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Abstract 
A series of alkyl-substituted polyesters of 2,2,6,6-tetramethylolcyclohexanol was 
synthesized, their physicochemical, viscosity-temperature, thermo-oxidative and 
lubricating properties were studied. It is established that they have good viscosity-
temperature characteristics: high viscosity at 100°С (15.28-23.61 mm

2
/s), viscosity 

index (123-140 units), flash points (296-355°С) and relatively low congelation 
temperatures (-31÷-38). All the synthesized esters comparison with the esters of 
2,2,6,6-tetramethylcyclohexanol and mixture of fatty acids fr. C5-C6 are higher 
molecular weight, have high viscosity values at 100°C and 40°C, flash points and 
high viscosity index. After determining the thermo-oxidative stability, it was found 
that they have small acid numbers after oxidation (2.48-3.26 mgKOH/g), 
precipitate is insoluble in isooctane (0.1-20% mas.), evaporability (0.45-0.83% 
mas.), corrosion of aluminum alloy AK-4 (0.07-0.14 mg/cm

2
) and steel ШХ-15 

(0.08-0.20 mg/cm
2
). With determining the lubricating characteristics of polyesters 

of tetramethylcyclohexanol, it was revealed that they have high anti-wear and anti-
seize properties: critical load Pc,H=820-960 and wear diameter index                      
Dw,mm=0.40-0.56 mm. The relationship between the chemical structure and 
properties of the obtained compounds has also been studied. Based on the fact that 
the obtained polyesters have good performance characteristics, they can be offered 
as the basis for high-temperature lubricating oils, dispersion medium of high-
temperature plastic lubricants, thickening components of lubricating oils, as well as 
anti-wear and anti-seize additives to lubricating oils 

Keywords: polyesters of polyols, lubricating oils, performance properties, high-temperature 
plastic lubricants, anti-wear additives 

Introduction 
During exploitation of lubricating oils under hard conditions - high temperature and 

pressure, their operational properties become unsatisfactory. Therefore, the creation of new high-
quality lubricants, including polyester, with high viscosity-temperature, thermo-oxidative and 
lubricating characteristics is very actual and perspectival [1-3]. 

Complex polyesters of aliphatic neopolyols are widely known as the dispersion medium of 
plastic lubricants, viscous, anti-wear additives to aviation and motor oils [4-5]. 

However, with an increase in operating temperature ≥250
0
С, the viscosity, thermo-

oxidative and lubricating properties of the polyesters of aliphatic neopolyols become 
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unsatisfactory, which is due to the structural feature of these esters. 
In this aspect, the obtained polyesters on the basis of 2,2,6,6- tetramethylolcyclohexanol 

(TMCH) having many polar ester groups, cyclic fragments, a quaternary carbon atom not having 
β-hydrogen and investigation of them as new lubricants has a certain scientific and practical 
interest. 

Experimental Part 
In the present work, the properties of alkyl-substituted polyesters of 2,2,6,6-

tetramethylolcyclohexanol (TMHC) with caproic, glutaric, pimelic, azelaic acids, methyl, hexyl, 
and 2-ethyl-hexyl alcohols were obtained and investigated. 

The feedstock for the production of polyesters of TMCH is a cyclic polyatomic alcohol- 
2,2,6,6-tetramethylolcyclohexanol, which was synthesized according to the known method [6], 
by condensation of cyclohexanol with formaldehyde in an alkaline medium in the presence of a 
calcium oxide (CaO) catalyst. 

TMCH is a white crystals with a melting point of 129-130
0
C. It is well soluble in water and 

polar organic solvents, in particular methanol, pyridine, dimethylformamide, etc., does not 
dissolve in ether, acetone, benzene and chloroform. 

 

The esterification reaction of TMCH was carried out in several stages in the presence of a 
para-toluenesulfonic acid (PTSA) catalyst  (1% load at each stage) and toluene as an azeotropic 
agent at a temperature of 160-180

0
С. In the first stage, esterification was carried out to obtain 

tetraester of TMCH with caproic acid, then the remaining hydroxyl group in the second stage 
was esterified with dicarboxylic acid, in the third stage, the free carboxyl group of the 
dicarboxylic acid was esterified with monoatomic alcohol. 

The reaction of obtaining polyesters can be represented as follows: 
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             where:  m=3                           m=5                                     m=7                             
           R= -CH3      (I)                       R= -CH3   (IV)                    R= -CH3     (VII) 
          -C6H13   (II)                           -C6H13 (V)                          -C6H13  (VIII) 
          -C8H17   (III)                          -C8H17  (VI)                        -C8H17    (IX) 

The esterification was washed with 5% NaOH solution and water until neutral. After 

distillation of toluene and the easy volatile products of the reaction were removed, the esters 

were evacuated at a residual pressure of 1-2 mm Hg  and temperatures up to 210-250
0
С. 

The yield of polyesters was 78-85% of theoretical. 

