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Abstract 

The investigations on preparation of the conservation oils on the basis of 

monoalkyl(С8-С12)phenolformaldehyde oligomers modified by imidazolines 

of various composition and turbine oil T-30 have been carried out. The 

corrosion aggressiveness of a medium has been determined using metal 

plates “Steel-10” in the climatic chamber, sea water and 0.001% solution of 

H2SO4. It has been established that the anticorrosion effect of 

phenolformaldehyde oligomers modified by imidazolines on the basis of 

fatty acids of the vegetable and corn oils is high and considerably exceeds 

indices on oil. Among the investigated samples the longest effect of 

anticorrosive protection corresponds to the conservation liquid containing 

monoalkyl(С8-С12)phenolformaldehyde oligomers modified by imidazoline 

on the basis of fatty acids of the sunflower oil with TETA at molar ratio 1:1 

in a quantity 10% and turbine oil T-30. The effect of anticorrosive 

protection is 485 days in the climatic chamber, 324 days in sea water, 372 

days in 0.001% solution of Н2SO4 

Keywords:  corrosion, conservation liquids, imidazolines, vegetable oils, monoal-                      

kyl(С8-С12)phenolformaldehyde oligomers, turbine oil Т-30 

Introduction 

Now, one of the most important scientific-technical problems in many countries of the 

world is the extension of lifetime and increase of stability of the metal materials and 

constructions to the processes of corrosion destruction. The actuality of the problem of 

anticorrosive protection is based not only on necessity for rational use and storage of the metal 

constructions, but also on necessity of the environment protection and preservation of the natural 

resources. In connection with complex and various demands of modern technique, the successful 

fight against corrosion needs to be developed with complex scientific solutions. One of the 

methods of corrosion protection of the metal constructions is the use of protective coatings, 

inhibitors, etc. For ex., the oligomers on the basis of the phenol compounds with formaldehyde 

are widely used as protective film-forming materials [1], and also antioxidative, anticorrosive 

additives for oils [3,4].  The polar hydroxyl, methylol groups, as well as phenol nuclei with high 

electron density in their composition favor corrosion protection. [5,6]. On the other hand, the 

inhibitors, which are compounds having heteroatoms, such as  N, P, S, O in their composition 
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have been widely used. Their anticorrosion properties can be connected both with chemisorption 

on metal surface and with destructive influence on oxidative processes. To date, dozens of the 

individual substances and mixtures on their basis are known as corrosion inhibitors, among 

which the imidazolines are widely expanded [7-8]. Usually the imidazoline molecules consist 

mainly of the head imidazoline group, "hanger" and hydrocarbon "tail." Molecular modeling 

shows that the head group and "hanger" are responsible for binding the molecule with metal 

surface, and "tail" forms a protective monolayer [9].  

Considering the above-mentioned ones, it has been set a goal of creation of the new 

effective corrosion inhibitors on the basis of phenol oligomers and nitrogen-containing 

components – imidazolines. For achievement of this goal the modification of the phenol 

oligomers by imidazolines has been carried out. There have been previously carried the 

investigations on synthesis and study of properties of monoalkyl (С8-С12) phenolformaldehyde 

oligomers (PhFO) modified by imidazolines on the basis of the natural petroleum oils and 

polyamines [10-13]. In this work as modifiers of monoalkyl(С8-С12) PhFO the imidazolines 

synthesized on the basis of acids isolated from sunflower, corn oils and polyamines – 

polyethylene polyamine (PEPA) and also products from fractional distillation in vacuum – 

diethylene triamine (DETA) and triethylene tetramine (TETA) have been used. 

Experimental Part 

 The modification of monoalkyl(С8-С12)PhFO by imidazolines has been carried out on 

known methodology [10], the physical-chemical, thermal properties, solubility of the synthesized 

oligomers in various solvents have been studied. In Tab. 1,2 the component and quantitative 

compositions both imidazolines used with the aim of modification and molar ratio of the initial 

reagents of the modification processes are presented.  

