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ABSTRACT 

 In this work, we synthesized three distinct types of asymmetrical dicationic ionic liquids: 1-(2-(1-

decyl-1H-imidazolium-3-yl) ethyl) pyridinium bromide (IL301), 1-(5-(1-decyl-1H-imidazolium-3-yl) 

pentyl) pyridinium bromide (IL302), and 1-(10-(1-decyl-1H-imidazolium-3-yl) decyl) pyridinium bromide 

(IL303). Their structures were characterized by using the conventional techniques of analysis, (elemental 

analysis, Fourier Transform infrared spectroscopy and proton nuclear magnetic resonance). The surface 

characteristics of the synthesized asymmetrical dicationic ionic liquids, (surface tension, critical micelle 

concentration, effectiveness, maximum surface excess, and minimum surface area) were studied. 

Additionally, the standard free energies of micellization and adsorption were calculated for each 

compound. The efficiency of IL301, IL302, and IL303 to enhance base oil was examined and recorded, 

specifically in terms of oxidation stability (measured through changes in total acid number [TAN] and 

viscosity) and foam characteristics. The data indicated that IL303 was the most effective base oil enhancer, 

followed by IL302 and IL301. 

 

Key Words: 

         Ionic liquid, Foaming, Oxidation stability, Surface parameters, Viscosity, Total acid number, Base oil. 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  
 

1. INTRODUCTION 

Tribology, a field of study related to friction and wear of surfaces in motion, plays a crucial role in 

the operation, efficiency, and reliability of machines and devices that are important to countries’ modern 

economy [1]. Tribology is essential in industry, where it is used to increase the efficiency of wind 

turbines, solar panels, and other renewable energy technologies. Tribology also has a significant impact 

on the environment, as reducing friction and wear can lead to reduced energy consumption and lower 

greenhouse gas emissions. This makes tribology an important consideration in sustainability and eco-

efficiency efforts [2]–[5]. Consequentially, tribology is essential to the manufacturing industry. The 

dissipation of energy due to friction constitutes approximately 33% of global industrial energy usage, 
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while approximately 80% of part failures can be attributed to the deleterious effects of wear and tear [6]. 

So, we can extend the operational lifetime of the operating machinery by reducing friction and wear [7] 

which ultimately leads to improved productivity and reduced costs. Tribology has a significant impact on 

the transportation industry, where it is used to optimize fuel efficiency and reduce wear and tear on 

vehicles, ships, and aircraft [8]. Also, tribology is used in the medical applications to improve the 

performance of implants [9], prosthetics, and other medical devices. This helps to improve patient 

outcomes, reduce healthcare costs, and improve overall quality of life [10]. 

 

As countries tendency towards a more sustainable future, one of the key global goals is to promote 

prospective practices. By incorporating wear protection in machines, their service life and functionality 

should be extended, which requires fewer replacement machines for production and handling operations 

[11]. This in turn reduces the need for materials, primary energy, and work required for production, 

ultimately leading to lower emissions. In a revolving economy, [4], [12], [13], this concerned approach 

enables a more intensive use of materials in consumer products so improving wear protection and 

utilizing tribotronics and condition monitoring to increase service life are equally important to friction 

reduction in diminishing CO2 emissions and promoting energy efficiency through enhanced material 

efficiency and resource preservation. Industry and science have differing perspectives on sustainability 

and continuously evolving definitions. The German government's sustainability plan from 2017 is closely 

aligned with the United Nations' 17 sustainable development goals (SDGs) introduced in 2015, which are 

essential for promoting global sustainability. Tribology is known to positively impact at least six of these 

17 SDGs [14]. The management of friction and wear is a widely acknowledged challenge that affects 

diverse material applications, including but not limited to gears and engine parts, medical implants 

designed for joint replacement, and micro- and nano-scale machine technologies [15]. 

 

Currently, the reduction of energy loss and material consumption resulting from friction and wear is 

primarily achieved through surface engineering, lubrication, wear-resistant materials, and tribological 

design. Among these, surface engineering and lubrication are the primary approaches for enhancing the 

tribological performance of materials. Lubrication, a technique that employs lubricants to decrease 

friction and wear between contact surfaces, is a significant technology in tribology [16]. Additionally, 

there has been notable advancement in comprehending the mechanism of friction and wear, as well as in 

the development of novel lubricating materials. These advancements have led to substantial reductions in 

friction and wear and improvements in lubrication protection. Employing lubrication in machinery and 

industrial settings is an efficacious strategy for managing friction and wear. Furthermore, with the 

innovation and integration of new lubricant additives, the potential of lubricants to mitigate friction and 

wear can be further augmented [6]. 