The structure of the synthesized polyesters of TMCH was confirmed by IR, NMR and 

mass spectroscopy, as well as the determination of molecular weight, density (GOST 3900-85), 

acid (GOST 5985-79) and ester (GOST 17362-71) numbers. The kinematic viscosity at 40°C and 

100°C (GOST 33-2000), flash point (GOST 4333-87), congelation temperature                             

(GOST 20287-91), and evaporability (GOST 9566-74) were determined. 

The IR spectra of esters of TMCH were taken by means of microscope Furye ALPHA 

(firm BRUKER, Germany) in the wavelength range 600-4000 cm
-1

. 

The NMR-H
1
 spectra of ester were taken on spectrometer «Furye» of production of firm 

BRUKER (Germany), operating at pulse mode frequency 300.18 MHs. 

An example of the spectral confirmation of the structure of the synthesized polyesters of 

TMCH selected ester of TMCH with caproic, glutaric acid and methyl alcohol (ester I). The 

corresponding IR and NMR spectra are presented below (Fig. 1-2). 

 
Fig.1. IR spectrum of polyester of TMCH with caproic, glutaric acids and methyl alcohol 
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In the IR-spectrum of polyester of TMCH with caproic, glutaric acids and methyl 

alcohol: 

 absorption bands (a.b.) of CH3 and CH2 groups, С–Н bond have been detected  in the 

field of 733, 1380, 1462 cm
–1

 (deformation) and 2861, 2931, 2995 cm
–1

 (valence); 

 deformation a.b. (943 cm
–1

) in the group of CH2, C-H bond group in cycle; 

 ester valence bonds of C-O and C=O (1165, 1243, 1274 and 1735 cm
–1

), respectively. 

 
Fig.2. NMR-H spectrum of polyester of TMCH with caproic, glutaric acids and methyl alcohol 

In the NMR-spectrum of polyester of TMCH with caproic, glutaric acids and methyl 

alcohol: 

• absorption bands (a.b.) σ = 0.83-0.88 ppm resonance absorption of CH3- groups; 

• magnetic fields at 1.27; 1.56; 1.9 ppm alkyl chain -CH2 and CH- groups; 

• a.b. σ = 2.22-2.32 ppm CH2- groups of  fragment; 

• a.b. σ = 3.50-3.90 ppm refer to ether groups (-O-CH2-) 
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Fig.3. Mass spectrum of TMCH polyester with caproic, glutaric acids and methyl alcohol 

In the mass spectrum of the polyester of TMCH detected: 

 mass spectrum, m/z (I rel.,%) 740 (100) [М]
+
, 741,47 (43,3), 742,48 (12,1); 

 found, m/z 740, 483 [М+Н]
+
. С40Н68О12; 

 calculated, m/z 740, 47. 

Thermal-oxidative stability (TOS) of polyesters was determined on GOST 23797-79 in the 

volume, the lubricanting properties have been determined  on GOST 9450-75 on a four-ball 

friction machine (FBM) at 20 ± 5°С, on the balls by diameter of 127 mm  from steel of mark 

ШХ-15, in the number of revolutions 1500 mm
-1

. 

Results and Discussion 
The physical-chemical characteristics of the obtained esters are given in Tab.1. 
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Table 1. Physico-chemical characteristics  of polyesters of TMCH  

Number 

of esters 

Molar ratio of components Yield, 

% mas. 

Refractive    

  index, 
20

Dn  

Density at 

20°С, kg/m
3
 

Molar 

mass 

I 
TMCH, caproic, glutaric acid, 

methanol (1:4:1:1) 
85 1.4740 1110 740 

II 
TMCH, caproic, glutaric acid, 

hexanol (1:4:1:1) 
83 1.4760 1125 810 

III 
TMCH, caproic, glutaric acid, 

2-ethylhexanol (1:4:1:1) 
80 1.4750 1122 838 

IV 
TMCH, caproic, pimelic acid, 

methanol (1:4:1:1) 
82 1.4700 1106 768 

V 
TMCH, caproic, pimelic acid, 

hexanol (1:4:1:1) 

80 1.4720 1118 838 

VI 
TMCH, caproic, pimelic acid, 

2-ethylhexanol (1:4:1:1) 

79 1.4730 1120 866 

VII 
TMCH, caproic, azelaic acid, 

methanol (1:4:1:1) 
81 1.4680 1106 796 

VIII 
TMCH, caproic, azelaic acid, 

hexanol (1:4:1:1) 
71 1.4640 1103 866 

 

IX 

TMCH, caproic, azelaic acid, 

2-ethyl hexanol (1:4:1:1) 78 1.4670 1101 894 

X 
TMCH and mixture of 

fatty acids fr. С5-С6 
77 1.4742 10260 703 

XI 
Pentaerythritol ester and 

mixture of fatty acids fr. C5-C9 

85 1.4500 9810 640 

As can be seen from Tab. 1, esters compared with reference esters are more high-molecular 

with retaining high values of the refractive index. 

The density of all polyesters at 20°C is higher than 1000 kg/m
3
. 

