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Abstract: The passion for replacing petroleum-based lubricants with renewable and sustainable 

alternatives has encouraged the development of plant-based biolubricants. In this work, a synthesis of 

di (2-butyloctyl) dicarboxylate esters for biolubricant base oil was carried out through esterification 

between selected dicarboxylic acids (succinic, glutaric, adipic, pimelic, suberic, azelaic, sebacic, and 

dodecanedioic) with branched alcohol (2-butyl-1-octanol) catalyzed by sulphuric acid. The synthesized 

dicarboxylate esters showed high yield percentages in the range of 88 – 98 %. The chemical structures 

were confirmed using FTIR and NMR (1H and 13C) spectroscopies. The lubrication results show that 

the synthesized dicarboxylate esters have very good low-temperature properties with pour points less 

than −70°C. Furthermore, the esters' flash point, oxidative stability, and viscosity indices increased with 

their molecular weight. Tribological results have indicated that the tested dicarboxylate esters have good 

lubrication properties with a low friction coefficient (µ) range of 0.18-0.34 at 40 and 100°C. Rheological 

analysis showed that the di (2-butyloctyl) dicarboxylate esters were non-Newtonian. The synthesized 

products were categorized as ISO VG 32 and compatible with some selected commercial lubricants. 

These make them plausible to be used hydraulic fluids for various industrial applications such as gear, 

hydraulic, and transmission fluids in heavy machinery usage. 
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1. Introduction 

The world's request for plant-based oil lubricants has grown dramatically during the 

past decade, whereas petroleum-based oil lubricants have reduced much more slowly. This is 

due to the recent society's dependence on alternative energy technologies. Nowadays, society 

will always need plant-based renewable sources lubricants as an alternative to replace 

petroleum-based lubricants dependency [1-3]. Furthermore, due to the rapid depletion of world 

petroleum reserves, raw materials costs for plant-based renewable resources are getting more 

comparable with those from petroleum sources. 

 Therefore, the production cost is not the main issue for growing plant-based 

biolubricants market dissemination [4, 5]. Thus, a new era for developing plant-based, 

environmentally friendly biolubricants has emerged tremendously. Plant-based biolubricants 
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oils are favored in applications where direct contact with the environment occurs. Engine oils 

and hydraulic fluids are major application areas for biodegradable lubricants in the market. For 

example, two-stroke engine oils, marine oils, chainsaw-bar oil, cutting-and-driving chain oils, 

oil for water and underground pumps, metal-cutting oils, agricultural equipment lubricants, 

rail-flange lubricants, etc., need to be environmentally friendly alternatives [6, 7]. 

For example, more than 60% of the lubricants used in the United States have polluted 

the environment through spillage, evaporation, and total loss of lubrication. These include 

using chainsaw oils, two-stroke engines, exhaust fumes in engines, concrete mold release oils, 

and metal cutting and forming processes [8, 3]. Therefore, using plant-based lubricants with 

low toxicity would pose fewer hazards to environmental problems. Lubricants from plant-

based renewable sources or biolubricants have long been known for their advantages over 

petroleum-based lubricants. The propitious ecological possessions of biolubricants have been 

reported elsewhere [9, 10]. Biolubricants based on renewable plant sources are readily 

biodegradable and have very low or almost insignificant properties, especially in the aquatic 

environment. Biodegradability of the compounds is related to the breakdown or degradation in 

the environment by the natural means and action of microorganisms such as bacteria. The rate 

of biodegradability of the compounds mainly depends on the functionality group's presence in 

the chemical structure, the type and level of microbial activity, level of aeration, temperature, 

presence of water, and other environmental factors. In general, functionality groups with the 

lowest energy state show higher chemical stability, which reduces degradation rates. However, 

polyol esters from plant-based renewable sources, for example, which have relatively high 

thermal stabilities, are still readily biodegradable [11, 12].  