Table 1. Composition of imidazoline compounds on the basis of fatty acids of the sunflower oils 

(FASO) and monoalkyl(С8–С12)PhFO modified by them  

 

 

 

№ 

Qualitative and quantitative composition of 

imidazolines  

(mol.ratio acid: amine) 

Molar ratio of alkylphenols, 

formaldehyde and imidazoline 

1 FASO:DETA=1:1 1:0.85:0.1 

2 FASO:DETA =1:1 1:0.85:0.2 

3 FASO:DETA =1:1 1:0.85:0.3 

4 FASO:TETA=1:1 1:0.85:0.1 

5 FASO:TETA =1:1 1:0.85:0.2 

6 FASO:PEPA=1:1 1:0.85:0.1 

7 FASO: PEPA =2:1 1:0.85:0.1 
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Table 2.  Composition of imidazoline compounds on the basis of fatty acids of the corn oils 

(FACO) and monoalkyl(С8–С12)PhFO modified by them  

The inhibiting properties of monoalkyl(С8-С12)PhFO modified by imidazolines in turbine 

oil of mark T-30 in a quantity 5-10% have been investigated. The analyses have been carried out 

according to GOST 9.054-75 (Conservation oils, lubricants and inhibited film-forming oil 

compositions) with use of the metal plates of mark “Steel-10» in the climatic chamber, sea water 

and 0.001% aqueous solution of H2SO4 before the first corrosion centers. The results of the 

investigations in these media are presented in Tab. 3 and 4.  

Table 3. Indices of monoalkyl(С8-С12)PhFO modified by imidazolines on the basis of FASO as 

corrosion inhibitors in turbine oil T-30 

№ 

(№ in 

Tabl.1) 

Composition of 

conservation liquid  
% 

Climatic 

chamber 

(duration in 

days) 

Sea water 

(duration 

in days) 

0.001% aqueous 

solution of H2SO4 

(duration in days) 

1 Turbine oil T-30 100 34 15 9 

2 (1) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod.FASO:DETA=1:1 

95 

5 

 

203 

 

159 

 

171 

3 (1) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:DETA=1:1 

90 

10 
207 165 177 

4 (2) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:DETA=1:1 

95 

5 

 

211 

 

170 

 

183 

5 (2) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:DETA=1:1 

90 

10 

 

215 

 

176 

 

187 

6 (3) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:DETA=1:1 

95 

5 

 

222 

 

182 

 

192 

№ 
Qualitative and quantitative composition of 

imidazolines (mol.ratio acid: amine) 

Molar ratio of alkylphenols, 

formaldehyde and imidazoline 

1 FACO:DETA =1:1 1:0.85:0.1 

2 FACO:DETA =1:1 1:0.85:0.2 

3 FACO: DETA =1:1 1:0.85:0.3 

4 FACO:TETA=1:1 1:0.85:0.1 

5 FACO:TETA=1:1 1:0.85:0.2 

6 FACO:PEPA=1:1 1:0.85:0.1 

7 FACO:PEPA=2:1 1:0.85:0.1 
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Cont. of Tab. 3 

7 (3) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:DETA=1:1 

90 

10 
228 187 199 

8 (4) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:TETA=1:1 

95 

5 

 

458 

 

303 328 

9 (4) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:TETA=1:1 

90 

10 
485 324 372 

10 (5) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:TETA=1:1 

95 

5 
287 236 247 

11 (5) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:TETA=1:1 

90 

10 
298 242 255 

12 (6) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:PEPA=1:1 

95 

5 
251 210 222 

13 (6) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:PEPA=1:1 

90  

10 
259 221 234 

14 (7) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:PEPA =2:1 

95   

5 
260 218 231 

15 (7) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FASO:PEPA=2:1 

 90 

 10 
267 230 243 

As is seen on data presented in Tab. 3, the monoalkyl(С8-С12)PhFO modified by 

imidazolines on the basis of FASO possess sufficiently high indices of anticorrosive protection 

in comparison with oil (appearance of the first corrosion center is observed in the hydrochamber 

after 34 days, in sea water after 15 days, in 0.001% solution of H2SO4 after 9 days).  Comparing 

the indices of the duration of anticorrosive protection, one can say that the conservation 

compositions including monoalkyl(С8-С12)PhFO modified by imidazolines on the basis of FASO 

with DETA are slightly concede to monoalkyl(С8-С12)PhFO modified by imidazolines on the 

basis of FASO with PEPA. So, the indices of efficiency for oligomers on the basis of FASO with 