The viscosity-temperature, TOS and lubricating characteristics of polyesters were 

determined. From Tab. 2 shows that the obtained polyesters have a relatively high viscosity at 

100°С (15.28-23.61 mm
2
/s), a high viscosity index (123-140 units), a flash point (296-355°С) 

and relatively low congelation (minus 31 ÷ minus 38°C). However, all the synthesized esters 

compared with the individual esters of TMCH are higher molecular weight, have higher 

viscosity values, flash point and, importantly, a high viscosity index. 
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After determining the TOS of polyesters (Tab. 3), it has been found that they have small 

acid numbers after oxidation (2.48-3.26 mgKOH/g), a residue that is insoluble in isooctane 

(0.10-0.20 % mas.), evaporability (0.45-0.83% mas.), corrosion of AK-4 (0.07-0.14 mg/cm
2
) and 

ШХ-15 (0.08-0.20 mg/cm
2
). When comparing the TOS of polyesters of TMCH with individual 

analogues and pentaerythritol esters, they significantly exceed them. 

In determining the lubricating characteristics of TMCH, it has been found that they have 

high anti-wear and anti-seize properties. As can be seen from table 4, they have a critical load, 

Pc,H=820-960 and wear diameter index, Dw,mm=0.40-0.56 mm. 

 These esters having a relatively high molecular weight, can withstand loads at high 

temperatures (≥250°C), forming a strong and durable oil film between the rubbing surfaces. 

Since they are polyesters, have many polar ester groups and asymmetric molecules of esters, all 

these factors play a large role in the lubricity of these compounds. From table 4 it is also seen 

that the complex esters of TMCH in comparison with the individual esters and pentaerythritol 

esters, have high lubricity [9-10]. 

Thus, the synthesis and study of a number of alkyl-substituted polyesters of TMCH show 

that they have a significant advantage in comparison with the individual esters of this series and 

polyesters of aliphatic polyols, which allows us to recommend them as special-purpose 

lubricants, a dispersion medium of high-temperature plastic lubricants, thickening components of 

lubricating oils, as well as antiwear and anti-seize additives for lubricating oils. 

Table 2. Viscosity-temperature properties of polyesters of TMCH 

Number of 

esters 

Viscosity, mm
2
/s, at 

tem., °C 

Viscosity 

index 

Temperature, °С 

40       100 flash congelation 

I 61.72 15.28 136 296 -36 

II 74.68 18.26 132 312 -33 

III 80.12 19.18 140 321 -38 

IV 65.52 16.33 128 328 -33 

V 71.63 17.98 125 334 -31 

VI 81.39 20.01 133 341 -30 

VII 69.22 17.48 123 346 -34 

VIII 79.48 19.56 131 349 -32 

IX 94.91 23.61 135 355 -36 

X 31.80 7.56 123 276 -62 

XI 14.90 4.50 130 246 -56 
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Table 3. Thermal-oxidative characterization of polyesters of TMCH 

Number of 

esters 
Acid number 

mgKOH/g 

(after oxidation) 

Precipitate 

insoluble in 

isooctane,% mas. 

Corrosion, 

mg/cm
2
 

Evaporability 

% mas. 
AK-4 ШХ-15 

I 2.8 0.12 0.07 0.08 0.45 

II 3.0 0.16 0.09 0.12 0.49 

III 3.1 0.17 0.10 0.12 0.53 

IV 2.96 0.10 0.08 0.10 0.62 

V 3.18 0.18 0.10 0.13 0.69 

VI 3.26 0.22 0.11 0.15 0.71 

VII 2.48 0.15 0.10 0.13 0.72 

VIII 2.66 0.16 0.12 0.15 0.76 

IX 2.95 0.20 0.14 0.20 0.83 

X 1.48 0.08 0.04 0.06 0.9 

XI 1.89 0.021 0.110 1.790 1.25 

Table 4. Lubricating characteristics of some polyesters of TMCH  

Number of esters Critical load, Pc,Н Wear index 

Dw,mm at P=196 Н 

I 820 0.56 

II 940 0.40 

III 960 0.45 

IV 900 0.55 

V 920 0.50 

VI 950 0.55 

VII 910 0.50 

VIII 930 0.40 

IX 980 0.45 

X 680 0.70 

XI 500 0.79 

Conclusions 

1. A series of alkyl-substituted polyesters of 2,2,6,6-tetramethylolcyclohexanol was 

synthesized, their physicochemical, viscosity-temperature, thermo-oxidative and 

lubricating properties were studied. It has been established that they have good viscosity-

temperature, thermo-oxidative and lubricating characteristics. 

2. It was found that these esters, in comparison with individual TMCH esters and 

pentaerythritol-based polyesters, have high indices: viscosity index-123-140 units, flash 

point- 296-355°С, lubricating characteristics: critical load Рc,Н=820-960 and wear 

diameter index, Dw,mm=0.40-0.56 mm. They also have high thermo-oxidative 

characteristics. 
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3. Based on this, the obtained polyesters are proposed as the basis for high-temperature 

lubricating oils, dispersion medium of high-temperature plastic lubricants, as well as 

antiwear and anti-seize additives for lubricating oils. The relationship between the 

chemical structure and properties of the obtained compounds was also studied, and a 

number of regularities were found enriching the work performed. 
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