 

Lubrication is defined as the process of applying a substance (lubricant) between two sliding or 

rolling surfaces. They typically consist of a base oil, which can be mineral, synthetic or vegetable-based, 

and a range of additives that enhance their performance characteristics [17]. Whereas the lubricants are 

essential for achieving the tribological goal; the additives are crucial to enhance the functions of 

lubricants and extend their lifespan. These additives can include friction modifiers to improve efficiency 

and reduce wear, anti-wear (AW) additives that form a protective film on metal surfaces, antioxidants to 

prevent oxidation and degradation of the oil, detergents to clean surfaces, and viscosity improvers to 

maintain the oil's consistency at different temperatures. Additionally, lubricants may contain extreme 

pressure (EP) additives that allow them to withstand high pressures and temperatures. To guarantee 

optimal performance and avoid any negative consequences, it's crucial to verify that the additives used are 

compatible with both the base oil and with one another [18]. 
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Ionic liquids, are a type of organic molten salts composed exclusively of cations and anions. Thanks 

to their exceptional physicochemical properties, such as low vapor pressure, high thermal stability, high 

surface tension, high shear viscosities, excellent thermal conductivity, wide electrochemical window, and 

low melting point, among others, Ionic liquids have a wide range of applications [19]. Recently, ionic 

liquids have gained attention as a promising alternative to traditional additives due to their impressive 

tribological characteristics, ash-free composition, lower emissions of hazardous materials, and overall 

eco-friendliness [13], [20]. Ionic liquids, when added to lubricant base oils, not only improve their 

tribological performance but also enhance their physiochemical properties while reducing their 

undesirable properties [21]–[24]. Ionic liquids have a strong ability to bind with metal surfaces, providing 

effective protection against wear and safeguarding the interacting surfaces from carbon deposits and soot 

[25]. The production of ionic liquids is expensive, which limits their use as standalone lubricants. 

However, they can be added as an additive to base oils to enhance their innate tribological properties, 

leading to improved lubrication performance [26], [27]. Ionic liquids have been studied as lubricant 

additives in the past. Based on the published research, it can be concluded that ionic liquids are highly 

effective at forming a strong anti-wear film, minimizing corrosion, and enduring heavy loads [28]–[32]. 

2. STUDY AREA 

In our prior research, we developed and investigated various heterocyclic compounds [33]–[39], azo-

phenols [40], and azo-liquid crystals [41]–[43] for improving base oils. These compounds were used as 

antioxidants, viscosity improvers, and pour point depressants. Also; a series of dicationic ionic liquids 

were synthesized [19] and their performance as base oil improvers was evaluated. The current work (III) 

of this series involves the synthesis and testing of a set of asymmetric dicationic ionic liquids for their 

ability to improve the oxidation stability, viscosity, and foaming prevention properties of the base oil. 

3. MATERIALS AND METHODS 

3.1 Samples collection and analysis: For this study, a liquid paraffin-based oil provided by Co-operation Petroleum 

Company was utilized. The physical and chemical characteristics of the oil were measured in accordance with the 

standards set by the American Society of Testing Materials (ASTM), as outlined in Table 1 
 

Test Result Standard Test Method 

Density @ 15.56 
o
C, g /cm

3
 0.8807 ASTM D1298 

Pour Point, 
o
C 0 ASTM D97 

Viscosity @ 40 
o
C 

                @ 100 
o
C 

 

                 @ 100 
O
C 

165.33 

15.56 
ASTM D445 

Viscosity Index (VI) 95 ASTM D2270 

Total Acid Number (TAN) 

 

 

0.061 ASTM D664 

Foaming Characteristics at 50
o
C, 

Foaming Volume (ml) 

              Collapse Time (s) 

