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Lubricant Additives
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• Lubricants can contain up to 10 different additives, dependent upon application 

(cars are different to trucks and very different to ships)

Dispersant

Detergent

Antiwear

Antioxidant

Friction Modifier

Base Oil

Surfactant-stabilised CaCO3 sols: Acid neutralisation

Surfactants/ Polymers/ Inorganics: Reduce friction 

Polymer/ Inorganic: Controlled deposition

Polymer/ Surfactants: Stabilises soot & deposits

Lubricate surfaces and transfer heat 

• Environment drives base-business research:

▪ Improved fuel economy: Reduced emissions:  a 5% improvement in fuel economy would 
lead to a reduction of ~50 MT/ year CO2 emissions globally

▪ 20–25% of global energy is lost to friction: 7 Billion tonnes of CO2 emitted per year overcoming 
friction: relevant to electric vehicles, wind turbines etc.
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Improving Fuel Economy: Organic Friction Modifiers

• Fuel economy is the major driver in lubricants

• The largest effect on fuel economy from the lubricant is based on viscosity

• Friction modifiers reduce friction and hence improve fuel economy 

Boundary HydrodynamicMixed/EHL

Friction 

Coefficient

Viscosity x Speed

Load

Adhesive H-bonding 

interactions

Dispersive 

interactions

Glycerol monooleate (GMO)

• What is the mode of action for organic friction modifiers?
Published results: a monolayer with a slip-plane between head-group & surface



Infineum confidential information© 2026 Infineum International Limited. All rights reserved. 4

Beamline Tribometer

Blue = X-ray beam path 
Red = Neutron beam path

• Provides shear to solid-liquid interface for in-situ X-ray/neutron reflectometry

• Loaded contact between roller & substrate or form a calibrated gap.
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Experiment with dodecane-d26

• Roller/substrate gap = 200 μm.

• Solvent entrained onto substrate at two 

different shear rate.

• Dodecane-d26 used as a model d-base oil 

(non-polar)

• Fringes arise from thickness of iron/iron oxide film
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Entrained GMO/dodecane-d26 at the interface

Glycerol monooleate (GMO)

• Fitted thicknesses of GMO could 

suggest more complex structures than 

monolayer.

J. L. Bradley-Shaw, P. J. Camp, P. J. Dowding and K. Lewtas, Langmuir, 2016, 32, 7702–7718. 

G. Tsagkaropoulou, C. P. Warrens and P. J. Camp, ACS Appl. Mater. Interfaces, 2019, 11, 28359–28369
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Computational Simulation by MD: Bulk GMO/water

• System properties

• 30 GMO molecules

• 1400 n-dodecane 

molecules

• 150 water molecules (5:1 

water:GMO)

• T = 298.15K

• Results

• Reverse micelle with 

coordination number of 29

• 𝑅g =  16.8 ± 0.2 Å
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Confined GMO

• System properties:

• 156, 78, and 39 GMO 

molecules

• 589 n-dodecane molecules

• Two 55.088 × 50.38 × 8.61 Å  

iron oxide surfaces

• T = 298.15K

• Observations:

• Prevalence of RM formation

• Friction coefficient:

 =  0.13 @ 4 x 1010 s-1
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Confined GMO/ water

• System properties

• 174, 88, and 44 GMO molecules

• 589 n-dodecane molecules

• 5:1 water: GMO

• Two 55.088 × 50.38 × 8.61 Å  iron 

oxide surfaces

• T = 298.15K

• Friction coefficient:

 =  0.16 @ 4 x 1010 s-1

• Large water presence near 

surfaces, and more evidence of 

‘mono-layer’ formation: highlights 

the importance of micelles 

structure and water content
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MD Simulation of the SLD profile for neutron 
reflection
• Reflectivity of 20 mM GMO in dodecane against Fe-coated Si substrate in solid-liquid cell @ 25 °C.

• Thickness of GMO layer = 19.4−1.6
+1.8 Å

• Surface excess = 4.7−0.1
+0.1 mol m-2 x 10-6, APM = 35.5−1.0

+1.0 Å2. Isotherms suggest APM = 40.0 ± 1.0 Å2 

(30 °C).

• Next step: Simulation calculates friction as a predictive tool
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Conclusions & Acknowledgments

• Neutrons can provide powerful structural insight into industrial products from the 
atomistic to macro scale 

• Studies can be performed on [non-ideal] Industrial systems to unlock mechanistic 
and dynamic information

• Beamline tribometer: can now provide nano-scale structural measurements for 
systems in hydrodynamic and into mixed lubrication regimes:

– Beamline tribometer can perform experiments in real-time

–  Results suggest that friction modifiers form more complex structures than a 
monolayer

• Computational Simulation: MD model successfully represents tribo-regimes found in 
the tribometer and can determine behaviour down to individual atoms. 

• Next Steps: Apply to other areas where friction is relevant: fluids for electric vehicles, 
magnetorheological fluids, laundry, personal care etc.

The University of Edinburgh - home

http://www.lyon-spiral.org/campagne_2003/b_grenoble/img/log_ill.gif

http://www.ed.ac.uk/
http://www.google.co.uk/url?sa=i&rct=j&q=ill+grenoble&source=images&cd=&cad=rja&docid=QOC81xBGsbBcwM&tbnid=vS-hWHaERzUsxM:&ved=0CAUQjRw&url=http://www.lyon-spiral.org/campagne_2003/b_grenoble/f_illneutrons_grenoble.html&ei=2s7eUd70NYiU0AWRiYDoAQ&bvm=bv.48705608,d.ZWU&psig=AFQjCNEVxOE7S9CtHIdfT-QnqEuDm6X5SQ&ust=1373642412836792
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Permission is given for storage of one copy in electronic means for reference purposes. Further reproduction of any material is prohibited without prior 
written consent of Infineum International Limited.

The information contained in this document is based upon data believed to be reliable at the time of publication and relates only to the matters 
specifically mentioned in this document. Although Infineum has used reasonable skill and care in the preparation of this information, in the absence of 
any overriding obligations arising under a specific contract, no representation, warranty (express or implied), or guarantee is made as to the suitability, 
accuracy, reliability or completeness of the information; nothing in this document shall reduce the user’s responsibility to satisfy itself as to the suitability, 
accuracy, reliability, and completeness of such information for its particular use; there is no warranty against intellectual property infringement; and 
Infineum shall not be liable for any loss, damage or injury that may occur from the use of this information other than death or personal injury caused by its 
negligence.  No statement shall be construed as an endorsement of any product or process. For greater certainty, before use of information contained in 
this document, particularly if the product is used for a purpose or under conditions which are abnormal or not reasonably foreseeable, this information 
must be reviewed with the supplier of such information.

Links to third party websites from this document are provided solely for your convenience. Infineum does not control and is not responsible for the content 
of those third party websites. If you decide to access any of those websites, you do so entirely at your own risk. Please also refer to our Privacy Policy.
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contact, 
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