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1.  Introduction 

 

Polymer additives enhance grease performance at low treatment levels.  The 

challenges grease manufacturers face can be addressed with the inclusion of polymer 

additives in a variety of grease types.  The benefits of polymer additives in this study are 

shown to include improved shear stability, enhanced water resistance, and increased 

yield.  Polymer additives are available in a variety of forms, including liquid, gel, powder 

and pellet, for ease of use.  The time required for incorporation of the polymer additives 

may be dramatically reduced when a liquid or gel form is used instead of powder or pellet 

forms.  The time saved in “finishing” the grease will result in substantial product 

throughput.  In addition to performance enhancements, selected polymer additives 

provide economic benefits through increased grease yields of up to 17%.  

 

 

2.  Background 

 

The performance demands being placed on grease continue to increase, while 

desire for low pricing is ever-present.   In an effort to meet these contradictory pressures, 

researchers have pursued new additives for grease capable of economically enhancing 

performance.  Polymer additives have shown their usefulness in grease formulations in a 

variety of ways at modest treatment levels.  Benefits include increased base oil viscosity, 

better shear stability, enhanced water resistance, higher yield, greater adhesion, elevated 

tackiness and reduction in bleeding (oil separation).
1 - 3

  Polymers that have been studied 
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as grease additives include polyisobutylene (PIB), ethylene-propylene copolymers 

(OCP), styrene-hydrogenated butadiene (SBR), styrene-hydrogenated isoprene (SI), 

radial hydrogenated polyisoprene (Star), acid functionalized polymers (FP), 

polymethacrylate (PMA), styrene ester copolymers (SE), and styrene ethylene butylene 

copolymers (SEBCP).
4, 5

  Recent proprietary advances in polymer chemistry have 

resulted in grease performance enhancements not previously observed.   All OCP 

polymers are ethylene/propylene random copolymers with viscosity average molecular 

weight (Flory) of about 200,000 and the polydispersity, which measures the ratio of 

average molecular weight to the number average molecular weight, of 2.5.   The ethylene 

content of these co-polymers range from 30% to 70%.  The polyisobutelene polymers 

have a very high molecular weight of 1,000,000 and a polydispersity of 2.0.  Star 

polymers have a molecular weight of about 350,000 and a polydispersity of 1.2.  All 

other properties of polymers discussed in this article are proprietary.  

 

3. Theoretical Background 

Most of greases contain different amounts of additives which enhance lubricant 

performance (control extreme pressure, wear, rust, corrosion, oxidation, and adhesion).  

These additives are soluble in oil.  They affect grease in the same way as lubricant oils.  

More difficult to explain is the mechanism of how polymers affect the performance of 

grease.  All polymers, which are used as additive to grease, are also soluble in oil.  It is 

generally known that adding polymers to oil increases the viscosity of base oil and in 

most cases increases the viscosity index (VI).  But changing the base oil viscosity will not 

effect the mechanical properties of grease, if the polymers do not interact with the three 

dimensional network of fibers created by thickeners.  These thickeners provide body and 

structure of greases. The three dimensional network of soap fibers could physically 

connect or entangle with another network organized by polymers.   By comparing the 

effects of polymers on the grease performance, we found that polymers which can 

augment the additional three dimensional network in grease demonstrate the best results 

in improving mechanical properties of grease.   
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To enhance the existing physical network of a grease, the polymers that are added 

may have less soluble blocks (such as styrene blocks in SBR) or a large amount 

crystalizable ethylene blocks in polyethylene/polypropylene co-polymers.  The three 

dimensional network of thickeners in greases, without the addition of polymers, is very 

flexible, easily degraded, and easily re-created.   The three dimensional network of 

polymers added to the grease is also flexible, reversible, but with shorter chains between 

rigid blocks.  As a result the total network could be described as bimodal or 

interpenetrated network consisting of a network of soap fibers and a network of 

polymers.   Numerous publications address the properties of bimodal networks.  The 

main part of this publication is devoted to bimodal polysiloxane network (6-9).  Bimodal 

networks on the polyurethane base are described in (10, 11).  It was shown that in some 

cases the mechanical properties such as modulus and strength of the bimodal network are 

superior to the mechanical properties for unimodal networks based on the same 

ingredients.  A variety of experiments show that improvement in mechanical properties is 

primarily due to the very limited extensibility of the short polymer chains present in the 

bimodal network (12).  In our case flexible chains, an example would be the 

polybutadiene block of molecules in SBR copolymers.  This limited extensibility and its 

effect on elastomeric properties are being investigated using  a non-Gaussian theory of 

rubber like elasticity base on network distribution function generated from Monte-Carlo 

simulation which employ a rotational isomeric state information on the chains of interest 