170 

480 
ASTM D892 

Sulfur Content, (wt.%) 0.41 ASTM D4294 

Color 3.5 ASTM D1500 
Copper Corrosion 1a ASTM D130 

Flash Point, 
o
C 220 ASTM D92 

Ash Content, (wt.%) 0.003 ASTM D482 

Wax Content, wt.% 1.6 UOP 46 

Saturate Content, wt.% 54.36 ------- 

Aromatic Content, wt.% 45.54 ------- 

 
Molecular weight 321.23 ------- 

 Table1: Physicochemical properties of the delivered base oil 
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3.2 Synthesis of dicationic ionic liquids IL301-303: The chemicals and solvents utilized in this study were 

obtained from reputable international chemical companies and were used without any additional 

purification. Specifically, the materials employed included anhydrous acetonitrile, 99.5% ethyl acetate, 

absolute ethyl alcohol, 98% 1-bromodecane, 99% 1H-imidazole, 98% petroleum ether (40-60), and 97% 

potassium hydroxide from Merck Co. Additionally, 99% pyridine, 99% 1,2-dibromoethane, 99% 1,5-

dibromopentane, and 99% 1,10-dibromodecane from Alfa Aesar Co. were also used. 

 

Steps of synthesis were illustrated as follows: 

 1-decy-1H-imidazole was prepared previously [19], [44]. In a conical flask, 1H-imidazole (0.1 mol) 

and potassium hydroxide (0.1 mol) were dissolved in 50 ml acetonitrile with stirring at room 

temperature. 1-Bromodecane (0.11 mol) was added dropwise for one hour. Stirring is continued till 

white precipitate of potassium bromide is formed. The precipitate was eliminated by filtration and the 

filtrate is evaporated under vacuum. The product is washed several times with ethyl acetate, to remove 

the excess reactants, and evaporated under vacuum; equation 1. 

NH N
C10H21Br

Decyl bromide 1H-imidazole

KOH

CH3CN/ steering N N
H21C10

KBr

1-decyl-1H-imidazole

+ +

 

Eq 1: Preparation of 1-decyl-1H-imidazole 

 Compounds 301, 302 and 303 were synthesized by mixing pyridine (0.01 mol) with dibromo alkanes 

(1,2-dibromoethane, 1,5-dibromopentane, and 1,10-dibromodecane) (0.015 mol) and stirred the 

mixture for 24 hours at room temperature. The mixture is then washed with ethyl acetate several times 

to remove any unreacted compounds. After that, the products are purified using petroleum ether 40-60. 

Finally, they were collected under vacuum, Equation 2 [45]. 

N

Br(CH2)nBr
CH3COOC2H5

Steering / 25 oC

pyridine dibromo alkane

N
+

(CH2)nBr

Br
–

1-(n-bromoalkyl)-pyridin-1-ium bromide

(301, 302 and 303)

+

 

Eq 2: Preparation of 1-(n-bromoalkyl)-pyridin-1-ium bromide 

301; n = 2, 1-(2-bromoethyl)-pyridin-1-ium bromide 

302; n = 5, 1-(5-bromopentyl)-pyridin-1-ium bromide 

303; n =10, 1-(10-bromodecyl)-pyridin-1-ium bromide 

 Synthesis of Ionic Liquids IL301-303: In order to prepare These compounds, 1-decyl-1H-imidazole, (0.01 

mol), was refluxed with compounds 301-303 (0.01 mol) in 50 ml acetonitrile for 12 hours at 80°C. 

After that, the products are purified via evaporation of acetonitrile under vacuum, Equation 3 [46]. 

Br
–

NN
C10H21

Br
–

Br
–

1-(n-(1-decyl-1H-imidazol-3-ium-3-yl)alkyl)-

pyridin-1-ium bromide

CH
3
CN/reflux

301-303

IL
301, 302, 303

N
+

(CH2)nBr

+

1-decyl-1H-imidazole

N
+ (CH2)n C10H21

N
+

N

 

Eq 3: Preparation of IL301-303 
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IL301: n = 2, 1-(2-(1-decyl-1H-imidazol-3-ium-3-yl) ethyl)-pyridin-1-ium bromide. 

IL302: n = 5, 1-(5-(1-decyl-1H-imidazol-3-ium-3-yl) pentyl)-pyridin-1-ium bromide. 

IL303: n = 10, 1-(10-(1-decyl-1H-imidazol-3-ium-3-yl) decyl)-pyridin-1-ium bromide. 

We used different tools of analysis, (Elemental Analysis (Elementary Viro El Micro-analysis), FT-IR 

Spectrophotometer (Model 960 Mooog, ATI Mattson Infinity Series), and 
1
H-NMR Spectra (Bruker 

High-Performance Digital 
1
H-NMR Spectrometer Advance III 400 MHz). For the 

1
H-NMR spectra, we 

used DMSO as the solvent. These tools allowed us to thoroughly characterize the synthesized 

compounds. 

