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Abstract

Egyptian micro particles petroleum coke (-300 mesh) was purified using a flotation method before being calcined at 600 degrees Celsius. These 
particles are dispersed in base oil at 0.1-1 wt.% in the presence of 0.00035mol/L dodecyl benzyl tritanol ammonium ethoxylate bromide with 10 
units of ethylene oxide (OBT). The effects of (OBT) alone and in conjunction with calcined purified petroleum coke (99.8%) on wear, corrosion 
resistances of base lubricating oil were studied. The findings revealed that octadecyl benzyl tritanol ammonium bromide ethoxylated and 
petroleum coke have a synergistic effect as an anti-wear and corrosion inhibitor. Wear resistance improved by 90 percent, and anti-corrosion 
performance improved by 87 percent. These findings were investigated in terms of OBT dispersing microparticles of petroleum coke in the oil 
phase and increasing their adsorption on the steel phase. It found that inhibited copper surface is cleaner than blank copper. The results also 
confirm that mixed OBT and calcined petroleum coke have a synergistic effect. The isotherm was investigated in a manner that was very similar 
to the Frumkin adsorption isotherm. Equilibrium adsorption was reached in the oil process when relatively low amounts of OBT were utilized 
at their critical micelle concentration. The adsorbed amount did not show a continuous increase after critical micelle concentration, suggesting 
that adsorption did not occur after the monolayer was completed, indicating that adsorption did not occur after the monolayer was completed.
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Introduction

The inclusion of dispersion to protect nanoparticles solid 
while also improving their disparity in oil is a popular strategy 
[1]. Surfactants are surface-active, amphiphilic chemicals that 
are introduced to a base liquid to lower surface tensions. They 
are made up of two parts: a polar hydrophilic head group and a 
polar long hydrocarbon chain that allows them to self-assemble 
into micelle-like structures and achieve energy balance. When 
the hydrophobic end of the surfactants occupies the surface of 
nanoparticles, their potential to cluster/aggregate is greatly 
reduced like sodium dodecyl sulfate, poly (vinylpyrrolidone), and 
cetyltrimethylammonium bromide [1,2]. 

Cheng and colleagues evaluated the effects of different 
dispersants on the particle size and size distribution of Cu 
nanoparticles. The extensively employed capping agents are 
long-chain alkyl thiols, notably O, O′-dialkyl dithiophosphate 
[3-5]. The size and concentration of copper nanoparticles have  

 
been discovered to have a significant impact on their tribological 
properties [3].

The octadecyl benzyl triethanole ammonium ethoxylate 
bromide with 20-unit ethylene oxide as wetting and dispersing 
agent combined activated Si-C-Ni composite powder with base 
lubricating oil in varying ratios of 1-4% by weight was studied 
early by the author [6]. Calcium palmitate CAP’s adsorption 
behavior on petroleum coke and steel improved wear resistance 
until it reached its CMC. Also, the effectiveness of calcium 
palmitate adsorbed onto steel surfaces was determined by its 
CMC. Furthermore, XPS research revealed that C-C bonds were 
the primary link between the calcium palmitate molecule and the 
surface of petroleum coke.

The author concluded that calcium palmitate and petroleum 
coke with a high ash content have a synergistic effect as 
anti-wear and anti-corrosion resistance of lubricating oil 

http://dx.doi.org/10.19080/RAPSCI.2022.07.555716
https://juniperpublishers.com
https://juniperpublishers.com/rapsci


How to cite this article: AMA Omar. Wear and Corrosion Resistance of Base Oil with Nano Calcined Purified Petroleum Coke and Octadecyl Benzyl Triethanol 
Ammonium Bromide Ethoxylate.Part 2. Recent Adv Petrochem Sci. 2022; 7(4): 555716. DOI:  10.19080 RAPSCI.2022.07.555716002

Recent Advances in Petrochemical Science

toward contacting surfaces, resulting in a stable coating [7]. 
Dibutyl 3, 5-di-t-butyl 4-hydroxy benzyl phosphate, triphenyl 
phosphorothioate, sulfurized octadecanoic, sulfurized docosanoic 
acid, triethylenetetramine zinc dialkyl dithiophosphate, and poly 
alkyl methacrylate are some of the most popular additives used 
in lubricating oil formulations [2-5]. Metal-to-metal contact is 
reduced by the fluid film. Lubricant selection is critical for reducing 
friction and material wear. Nanoparticles have a large surface 
area per volume; they have a lot of surface energy. To increase 
the properties of polymers, several fillers are widely used, such 
as glass and carbon fibers, kaolin, talc, and mica. Polyamide has 
been shown to have a higher wear resistance than other polymers 
when sliding against a steel counterpart [8-10].

