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1. Introduction – Lubricating oils and greases are widely used in industry to mitigate energy losses and 

prevent machine damage or failure [1]. Greases are semi-solid lubricants made of two primary ingredients: 

base oils and thickeners. Apart from these, various additives are blended frequently to grease to tailor their 

characteristics.  
 

The grease industry extensively uses non-renewable, non-biodegradable, and toxic entities as ingredients 

that satisfy the performance goals and jeopardize the environment simultaneously. A potential, sustainable, 

and economical eco-friendly alternative to harmful petroleum-based lubricants is, therefore, the most 

pressing need of the 21st-century lubricant industry. Several environmentally benign ingredients have been 

tried to formulate eco-friendly greases; however, a potential alternative is not yet reached. The present study 

explores, for the very first time, an effort to enhance the performance of eco-friendly greases (based on 

vegetable oil and organoclay) using biopolymers (like polysaccharide gums) as additives.  

 

Vegetable oils have shown the finest prospects as eco-friendly substitutes for base oils [2]. This is due to 

their high biodegradability, renewability, minimal toxicity, wide availability, higher flash-point, higher 

viscosity index, and excellent lubricity. Among alternatives to harmful thickeners, modified cellulose and 

organoclays [3-5] have been used extensively.  

 

Polymers have shown enormous potential [6,7] as a lubricant additive in the past. However, their 

environmentally-friendly counterparts, i.e., biopolymers, have never been explored as a lubricant additive. 

Polysaccharide gums are biopolymers that have shown tremendous prospects [8-10] in various 

tribological applications involved in cosmetics, pharmaceuticals, printing, adhesives, textile, oil drilling, 

food, etc. The high load-bearing potential of gums has been reported recently by Lodhi et al. [11]. Their 

superior tribology is due to numerous reactive functional groups (carboxyl, hydroxyl, amino) in the 

structure that facilitates easy anchoring over metallic surfaces to form protective films [12]. Besides better 

tribology, polysaccharide gums are biodegradable, renewable, non-toxic, economical, and widely 

available [13,14]. The only problem is that the functional groups of gums are hydrophilic in nature which 

makes them incompatible with a hydrophobic (or apolar) medium like oil [15]. This is why they have 

never been utilized as a lubricant additive. Due to a semi-solid state and thus a unique ability to suspend 

any kind and size of particles indefinitely without settling greases open the door for polysaccharide gums 

to be explored as an additive. 

 

 

2. Experimental - Two different series of greases containing 0.5 - 10 %w/w of the polysaccharide gum, 

i.e., gum acacia (GA) and guar gum (GG), are developed and evaluated for antiwear (AW) and extreme-

pressure (EP) tests as per ASTM standards. The proportion of ingredients was decided (table 1) to develop 

greases with bearing grade consistency (i.e., NLGI 2) as greases are used most frequently in the rolling 

bearings. The maximum doping was constrained to 10 % w/w as consistency appeared to change beyond 

that. An all-purpose commercial grease was used for benchmarking purposes (the name is not disclosed 

because of copyright issues). 

 

Table 1. Proportions of ingredients and the designations of formulated greases 
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Nomenclature 

of greases 

Proportion (quantity) 

of base oil 

Proportion (quantity) 

of thickener 

Proportion (quantity) 

of additive 

Bare 75 %w/w  25 %w/w  0 %w/w  

GG-0.5 75 %w/w  25 %w/w 0.5 %w/w  

GG-1 75 %w/w 25 %w/w 1 %w/w  

GG-4 75 %w/w 25 %w/w 4 %w/w  

GG-10 75 %w/w 25 %w/w 10 %w/w  

GA-0.5 75 %w/w 25 %w/w 0.5 %w/w  

GA-1 75 %w/w 25 %w/w 1 %w/w  

GA-4 75 %w/w 25 %w/w 4 %w/w  

GA-10 75 %w/w 25 %w/w 10 %w/w  

 

A simple and economical yet effective methodology was adopted to develop greases. The organoclay and 

the additives (gums) were dried at 100 °C overnight in an oven to remove the moisture. Next, the 

additives were added to the oil and mixed thoroughly, first manually and then using a blender (≈ 12,000 

RPM) for ≈ 60 s to obtain a uniform dispersion. Organoclay was immediately added to the obtained 

dispersion piecewise at ≈ 25°C with rigorous and continuous manual stirring. After that, the mixture was 

homogenized using a blender for ≈ 60 s to make grease. The basic characteristics of the developed 

greases and the commercial grease evaluated according to ASTM standards are enlisted in table 2. 