3.3 Surface tension measurements: Du Noüy tensiometer are used with a platinum ring to conduct 

surface tension measurements.  we prepared fresh aqueous solutions of asymmetric IL301-303 dicationic 

ionic liquids and determined their surface tension over a concentration range of 0.01-0.000001 M/L at a 

temperature of 25°C. Prior to taking measurements, we calibrated the instrument using the surface tension 

value of double-distilled water, which is typically 72.00 ± 0.50 mN/m. For each sample solution, we 

prepared it with double-distilled water and let it stabilize for 5 minutes in the instrument before taking 

measurements. To minimize error, we repeated each measurement three times [47], [48]. 
 

3.4 Total Acid Number (TAN): We used ASTM D664 [49] and a Metrohm Titrando 905 potentiometer, 

stirrer 801, and electrode model 6.0229.010 to determine the total acid number of the base oil before and 

after adding the three IL301-303. We followed the instrument parameters outlined in Metrohm Application 

Bulletin AB-404/2e.. 
 

3.5 Viscosity: We measured the kinematic viscosity of the base oil before and after adding the three IL301-

303 using CT-1000 CANON oil bath, Cannon-Fenske viscometers size 150, and Kohler thermometer 

instrument. To do this, we followed ASTM D445 [50]. 

3.6 Foaming characteristics: ASTM D892 [51] is used for determination of Foaming characteristics for 

base oil before and after IL301-303 addition using Petrotest DP water bath and ZEAL DM3A gas meter. 
 

4. RESULTS AND DISCUSSION 

Physico-chemical parameters  

4.1 Characterization of IL301-303:  

 Elemental analysis; The obtained results of the elemental analysis described in Table 2 

closely agree with the calculated data.  

 

 

Table 2: Elemental analysis of the ionic liquids (IL301-303) 

 

IL 
C% H% N% Br% 

Mol. Wt. Yield % 

Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. 

IL301 50.54 50.49 7.00 7.11 8.84 8.72 33.62 33.67 475 78 

IL302 53.39 53.20 7.60 7.65 8.12 8.07 30.89 31.06 517 75 

IL303 57.24 57.26 8.41 8.33 7.15 7.11 27.20 27.29 587 80 
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 FT-IR; Data recorded in table (3) and charts (1-3) illustrated the following:  

o In the FT-IR spectra of compounds (IL301-303), the aromatic stretching vibrations bands of benzene 

C-H bonds are observed in the range of 3132-3056 cm
-1

. Stretching vibrations bands of aromatic 

C=C are observed in the regions of 1574, 1565-1512 and 1584 cm
-1

 respectively. 

o N-H broad stretching bands, appeared at 3423, 3424 and 3424 cm
-1

, for (IL301-303) are attributed to 

the presence of the carbene proton in the form of NH
+
 in imidazole ring [35]. 

o The Aromatic C-H stretching bands appeared at 3129-3056, 3131-3090, and 3132-3058 cm
-1

 

respectively. 

o Aliphatic C-H (stretching) bands appeared at 2926-2856, 2925-2856 and 2926-2856 cm
-1

. 

o All the specific imidazole zone bands were obtained precisely [46]. 

 

IL 

(ν cm
-1

) 

 Imidazole zone 

N
H

+
 

C
H

  

A
r 

C
H

  

A
li

p
h
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ti
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C
=

C
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-C
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C
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C
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 i
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 p
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n

e 

R
in

g
 

d
ef

o
rm

a
ti

o
n

 

o
u

t 
o

f 
p

la
n

e 

IL301 
3423 
broad 

3129

-

3056 

2926

, 

2856 

1574 1483 1630  1375 
1200, 

1171 
775 

1088, 

950 

775, 

678 
628.65 

IL302 
3424 
broad 

3131

-

3090 

2925

, 

2856 

1565

, 

1512 

1463 1641 
1406 

1374 

1232, 

1166 
730 

1061, 

913 

829, 

730 
626 

IL303 
3424 
broad 

3132

, 

3058 

2926

, 

2856 

1584 1460 1632 1370 
1224, 

1166 
771 1082 

728, 

681 
629 

Table 3: IR (ν cm
-1

) of the ionic liquids (IL301-303). 