Nevertheless, most typical non-edible plant oils, such as rapeseed, castor, and Jatropha, 

meet some excellent lubrication criteria but cannot fully meet the performance criteria for most 

industrial lubricants. High composition of unsaturated fatty acids such as oleic, linoleic, and 

linolenic acids in plant oils increase the unsaturation levels and maintain the fluidity 

characteristic at low temperatures. However, the presence of bis-allylic protons, especially at a 

high level, makes these plant oils vulnerable to oxidation [13]. On the other hand, a high degree 

of saturation of the oil results in poor low-temperature properties. Most plant oils start to 

crystallize below cooling temperature (-5 °C) and tend to solidify [14]. Deposit-forming 

tendencies and low-hydrolytic stabilities are other shortcomings of plant oils if directly to be 

used as biolubricants. The lubrication performance limitations of plant-based oils can be 

overwhelmed by plant genetic modification, chemical modification, processing changes, and 

improved additive technologies [15]. Nevertheless, the chemical modification process is the 

most promising method to date, which has produced plant-based oil lubricants with promising 

oxidative and hydrolytic stabilities and lubrication properties over a broad range of temperature 

applications [16, 17].  

Two major deficiencies from plant oil biolubricants, especially their poor oxidative 

stability and pourable properties at low temperature [18-21], can be overcome through 

modification to the more versatile synthetic esters. Their poor oxidative stability can be 

amended by removing double bond functionality and replacing glycerol's main back-bone in 

the hydrocarbon molecule. Improving the molecule's structural uniformity through branched 

ester functionality has been reported to enhance the lubrication performance at low 

temperatures [22]. Synthetic esters have prominent advantages due to their low volatility as 

esters' functionality has a strong dipole moment to form stronger intermolecular attraction 

https://doi.org/10.33263/BRIAC133.278
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.278  

 https://biointerfaceresearch.com/  3 of 15 

 

bonds. The good polarity of the ester groups makes them strongly attached to the metal surface 

and consequently form excellent lubricating protection layers or films. 

Moreover, the synthetic ester has high stability against temperature due to the ester bond 

is thermodynamically stable. Diesters are one-of-a-kind synthetic esters that have a notable 

advantage in the low-temperature properties due to dumbbells configuration. The structural 

uniformity can be improved by introducing different kinds of branched alcohols [23]. The 

linear hydrocarbon acid part donates to a good viscosity index, while the branched alcohol 

contributes to good lubrication with a low pour point [24]. In general, the use of ester oils is 

embarrassed by their high price. This disadvantage could be overwhelmed by the development 

of new cheaper resources. For decades, ester oils have been widely and constantly used in 

industry as a major complement to hydrocarbon oils produced from petroleum [17, 25-27]. 

This study was carried out based on concern for the problem faced by increasing demands for 

a high-quality biolubricant. Therefore, this work's main aim was synthesizing a novel 

dicarboxylate ester using selected inexpensive dicarboxylic acids and 2-butyl-1-octanol. The 

resultant diesters were examined and predicted to possess numerous desired lubrication 

properties such as low volatility with a high flash point, good oxidative and hydrolytic stability, 

low pour points with low-temperature performance, and high viscosity index. The tribological 

and rheological properties of the synthesized diesters were evaluated. 

2. Materials and Methods 

2.1. Materials. 

All chemicals and solvents used in this study were analytical grade and used directly 

without further purification. All chemicals include dicarboxylic acids (C4 to C12; succinic, 

adipic, glutaric, pimelic, suberic, azelaic, sebacic, and dodecanedioic), 2-butyl-1-octanol, 

toluene, and diethyl ether were procured from the Sigma Aldrich.  

2.2. Structural characterization analysis.  

Functional group analyses were carried out by using a Perkin Elmer Spectrum GX 

Fourier transforms infrared (FTIR) spectrophotometer with a 4 cm-1 resolution and 10 scans in 

the mid-IR region (400-4000 cm-1). FTIR functional groups of diester spectra were measured 

through a very thin film of diester in 25 mm i.d × 4 mm thickness on NaCl cells. The molecular 

structural analyses were performed by Nuclear magnetic resonance spectroscopy (13C and 1H 

NMR) of Joel FCP 400 MHz using CDCl3 as solvent.  

