New alternative components to replace ZDDP
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ZDDP - Zinc DialkylDithioPhosphates

Why ZDDP is so important in the
lubrication?

Since 1944, when Mr. H. Freuler patented the
use of ZDDP in lubrication systems, no other
component has been able to replace it.

ZDDP has the ability to simultaneously
function as an excellent antiwear agent, a
mild extreme-pressure (EP) agent, and an
effective oxidation and corrosion inhibitor

Can we manufacture a lubricant

without ZDDP?

Let’s see...



Eni R&D activity on additives

Eni Lube Additives.
Boost your
perform'an

Study and development of new additives based on new performance
requirements, business requests and specific customer requests

Technical support to the production and marketing of additives

Support to the improvement of Robassomero production processes
Prevention and resolution of product quality problems
Technical support to new potential customer

Identification and evaluation of alternative raw materials for the
production of component and additive packages with cost reduction and
guality maintenance




Development of new automotive lubricants

Friction reduction Engine protection and durability

Lubricating oil plays an important Low-speed pre-ignition (LSPI) is a
role in reducing friction losses eeessssccessss | phenomena in downsized, direct injection

and turbocharged gasoline engines
designed for high fuel economy

This phenomena is influenced by
additives: Ca detergents can promote
LSPI

Reduction of oil viscosity
Use of Friction Reducer Additives

Low impact on aftertreatment High tolerance

Unburned biofuel (e.g biodiesel)
condenses on cylinder wall and is
pushed down by oil rings into the sump,
contaminating the lubricant

Vehicles equipped with exhaust gas
treatment devices to reduce emissions

and minimise
= Phosphorus contained in the oil poisons

catalytic converters
= Sulfur deactivates the catalytic converters

Use of efficient antioxidants and corrosion
inhibitors in order to

= Decrease of viscosity and stability

(reversible)
= Organometallic additives have the tendency
to clogg the DPF cescscscscs

= Increase of corrosion phenomena
 cececccces = Possible presence of water in the sump

it
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Can we do without ZDDP?... What’s new in Eni

Calixarene based detergents

2 Organic bio-based friction reducers

Nano-Additives for friction and wear
3 reduction




Eni research on additives — New detergents

To meet the emerging needs, Eni, in collaboration with the University of Parma has developed

new detergents SUlfur free based on calcium salts of calixarenes

Calixarenes

HYDROCAREON
||| PROCESSING
BT AWARDS

Best Petrochemical
Technology
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Patent: W02020261217A1 - Eni SpA
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Calixarene based detergent applications
STRIBECK CURVE: LUBRICATION REGIMES
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= Sulfur free =» suitables for high
performance Low SAPS engine oils

= Proven friction reduction behaviour =
\_ improve engine Fuel Economy 4
45°C

120°C

SFC (STRIBECK FRICTION COEFFICIENT)
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Friction Reducers

100%

Lubricants are fundamental in
the reduction of the friction loss

Used “to move”
15% ‘

Energy used for effective motion

Energy losses

25%
15% Idling
10% Auxiliary systems
Energy losses
60%

40% Heat ICE
20 % Friction e
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Preferred are ashless organic Friction Reducers, because the organometallic ones
can interact negatively with the after treatment devices
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/H\/\HJ\ x\)\/OH I:> Mixture of Renewable
+
; ;o surfactant-like molecules

OA Gliycerine derivative

; 3
Renewables base stock L

Synthesis process with high conversion of reactants and the ratio between the products which guarantees:
= Solubility in the lubricant
= Qutstanding friction reducing performances
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" Patent: W02022043891A1 - Eni S.p.A.
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The Mini-Traction Machine (MTM) is an instrument for
measuring the friction coefficient of lubricated surface contacts

Tipically a ball is in contact with a disc and the friction
coefficient profile is recorded in the form of a Stribeck curve

Boundary

Friction Coefficient

¥

Speed x Viscosity / Load



MTM tests and engine tests on OW-20 lubricants containing the new FRs
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Excellent results in FE tests on engine and vehicles

* Sequence VI E m
e BMW B48 Fuel Economy test
 MB C 350 CGI Fuel Economy testing
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Nano Additives based on Graphene

Graphene is a single layer of carbon atoms arranged in a honeycomb lattice isolated in 2004 by scotch-tape method from graphite

Considering the high costs of mono-layer graphene, most applications use FLG (Few Layers Graphene) composed by a number of
layers between 2 and 10

Sound Transducers Graphene Applications
Piezoelectric Effect

Quantum Dots Composites
Plasmonics and Metamaterials
Waterproof Coating
Medical Applications Batteries / Super Capacitors

Corrosion Resistance
Plastics & Polymers

Electrochemical

Energy Generation Structural Material

Aerospace Additive / 3D Printing

Single / Multi Bulk Gra

Conductive Ink Automotive

hermal Management
Barriers, Films and Coatings

N
\ r and Synthetics
Hall Effect Sensors \\% y

Optical Modulator [ Lubricants
EMS c _C
Spintronics oncrete and Cement

Pressure Sensors . Magnets
Touch Screens Sensors
Photodetector
Electronics
Semiconductors
Water Filtration
Transparent Conducting Electrodes

Optoelectronics
Transistors

¥
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Application of Graphene as Nano Additive for Lubricants

Outstanding anti-friction and anti-wear properties

High chemical stability

High surface area
High thermal conductivity

100% metal free

High electrical conductivity

Eni R&D is focused on the study
of nano additives based on
Graphene and in particular on
FLG as friction reducers and
antiwear for applications in fuel
economy lubricants
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Mechanism of graphene action on surfaces

Rolling effect

Protective film

Mending effect

Polishing effect

A D e
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MTM tests on OW-20 lubricants containing FLG
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100% metal-free
Suitable for replacement of organometallic additives
Outstanding friction reducing and antiwear properties

Improve the heat removal (high thermal conductivity)

? ﬁ Dark Color

CONS



Conclusions

1 New components can be used to minimise P, S,

. organo-metals in the lubricants
Can we manufacture a lubricant

without ZDDP? 3 Current possibility to minimize the usage of
/DDP
Currently not! O Challange to find one component with ALL

characteristic in one goal as ZDDP
But... [ Challange to optimize the new formulation in

order to improve the compatibility of different
components
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