 

Chart 1: IR spectrum of IL301 

Chart 1: IR spectrum of IL301 
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Chart 2: IR spectrum of IL302 

 

Chart 3: IR spectrum of IL303 

 

 

 

Chart 2: IR spectrum of IL302 
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 1
H-NMR; Data recorded in charts (4-6) can be interpreted as tabulated in table (4). 

 

 

IL 

Proton type (δ ppm) 

a b c d e f g  h i j k l 

IL301 9.31 9.21 8.71 8.24 7.86 7.71 6.42 5.88 4.20 1.78 1.21 0.83 

IL302 9.39 9.05 8.00 7.85 7.26 7.21 4.61 4.20 2.56 1.96 1.22 0.86 

IL303 9.435 9.04 8.05 7.98 7.85 7.23 4.20 3.99 2.62 1.70 1.206 0.85 

Table 4: Chemical Shift (δ ppm) for ionic liquids (IL301-303). 

 

 

 

 

 

 

 

Figure 1: type of protons for compounds IL301-303 
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Chart 4: NMR spectrum of IL301 

 

Chart 5: NMR spectrum of IL302 
 

 

Chart 6: NMR spectrum of IL303 

 

Chart 4: NMR spectrum of IL301 

 

Chart 5: NMR spectrum of IL302 

 

Chart 6: NMR spectrum of IL303 
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4.2 Surface activity: Despite the synthesized ionic liquids consist of identical hydrophilic groups (heads) 

and hydrophobic chains (tails), the variation in spacer chain lengths is presumed to be the key factor that 

determines the differences in surface properties. As a result, we delved into the investigation of surface 

activity for this type of ionic liquids using critical micellar concentrations (CMC) obtained from 

conductance measurements, surface tension at the determined CMC (γCMC), and PC20. Equations (i and ii) 

determined the surface excess concentration (Γmax) and the minimum area per molecule at the air-water 

interface (Amin) from surface tension data [52]–[54]. 

Γmax = −1/nRT (dγ /dlnC)                                   (i) 

Amin = 10
16

 / NA Γmax                                           (ii) 

Where R is the universal gas constant, T is the temperature, γ surface tension, and Avogadro’s number 

(NA). For compounds IL301-303, (dimeric surfactant composed of a divalent surfactant ion and two 

univalent counterions) the constant “n” equals 3 [53]. 

C
o

m
p

o
u

n
d

 

C
M

C
 

m
o

l.
/L

 

γ
C

M
C
 

m
N

/m
 

π
C

M
C
 

m
N

/m
 

P
C

2
0
 

Г
m

a
x

 X
 1

0
1
1
 

m
o

l.
/ 

cm
2
 

A
m

in
 

n
m

2
 


G

o
m

ic
 

K
J

/m
o

l 


G

o
a
d

s 

K
J

/m
o

l 

IL301 5.5 x10
-5

 34 38 4.5x10
-6

 9.74 1.705 -24.305 -63.328 

IL302 1 x10
-4

 33 39 8x10
-6

 9.74 1.705 -22.823 -62.873 

IL303 4 x10
-4

 33 39 1.8x10
-5

 7.76 2.139 -19.388 -69.633 

Table 5: Surface parameters of the synthesized surfactants [IL301-303] 

Table 5 displays low CMC values that can be attributed to the robust hydrophobic interactions 

among the multiple hydrocarbon chains, which lead to the formation of compact micelles in the ionic 

liquid compounds. Upon investigating their surface activity, we noticed that the compound with a long 

spacer chain exhibited the lowest γCMC value, indicating the most effective reduction in surface tension. 

Additionally, this compound had the lowest area occupied per molecule (Amin) due to the possibility of the 

spacer penetrating the hydrophobic core. So, an increase in spacer chain length resulted in the surface-

active molecules settling more closely at the air-water interface, leading to a decrease in Amin. 

Conversely, adsorption at the air-water interface (Γmax) increased. This phenomenon occurred because the 

repulsion between the oriented ionic heads at the interface decreased when the spacer bent more towards 

the hydrophobic phase, leading to adsorption in a folded, wicket-like conformation [55]. 
 

The term effectiveness, (πCMC Equation iii), refers to the difference between the surface tension of 

IL301-303 at their CMC, (γ), and that of pure water, (γ0), [56].  