2.3. Lubrication properties analysis. 

The lubrication characteristics of the products were determined according to the 

American Society for Testing Materials standard methods (ASTM). For example, all triplicates 

samples were used to measure the oxidative stability by ASTM D-6186 [28], pour point by 

ASTM D-97 [29], kinematic viscosities by ASTM D-445 [30], flash point by ASTM D-92 [31] 

and viscosity index calculated by ASTM D-2270 [18]. The tribological properties of the 

samples were measured and calculated according to the ASTM D4172-94 method [32]. The 

rheometer (Anton Paar Physica MCR 301 model, Germany) with four-ball geometry was used. 

The sliding speed and the temperature were set between 101 and 103 mm/s, and at 40 to 100 

°C, respectively [19]. To restrict the tribological properties of the biolubricant, the Stribeck 
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curve was performed and analyzed. The rheological properties were determined using one ball 

geometry setup in the Anton Paar rheometer (Anton Paar Physica MCR 301 model, Germany) 

[33]. A cone spindle CP 25-2 with 0.051 mm diameter was used. The shear rates (γ) ranging 

from (0-100) s-1 against the shear stress (τ) were measured at a temperature of 25°C. The fluid 

type was determined based on the resulting shear-stress trend. 

2.4. Esterification reaction. 

Diesters were synthesized from the esterification reaction between dicarboxylic acids 

with branched alcohol (2-butyl-1-octanol) in a three-necked flask equipped with a reflux 

condenser. Dicarboxylic acid (1 mole) was mixed with 2 moles of alcohol in 20-30 ml of 

toluene as a medium for the reaction. Dean Stark's distillation method was used to carry out 

the esterification process. The reaction mixture was heated in an oil bath on a magnetic heater 

and stirred until it reached the temperature of 120-130°C. Concentrated H2SO4 of 2 % (as 

dicarboxylic acid weight percentage) was added to the mixture before the reaction. After 4 

hours of reaction for completion, the flask was allowed to cool to room temperature, followed 

by the removal of toluene using a rotary evaporator at 100°C. 

3. Results and Discussion 

3.1. Chemical reaction and yield percentage. 

A series of esterification reactions were performed between dicarboxylic acids (C4-C12) 

and 2-butyl-1-octanol at a mole ratio 1:2 in the presence of 2 % (wt) of concentrated sulphuric 

acid as catalyst. Figure 1 shows the general esterification reaction to form di(2-butyloctyl) 

dicarboxylate esters. In this study, resultant products produced were di(2-butyloctyl) succinate 

(D2BOSuc), di(2-butyloctyl) glutarate (D2BOG), di(2-butyloctyl) adipate (D2BOA), di(2-

butyloctyl) pimelate (D2BOP), di(2-butyloctyl) suberate (D2BOSub), di(2-butyloctyl) azelate 

(D2BOAz), di(2-butyloctyl) sebacate (D2BOS) and di(2-butyloctyl) dodecanedioate (D2BOD). 

In general, esterification reactions gave a high yield percentage of di(2-butyloctyl) 

dicarboxylate esters as a liquid yellowish-white product (Figure 2).  

  

 

 

Figure 1. Esterification reaction of dicarboxylic acids and 2-butyl-1-octanol to form di(2-butyloctyl) 

dicarboxylate esters. 
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Table 1 shows the summary of the yield percentages of the synthesized esters. Di(2-

butyloctyl) succinate (D2BOSuc) has the highest yield percentage of 98 %, while di(2-

butyloctyl) dodecanedioate (D2BOD) has the lowest yield percentage of 88 % among the 

synthesized diester. The dicarboxylate esters' yield percentages were varied according to the 

length of the dicarboxylic acid carbon chain. The longer the carbon chain (CH2)n, the more 

negative effect with less yield of the ester. This is due to the acidity of longer carbon chain 

dicarboxylic acids and their electrophilic property decrease. The esterification rate reduces and 

thus decreases the yield percentage of the ester and vice versa [34]. 