(13). It means that a short network chain that approaches its maximum elongation cannot 

increase end-to-end distance by rotation about its skeleton bonds.  Deformation of bond 

angles or bond lengths is required for additional elongation and its clear that the energy 

for this process should be much higher than those for configurational changes.  This 

change in deformation mechanism of the bimodal network of soaps and polymers could 

be the reason of the very pronounced improvement of mechanical properties of greases, 

such as improved shear stability and water spray off, with bimodal three dimensional 

network.   In addition to the polymers which provide a physical network described above, 

linear polymers can play similar role in improving the durability of greases.  For 

example, the very high molecular weight polyisobutylene provides additional mechanical 

entanglements between the long chain molecules of PIB and the initial soap network 
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4.  Experimental Procedures 
 

Several experimental methods were employed to evaluate the grease samples. 

 

WORKED CONE PENETRATION TEST 
 

 

 
 

 

Figure1.  Mechanical Grease Worker 
 

 

A. Worked cone penetration measurements were made in accordance with ASTM D 

217, “Standard Test Method for Cone Penetration of Lubricating Grease.”  With 

the sample and equipment at 77 ºF, the sample was carefully placed into the 

worker cup and subjected first to 60 and then to 10,000 doubles strokes in a 

Mechanical Grease Worker (Figure 1).  Both times, three cone penetration 

measurements were taken using Penetrometer (Figure 3) and the average numbers 

recorded.  The changes between work 60 and 10,000 strokes of tested greases 

were evaluated and reported. 
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WATER SPRAY OFF TEST 
 

  
Figure 2.  Water Spray Apparatus Figure 3.  Panel and holders for the Water 

Spray Off Test. 

 

 

B.    Water resistance of the grease samples was determined using ASTM D 4049, 

“Standard Test Method for Determining the Resistance of Lubricating Grease to 

Water Spray.”  This test provides a realistic determination of how much grease 

will be removed when water is sprayed on it.  Panel weights were determined to 

the nearest 0.1 g and after a 0.8 mm (1/32 in.) thick film of grease was applied to 

the panels they were reweighed.  Any grease outside the scribe lines was removed 

before reweighing.  See Figure 3 for a picture of the sample panel and holders.  

The panels were inserted into the holders and then into the water spray apparatus 

(Figure 2).  The panel was centered below the spray nozzle.  Water at 100 ºF was 

sprayed at a pump pressure of 276 kPa (40 psi) onto the panel for 5 minutes.  

Grease outside the scribe lines was removed, and the panels were dried in an oven 

for 1 hour at 150 ºF and reweighed.  The percent grease weight loss was reported 

as the percent water spray-off. 
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STANDARD ROLL STABILITY TEST 
 

 

 
 

 

Figure 4.  Roll Stability Tester 

 

 

C.   A higher amount of shearing, compared with the grease worker, was applied to 

samples using ASTM D 1831, “Standard Test Method for Roll Stability of 

Lubricating Grease.”  An approximately 50 g sample was placed in a Roll 

Stability Tester similar to the one shown in Figure 4, for 2 hours with a speed of 

165 rotations per minute.  Penetrations of the greases before and after the Roll 

Stability were measured, compared and the changes recorded. 
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Figure 5.  Penetrometer Figure 6.  ¼ Scale Grease Cup 

 

 

 Due to insufficient grease amount available for full-scale cone penetration ASTM 

D 1403, “Test Method for Cone Penetration of Lubricating Grease Using One-

Quarter and One-Half Scale Cone Equipment” was used with similar procedures as 

above.  One-quarter scale grease worker (Figure 6) was used and the results were 

converted to full-scale penetrations with the equation provided in ASTM D 1403. 

 

 

4.  Experimental Program 

 

Nine grease additives produced at our company and to a large degree based on 

commercially available polymer were selected to investigate the performance of a variety 

of polymer chemistries in grease including novel proprietary polymers, PIBs, OCPs, and 

a SEBCP with proprietary parameters.  PIBs and OCPs have shown their utility as 

tackifiers, viscosity index improvers and thickeners in oil.  PIBs performance is solely 

dependent on molecular weight, whereas the performance of OCPs is dependent on 

molecular weight, the ratio of ethylene to propylene, and the distribution of the ethylene 

block in random copolymers.  The SEBCP is yet more complex, as its performance is 
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dependent on molecular weight, the styrene/ethylene/butylene ratio and molecular 

structure.  As the molecular weight of the polymers increases, the tackiness increases.  

However, the shear stability tends to be reduced as molecular weight increases, so a 

balance of these properties needs to be taken into account to best meet the needs of 

particular applications
2
.  The molecular structure of the polymers have been designed to 

promote swelling and dissolution in grease formulations for optimum grease 

performance.
 