The use of dodecyl benzyle triethanole ammonium ethoxylate 
bromide with 10 units of ethylene oxide OBT as a dispersion agent 
for purified calcined petroleum coke in base lubricating oil for 
anti-wear and anti-corrosion carbon steel was investigated in this 
study. Frumkin adsorption isotherm on the surface of petroleum 
coke was used to suggest a mechanism for its efficiency.

Experimental

The author synthesized the octadecyl benzyl triethanole 
ammonium ethoxylate bromide with 10units of ethylene oxide 
(OBT) as stated elsewhere [11]. According to Omar et al. [12-
14], the surface attributes of the surfactant, including surface 
excess and efficiency were calculated. The surfactant’s adsorption 
isotherm on calcined pure petroleum coke (-300 mesh size) was 
also examined.

Feeds 

The following table lists the physicochemical properties of 
paraffinic base oil (Table 1) [6]. After flotation and purification, 
petroleum coke is separated into concentrate and tail. The 
author published the ideal circumstances and a comprehensive 
chemical analysis early [15]. In this paper, we will employ the pure 
concentrate fraction, which accounts for around 90% of the feed 
and calcined at 600 0C. The following table 2 shows the complete 
chemical analysis of the petroleum coke concentrate fraction after 
calcination.

Table 1: Physicochemical properties of the base oil.

Properties Base Oil Test

Density (g/ml) at 15.5°C 0.8958 D. 1298

Refractive index nD20 1.4955 D. 1218

ASTM color 4.5 D. 1500

Kinematic viscosity cSt  
at 40°C 

at 100°C

15.76 
27.15

D. 445 
D. 455

Pour point, °C 16 ASTM D 97

Molecular weight 560 GPC

Total paraffinic content, wt. % 33.5 Urea adduction

Carbon residue content, wt. % 1.5 ASTM D524

Total aromatic, wt. % 45

Nitrogen content, wt. % 4.2

Table 2: Complete chemical analysis of residue petroleum coke after flotation processes.

Constituents wt. %

Fixed carbons 99.8

Sulphur 0.02

Metal content, ppm 0.1

Tests for Corrosion and Wear

A copper specimen of 30mm in length was embedded in oil 
contain 0.1% to 1% of dispersed coke (CPK) with and without 
OBT. The specimens were demoted after 24 hours, and all samples 
were taken out of the solution, cleaned in petroleum ether, and 
dried. The copper was then dried and measured after that. The 

following equation was used to calculate the inhibitor’s efficiency 
based on the weight reduction.

Percentage efficiency of inhibitor = [(W0 - W) / W0] × 100

Where W0 represents the average final weight (in mg) of 
copper embedded in oil, and W represents the average final 
weight (in mg) of copper embedded in inhibited samples [6].
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Oil was mixed with different percentages of nano 
calcined petroleum coke CPK (0.1% to 1%) in the presence of 
0.00005mol/L OBT. Wear tests were carried out with sliding 
speeds of 100, 200, 300, and 400rpm in wet conditions at room 
temperature according to ASTM G77. The sample’s carbon steel 
was of the cylindrical shape of 1.5mm diameter and 20mm long. 
During the test, the sample was passed against stainless steel ring 
with a different normal load (4-8Kg). Test duration varies from 
1-20min for each sample. The wear of the sample was measured 
by its weight loss [6].

Adsorption Isotherm

Samples of calcined petroleum coke CPK (1.000g) were 
distributed in 100ml of OBT dissolved in petroleum ether in small 
vessels that could be tightly sealed with appropriate caps. The 
suspension present therein was continuously stirred, to achieve 
equilibrium. After that, the suspension was filtered, and the caked 
precipitate was dried. The isotherm of adsorption was calculated 
for various concentrations of additive OBT [6].