 
Figure 2. Photos of selected di(2-butyloctyl) dicarboxylate esters.  

Table 1. Yield percentage (%) of di(2-butyloctyl) dicarboxylate ester. 

Dicarboxylate ester Formula   Yield, % 

Di(2-butyloctyl) succinate, D2BOSuc C28H54O4 98 

Di(2-butyloctyl) glutarate, D2BOG C29H56O4 96 

Di(2-butyloctyl) adipate, D2BOA C30H58O4 95 

Di(2-butyloctyl) pimelate, D2BOP C31H60O4 94 

Di(2-butyloctyl) suberate, D2BOSub C32H62O4 92 

Di(2-butyloctyl) azelate, D2BOAz C33H64O4 91 

Di(2-butyloctyl) sebacate, D2BOS C34H66O4 90 

Di(2-butyloctyl) dodecanedioate, D2BOD C36H70O4 88 

3.2. Diester structural characterization. 

The final products of di(2-butyloctyl) dicarboxylate esters were evaluated and verified 

using FTIR and NMR (1H and 13C) spectroscopy. The FTIR spectra of synthesized esters were 

basically the same due, to owing the same saturated aliphatic ester functional group. Figure 3 

shows the FTIR spectra of dodecanedioic acid and di(2-butyloctyl) dodecanedioate, D2BOD. 

Initially, the peaks of primary alcohol's hydroxyl group of 2-butyl-1-octanol, (OH) appeared at 

3365, 3410 cm-1 for the OH stretching vibrations of the carboxylic acid group (COOH), and 

1715 cm-1 for carboxylic carbonyl group C=O [35]. After the esterification process, the 

stretching vibrations peaks of hydroxyl (OH) primary alcohol and carboxylic acid group 

(COOH) disappeared in the D2BOD spectrum. Moreover, the stretching vibrations peak of 

carboxylic carbonyl group C=O disappeared and was replaced by the absorption band of 

carbonyl group C=O (ester) at 1740 cm-1. The stretching vibration of C-O (ester) was observed 

at 1175 cm-1 [35]. Furthermore, peaks representing -CH3 groups (2850-2980 cm-1) and C-O-C 

(965-1101 cm-1) of synthesized dicarboxylate esters were visible in the spectra. The FTIR 

spectra show that the ester D2BOD was successfully synthesized and suggest that the final ester 

product is free from any unreacted alcohol and carboxylic acid impurities.  
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Figure 3. FTIR spectrum of di(2-butyloctyl) dodecanedioate (D2BOD). 

 
Figure 4. 1H NMR spectrum of di(2-butyloctyl) dodecanedioate (D2BOD). 

 
Figure 5. 13C NMR spectrum of di(2-butyloctyl) dodecanedioate (D2BOD). 

The NMR spectra of synthesized esters were nearly the same due to the same saturated 

aliphatic ester type. The 1H and 13C NMR spectra of resultant product D2BOD, for example, 

are shown in Figures 4 and 5, respectively. The 1H NMR spectrum shows the 1H chemical shifts 

produced peaks that appeared at: 0.87 ppm for -CH3 (a); 1.25-1.30 ppm for -CH2- (b); 2.15 

ppm for –CH- branch (c); 3.94 ppm for RCOO–CH2 (d); 2.28 ppm for H2C–COOR (e) and 

1.58 ppm for –CH2- (f) [35] as shown in Figure 4. Meanwhile, the 13C NMR spectrum shows 

the 13C chemical shifts appeared at: 174.1 ppm for (C=O) ester; 67.06 ppm for (O-C) ester (d); 

34.78 ppm for CH2-C=O (e); 37.33 ppm for –CH- branch (d); 23.04 ppm for –CH2- (f); 31.86, 

31.03, 29.68, 29.22, 28.97and 26.72 ppm for -CH2- (b); 22.96 ppm for – CH2 (b* close to 
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carbon a); and 14.1 ppm for -CH3 terminal methyl at (a) (Pavia et al., 2015) as shown in Figure 

5. 