Polymer additives were incorporated into lithium complex NLGI #2 grade grease.  

This grease was selected because of continuing demand for Lithium Based Greases in the 

world and NLGI #2 it is the most commonly used grade.  The effects of these polymers 

on grease shear stability, water resistance and yield were determined.   

Table 1 lists the treat levels that were tested, the polymer type, and the physical form of 

the additives.   

 

 

Sample Polymer 

Additive Form 

Polymer Type Treat Level 

(%) 

Li Grease -- -- 0 

Li Base + A Gel Proprietary 2 

Li Base + A Gel Proprietary 3 

Li Base + B Liquid Proprietary 2 

Li Base + B Liquid Proprietary 3 

Li Base + C Pellet Proprietary 1 

Li Base + D Liquid PIB 2 

Li Base + E Liquid PIB 2 

Li Base + F Powder SEBCP 0.5 

Li Base + F Powder SEBCP 1 

Li Base + F Powder SEBCP 2 

Li Base + G Pellet OCP 3 

Li Base + H Powder OCP 0.75 

Li Base + H Powder OCP 1 
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Li Base + I Liquid OCP 2 

 

     Table 1.  Polymer Additive Forms, Polymer Type and Treat Levels 

In order to incorporate the polymer into the greases, the grease was heated and the 

additives were mixed in using medium speed on a Hobart model C-100 mixer.   

The liquid and gel additives were dissolved at lower temperature and in less time 

compared with pellet and powder additives.  In liquid additives, the polymer is dissolved 

in oil and in gel additives, the polymer is swollen by oil.  Swelling is a necessary process 

on the path to dissolution.  Because liquid and gel additives are pre-dissolved, it took 

only room temperature and 1 hour of mixing to incorporate them in to the greases and to 

obtain homogeneous products.   

Pellet and powder additives required longer mixing times at higher temperatures 

because they needed time for both swelling and dissolution processes.  The solid 

polymers were mixing for about two hours, and at 230ºF temperature in order to dissolve 

and to create homogeneous products.  

The purpose of this study was not to optimize the laboratory mixing times of the 

samples, because variations in production equipment make scale-up from laboratory 

conditions different for each manufacturer.  Individual users will need to optimize their 

own production mixing processes, however it is suggested that the mixing time 

(“finishing time”) required for liquid and gel additives will be significantly less than that 

for pellet and powder additives.  The potential finishing time savings is 50%. 

The mixing temperature difference is particularly important when clay-type 

gelling agents are used.  Typical processing temperatures for clay-based greases range 

from room to 160ºF, and pellet and powder additives will not be successfully dissolved at 

these temperatures in modest mixing times because of the need for both swelling and 

dissolution processes.  Liquid and gel additives are completely dissolved at these 

temperatures in short mixing times. 
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5. Results 

 

One of the most important attributes of grease is shear stability.  Two tests were 

used to investigate the shear stability of the samples in this study:  worked cone 

penetration and roll stability.  Worked cone penetration results show that all the polymer 

additives in the study provide a dramatic performance improvement compared with the 

control lithium complex grease.  The control grease had a worked cone penetration of 

296 after 60 double strokes and penetration of 320 after 10,000 double strokes.   
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Figure 7.  Shear Stability – Effect of 10,000 Double Strokes on  

Cone Penetration, ASTM D 217, Proprietary and PIB Polymer Samples 

 

 

 

Figure 7 shows the first half of the data set, and after 10,000 double strokes the 

control grease showed an increase in cone penetration of 24.  Both the proprietary 

polymer chemistries (A, B and C) and the PIB polymers (D and E) show improved shear 

stability.  The datum from polymer additive D at 2% treat level (-6) suggests that this 

additive would provide adequate shear stability at an even lower treat level.   
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Figure 8.  Shear Stability – Effect of 10,000 Double Strokes on Cone Penetration,  

ASTM D 217, SEBCP and OCP Samples 

 

 

 

The second half of the data set evaluating SEBCP and OCP samples, Figure 8, 

show only slightly higher cone penetration increases.  In fact, the two largest increases 

(9 and 7) from the sample set are the result of especially low polymer additive treat 

levels (0.75% and 0.5%).  Increases in the treat levels (to 1.0%) resulted in improved 

performance (5 and 3, respectively) to within the scatter of the experimental data.  

Several of the additives (C, F and H) provide stellar shear stability at a treat level of only 

1%.  These polymer additives are in powder or pellet form and have a higher polymer 

content compared with liquid or gel additives. 
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Figure 9.  Shear Stability – Roll Stability Cone Penetration change,  

ASTM D 1831, Proprietary and PIB Polymer Samples 

 

 

The Roll Stability Test provides an elevated amount of shear compared with 

10,000 double strokes in the grease worker, as shown in Figure 9 by the greater increase 

in cone penetration (32.6) of the control lithium complex grease.  The samples with 

polymer additives also showed elevated cone penetration numbers from the higher shear.  