Results and Discussions

The inclusion of a dispersion additive to protect petroleum 
coke nanoparticles and improve their disparity is occurred by 

OBT. As we know surfactants are amphiphilic, surface-active 
chemicals that are used to lower surface tensions in a base liquid. 
They are made up of two parts: a polar hydrophilic head group 
and a polar long hydrocarbon chain that allows them to self-
assemble into micelle-like structures to achieve energy balance. 
When the hydrophobic end of surfactants occupies the surface 
of nanoparticles, their potential to cluster/aggregate is greatly 
reduced. The nanoparticles, which have high surface energy, tend 
to congregate in colloidal systems, making uniform dispersion 
difficult. OBT has dispersed the cations and/or counter-anions, 
making them ideal candidates for overcoming the dispersibility 
problem. The characteristics of the petroleum coke incorporated 
lubricant are greatly improved after uniform dispersion is 
achieved.

At 30 °C, the surface properties of OBT in petroleum ether 
60/80 °C are determined (table 3). It has a CMC value of 0.00038 
mole/L, which is owing to the tail group of the surfactant being 
more hydrophobic than the hydrophilic group (-triethanol 
ammonium ethylate). OBT has a surface excess of 5.65 x 10-10mole/
cm2 indicating that it prefers to adsorb on the surface rather than 
form micelles. The essential surface tension was confirmed by the 
surface tension reduction efficiency at CMC (18mN/m).

Table 3: Surface properties of the synthesized octadecyl benzyl triethanole ammonium ethoxylate bromide with 10 units of ethylene oxide, OBT, 
at 30 C0.

Compound Temperature C0 CMC Amin x102 nm2 Гmax x1010 mol/cm2

OBT 30 0.00038 29.4 5.65

Adsorption Isotherms

Figure 1: Adsorption isotherm for OBT on petroleum coke.

The OBT adsorption isotherms onto petroleum coke fraction 
are shown in (figure 1 at 30°C) Frumkin adsorption isotherm is 
comparable to the isotherm illustrated. Equilibrium adsorption 

was reached at 1.08m.mol, when relatively low amounts of OBT 
were utilized in the petroleum ether at their critical micelle 
concentration. These results are due to OBT’s preference to 
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adsorb on oil and various phases or contact surfaces. Adsorption 
did not occur after the monolayer was formed, as evidenced by 
the continuing increase in adsorbed amount until critical micelle 
concentration. It is clear the adsorption on petroleum coke surface 
takes place by free molecule ion and reaches a maximum at its 
critical micelle concentration of dissolved OBT which is known as 
CMC. This indicates that OBT adsorption onto petroleum coke is 
the product of physical adsorption.

Wear and Corrosion Tests

Petroleum coke CPK was used as additives in base oil with 

OBT. It was found that the addition of CPK at 1wt. %, reduce 
wear of both antagonist surfaces. Figure 2 depicts the wear loss/
area (wear rate) of oil samples when subjected to various loads 
and sliding times. It is obvious that when the ratio of petroleum 
coke to absorbed OBT increases, the wear resistance increases. 
Wear resistance is increased by 90% when petroleum coke is 
scattered and decreases slightly with increasing time. The author 
suggests that the additive molecule OBT and distributed calcined 
petroleum coke CPK, adsorbed on the metal surface to form an 
adsorbed layer between contact surfaces.

Figure 2: Effect of variation of wear with sliding time (minute).

Figure 3: Efficiency of OBT inhibition corrosion of copper Steel at 30C.

On the other hand, OBT has an inhibitory efficiency of 85 
percent in oil, with a peak around its CMC, which can be attributed 
to OBT adsorption on metal surfaces, which forms a barrier layer 

as shown in figure 3. This result indicates the degree of adsorption 
of OBT and the rise in surface coverage till CMC, which is consistent 
with previous work [6, 7].
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Conclusions

The tribological applications of calcined purified petroleum 
coke nanoparticles CPK as lubricant additives have been studied. 
OBT is used to prevent nanoparticles from aggregating in a base 
oil. OBT’s adsorption behavior on petroleum coke and steel 
improved wear resistance until it reached its CMC. As a result, OBT 
and petroleum coke CPK have a synergistic effect as anti-wear 
and anti-corrosion resistance of lubricating oil toward contacting 
surface, generating a stable layer. The increased surface area of 
petroleum coke concentrate PK makes it more effective in anti-
wear. Also, the efficiency of OBT adsorbed onto steel surfaces was 
proven to be dependent on its CMC.
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