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Lubricant Additives

« Lubricants can contain up to 10 different additives, dependent upon application

(cars are different to frucks and very different to ships)
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Polymer/ Surfactants: Stabilises soot & deposits

Surfactant-stabilised CaCOg sols: Acid neutralisation

Polymer/ Inorganic: Controlled deposition

Surfactants/ Polymers/ Inorganics: Reduce friction

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 CO, emissions globally

» 20-25% of global energy is lost to friction: 7 Billion tonnes of CO, emitted per year overcoming

friction: relevant to electric vehicles, wind turbines etfc.
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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
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« What is the mode of action for organic friction modifierse

Published results: a monolayer with a slip-plane between head-group & surface
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Beamline Tribometer InfiRdum

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-d,,

» Roller/substrate gap =200 um.

different shear rate.

Dodecane-d26 used as a model d-base ol

(hon-polar)
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Solvent entrained onto substrate at two
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« Fringes arise from thickness of iron/iron oxide film
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Entrained GMO/dodecane-d,, at the interface

Glycerol monooleate (GMO)
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Laver SLD,, / SLD,, / Thickness Roughness  Solvation

WEE A2 100 A2 x 107 /A /A / %

Si 2.07 - 00 3.0 -
SiO, 3.47 - 12,7729 46732 -

Fe 79701 46703 19.1705x10t 2171 -
FeO, 6.9703 0.5%93 23.370% 4.3%5% -
fGMO 0.21 - 24.3197, 6.713% 352033
FGMO 0.21 . 25.8743 77423 2451216

» 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  infirgum

« System properties
« 30 GMO molecules
* 1400 n-dodecane
molecules
« 150 water molecules (5:1
water:GMO) @
« T=298.15K

o Results

 Reverse micelle with
coordination number of 29

* R, = 168+0.24A %
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Confined GMO infinéum
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« System properties: A O
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« 156, 78, and 39 GMO
molecules

« 589 n-dodecane molecules

« Two 55.088 x 50.38 x 8.61 A

iron oxide surfaces
e T=298.15K

« Observations:
* Prevalence of RM formation

Friction coefficient:
n=0.13@4x 10051
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Confined GMO/ water Infikdum
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« System properties

« 174, 88, and 44 GMO molecules

« 589 n-dodecane molecules

« 5:1 water: GMO

« Two 55.088 x 50.38 x 8.61 A iron
oxide surfaces

« T=298.15K

Friction coefficient:
n =0.16@4x 10051

« Large water presence near
surfaces, and more evidence of % g
‘'mono-layer’ formation: highlights S | DA Lo SRy LGP RIS M
the importance of micelles _ A Yy RIS PGPSO oa
structure and water confent
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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.

infinéum

Thickness of GMO layer = 19.4*18 A

Surface excess = 4.7731 mol m-2 x 10-6, APM = 35.5110 A2 |sotherms suggest APM = 40.0 + 1.0 A2
(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 fribometer: 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 fribometer 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.
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Formulating fomorrow together
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Permissions,
ontact,
call to Action

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 welbsites 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.

‘INFINEUM', ji#3EX, and the corporate marks comprising of ‘INFINEUM' and the Infineum circle device are trademarks of Infineum International Limited.
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