πCMC = γ0-γ    (iii) 

Table 5 shows that the effectiveness of IL301-303 ranged between 39 and 40 dyne/cm at 25°C. The most 

efficient surface-active compound was the one that lowered the surface tension at the CMC. 

The efficiency of these compounds in lowering surface tension, PC20 values, was determined in Table (5). 

PC20 refers to the bulk surfactant concentration required to decrease the surface tension of the solvent by 

20 mNm-1. It is obviously recorded that ionic liquids IL301-303 showed exceptional surface activity and 

efficiency in reducing surface tension of water, as reflected by their high PC20 values. 

The calculation of standard free energy of micellization (∆G°mic), and standard free energy of adsorption 

(∆G°ads) according to the equation (iv): 
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∆G°mic = RT ln CMC   (iv) 

The synthetic compounds IL301-303 exhibited consistently negative values for ∆G°mic which is 

consistent with spontaneous micellization. The general trend of -G°mic increased with increasing the 

distance between the two heads groups (spacer), i.e., it became less negative. This indicated that 

increasing in the spacer length and hydrophobicity favor the micellization process.  

On the other hand, ∆G°ads can be determined using the following equation 

G
o

ads = G°mic – (0.6x cmcxAmin) (v) 

Table 5 showed a slight increase in ∆G°ads which is consistent with the theory that micellization is 

more likely than adsorption on the solution surface because it overcomes the repulsion forces at the 

water/hydrophobe interface. Both ∆G°ads and ∆G°mic were negative, indicating that these processes occur 

spontaneously and are thermodynamically favored [57], [58]. 

 

Figure 2: Surface tension isotherms of IL301-303 at 25 °C 

4.3 Base oil improvement: The recorded study showed a significant effect of the prepared compounds as 

improving the physicochemical characteristics of the tested base oil through the following: 

 Change in Total Acid Number values (TAN): The total acid number is a point of reference for 

lubricating oil quality control. It is additionally used as a measure of lubricant deterioration in service 

[59]. Figure 3 illustrated how the blank sample affected by oxidation process, (from zero time up to 96 

h, at 120 
o
C). It is evident that as time increased the rate of oxidation is increased. This is attributed to 

the possibility that the base oil is contaminated with acidic constituents during the oxidation process 

which lead to increase in acid content of the oil sample, Scheme 1. 

 

 

Figure 3: Variation of TAN values of blank sample with time 
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Scheme 1: Oxidation of the base stock oil 

After 96 hours of thermal oxidation testing, the maximum TAN values were observed (Table 6). 

Upon adding the IL301-303 compounds at various concentrations, the total acid number values decreased. 

Table 6 and figures (4-6) demonstrated that the TAN values decreased with increasing concentrations of 

the IL301-303 compounds, ranging from 200 up to 600 ppm, during the thermal oxidation of the base oil up 

to 96 hours. As an example, when adding IL301, values ranging from 0.1706 to 0.3215 mg KOH/g (200 

ppm), 0.0658 to 0.2556 mg KOH/g (400 ppm), and 0.0411 to 0.1254 mg KOH/g (600 ppm) were 

recorded. Figures (4-6) also revealed that the stability of the base oil was enhanced upon adding the IL301-

303 compounds, in the order: IL303 > IL302 > IL301. 

Sample 

IL
s 

C
o

n
c.

 

(p
p

m
) Time intervals (hrs.) 

24 48 72 96 

Base oil 

Blank (without 

additive) 

0 0.2621 0.4636 0.7056 0.9130 

IL301 

200 0.1706 0.1998 0.2705 0.3215 

400 0.0658 0.1280 0.1916 0.2556 

600 0.0411 0.0501 0.0668 0.1254 

IL302 

200 0.1601 0.1775 0.1998 0.2215 

400 0.0581 0.0756 0.0912 0.1232 

600 0.0401 0.0444 0.0512 0.0661 

IL303 

200 0.0476 0.0914 0.1123 0.2095 

400 0.0309 0.0323 0.0506 0.0889 

600 0.0296 0.0315 0.0389 0.0505 

Table 6: Variation of total acid number (mg KOH/g) without and with IL301-303 
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Figures 4, 5 and 6: TAN (mg KOH/g) variation of the base oil with and without IL301, IL302, and 

IL303 (respectively) of concentrations 200, 400, and 600 ppm 

 

