derivatives of ASA are given in 

Tab. 1. 

Table 1. Physicochemical properties of mono- and diesters of nitro compounds of ASA 

№ Name 
Brutto 

formula 
n 20

D   20

4  
Acid number, 

mgКОН/g 

1 

Nitro compound of dibutyl ester 

of n-hexenylsuccinic acid 

(HSA) 

C18H32N2O8 1.3170 0.8677 80.40 

2 
Nitro compound of dioctyl ester 

of n-octenylsuccinic acid (OSA) 
C28H52N2O8 1.3180 0.9029 50.25 

3 
Nitro compound of monobutyl 

ester of HSA 
C14H24N2O8 1.3465 1.0945 54.90 

4 
Nitro compound of monooctyl 

ester of OSA 
C20H36N2O8 1.4442 0.9167 59.91 

The structures of the synthesized nitro compounds have been analyzed by IR and NMR 

spectroscopies [10, 11]. 
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Fig. 1. IR spectrum of the nitro compound of dibutyl ester of HSA 

The IR spectrum of the nitro compound of dibutyl ester of HSA has the following 

absorption bands: 

 bending (1358, 1462 cm
-1

) and stretching (2874, 2933, 2960 cm
-1

) vibrations of C–H bonds 

of CH3 and CH2 groups; 

 stretching (1164 and 1730 cm
-1

) vibrations, respectively, of the C–O and C=O bonds of the 

ester; 

 stretching (1524, 1556 cm
-1

) vibrations of the С–NO2 bond. 

Comparing the IR spectra of nitro compounds of dibutyl and dioctyl esters of HSA, we can 

conclude that they are practically identical. 

NMR spectra were recorded in a Fourier spectrometer (Bruker, Germany) at an operating 

frequency of 300.18 MHz in a deuterated acetone solution at room temperature. Comparative 

data of dioctyl ester OSA and its nitro derivative are given below. 

Dioctyl ester of OSA data: NMR
 1

H (asetone-d6 δ, ppm): 0.87-0.92 (m., 9H, CH2CH3); 

1.27-1.39 (m., 26H, CH2); 1.57-1.65 (m., 4H, OCH2CH2); 1.97-2.04 (m., 2H, CH2-CH=); 2.21-

2.39 (m., 2H, =CH-CH2); 2.48 (d., 2H, CH2CO); 2.80-2.90 (m., 1H, CHCO); 4.04 (tr., 4H, O-

CH2); 5.31-5.51 (m., 2H, CH=). NMR 
13

C (asetone-d6 δ, ppm): 13.38 (-CH3); 13.52; 22.34-32.87 

(-CH2-); 41.24 (-CH-); 64.05 (O-CH2-); 126.08; 133.51 (-СH=CH-); 171.25; 173.53 (COO). 

Nitro compound dioctyl ester of OSA data: NMR 
1
H (asetone-d6 δ, ppm): 0.87-0.91 (m., 

9H, CH3); 1.27-1.40 (m., 26H, CH2); 1.57-1.67 (m., 4H, OCH2CH2); 1.96-1.98 (m., 2H, 

CH2CHNO2); 2.25-2.36 (m., 2H, NO2CHCH2); 2.59-2.81 (m., 2H, CH2CO); 2.85-3.07 (m., 1H, 

CHCO); 3.51-3.55 (m., 2H, NO2CH); 3.99-4.16 (m., 4H, O-CH2). NMR 
13

C (asetone-d6 δ, ppm): 
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13.3 (-CH3); 22.04-32.8 (-CH2-); 61.6 (-CH-); 64.4 (O-CH2-); 76.4; 88.08 (NO2C); 170.4 (COO). 

Compositions of various concentrations were prepared on the basis of nitro derivatives of 

mono- and diesters of ASA and mineral oil T-30, which were further investigated as 

conservation liquids. The presence of a nitro group in the proposed inhibitors enhances their 

inhibiting properties, as well as accelerates dissolution in mineral oils and improves quality 

indicators. Anticorrosion protection of conservation liquids obtained by adding this inhibitor to 

T-30 mineral oil has been tested in various aggressive environments. 

The ability to protect the conservation liquid from corrosion was studied in the hydro 

chamber “G-4” in accordance with GOST 9.054-75, and the tests were carried out on “Steel-3” 

metal plates, in harsh conditions - at high humidity (98 - 100%) and temperature (40 ± 2 ° C). 

Plates are stored for 24 hours in conservation liquids prepared at room temperature. The duration 

is 600 (25 days) hours. If the service life of the metal in the hydro chamber is 1000 hours (42 

days), then the corrosion protection is considered to be 100%, and the effectiveness of the 

conservation liquid is "above normal". 

Below are the test results of compositions based on mono- and diesters of ASA and their 

nitro compounds as corrosion inhibitors in various aggressive environments (Tables 2, 3). 

