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Abstract 

The article presents the results of studies of the developed new thermostable 

lubricant compositions on the basis of pentaerythritol ether for aviation 

equipment with working temperature of 200-225°C. In the composition we 

introduced previously synthesized the following compounds – diphenyl 

ether of α-[(2-hydroxyphenylamino)-3-nonyloxyphenylmethane] – phos-

phornic acid, 1-N-(3
1
,5

1
-di-tret-butyl-4

1
-oxybenzyldenamino)-1,3,4-triazole, 

bis-[(S-phenylaminocarbonylmethyl sulfide], N-(p-hydroxybenzyl) diphe-

nylmethyl-amine, as well as commodity additives benztriazol and siloxane 

liquid PES-7. As a synthetic oil, pentaerythritol and synthetic fatty acids of 

the C5-C9 fraction were used. The antioxidant effect of the developed 

compositions was studied by the standard method of oxidation in bulk 

according to GOST 23797-79. Anti-wear properties were evaluated by the 

diameter of the wear spot (Di) on a four-ball friction machine according to 

GOST 9490-75. The prototype research was carried out in comparison with 

commercial oil Б-3В. The results of conducted researches showed that 

developed lubricating compositions on the main exploitation characteristics 

(viscosity-temperature, anti-oxidative, anticorrosive and anti-wear pro-

perties) noticeably exceeds the commercial oil Б-3В. It was found that the 

results obtained are achieved only with the correct selection and ratio of 

components and as a result of the manifestation of a synergistic effect due to 

the intermolecular interaction of the components of the lubricating 

composition with each other and with the base oil used. So, the proposed  

lubrication composition has good exploitation properties and may be used  

in aviation gasturbine engines 

Keywords:  additive, composition, pentaerythritol ether, inhibitor, corrosion, wear 

diameter, viscosity, sludge 

The most important requirement for synthetic lubricating oils for modern jet engines is 

their thermal oxidative stability (TOS), since these oils operate in severe temperature conditions 

and loads [1,2]. 

mailto:qadirov.58@mail.ru


LUBRICANT  COMPOSITIONS  WITH ENHANCED THERMAL OXIDATIVE STABILITY 

 

ISSN: print - 1726-4685; online - 2519-2876 407 

It should be noted that a significant drawback of synthetic-based oils produced in the 

industry, in particular Б-3В oil during operation, is highly prone to sedimentation, which is              

0.11 - 32% with a norm (optional) of not higher than 0.1%. [3,4]. 

Despite the fact that a large number of oxidation inhibitors have already been proposed, the 

problem of increasing TOS based on pentaerythritol esters at temperatures above 200°C remains 

unresolved. 

Practice shows that the main direction of improving the operational properties of 

lubricating oils on a traditional basis remains the selection and synthesis of additives of various 

types, as well as the search for synergistic mixtures of antioxidants. [5-8]. 

The purpose of this article is to achieve the compatibility (interaction of substances) of the 

effective additives used with base oil to increase the TOS of synthetic oils. 

New lubricant compositions based on pentaerythritol ester with additives have been 

developed that improve the antioxidant, anticorrosive and antiwear properties of the oil. These 

lubricating compositions contain industrial additives and the following compounds synthesized 

by us (I - IV):   
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The diphenyl ether of α - [(2-hydroxyphenylamino) -3 - nonyloxyphenylmethane] - 

phosphonic acid (I) is prepared by reacting the corresponding azomethine with 

diphenylphosphite. The resulting substance is a crystalline substance, melting at 114-116 ° C [9]. 

1-N-(3
1
,5

1
-di-tret-butyl-4

1
-oxybenzyldenamino)-1,3,4-triazole (II) was obtained by the 

reaction of a known method of 1-amino-1,3,4-triazole with 3,5-di-tret-butyl-4-

hydroxybenzaldehide , the melting point of which is 207-209
0
С [10]. 

Bis-[(S-phenylaminocarbonylmethyl sulfide] (III), added to the newly prepared 

composition as additives, is obtained by the interaction of aniline and dithioglycolic acid. It is a 

light yellow powder that melts at 150-153°С[11].  

N-(p-hydroxybenzyl) diphenylmethyl-amine (IV) is prepared by reduction of the 

corresponding azomethine with sodium borohydride. The temperature of the crystalline 

substance is 91-93
0
С [12]. 

