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Multi-Lab Team

 Argonne National Laboratory

— George Fenske - Tribology, Surface Science &
Coatings
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INEEL AGRICULTURE PROGRAM

Focus - Optimizing agriculture crop/biomass production
systems

Supports the DOE-OIT Technology Roadmap for Plant/Crop-Based
Renewable Resources 2020 and the INEEL BioEnergy Initiative:
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Expanding basic computational sciences research

e {‘*-. it FHES
- i%ﬁ%ﬁé"s‘f‘; o
a {F

ik




Idaho National Engineering and Environmental Laboratory e o s

INEEL Capabilities

Science
» Biotechnology
— Microbiology

— Applied biotechnology With control of lignin

* Plant SC'?nce biosynthesis, more carbon
— Genetics Cellulose can be d/verted to hlgher-
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BioDerived Lubricants Agenda

 Objectives

e Issues

e The team

* Project Strategy
* Functional Genomics and in planta ,_solutlons
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Objective

 Develop improved bioderived lubricant system for low-emission
engines
— Improved bioderived lubricant that minimizes use of elements that
poison aftertreatment devices, and

— Improved materials/surfaces that function with /OWremISSIon bioderived
lubricants (e.g. S & P free Iubes)"’”‘ y |
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Issues - Emissions, Emissions,
Em:ss:ons (& Renewable Energy)

Aftertreatment devices poisoned by sulfur (P and others?) elements in fuels
and lubricants

» Regulations proposed to limit sulfur from diesel fuels (10 ppm S)

« Wil it also be necessary to limit levels of S, P and metals in engine
lubricants?

— Many lubricant additives rely on S, P, and metal bearing
compounds to protect engine

— Current bioderived engine lubes suffer from thermal stability
(deposits) and wear is sacrificed for friction

Can bioderived lubricant system (improved lubricant and surface
materials) replace sulfur bearing compounds?

— Emission benefit + renewable/domestic oil product.
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Bioderived Lubricant Issues

 Engine applications represent a major challenge to bioderived
lubricants

— Renewable Lubricants and Agro Management Group field
testing bioderived engine lubricants

e [Issues
— Thermal stability - deposits in top ring (thermal effect
catalytically assisted?)
e Cu, Sb at levels of 1000 ppm effective individually,
synergistic effect at 300 ppm - impact on Cu & Sb
on aftertreatment device?

e Formation of acids - engine bearing degradation
(Pb)
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ANL/ lowa State/INEEL Team With
Industry

e ANL - Tribology, Surface e [ndustrial Interest
Science & Coatings — Plant Bioproduct

* lowa State - Agricultural Processing
Functional Genomics & Plant _ Additive Eormulation

Molecular Genetics

— Oil Bl in
. INEEL - Plant Ol Plenaing
Science/Production & — Engine Testing
Biotechnology
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Project Strategy

» Determine critical mechanisms by which boundary layer additives protect surfaces
— Chemical bonding, composition, and structure

— Impact of substrate chemistry on mechanism
» Identify bioderived compounds that possess critical attributes
* Modify bioderived compounds to produce optimum performance
» Genetically modify plants to optimize production of desired compounds

 Based on first principles, can we identify the optimum
compounds/attributes, and use functional genomics and

biotechnology to modify appropriate plants to economically produce
compounds with desired attributes?



N
o . "% INEEL
Idaho National Engineering and Environmental Laboratory = pwrtcs

Functional Genomics of Bioderived
Lubricants

® Identify genetic systems for producing novel biolubricant
chemistries in plant seeds

® Overcome chemical and physical deficiencies in current seed
oils (oxidative stability, alter melting point)

® Characterize the efficacy of bio-derived wax esters and
branched chain fatty acids as biolubricants
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Most plant oils are triacylglycerides
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? BIOLUBRICANTS
CH,-O-C-R,
O | O
I CH,-OH/H* |
R -C-O-CH _ »  R-C-O-CH,
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I Plant oils are converted to methyl esters
CH,-O-C-R, e
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In planta solutions

 Genetically modify plants to produce wax esters
— eliminate cost of ester chemistry

 Genetically modify plants to produce saturated,
branched fatty acids
— eliminate cost of hydrogenation chemistry
— eliminate oxidative instability
— lower melting point (i.e., stay liquid in Duluth)
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Lubrication Regimes -
Understanding of Boundary Film Lubrication is Lacking

Stribeck Diagram

® Fluid film lubrication well understood
® Mixed and boundary lubrication regimes less Esandany

understood
® Complex surface chemistry associated with g [\ /

formation and behavior of protective surface films
® Significant modification of subsurface regions
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Tribochemistry

 Lubricants contain critical compounds that provide low friction and prevent catastrophic
failure/wear

— Most current additives (in particular boundary layer additive packages) rely on the presence
of S, P, and metallic elements

» Boundary layer compounds react with surfaces to form protective films - surface
chemistry/tribochemistry is critical

« Conventional BL compounds are developed for steel surfaces
— Additive packages often developed by trial & error
— Advanced tribological coatings/materials are often chemically different from steel - their
performance with BL additives will differ
*  Molecular Dynamic modeling of tribology is incomplete and limited to ideal situations
— Competing processes and additive interactions not considered - equivalent to modeling the
basestock fluid

* How can we unravel and identify the complex tribochemistry mechanisms that occur at the
surface to design and validate (bioderived) lubricant systems without extended ‘Edisonian’
test protocols?
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Paradigm Shift Required to Develop a
Low-Emission Engine Lubricant

» Typical lubricant development is segmented:

— Additive packages developed separately (by separate companies) and
sold to oil companies that blend additives and basestocks into a
formulated product

— The development of basestocks and additive packages are developed
on a trial & error basis. Blends are prepared, and tested to determine
performance - limited knowledge of what attributes are desired, and
how they are affected by chemical (and tribochemical) properties

» Science (surface science & plant genetics) approach will be developed to
identify key attributes, and to identify & direct the modification of bioderived
compounds to achieve these attributes

— Team effort required to bring different disciplines together



Idaho National Engineering and Environmental Laboratory " s o

Team Brings Together Necessary Disciplines to
Develop Low-Emission Lubricant System

bioprocessing
companies \

genes

Small

desirable quantities ’%gg;lﬁﬁ‘ties E::E;:;?::m&%
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Summary

As a multi-lab/industrial team

» Assess critical attribute re___quil_f_g'ments of lubricants
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» Determine which bioderived products provide these requirements






