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Eco-Friendly Grease: Oleogelator-Based Formulation with 
Carbonaceous Waste Nano-additive

Emerging Trends in Green Tribology

▪ Develop sustainable lubricants using glycerol

monostearate (GMS) and soy wax (SW) as bio-

based oleogelators, offering a renewable and

biodegradable alternative to conventional greases.

▪ Reinforcement with waste-based additives by

incorporating activated carbon (AC) from banana

peel waste to improve structural stability, and

frictional performance, supporting both performance

and environmental goals.

Research Overview                                                  ETS Tribotester Results

HA

Discussion                                                          Conclusions & Outlook 

Anti-friction mechanism:
▪ GMS forms vertical fibrils (Z-direction) with AC support,

which enhances oil entrapment and load resistance.

▪ SW forms horizontal lamellae (X-direction), which improves

surface coverage and shear reduction.

▪ GMS + SW builds a 3D hybrid network, along with adsorbed AC, which

balances load resistance and protection, lowering COF.

Motivation

Source Material:

▪ AC was produced from banana peel waste via thermal treatment.

Commercial greases (CG), palm oil, oleogelators, were sourced locally.

Grease Preparation:

▪ A biodegradable bio-grease was formulated using 10 wt.% GMS and

10 wt.% SW in palm oil.

Additive Development:

▪ Bio-grease was directly applied to the disc and reinforced with AC (1, 2, and 4 wt.%,

designated as AC1 and AC2 and AC3, respectively) to improve structural integrity, and

tribological performance.

▪ The samples were then tested compared to two commercial greases:

Li-based (CG1; low oil bleeding) and a Ca-based (CG2; high oil bleeding).

Performance Testing:

▪ Tribological testing and analysis of the coefficient of friction under severe operating

conditions, namely oscillating sliding in a 100Cr6 steel disc-on-10 mm steel ball

configuration at a normal load of 50 N (nominal Hertzian pressure of 2 GPa) at a

frequencies of 20 and 50 Hz as well as at temperatures of 25 and 35 °C using the Easy

Tribology Screener (ETS, Optimol Instruments)

Bio-Grease Combined with AC for Industrial Application

Key Findings:

▪ All bio-grease with AC samples (AC1–AC3)

showed substantially lower COF than CG1 and

CG2 across all conditions.

▪ Higher frequency (50 Hz) increased COF,

especially for CG1, indicating poor film stability due

to low bleeding and poor replenishment of rubbing

contact.

▪ While AC3 competed with AC1 in the lubrication at

50 Hz and 25 °C, AC1 showed the least COF for

the rest of the conditions.

Future research is going to take into concern the

application in oscillating bearings.

Integrated Evaluation for Industrial Adoption:

To ensure successful implementation of bio-grease in

industrial settings, both its production efficiency and in-

service performance must be critically assessed, with

a strong focus on maintaining cost-effectiveness.

Frictional trends of bio-grease samples

Anti-friction mechanism of bio-grease with AC
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Motivation

Why Bio-grease ?
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The primary aim of this work is to develop a bio-grease formulated from
natural sources, including bio-oil and bio-based thickeners (waxes), and
to enhance it with sustainable nanoadditive derived from waste, thereby
improving its ability to withstand higher oscillating friction frequencies.

Motivation

Objective
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▪ Dispense appropriate oil quantities into the 
container.

▪ Heat the oil to 40℃ while stirring to 
achieve even temperature distribution and 
homogenization.

▪ After 10 minutes of stirring, gradually 
introduce the oleogelator according to 
specified percentages.

▪ Increase stirring speed and temperature to 
90 rpm and 100℃, respectively.

▪ Continue stirring for 60 minutes to ensure 
thorough dispersion and homogenization 
of the mixture.

▪ Allow the mixture to cool down to room 
temperature (25℃).

▪ Sample containing 10% Glycerol 
monostearate with 10% Soywax is selected 
based on its Rheological behaviour. 

Research Overview

Grease Preparation
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▪ AC preparation method involves:
▪ Raw Material Collection & Pretreatment

▪ Banana peels were collected, washed with
distilled water, and dried for 3 days.

▪ The dried peels were ground into fine powder
using a multifunctional electric grinder.

▪ Chemical Treatment
▪ Alkaline-treated powder placed in autoclave,

followed by heating to 700℃ for minutes.
▪ Allowed to cool overnight.

▪ Particle Size Reduction
▪ Resulting AC was ball-milled for a couple of

days.

▪ 3 percentages of AC was was added to bio-grease
(1, 2 and 4wt.%) (AC1, AC2, and AC3)

▪ The mixtures are compared with Li grease (CG1)
and Ca Grease (CG2)

Research Overview

Activated Carbon (AC) Nano-additive
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▪ Tribological testing and analysis of the
coefficient of friction has been done
with (ETS, Optimol Instruments).

▪ Grease samples were tests using 100Cr6
steel disc-on-10mm steel ball
configuration at a normal load of 50N
(nominal Hertzian pressure of 2GPa)

▪ Tests were conducted at two
frequencies of 20 and 50Hz at
temperatures of 25 and 35°C.

Research Overview

Performance Testing

ETS Tribotester
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▪ All bio-greasewithACsamples (AC1–AC3) showed substantially lower COF than CG1 and CG2 across all conditions.

▪ Higher frequency (50Hz) increased COF, especially for CG1, indicating poor film stability due to low bleeding and poor 
replenishment of rubbing contact. 

▪ While AC3 competed with AC1 in the lubrication at 50Hz and 25°C,AC1 showed the least COF for the rest of the conditions.

ETS Tribotester Results

COF at Different Frequencies and Temperatures
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▪ GMS forms vertical fibrils (Z-direction) with AC support, which enhances oil entrapment and load
resistance.

▪ SW forms horizontal lamellae (X-direction), which improves surface coverage and shear reduction.

▪ GMS+SW builds a 3D hybrid network, along with adsorbed AC, which balances load resistance and
protection, lowering COF

Discussion

Anti-friction Mechanism
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Conclusion

Future Work
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