
Proceedings of Asia International Conference on Tribology 2018, pp. 414-415, September 2018 

__________ 

© Malaysian Tribology Society 
 

Tribological behaviors of novel cholesterol ester derivatives as lubricant 
additives 

Y. Jiang, Y.M. Gao, J.S. Li* 

 

Laboratory of Advanced Lubricating Materials, Shanghai Advanced Research Institute, 

Chinese Academy of Sciences, Shanghai, 201210, China. 

 
*Corresponding e-mail: lijs@sari.ac.cn 

 

Keywords: Antifriction; cholesterol ester; liquid crystal 

 

 

ABSTRACT – The purpose of this study is to 

investigate the tribological behaviors of a series of 

newly synthesized cholesterol esters with liquid crystal 

behaviors in lubricant oils as lubricant oils additives. 

Synthesis method will be introduced and tribological 

comparisons will be made between the performance of 

reference oils and oils blended with the synthesized 

cholesterol esters in respect of antifriction and wear 

reduction by the changes of parameters. The ester 

products will be characterized carefully by different 

methods. The tribological behaviours will be 

characterized by devices like UMT-tribololab and 3D 

surface optical profiler. 

 

1. INTRODUCTION 

Cholesterol is an essential part of all animal life. 

One important behaviour of it is some of its derivatives 

may generate liquid crystalline behaviours. Its unique 

schistose molecular structure may form strong and large 

films when dissolved in the oils. By tailoring the 

derivatives of cholesterol, a series of cholesterol oil 

soluble liquid crystals can be prepared. According to the 

previous studies, liquid crystals can be used in the 

lubricant systems to provide good antifriction ability 

due to its orderliness in liquid crystal (LC) phases [1-3]. 

Usually liquid crystals consist of small polar molecules 

with ester group and exhibit ultralow friction 

performance. This is mainly due to the molecules of 

liquid crystals are of long-range order arranged in one 

or two dimensions. When the force is perpendicular to 

the surface of liquid crystal molecules, it behaves like a 

solid to prevent direct contact between the surfaces. 

When the force is in the tangent direction, it orders like 

a low viscosity liquid, which can effectively reduce the 

friction coefficient [4]. Anyway, there are some weak 

points in liquid crystals limit their usage in lubricants. 

The price of the liquid crystals is usually high, and 

solubility of many liquid crystals in the oils are not good 

and even worse. Here we introduce a series of newly 

synthesized cholesterol ester derivatives with relative 

good antifriction behaviours and oil solubility. All of the 

synthesized cholesterol ester derivatives possess liquid 

crystal behaviours. The raw material cholesterol is 

relatively cheap, meaning the ester products may 

possess potentials in commercial applications. In this 

study, we provide the synthesis route of the cholesterol 

ester derivatives and evaluate the effects of the ester 

products on the antifriction behaviours when dosed in 

the lubricant oils. UMT-tribolab and 3D optical profiler 

will be adopted to provide enough test results and help 

to analyse the mechanism of tribological behaviours. 

 

2. METHODOLOGY 

2.1 General synthetic routes of cholesterol ester 

derivatives 

The synthesis route of the series of cholesterol 

ester derivatives are showed in Figure 1. All of them are 

similar in molecular structure with different alkyl chain 

length and synthesized by the same method. The alkyl 

chain length may tune the liquid crystalline behaviours 

of the products. 

 

 
Figure 1 Synthesis route of cholesterol ester derivatives. 

 

2.2 Characterization of cholesterol ester derivatives 

Nuclear magnetic resonance (NMR), Fourier-

transform infrared spectra (FTIR), Polarized optical 

microscopy (POM), Differential scanning calorimetric 

(DSC) were used to characterize the chemical structures 

and liquid crystal performance of the synthesized esters.  

Product n=8 will be chosen as an example and its 

chemical structural characterization were given at 

below: 
1H-NMR(CDCl3) δ 5.37 (1H, O-CH), 4.60 (1H, 

C=CH), 4.07 (2H, O-CH2), 2.4~2.0 (8H, C(O)-CH2), 

1.8~0.6 (58H, CH3, CH2, CH). IR (KBr, cm-1): 2929, 

2850 (aliphatic C-H), 1774(C=O ester). 

Selected optical textures of product n=8 were 

given in Figure 2. 
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Figure 2 Optical textures of cholesterol ester (n=8): (a) 

Cooling to 35°C (500×); (a) Cooling to 38°C (500×). 

 

DSC thermogram of cholesterol ester (n=8) was 

showed in Figure 3. 

 

 
Figure 3 DSC thermogram of cholesterol ester (n=8). 

 

All of the cholesterol esters possess certain degrees 

of liquid crystal phases, but cholesterol ester n=8 has the 

largest liquid crystal temperature range, from -11 to 

49°C. 

 

3. TRIBOLOGICAL TESTS 

In order to prove these cholesterol esters possess 

good tribological performance, UMT-tribolab was 

adopted to test the antifriction ability. The addition 

amount of the esters was at 1%. The force applied on 

the steel ball is 1, 2, 5 and 10N, respectively. Figure 4 

presented the obtained friction coefficients with base oil 

150N alone and 150N dosed with 1% different 

cholesterol esters from the UMT-tribolab test. 

 

 
Figure 4 Friction coefficients of different oil 

compositions at different force applied. 

 

 

 

As we can see from Figure 4, the composition that 

with 1% cholesterol ester n=8 shows better tribological 

behaviour. This phenomenon may come from the liquid 

crystal properties and its well oil solubility. 

In order to better observe the surface morphology 

of the friction scars, 3D optical profiler was used to 

provide further evidence that cholesterol esters possess 

good tribological performance. 

 

   
       (a)                                      (b) 

Figure 5 Surface morphology of steel scars: (a) 150N 

and (b) 150N with 1% cholesterol ester n=8. 

 

By comparing the surface morphology of the steel 

balls, the one of 150N with 1% cholesterol ester n=8 

shows much smaller wear scar diameter and shallower 

scar depth. Which means cholesterol ester n=8 provide 

better wear protection to the steel ball when dosed in 

150N base oil. 

 

4. CONCLUSIONS 

(a) A series of cholesterol ester derivatives was 

synthesized as the lubricant additive to provide 

better tribological performance. 

(b) This series of newly synthesized cholesterol 

ester derivatives presented relatively good 

antiwear abilities, friction-reducing behaviors 

and oil solubility. Among which, cholesterol 

ester n=8 showed best performance. 

(c) All of the products possess liquid crystal 

behaviors and their tribological mechanism was 

discussed. 
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