3.3. Lubrication properties of di(2-butyloctyl) dicarboxylate esters. 

3.3.1. Pour point. 

Pour point (PP) is the term used to show the ability of a compound to remain in liquid 

form at a certain temperature so that it can be pourable and pumpable. This PP is an important 

attribute for such compounds as biolubricants, surfactants, and fuels to be used in many 

industrial applications. The PP is the lowest temperature where the samples are preserved in 

liquid form [36]. The PP of di(2-butyloctyl) dicarboxylate esters is summarised in Table 2. All 

synthesized di(2-butyloctyl) dicarboxylate esters have very low PP less than -65°C, which 

reflects that these esters are liquid from -65°C upwards. It is known that the PP of esters 

increases according to the molecules' weight. However, it also depends on the chemical 

structure of the esters. The straight carbon chain esters have higher PP values as compared to 

the branched esters within the same carbon number. This is due to the compact molecule 

arrangement and sticking to each other in the straight carbon chain ester [22].  

In this study, the PP of di(2-butyloctyl) dicarboxylate esters was reduced by the 

branching carbon chain ester functional group on each side of the molecule [37]. It can be 

assumed that a steric barrier around the individual branched molecules leaves the hollow 

molecule arrangement and inhibits crystallization. Therefore, a large branching group in the 

synthesized ester creates those effects, resulting in lower pour points [19, 38]. Miller et al. [39] 

reported that the increase in the branching of chain carbons of lubricant causes a decrease in 

the pour point values because it gives steric hindrance around the molecule, which resists 

crystallization.  

Based on the PP results, these synthesized diesters are plausible to be used in gear oils, 

automatic transmission fluids, hydraulic fluids, engine oils, and brake fluids. Low-temperature 

performance is important in some applications like snowmobile-type vehicle engines [40, 41]. 

In general, the PP of all synthesized di(2-butyloctyl) dicarboxylate esters outstandingly 

exceeded the PP performance of commercial lubricants. 

Table 2. Lubrication properties of di(2-butyloctyl) dicarboxylate esters and commercial lubricants. 

Di(2-butyloctyl) 

dicarboxylate esters 
PP (°C) FP (°C) 

KV @ 40 ºC 

(cSt) 