The antioxidant effect of the developed compositions was studied by the standard method 

of oxidation in bulk according to GOST 23797-79, for 50 hours at temperatures of 200 and 

225 °C, in the presence of steel, aluminum and copper plates. 

As a synthetic oil, pentaerythritol and synthetic fatty acids of the C5-C9 fraction (PEE) 

were used. 

The test results of the prepared prototype (B), based on compounds (I-III) of antioxidant 

Ωand antiwear additives in the composition of synthetic lubricating oil, were studied at a 

temperature of 200 ° C (see Tab.1). 

The lubricating composition (C), developed using additives (I), (II) and (IV), as well as 

with industrial additives - PES-7 and benztriazole (BТА) was tested by the same oxidation 

method at 225 °C for 50 hours. The prepared lubricating compositions were tested in comparison 

with industrial oil Б-3В. 

The effectiveness of the developed lubricating compositions was controlled by the change 

in the kinematic viscosity, acidity, as well as the appearance of corrosion on metal plates and the 

formation of a precipitate in oxidized oil. As can be seen from the table, the results of 

comparative tests showed that the developed lubricating compositions (B, C), despite their 

different compositions, improve the thermal oxidative stability of the oil, affecting the main 

characteristics of oxidized pentaerythritol ether. Corrosion is almost absent on metal plates after 

oxidation. On the contrary, these indicators are not at the level required for Б-3В oil.  

 In this work, the results of testing the antiwear properties of the lubricating composition 

are also presented. Anti-wear properties were evaluated by the diameter of the wear spot (Di) on 

a four-ball friction machine (FFM) according to GOST 9490-75 with balls made of steel ШХ-15 

under the following conditions: rotation speed of the upper ball - 1420 min-1, constant axial load 

200N for 4 hours and 400N for 1 hour, oil temperature 20-25°C. The study of prototypes of the 

compositions was carried out in comparison with marketable oil Б-3В. 

The data in the table also indicate that the anti-wear properties proposed lubricant 

compositions are at the same level as the regular oil Б-3В.  
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Table 1. Thermo-oxidative stability of lubricating compositions on the basis of pentaerythritol 

ether  
 

 

The composition 

and number of 

prototypes 

(compositions 

based on PEE) * 

After oxidation 
Wear spot 

diameter Di,  mm 

 A.N., 

mgK

OH/g 

The 

sedim. 

cont.,% 

Kinematic 

viscosity, 

mm
2
/s 

Corrosion of metals, g/m
2
 

1h 

(40kГс) 

4 h 

(20 kГс) 
at 

100
0
C 

at - 

40
0
C 

AK-4 ШХ-4 M-1 

200
0
C 

50  h 

А 

Б-3В (1.5% 

captax 

+ 0.3% p-

oxydiphenyla

mine) 

3.4 0.1 7.67 27580 0 0 -82.0 0.45 0.5 

B 

0.5% (I) + 

0.1% (II)  

+0.5% (III)+ 

0.1% БТА**
 

2.2 0.108 6.15 21750 +0.0023 +0.0035 -0.0075 0.50 0.58 

225
0
C 

50 h 
C 

0.5%(IV)+ 

0.3%(II) + 

0.5%(I)+ 0.1% 

BТА +10% 

PES-7 

2.5 0.15 6.3 22860 +0.0034 +0.0063 -0.0056 0.53 0.56 

* Oil before oxidation has an acid number of 0.4 mgKOH / g, viscosity at 100
о
С  5.1mm

2
/s,  - 40 

о
С   9850 mm

2
/s 

** BТА and PES-7 are industrial additive 

Thus, lubricant compositions developed using synthesized compounds (I – IV) containing 

phosphorus, sulfur and other active functional groups in their molecules eliminate the 

disadvantages caused by the thermal oxidation of synthetic lubricants. 

Moreover, the results obtained are achieved only with the correct selection and ratio of 

components and as a result of the manifestation of a synergistic effect due to the intermolecular 

interaction of the components of the lubricating composition with each other and with the base 

oil used. 

The use of new lubricating compositions, unlike Б-3В, significantly reduces 

sedimentation at high temperatures and loads and effectively provides antioxidant, antiwear and 

anti-corrosion properties of synthetic lubricating oil. 
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