DETA in the molar ratio 1:1 are smoothly increased with increase of the molar quantity of 

imidazoline by the same quantity of alkylphenols and reach their maximum value at molar ratio 

alkylphenol : formaldehyde : imidazoline 1:0,85:0,3 and is equal to 228 days in the climatic 

chamber, 187 days in sea water, 199 days in 0.001% solution of Н2SO4 in its addition to turbine 
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oil T-30 in a quantity 10%. For conservation compositions containing oligomers modified by 

imidazolines on the basis of FASO  with PEPA in the molar ratio 1:1 and 2:1 it is observed an 

increase of protection duration with increase of the molar ratio of acid to polyamine, considering 

that the molar ratio of imidazoline to alkylphenols remains standardly unchanged 1:0.1. The 

appearance of the first corrosion center is observed after 267 days in the climatic chamber, 230 

days in sea water, 243 days in 0.001% solution of Н2SO4 in its addition to turbineoil T-30 in a 

quantity 10%. The longest effect of anticorrosive protection corresponds to the conservation 

liquid containing oligomer modified by imidazoline on the basis of FASO with TETA in the 

molar ratio 1:1 at molar quantity of imidazoline to 1 mol of monoalkylphenols 0,1. The 

anticorrosive effect is 485 days in the climatic chamber, 324 days in sea water, 372 days in 

0.001% solution of Н2SO4 in its addition to turbine oil T-30 in a quantity 10%. The efficiency of 

the protection of the same composition, but at molar quantity of imidazoline to 1 mole of 

alkylphenols 0.2 sharply concedes to the previous one both in addition to turbine oil in a quantity 

5% and in a quantity 10%. 

Table 4. Indices of monoalkyl(С8-С12)PhFO modified by imidazolines on the basis of FACO as 

corrosion inhibitors in turbine oil T-30  

№ 

(№ in 

Tabl.2) 

Composition of 

conservation liquid  
% 

Climatic 

chamber 

(duration in 

days) 

Sea water 

(duration in 

days) 

0.001% aqueous 

solution of H2SO4 

(duration in days) 

1 Turbine oil T-30 100 34 15 9 

2 (1) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:DETA=1:1 

95 

5 
295 241 253 

3 (1) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:DETA=1: 

90 

10 
307 254 265 

4 (2) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:DETA=1:1 

95 

5 
316 255 266 

5 (2) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:DETA=1:1 

monoalkyl(С8-С12)PhFO  

90 

10 
325 261 272 

6 (3) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:DETA=1:1  

95 

5 
352 292 302 

7 (3) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:DETA=1:1  

90       

10 
365 301 310 
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Cont. of Tab. 4 

8 (4) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:TETA=1:1 

95 

5 
312 245 257 

9 (4) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:TETA=1:1  

90 

10 
324 253 269 

10 (5) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:TETA=1:1  

95 

5 
278 237 245 

11 (5) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:TETA=1:1  

90 

10 
289 246 252 

12 (6) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:PEPA=1:1  

95 

5 
178 149 158 

13 (6) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:PEPA=1:1  

90 

10 
186 157 

 

166 

 

14 (7) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:PEPA=2:1  

95 

5 
212 157 169 

15 (7) 

