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Future fuel in engine applications

Infrastructure availability 
and bunkering capacities will 
drive fuel diversification in 
the ICE market portfolio.

Sources: Miba Internal, Revision 09/2024 Fuel energy density (MJ/kg including container)
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Future fuel in engine applications

Upcoming regulations and 
fuel availability will drive 
alternative fuel applications 
to capture 50% of the market.
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Motivation for Alternative Fuel Research

Alternative Fuels

• New alternative fuels in the 

ICE (NH3, H2, MeOH...)

• Interaction of combustion 

products and fuel residues 

with bearing materials.

• Reactions of combustion 

products and fuel residues 

with oils (additives).

New Oil Formulations

• Changes in the engine oil 

formulations can influence 

the chemical interactions.

• Longer oil lifetime and oil 

change intervals.

• Use of new, fully synthetic 

base stock oils (Polyesters, 

Polyglycols…)

Bearing Challenges

• Chemical interactions with 

the bearing material.

• Chemical reactions with 

important oil additives.

• Water content in the engine 

oil from the combustion.

• Mechanical stress like 

pre-combustion (Hydrogen)

New fuels drive new tribological functional systems. We must understand these systems 
to be able to support engines with the right bearing solution.
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Miba AF Testing Approach

Test Rig Run

• Hydrodynamic test.

• Wear & Fatigue Testing

• Influence of different 

oils (new & aged) on 

the engine system.

Oil-Material 

Compatibility Testing

• Chemical interaction.

• Variability for different 

materials & oils

• Broad & fast screening 

methodology.

• Interaction of additives 

and contaminations 

with bearing materials.

Tribometer Tests

(Ring-on-disc)

• Tribological contact.

• Influence of additives 

on tribo-film formation.

• Screening wear 

behavior with different 

oil cond. (e.g. NH3)

Oil Sample
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Oil Material Compatibility Testing

Standardized Oil-Material-Interaction Tests

• Oil Material Compatibility Testing Strategy:

− Standard procedure for evaluating static oil material compatibility.

− Laboratory approach for research on corrosion phenomena.

− Identify the optimal lubricant and bearing material combinations, 

leading to improved engine performance.

Miba Artificial Oil Ageing Technology

Miba Oil Laboratory
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• Lab scale simulation of engine oil ageing.

− Influence of alternative fuels and combustion products.

− Base for oil material compatibility tests.

• Comparison with in-field engine oils.

− Oil condition parameters & reaction behaviour. 

Miba Artificial Oil Ageing
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Oil Material Compatibility Testing

Higher corrosivity 
with ammonia aged 
engine oil.
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Rotatory tribometer (Tribocorrosion)

Rotatory tribometer TE92 from 
Phoenix Tribology

Tribofilm formation on steel ring

Beneficial output:

• Tribological properties of 

different material-oil-

combinations

• Tribofilm formation with 

different oils

• Influence of aged oils 

(especially regarding 

alternative fuels)

• Tribocorrosion phenomena

• Changed load capability
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Tribo-Layer Formation (SEM Analysis)

Element Weight %

C K 2.4

CaL 6.9

O K 31.7

FeL 2.2

ZnL 23.4

MgK 0.3

AlK 10.0

P K 12.1

S K 10.9

Element Weight %

C K 7.7

O K 8.2

FeL 84.0

Purpose & Facts

• Testing of standard materials and new material combinations

• Lubricant and additive screening

• Investigation of tribofilm formation
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• Tribometer tests with Miba 15 (AlSn-Alloy) and NH3-contaminated marine oil.

− Ammonia engine test rig with ~300 rh under NH3-operation.

− No significant change in the critical oil parameters detected.

• Test with const. increasing load steps until 30 MPa contact pressure.

Tribometer Tests NH3-Oil



© Miba AG_A3PS Eco-Mobility Conference 2025 Vienna_Sebastian Kirchhamer_Evaluating plain bearing performance in alternative fuel engine applications_14.11.2025 12

Alternative Fuel Application – Performance Testing

• Testing of aged oils:

− Aged oils from field applications or artificial aged oils.

− Testing of MeOH field engine, Hydrogen & NH3 engine test rig oils. 

− More different oils from engine test rigs & field applications expected. 

• Test of new oil formulations:

− Behavior of class V engine oils in different applications. (Pb-corrosion)

− New oil additive formulations for AF applications. (e.g. H2-engines)

• Expected results:

− Oil-Material-Compatibility (Copper corrosion, Synthec stability…)

− Bearing performance (Wear resistance, Tribolayer formation…)
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• SCE Test (gas engine application) with Ammonia

− 500 rh of testing under full ammonia operation.

− Approx. 300 ppm free Ammonia in the oil.

− 600 ppm water in the oil detected.