The additive samples continue to show a dramatic increase in shear stability compared 

with the control.  Both the proprietary and PIB polymer samples shown in Figure 8 have 

excellent shear stability at treat levels up to 3%.  Polymer additive C provides exceptional 

shear stability performance at a treat level of only 1%.  The molecular weight of the 

polymer used in this additive is sufficiently low that it was not significantly decreased by 

roll shearing.   

Similar performance to the previous test was observed from additive D at 2% (-

4.1), again suggesting that this additive would provide sufficient shear stability at a lower 

treat level.  Other additives (A, B and E) provide good performance at higher treat levels. 
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Figure 10.  Shear Stability – Roll Stability Cone Penetration change,  

ASTM D 1831, SEBCP and OCP Samples 
 

 

Figure 10 shows the shear stability of samples made with SEBCP and OCPs.  The 

two samples with especially low treat levels again showed the highest cone penetration 

increases (21.6 and 21.0), which were again reduced (to 14.2 and 13.0, respectively) by 

elevating the treat levels to 1%.  Good shear stability is observed at modest treat levels in 

the samples with the SEBCP and OCPs.   
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Figure 11.  Water Spray Test, ASTM D 4049, Grease Samples  

with Proprietary Polymer, SEBCP and OCP Additives 

 

 

Many grease applications demand good water resistance in order to perform well 

for an extended period of time.  PIB polymer additives along with additives A and I are 

not recommended for use in applications requiring water resistance.  Their performance 

was similar to the control, so these results are not included.  Figure 10 shows the results 

of the Water Spray Test with the control lithium complex grease having a water spray 

loss of 73 %.  For most applications with water exposure, having water spray remove 

73% of the grease is completely unacceptable.  Addition of low levels of select polymer 

additives substantially increases water resistance.  At treat levels of only 0.5 % the water 

spray loss of samples with additives F and H is reduced to 48 and 29%, respectively.  

Doubling these treat levels yields improved performance to 15 and 14%, respectively.  

This water resistance performance is exceptional with a treat level of only 1%.   
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The sample with additive G outperformed additive B at a treat level of 3% (water 

spray loss of 20.5% compared with 32.9%).  For some applications, water spray loss in 

this range may be acceptable; however some polymer additives thicken grease, slightly 

reducing grease mobility.  A grease performance balance needs to be struck between 

water resistance and mobility by using the appropriate polymer additive at the treat level 

that will meet the needs of the application. 

 

 

 

ECONOMIC BENEFITS 

 
Sample Treat 

Level 
(%) 

WK 60 
Penetration 

Oil 
Adjustment 
(%) 

WK 60 
Penetration  

Base Grease 0 296     

Li Base + B 3 268 17 294 

Li Base + F 1 278 15 297 

Li Base + H 1 272 16 294 

 
 

       Table2.  Yield Increase with Polymer Additives 

 

 

The potential economic benefits of higher production throughput have already 

been mentioned; however there is a much greater economic gain from increased yield 

through the use of select polymer additives in grease formulations.  Table 2 shows the 

treat levels and resulting cone penetration reductions (approximately 30 units) compared 

with the control grease.  The thickening of the grease caused by these additives resulted 

in the increase of about one NLGI grade.  Additional oil was required to bring the grease 

to required penetration.  As oil is the least expensive component in the formulation, there 

is a reduction in the cost of materials per pound of grease.  The final cone penetration 

change data (compared with the control lithium complex grease) were included to show 

how accurately the oil adjustment was made.  Because of the oil adjustment needed to 

bring the samples back to the original NLGI grade, the yield was increased by 
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approximately 15% through inclusion of a low level of these polymer additives.  The 

other polymer additives did not show such significant thickening action.  It should be 

noted that the additive package would need to be boosted to adjust for anti-wear, extreme 

pressure, or anti-oxidants.  

6.  Conclusions 

 

The improvement of grease performance in terms of changing network structure 

from the addition of polymer was discussed.  Polymer additives have been shown to 

provide significant grease performance benefits at low treat levels.  When added to 

grease, polymer additives can increase shear stability resulting in longer grease 

functionality.  They can enhance the water resistance of grease in applications where 

water contact is present.  Select polymer additives can increase yield, making the grease 

formulation more economical.  Polymer additives in liquid and gel form have the 

potential to reduce finishing time for grease formulations compared with powder and 

pellet forms.  Some polymer additives (B, F and H) provide substantial grease 

performance enhancements in all three areas:  shear stability, water resistance and yield.   

Additional studies for aluminum grease have generated similar results  
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