Turbine oil T-30 of 

monoalkyl(С8-С12)PhFO  

mod. FACO:PEPA=2:1  

90 

10 
220 168 177 

It is seen from data of Tab. 4 that all prepared conservation compositions do not have an 

exceptionally sharp difference in the efficiency of anticorrosive protection. But all the same, thin 

border between them can be carried out. The compositions containing oligomers modified by 

imidazolines on the basis of FACO and PEPA concede to the compositions containing oligomers 

modified FACO with DETA and TETA in the duration of the anticorrosive protection effect. The 

maximum protection effect among them belongs to the composition containing turbine oil T-30 

in a quantity 90% and oligomer modified by imidazoline on the basis of FACO and PEPA at 

ratio 2:1 at molar quantity to alkylphenols 0.1 - 10%. The formation of the first corrosion center 

was observed in the climatic chamber after 220 days, in sea water after 168 days, in 0.001% 

solution of Н2SO4 after 177 days. Among the conservation compositions containing oligomers 

modified by imidazolines on the basis of FACO and TETA, the composition containing 10% of 

the oligomer modified by imidazoline (in a quantity 0.1mol per 1 mol of alkylphenols) 

synthesized in the molar ratio of FACO and TETA 1:1, respectively, and 90% of turbine oil T-3 

has the highest effect of anticorrosive protection. The protection effect is 324 days in the climatic 

chamber, 253 days in sea water, 269 days in 0.001% solution of Н2SO4. The best result of 



MONOALKYL(С8-С12)PHENOLFORMALDEHYDE OLIGOMERS MODIFIED BY IMIDAZOLINES … 

ISSN: print - 1726-4685; online - 2519-2876 197 

anticorrosive protection belongs to the composition containing 10% of oligomer modified by 

imidazoline on the basis of FACO and DETA in the molar ratio 1:1 in its addition to oligomer in 

a quantity 0.3 per 1 mol of alkylphenols and oil T-30 in a quantity 90%. The duration of the 

anticorrosive protection effect is 365 days in the climatic chamber, 301 days in sea water, 310 

days in 0.001% solution of Н2SO4. 

The values of duration of anticorrosive protection of the conservation compositions 

containing turbine oil T-30 and analogous unmodified monoalkyl(С8-С12)PhFO in the 

composition with nitrogen-containing compounds are presented in Tab. 5.  

Table 5. Analogs /5,6/ 

№ 

 

Composition of conservation liquid  

 
% 

Climatic 

chamber 

(duration 

in days)  

Sea water 

(duration in 

days)  

 

0.001% aqueous 

solution of 

H2SO4 

(duration in 

days 

Turbine oil) 

1 
Turbine oil T-30 

Unmodified monoalkyl(С8-С12)PhFO  

90 

10 

 

160 

 

21  

 

29 

2 

Turbine oil T-30 + unmodified 

monoalkyl(С8-С12)PhFO +nitration 

product of α-olefins C14H28 

90 

5 

5 

 

126 

 

57 

 

62 

3 

Turbine oil T-30 + unmodified 

monoalkyl(С8-С12)PhFO + 

amidoamine 

90 

5 

5 

 

175 

 

50 

 

52 

4 

Turbine oil T-30 + unmodified 

monoalkyl(С8-С12)PhFO + nitration 

product of α-olefins C14H28  + 

amidoamine 

90 

 

10 

 

220 

 

113 

 

125 

It can be seen comparing the data of Tab. 3,4 and 5 that mainly, the presented conservation 

compositions are much higher than the indices of the presented unmodified analogues.   

Summarizing the total ones, one can make the following conclusions:  

 All investigated conservation compositions possess high protection against corrosion 

destruction; 

 The results of the protection effect duration are many times exceed indices on oil; 

 The results of the protection effect duration exceed indices of analogous compositions 

containing unmodified monoalkyl(С8-С12)PhFO; 

 With increase of a quantity of inhibiting component in the oil composition the protection 

effect is increased;  

 Among the compositions of the conservation liquids containing oligomers modified by 

imidazolines on the basis of FASO the longest protection effect belongs to the sample № 9 

(4) (Tab. 3); 
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 Among the compositions of the conservation liquids containing oligomers modified by 

imidazolines on the basis of FACO the longest protection effect belongs to the sample № 7 

(3) (Tab. 4); 

 The conservation composition containing oligomer modified by imidazoline on the basis of 

FASO and TETA for 485 days in a climatic chamber, 324 days in sea water, 372 days in 

0.001% solution of Н2SO4 has the longest protection effect. 
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