Table 2. Anticorrosive properties of dioctyl ester of OSA compositions and its nitro compounds 

as conservation liquids 

№ Composition % 
Hydro chamber 

“G-4”, day 

Sea water, 

day  

0.001% H2SO4 

solution,day 

1 Dioctyl ester of OSA + T-30 3 82 59 63 

2 Dioctyl ester of OSA + T-30 10 91 63 63 

3 
Nitro compound of dioctyl ester 

of OSA + T-30 
3 108 59 63 

4 
Nitro compound of dioctyl ester 

of OSA + T-30 
10 167 83 90 

K-17 70 70 - 

НГ-203A 83 16 - 

The protective properties were recorded from the day of the initial corrosion spots by 

visual inspection on the surface of the metal plate and were evaluated by day. 

To compare the results obtained, similar tests were also carried out with diesters ASA. As 

can be seen from the data in Tab. 2, the nitro compounds of these diesters exhibit higher 

anticorrosive properties. For example, 10% compositions of dioctyl ester of OSA and its nitro 

compounds in T-30 mineral oil are kept for 91 and 167 days in the hydro chamber “G-4”, 63 and 

83 days in sea water, 63 and 90 days in a 0.001% of sulfuric acid solution, respectively. 

Dibutyl ester of HSA and its nitro derivative were tested in accordance with the current 

standard (ASTME-85) in an experimental chamber "CORROSIONBOX-1000E" in the 

condensation phase. 
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Table 3. Anticorrosive properties of dibutyl ester of HSA compositions and its nitro compounds 

as conservation liquids 

№ Composition % 
«CORROSION-

BOX-1000Е», day 
Sea water, 

day  
0.001% H2SO4 
solution, day 

1 Dibutyl ester of HSA + T-30 3 435 98 101 

2 Dibutyl ester of HSA + T-30 10 456 104 109 

3 
Nitro compound of dibutyl ester 
of HSA + T-30 

3 435 110  115  

4 
Nitro compound of dibutyl ester 
of HSA + T-30 

10 475 121 129 

As can be seen from the results, as the content of nitro compounds of esters of ASA in the 
compositions changes, their ability to protect against corrosion also changes. As the 
concentration of inhibitor added to the mineral oil increases, its protective properties also 
increase. For example, the protective effect of 10% composition of dibutyl ester of HSA and its 
nitro compound in mineral oil Т-30 withstands 456 and 475 days in the chamber 
"CORROSIONBOX-1000E," 104 and 121 days in sea water and 109 and 129 days in 0.001% 
sulfuric acid solution, respectively. 

As can be seen from the data in Tab. 2 and 3, the proposed conservation liquids have high 
values compared to the К-17 and НГ-203A conservation liquids used in industry. For example, 
the protective effect of K-17 is 70 days in the hydro chamber "G-4", 70 days in sea water, НГ-
203A - 83 and 16 days, respectively, and in the case of 3% compositions of dibutyl ester of HSA 
and its nitro derivative in mineral T-30 oil - 435 days in the chamber “CORROSIONBOX-
1000E”, 98-110 days in sea water and 101-115 days in 0.001% sulfuric acid solution, 
respectively. 

Tab. 4 shows the results of tests of compositions prepared on the basis of nitro compounds 
of monoesters of ASA as corrosion inhibitors in the following aggressive media. 

Table 4. Anticorrosive properties of nitro compounds of monoesters ASA as conservation 

liquids 

Composition % 
«CORROSION-

BOX-1000Е», day 
Sea water, 

day  
0.001% H2SO4 
solution, day 

Nitro compound of monobutyl ester 
of HSA + Т-30 

3 98 40 46 

10 121 56 61 

Nitro compound of monododecyl 
ester of HSA + Т-30 

3 62 21 23 

10 67 25 32 

Nitro compound of mono2-octyl 
ester of HSA + Т-30 

3 75 25 32 

10 87 30 34 

Nitro compound of monobutyl ester 
of OSA + Т-30 

3 63 21 23 

10 77 28 34 

Nitro compound of monododecyl 
ester of OSA + Т-30 

3 49 15 21 

10 58 23 30 

As seen from the above samples, the best results were shown by the composition 
containing nitro compound of monobutyl ester HSA in mineral oil T-30. According to the data 
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obtained, the anticorrosive effect of 3 and 10% compositions of this compound is: 98-121 days, 
40-56 days and 46-61 days in the chamber “CORROSIONBOX-1000E”, sea water and 0.001% 
sulfuric acid solution respectively. 

When comparing the data of 10% compositions of nitro compounds of mono- and dibutyl 
esters of HSA, the anticorrosion protection increases from 121 to 475 days in the experimental 
chamber "CORROSIONBOX-1000E", from 56 to 121 days in sea water and from 61 to 129 days 
in 0.001 % sulfuric acid solution. 

Compared with compositions of nitro compounds of diesters of ASA, compositions 
prepared on the basis of nitro compounds of monoesters of ASA showed relatively low results of 
the protective effect against corrosion. 

Conclusion  
Thus, studies have shown that the synthesized nitro compounds of alkenyl succinic acid 

esters have high inhibitory properties and can be recommended as a component of conservation 
liquids. 
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