 

Table 2: Physico-chemical characteristics of developed greases and commercial grease 

 

Greases 

 

 

Consistency 

 

Dropping point 

 

Copper corrosion 

 

Commercial NLGI 2 >180°C 2a 

Bare NLGI 2 >200°C 1b 

GG-0.5 NLGI 2 >200°C 1b 

GG-1 NLGI 2 >200°C 1b 

GG-4 NLGI 2 >200°C 1b 

GG-10 NLGI 2 >200°C 1b 

GA-0.5 NLGI 2 >200°C 1b 

GA-1 NLGI 2 >200°C 1b 

GA-4 NLGI 2 >200°C 1b 

GA-10 NLGI 2 >200°C 1b 

 

 

 

3. Results and Discussion –  

 

 
Figure 1: Grease tribological characteristics - (a) Wear scar diameter (WSD), (b) Coefficient of friction 

(COF), and (c) weld load (WL) and pre-weld load (PWL)  

 

 

Figure 1a and 1b show the antiwear characteristics of different greases in terms of wear scar diameter 

(WSD) and coefficient of friction (c.o.f). Figure 1c shows the weld loads (WLs) and pre-weld loads (PWLs) 

for different greases (extreme-pressure characteristics). 
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In the case of GA-based greases, compared to the bare grease, the WSD increases on adding GA to grease 

at all concentrations (figure 1a). However, no clear trend is observed between GA’s concentration and 

WSD. From the comparison of c.o.f, it is clear that, except for GA-10 grease, none of the formulations 

showed lower c.o.f. than that of the bare grease (figure 1b).  

 

In the case of GG-based greases, compared to the bare grease, the addition of GG results in lower WSDs 

at all concentrations (figure 1a). The WSD decreases progressively with an increase in GG concentration 

from 0.5% to 4% and then increases with further addition (for GG-10). This suggests an optimum 

concentration of GG for the maximum reduction in WSD. The GG-4 registers the most impressive AW 

characteristics among all greases (≈ 22% reduction in WSD compared to bare grease). The optimal 

performance of GG-4 is almost equivalent to that of commercial grease. All the GG-based formulations 

display better frictional coefficients than bare grease (figure 1b), with GG-4 registering the most 

significant reduction of ≈ 42% (lower c.o.f than commercial grease).   

 

Unlike AW characteristics, both the series of polysaccharide gums-based greases display impressive EP 

performances compared to the bare grease and the commercial grease. For GA-based greases, even at the 

slightest addition of 0.5%, GA is activated and registers a ≈ 26% increment in PWL compared to the bare 

grease. Increased concentration from 0.5% to 10% further enhances the EP performance; however, an 

apparent increment is registered by GA-10 (≈ 60% increment). For GG-based greases, an enhancement in 

the EP performance is not observed at lower concentrations upto 1%. With a further increase in GG 

concentration, a ≈ 26% increment and a ≈ 60% increment are registered by GG-4 and GG-10, 

respectively.  

 

In summary, GG-based greases displayed superior AW (upto ≈ 22% enhancement), frictional (upto ≈ 

42% enhancement), and EP response (upto ≈ 60% enhancement). Optimal tribological performance 

(almost equivalent to the commercial grease) is achieved by adding 4 %w/w GG in greases. Whereas GA-

based greases displayed superior EP characteristics (upto ≈ 60% enhancement), however, inferior AW 

response. The EP performance enhanced with the gum’s concentration in both the cases showing 

impressive results at higher concentrations (upto ≈ 60% better than a commercial grease used for 

benchmarking).  

 

The superior EP performance is attributed to an in-situ formed polymer-layered silicate nanocomposite 

tribofilm at the interface via chemisorption (GA) or physisorption (GG).  

 

The contradictory AW behavior of polysaccharide gums is attributed to their different interfacial interaction 

tendencies (synergistic for GG and antagonistic for GA) with organoclay. The attraction between the lone 

pair of electrons of oxygen (of GG) and the metal surface facilitates the formation of a physisorbed tribofilm 

(thereby reducing wear) in GG-based greases. The dendritic polymer architecture of GG stimulates the 

formation of a thicker film with freely moving polymer arms acting as molecular brushes assisting smooth 

shearing (thereby reducing friction).  

 

 

4. Conclusions - This research is a step ahead in pursuing a potential, economical, and sustainable solution 

of providing an eco-friendly alternative to long-established harmful mineral oil-based greases. The study 

explores and recommends polysaccharide gums as performance additives to greases based on vegetable oil 

and organoclay.  
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