KV @ 100 ºC 

(cSt) 
VI 

ISO Visc

osity 

Grade 

D2BOSuc <-70 233 ± 3 25.6 ± 0.4 3.5 ± 0.1 157 ± 3 32 

D2BOG <-70 242 ± 6 26.2 ± 0.3 3.8 ± 0.1 161 ± 2 32 

D2BOA <-70 253 ± 3 26.8 ± 0.2 4.2 ± 0.0 167 ± 2 32 

D2BOP <-70 268 ± 5 27.2 ± 0.1 4.6 ± 0.2 169 ± 3 32 

D2BOSub <-70 280 ± 3 28.1 ± 0.1 5.8 ± 0.2 178 ± 3 32 

D2BOAz <-70 285 ± 4 29.4 ± 0.3 6.0 ± 0.1 180 ± 1 32 

D2BOS <-70 290 ± 5 30.5 ± 0.1 6.2 ± 0.1 183 ± 1 32 

D2BOD -65 ± 2 300 ± 5 31.7 ± 0.1 8.8 ± 0.1 193 ± 3 32 

Denicol Compressor Oil ISO 32a -29 ± 1 218 32.5 ± 0.2 5.4 ± 0.1 99 ± 1 32 

Denicol Compressor Oil ISO 46a -23 ± 2 237 45.7 ± 0.3 6.8 ± 0.2 103 ± 2 46 

SubsTech Hydraulic Oil ISO 32b -33 ± 2 212 32.2 ± 0.2 5.5 ± 0.1 108 ± 2 32 

SubsTech Hydraulic Oil ISO 46b -30 ± 1 220 46.3 ± 0.1 6.9 ± 0.1 106 ± 1 46 

Mobil Hydraulic AW ISO 32c -18 ± 1 224 30.2 ± 0.1 5.2 ± 0.2 103 ± 1 32 

Mobil Hydraulic AW ISO 46c -15 ± 1 228 46.1 ± 0.1 6.9 ± 0.2 104 ± 2 46 

Note: ISO (International Standards Organization), a: (Denicol Oil 2020), b: (SubsTech Hydraulic Oil 2020), and c: (M

obil Hydraulic AW 2020) 
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3.3.2. Flashpoint. 

The flash point (FP) values of substances are an important aspect of system design and 

condition of the system used and operational application to be carried out. The FP is also 

important to determine the safe ways of transportation and storage temperature requirements. 

Most lubricant manufacturers sometimes utilize the FP of the substance to determine the 

potential source for the product contamination. A lubricant with lower FP than the normal 

condition is suspected to be contaminated with other products and needs special safety 

measures for safe handling and purification processes [42]. The importance of knowing the FP 

is important to predict the oil performance as an industrial lubricant. The serviceability of a 

lubricant is limited by its FP, especially at high temperatures [43]. The FP values of the 

synthesized di(2-butyloctyl) dicarboxylate esters are shown in Table 2. The data reflects flash 

point increase with the increase of the molecular weight. Di(2-butyloctyl) dodecanedioate 

(D2BOD, 566.94 g/mole) has the highest value of 300 ± 5°C, while di(2-butyloctyl) succinate 

(D2BOSuc, 454.7g/mole) has the lowest value of 233 ± 3°C among the synthesized di(2-

butyloctyl) dicarboxylate esters. In general, the FP of di(2-butyloctyl) dicarboxylate esters is 

higher as compared to commercial lubricants. The FP of the synthesized esters should be at par 

or even better than various international lubrication standards for eligibility to be commercially 

used. This would also suggest their basic applications in general. Based on the FP results, all 

synthesized di(2-butyloctyl) dicarboxylate esters can be used as industrial compressors and 

hydraulic biolubricants without any additives [24, 44].  

3.3.3. Kinematic viscosity and viscosity index. 

Measurement of fluid's internal resistance to flow at an indicated temperature is known 

as Kinematic viscosity. Lubricant fluid viscosity is also measured in terms of kinematic 

viscosity. Kinematic viscosity (KV) is the fluid's resistance to move. It is conventionally 

measured by observing the time taken for fluid to travel through an outlet in a capillary under 

gravitational force [45]. Viscosity index (VI) is a scale of numbers that indicates the changes 

in KV with temperature changes. It is indicative of the quality of lubricating oil that is 

associated to any changes in kinematic viscosity with operational temperature. The viscosity 

index has been long used to characterize the engine or hydraulic lubricating oil in the 

automotive industry [46]. The KV and VI of di(2-butyloctyl) dicarboxylate esters are 

summarized in Table 2. The results showed that KV increases with the molecular weight in the 

order of D2BOSuc < D2BOG < D2BOA < D2BOP < D2BOSub < D2BOAz < D2BOS < D2BOD. 

As seen in Table 2, the KV intervals are small between one diester and the next dieter derivative, 

corresponding to the slight increase in their molecular weight. Each type of di(2-butyloctyl) 

dicarboxylate esters are similar in term of having a branched carbon chain on each side of the 

molecules. The diesters are different and distinguished according to the differences in the mid-

carbon chain length. Clearly, di(2-butyloctyl) dodecanedioate (D2BOD) has the longest mid-

carbon chain, which explains the highest of its KV and VI values (Table 2) as compared to 

other di(2-butyloctyl) dicarboxylate esters. The KV and VI of di(2-butyloctyl) dicarboxylate 

esters have also been compared with commercial lubricants. The results also show that all the 

synthesized di(2-butyloctyl) dicarboxylate esters in this study are categorized as lubricants IS