 Viscosity: As well known, sludge poses numerous risks to engine performance. Firstly, it restricts the 

flow of oil, hindering its ability to lubricate engine components effectively. This can result in 

increased friction, accelerated wear and tear, and reduced fuel efficiency [8]. Oxidation of the tested 

base oil sample lead to an increase in the oil's deposits, (varnish and sludge-a thick gelatinous 

substance that accumulates within the engine), which is accompanied with an increase in its viscosity 

(Table 7). The blank sample gave high reading (15.70 mm
2
/s) in viscosity value after heating at 120 

o
C 

for 96 hours. The viscosity values showed good results after adding the prepared compounds with 

different concentrations, table 7 and figures (7-9). These results illustrated that; the oxidation stability 

is improved, (i.e., sludge residue is reduced and consequently viscosity is decreased), in presence of 

the prepared additives. 

 

Sample 

IL
s 

C
o

n
c.

 

(p
p

m
) 

Time Intervals (hrs.) 

24 48 72 96 

Base oil 

Blank (without additive) 

0 15.60 15.62 15.66 15.70 

IL301 

200 15.42 15.44 15.48 15.51 

400 15.40 15.41 15.44 15.48 

600 15.37 15.39 15.40 15.44 

IL302 
200 15.44 15.46 15.50 15.53 

400 15.42 15.43 15.47 15.50 

600 15.39 15.42 15.44 15.48 

IL303 
200 15.47 15.49 15.51 15.54 
400 15.44 15.47 15.50 15.53 

600 15.41 15.44 15.47 15.50 

 

Table 7: Variation of viscosity at 100⁰C (mm
2
/s) with and without IL301-303 
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Figures 7, 8 and 9: Viscosity (mm
2
/s) variation of the base oil with and without IL301, IL302, and IL303 

(respectively) of concentration: 200, 400, and 600 ppm 

 Foaming characteristics: One of the important physical properties of lubricants is the resistance of 

lubricant to the creation of foam. Foaming is a common problem with oil-lubricated components [60]. 

The foam acts as an insulator and reduces a lubricant's cooling abilities, resulting in overheating. Foam 

can also lead to poor performance, mechanical failure, costly repairs, and a shortened operability 

lifetime due to an inability to lubricate effectively or undergo cavitation. With foaming characteristics 

test, (ASTM D892), the blank sample was proven bad foaming characteristics where the obtained 

foaming volume is considered high (170 ml) with long time (480 s) for foaming collapse (Table 8). By 

adding anti-foaming agents, (IL301-303 quarterly ammonium salts), the creation of stable foam in oil is 

prevented. Antifoaming agents act in such a way that they decrease the surface tension of air bubbles, 

breaking them into smaller bubbles, or destroying them on the surface, thus contributing to quick 

decomposition of foam [61]. As shown in Table 8 and figures 10a-12b, the foaming characteristics of 

the oil, after adding the prepared compounds with various concentrations the foaming volumes were 

reduced compared to the blank sample, (from 170 decreased to 65 ml). Also, the foaming collapse 

time was reduced from 480.03 to 137.3 s. The efficiency of the additives as antifoams is ranked as 

follows: IL303 > IL302 >IL301. 
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Sample 
ILs Conc. 

(ppm) 

Foaming 

Volume(ml) 

Foaming Collapse 

Time (s) 

Base oil 

 (Blank without additive) 

0 170 480.03 

IL301 

200 122 229.83 

400 114 210.03 

600 99 181.23 

IL302 

200 109 202.76 

400 95 175.43 

600 82 151.36 

IL303 

200 100 185.36 

400 85 157.96 

600 72 137.3 

Table 8: Variation of foaming volume (ml) at 50 
o
C with and without additives 

   

Figures 10, 11, and 12(a): Foaming volume (ml) variation of the base oil with and without IL301, 

IL302, and IL303 (respectively) of concentrations 200, 400, and 600 ppm 

 

   

Figures 10, 11, and 12 (b): Foaming collapse time (s) variation of the base oil with and without 

IL301, IL302, and IL303 (respectively) of concentrations 200, 400, and 600 ppm 
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5. CONCLUSION 

 The delivered base oil sample was characterized via the ASTM methods of analysis. 

 The three compounds (IL301-303) were prepared and their chemical structures were well elucidated 

using the different tools of analysis. 

 Their surface parameters indicated that, they have good surface activity. 

 They were tested as antioxidants and antifoams for the tested base oil, and the efficiency of them is 

ranked as follows: IL303 > IL302 >IL301.   
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