• No change in critical oil parameters (TBN/TAN, Oxidation…)

• Wear/Fatigue test for med. speed (75 MPa, 12 m/s, 70 h)

• Miba 15 bearing material (AlSn-Alloy)

− Test stopped after 20 h with the NH3-oil.

− Significant increased wear of the AlSn-Material.

− Drag-out of AlSn-Material.

Miba Test Rigs NH3-Oil

Miba 15 (NH3-contaminated Oil)

Miba 15 (Gas Engine Oil)
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• To meet upcoming requirements for alternative fuel engine applications, new 

types of bearing material may be necessary.

− Corrosion resistance against alternative fuels or water.

− Cavitation resistance against higher water contents in the oil.

− Improved wear resistance. (reduced wear capability of the oil)

• Not specifically for AF applications designed materials, can meet requirements 

that enhance bearing performance.

• Miba 2C (lead-free Bronze material)

− Potential solution for aggressive oils with low TBN (causing Pb-Corrosion)

• Miba 4B (electroplated lead-free Bronze material)

− Potential solution for Ammonia contaminations (Cu-Corrosion resistance)

Bearing Material Development

Miba 2C (Pb-free Bronze)

Miba 4B (Miba 2C + 

SnSbCu Electroplated)
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Comparison Miba 2C – Miba 4B

The use of multi-layer 
bearing technologies can 
reduce the corrosion 
potential in AF applications.
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Summary & Outlook

Transformation

• Future fuel engine 

application market

• New combustion concepts

(MeOH, NH3 & H2)

• Challenges for the 

Oil Material Compatibility

Development 

• Standardized model 

test approach

• Understand friction and 

wear models

• Focus on oil & corrosion 

research

Evolution 

• Development of new 

bearing materials

• Tribological system 

competence

• Field validation & data 

based prediction models

With further developments, Miba is preparing to successfully meet 
the upcoming trends in engine development.



© Miba AG_A3PS Eco-Mobility Conference 2025 Vienna_Sebastian Kirchhamer_Evaluating plain bearing performance in alternative fuel engine applications_14.11.2025 17

Disclaimer

Disclaimer 

The given statements and information herein are recommendations for the use of our products and

are based on our experience in combination with applicable technical standards. They are for

guidance only and do not represent any assurance of characteristics or warranty commitments for

the products or their suitability for specific applications. The suitability of the products for the intended

use by the user depends on different boundary conditions and influencing factors and is to be

assessed exclusively by the user.

DISCLAIMER:

NO WARRANTY OR GUARANTEE, EXPRESS OR IMPLIED, IS MADE WITH RESPECT TO THE

PRODUCTS, DESIGNS, DATA, INFORMATION DESCRIBED OR ANY INTELLECTUAL

PROPERTY CONTAINED THEREIN. ANY WARRANTY OR GUARANTEE OF MERCHANTABILITY

OR FITNESS FOR A PARTICULAR PURPOSE IS ALSO EXCLUDED.

The given statements and information herein reflect the current status at the time of publication.

Typing or printing errors cannot be excluded. This publication shall not be reprinted or reproduced in

whole or in part in any form or by any means without the express written permission of Miba.

Haftungsausschluss 

Die hier enthaltenen Aussagen und Informationen gelten als Empfehlung für die Verwendung unserer 

Produkte und basieren auf unseren Erfahrungen in Verbindung mit anwendbaren technischen 

Normen. Sie dienen lediglich der Orientierung und stellen keine Eigenschaftszusicherung oder 

Garantiezusage für die Produkte oder ihre Eignung für konkrete Verwendungen dar. Die 

Geeignetheit der Produkte für den vom Verwender beabsichtigten Verwendungszeck ist von 

verschiedenen Rahmenbedingungen und Einflussfaktoren abhängig und ist ausschließlich durch den 

Verwender zu beurteilen.  

HAFTUNGSAUSSCHLUSS:

FÜR DIE BESCHRIEBENEN PRODUKTE, DESIGNS, DATEN UND INFORMATIONEN UND 

ENTHALTENES GEISTIGES EIGENTUM WIRD KEINE GARANTIE ODER GEWÄHRLEISTUNG, 

WEDER AUSDRÜCKLICH NOCH STILLSCHWEIGEND, ÜBERNOMMEN. AUSGESCHLOSSEN 

IST AUCH JEGLICHE GEWÄHRLEISTUNG ODER GARANTIE DER MARKTGÄNGIGKEIT ODER 

DER EIGNUNG FÜR EINEN BESTIMMTEN ZWECK.

Die hier enthaltenen Aussagen und Informationen geben den Stand zum Zeitpunkt der 

Veröffentlichung wieder. Satz- oder Druckfehler können nicht ausgeschlossen werden. Nachdruck 

oder Vervielfältigung, auch auszugsweise, ist nur mit ausdrücklicher schriftlicher Genehmigung der 

Miba zulässig.
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