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Coatings in Lubricant Industry

(will discuss in depth the use of diamond-like carbon materials in engines for
improving fuel economy and wear)
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Introduction

Frictional lossesin vehicles

Crankshaft
5% Connecting
Rod Bearing
10%

Transmission
23%

Piston Rings

19% :

Pistons
24%

Disclaimer: The opinions expressed does not necessarily reflect the position of Ford Motor Company and Infineum USA L..P.

Ref: Benchaita, M.T., and Lockwood, F.E., Lub. Sci., duly, (5), p261, 1995



Diamond Like Carbon (DLC) Coatings

Crystalline struclure
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DLC Coatings
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Engine Applications
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V Friction Reduction
AL

Low friction coating

Surface texture control

Durability

Wear resistant coating for
aluminum bores

Environment

Need better material and
/or finish for reduced oil
consumption
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Objectives

 To understand the friction and wear reduction potential
under boundary and mixed lubrication regimes.

 To understand the interactions of lubricant additives with
DLC coating.
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Why Valvetrain?

Stribeck Curve
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Experimental Set-Up

* Plint TE77 rig (Phoenix Tribology, UK)

 SAE 5W-20 viscosity grade GF-4 engine oil
Conditions:
 Test Time (1hr)

Thermocouple

* Load (240 N) Load
« Specimen Temperature
(40/80/100/120) °C Roller
Measurables: Oil bath with
sample

 Friction Force
*  Friction Coefficient
« Contact Potential
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Parts Specification

Cam
Bucket
Tappet
Spring
Valve
Material Hardness Surface Roughness, Ra
Plint tests
Cylinder ATSI 52100 steel 82 HRA 0.28 um
Flat 16MnCr3 steel 58 HRA 0.54 pm, 0.15 pm
DLC coating a-C:S1 —2000 Hv 0.54 pm, 0.15 pm
Motored valvetrain tests
Camshaft Chilled cast iron 73 HRA 0.10 em
Bucket tappet Carbonitrided steel 76 HRA 0.04 pm
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DLC Coating Thickness and Composition

chromiume-rich layer

Ti-W-rich layer
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Friction Characteristics of DLC Coating
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The friction characteristics of DLC coatings as

Friction Coefficient

a function of engine oil temperature
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Wear scar width of cylinders in contact with
DLC-coated polished flats
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Raman spectra from an (a) unworn
region, (b) worn area from a lubricated
test at 100°C, and (c) worn area from an

unlubricated test using DLC-coated flats
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SEM of DLC-coated Flat after a Lubricated Test
at 100°C (Plint Tests)
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Auger Depth Profile of Surface Films after a
Lubricated Test at 100°C (Plint Tests)

100
90

Atomic Conc. (%)
Atomic Conc. (%)
&

wwwv-—fwmvj
20 M-Wﬁ

. 1-::-|, 0
o 2 4 6 8 10 % 2 4 6 8 10
Sputter time (min) Sputter time (min)

(a) (b)

Disclaimer: The opinions expressed does not necessarily reflect the position of Ford Motor Company and Infineum USA L..P.



Friction Measurement
Component Level Test
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Friction Torque as a function of Camshaft
speed at 100°C oil temperature
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SEM of worn region on the DLC-coated
bucket tappet.
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Auger electron spectra of (a) light region and (b) dark
region on DLC-coated bucket tappet surface
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Wear region on DLC-coated bucket
surface (a) SEM, (b) Ca map, & (c) P map
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Infrared reflectance—absorbance spectra of (a) polished
DLC-coated bucket and (b) polished uncoated bucket.

0.06 0.016
@ T 0.0124
2 0.04- 2
8 =
o o 0.008
a 2
< 0.024 =y
0.004
DDD—I T T T T T T T | D-mn_l T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers Wavenumbers
(a) (b)

Disclaimer: The opinions expressed does not necessarily reflect the position of Ford Motor Company and Infineum USA L..P.



Raman spectrum of tribofilm on DLC-coated bucket-tappet
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Conclusions

DLC coating investigated in this study showed significant
reduction in friction coefficient compared to steel sliding on
steel, possibly due to the formation of a transfer film.

In the presence of engine oil friction coefficient was slightly
higher than that observed in the absence of the engine oll,
possibly due to the lack of a transfer film formation.

In boundary lubrication conditions, the wear of the
counterface steel cylinder in contact with a DLC-
coated flat was higher than that against uncoated steel flats,
probably because of high hardness of DLC coating and also
because of the absence of any lubricant-derived antiwear

films on the coated substrate.
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Conclusions (contd...)

® Raman spectroscopy data suggest a transformation in the
microstructure of the DLC coating under unlubricated sliding.

® In motored valvetrain tests, under mixed lubrication
conditions, both polished and DLC-coated steel bucket
tappets showed lower friction torque than the production
bucket tappets.

® Based on IR, auger, and Raman spectroscopy results, the
film appears to primarily consist of calcium phosphate, which
Is different from the mixture of phosphate-type inorganic
compounds and carbonates previously observed on uncoated
steel surfaces.
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Nanomaterials in Lubricant Industry

(due to confidentiality issues information on this material is limited)
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COOPERATION

AddNano Consortium

Petronas

AppNano

Fiat Powertrain

e The AddNano project is partially funded by European
Commission within the 7th Framework Programme
(NMP-2008-1.2.1) and its overall objective is to
overcome the technological barriers involved in the
development of large scale market introduction of a new
generation of lubricants incorporating nano-materials.
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COOPERATION
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Thank You!
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