O VG grade 32. Their lubrication properties are as good as commercial lubricants such as De

nicol Compressor Oil ISO 32, SubsTech Hydraulic Oil ISO 32, and Mobil Hydraulic A

W ISO 32. Based on the results in Table 2, D2BOSuc, D2BOG, and D2BOA should be suitable 

https://doi.org/10.33263/BRIAC133.278
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC133.278  

 https://biointerfaceresearch.com/  9 of 15 

 

as automobile diesel-hydraulic and brake fluid biolubricants. Diesters with higher kinematic 

viscosities like D2BOP, D2BOSub, D2BOAz, D2BOS, and D2BOD could be utilized as 

automatic transmission fluids, and automotive gear, hydraulic fluids and gear and bearing 

biolubricants [24]. 

3.3.4. Oxidative stability. 

The oxidation process occurs towards any compound in a suitable condition, such as in 

the presence of adequate oxygen, water, and an acidic environment. During the lubrication 

application process, lubricant oil suffers side chemical reactions with oxygen in the presence 

of water, resulting in increased acidity environment, viscosity, instability, and corrosion. The 

oxidation process generally depends on the functional group in the lubricant chemical structure 

[47]. The major disadvantage of synthetic ester applications as biolubricants is due to their 

ability to resist this oxidative degradation. An effective method for determining the oxidative 

stability temperature (OST) of oil in an accelerated mode is by using pressurized differential 

scanning calorimetry (PDSC) [48]. A rapid increase in the rate of oxidation is observed during 

the OST temperature measurement. Upon sample degradation, the OST can be calculated from 

the plot of heat flow (W/g) versus temperature generated. The high OST temperature of the 

substance suggests high oxidative stability [49, 50]. Therefore, most biolubricants' 

characteristics should have the ability to resist oxidative degradation is important.  

The present study determined synthesized dicarboxylate esters for their oxidative 

stability (Figure 6). The results indicate that the OST increased with the increase of the mid-

carbon chain-length were observed in the order of D2BOSuc < D2BOG < D2BOA < D2BOP < 

D2BOSub < D2BOAz < D2BOS < D2BOD. It is important to test the oxidative stability values 

of synthesized compounds to find their suitability to be used as a biolubricant. Based on the 

results, D2BOD had the highest oxidative stability temperature (OST) value among all 

synthesized dicarboxylate esters. This was attributed to its length of chain carbons and high 

molecular weight. In general, all di(2-butyloctyl) dicarboxylate esters have high OST values 

and would be appropriate to be used as a biolubricant with or without antioxidant additives 

[24].  

 
Figure 6. PDSC thermogram of OST (°C) for the di(2-butyloctyl) dicarboxylate esters. 

3.4. Tribological and rheological properties. 

The property of wear, friction, and lubrication are important aspects in identifying the 

performance of the lubricants. In general, the tribological characteristic of the base oil is also 
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important to identify the category or the type of lubricants. For example, ester-based lubricants 

with polar head groups tolerating it to be used as boundary lubricants due to their amphiphilic 

behavior in nature. In general, the polarity of the ester-based lubricants increased their 

efficiency in reducing the metal surface wear by forming a protective layer [51]. Diester 

lubricants based on the dicarboxylate ester functional group have been reported to carry a 

molecular dipole with high polarity. Due to their high affinity, these diester-based lubricant 

fluids form protective layers on the moving metal surfaces and act as boundary lubricants. Due 

to their high polarity, boundary lubricants show a low friction coefficient (FC) at both low and 

high temperatures [52-54]. The tribological properties of selected synthesized di(2-butyloctyl) 

dicarboxylate esters are shown in Table 3 and Figure 7. The results showed that D2BOSuc has 

higher FC values of 0.30 and 0.34 at both measured temperatures, while D2BOD has the lowest 

FC values of 0.10 and 0.15, respectively. It was noted that the FC values of the synthesized 

di(2-butyloctyl) dicarboxylate esters depend on their molecular weight and viscosity. The FC 

values decrease with the molecular weight and viscosity of dicarboxylate esters increase. This 

indicates that better protective layers have been formed and thus reduce the FC values. In 

general, all the synthesized di(2-butyloctyl) dicarboxylate esters pose low FC of less than 0.35 

at 40 and 100°C. Those results indicated that all the synthesized di(2-butyloctyl) dicarboxylate 

esters showed good tribological properties at measured temperature and can be classified as 

boundary lubricants. 

Table 3. Friction coefficient values of di(2-butyloctyl) dicarboxylate esters at 40 and 100 °C. 

 
Figure 7. Sliding speed effect on FC at 40 and 100°C of selected di(2-butyloctyl) dicarboxylate esters. 

Di(2-butyloctyl) dicarboxylate esters 
FC (µ) 

40 °C 100 °C 

D2BOSuc 0.30 ± 0.01 0.34 ± 0.01 

D2BOG 0.28 ± 0.01 0.32 ± 0.01 

D2BOA 0.26 ± 0.01 0.30 ± 0.01 

D2BOP 0.25 ± 0.01 0.28 ± 0.02 

D2BOSub 0.23 ± 0.01 0.27 ± 0.01 

D2BOAz 0.21 ± 0.02 0.26 ± 0.01 

D2BOS 0.18 ± 0.01 0.24 ± 0.01 
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The rheological properties of the fluids, either Newtonian or non-Newtonian fluids, are 

important aspects of handling, storage, processing, designing, and formulation of lubricating 

oil [45]. Fluids that have a constant viscosity towards the shear rate are known as a Newtonian 

fluids. On the other hand, fluids with non-constant viscosity towards the shear rate are known 

as non-Newtonian fluids [55, 56]. A rheometer with one ball geometry is one of the test 

methods used for rheological property [51]. In this study, Anton Paar's Rheometer was 

performed by manipulating the shear rate in the range of 0-100 s-1 at constant temperature (25 

± 0.1°C). Newtonian or non-Newtonian fluids behaviors were calculated from the shear stress 

curves (τ) vs. shear rate (γ). Figures 8 and 9 show the plot of shear stress vs. shear rate and 

viscosity vs. shear rate of D2BOD esters, respectively. From the plot, fluids can be classified as 

Newtonian or non-Newtonian fluids. Classifying fluids as Newtonian and non-Newtonian 

depends on their viscosity by increasing shear rate, where the constant viscosity is Newtonian, 

while non-constant viscosity is non-Newtonian. Based on Figure 8 and Figure 9, D2BOD was 

identified as a non-Newtonian fluid [57]. The rest of the diesters, namely D2BOSuc, D2BOG, 

D2BOA, D2BOSub, D2BOAz, and D2BOS, were also identified as non-Newtonian fluids.  

 

Figure 8. Shear stress vs. shear rate plot of D2BOD at 25°C. 

 
Figure 9. Viscosity vs. shear rate plot of D2BOD at 25°C. 
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4. Conclusions 

The esterification of 2-butyl-1-octanol and eight different kinds of dicarboxylic acids 

were successfully carried out to obtain a high yield of the corresponding di(2-butyloctyl) 

dicarboxylate esters. All the synthesized diesters have shown good lubrication properties and 

tribological with low FC. Among the diesters, D2BOD has shown an excellent lubrication 

property with very low PP (-65°C), a high value of FP (300°C), high VI (193), and high OST 

(200°C). It was observed that the branched head group configuration of 2-butyl-1-octanol led 

to very low PP, while the mid-chain length carbon of dicarboxylate enhanced the KV and FP. 

All the synthesized diesters have been comparable to several commercial lubricants within the 

same lubrication grade. The synthesized diesters-based biolubricants have similar properties to 

commercial lubricant grades ISO VG 32, which are suitable for heavy-industry uses such as oil 

compressor systems, hydraulic gears, and bearings at medium temperature in tropical countries.  
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