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Structrually Integrated Coatings for Wear and Corrosion
(Award# DE-FC36-04G014037)

Goal: Develop cost effective surfacing materials and el
processes with wear and corrosion resistance with 4
to 8 improvement over heat treated steels.

Inert G== Thermal
FPla=main Water-cooled

Challenge: Cost effective materials that overcome Quartz Tube
the inherent low toughness of high hardness

materials. s cpcses

Benefits: Increase wear resistance allows reducing
weight on earthmoving equipment resulting in direct
energy savings by increased payload moved for
same energy. Energy savings of 21.8 ftrillion
Btu/year in 2020.

Potential End-User Applications: Buckets, cutting
edges, truck bed liners, elevators, screens, and Participants: Caterpillar,
other wear applications Oak Ridge National Laboratory,
Albany Research Center,
QuesTek Innovations, lowa State
University, University of lllinois,
University of Missouri-Rolla

Schematic of arc lamp fusing

FYO06 Activities: Arc lamp, laser assisted thermal
spray and PTA processed materials to be lab bench
and field tested to verify microstructural modeling
which will aid in the design of the materials.
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Structurally Integrated Coatings for Wear and Corrosion
(Award# DE-FC36-04G014037)

Barrier-Pathway Approach
Barriers ‘ Pathways ‘ Critical Metrics

* Low toughness of -+ Graded claddings - 4-8X wear improvements
high h_ardness with _hlgh toughr_less - Applied coating cost less
materials matrix'hard particles than $10/ Ib

« High alloy content <+ Use of low cost raw
(cost) of current materials and cost
hard facing effective cladding Benefits (e st.) 2020
materials processes

_ ) Energy Savings 135 trillion Btu

* Understanding of  + Modeling to develop _ —
microstructural and design Cost Savings $815 million
development and microstructures with | Carbon Reduction 2.68 MMTCe

effect on wear high particle
loading/tough matrix
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Major Milestones Completed
* Economic and industrial feasibility analysis of each coating process and selection
of candidate processes and materials
* Hybrid welding process dropped from program due to material deficiency
* Model alloys and selected processes projected to meet program targets

 Initial coating production with two of the three coating processes, using up to four
material systems per process

* PTA welding and Arc Lamp Fusing coatings produced with promising wear
potentials

* Metallurgical analyses of coatings
* Model coating microstructures have been analyzed in detail

* Microstructural modeling has been verified as valuable tool for alloy/procss
development
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Caterpillar arc lamp installation

Plasma Arc Lamp
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*Peak power: 500 kW
*Power density: ~20 kW/cm?
*Robot mounted
*Sample chambers:
+ 1 ft> flat samples in air
* 12 in® flats with N, purge
* 6” dia. rods on lathe with N, purge

Jet

th
Cathode Anode pump

Quartz tube Reflector



Arc lamp processing

Coating: WOKAS8020 Power level: 330 kW
Substrate: 1045 steel Distance to focal plane: 42 mm
Coating thickness: ~ 500 um

time (s):
30 32 35 40 50 60 120

Width (mm)

20 40 60 80 100 120

time (s)

140
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Microstructural Modeling

Comparison of calculated and experimental phase fractions —
Questek and ISU

BSE Images of Alloy G3-1 after annealing for 4 weeks at 1000 °C

Phase proportions:
Fe-fcc(1) = 16%
Fe,B(2) = 48%
FeMo,B,(3) = 36%

Phases by QuesTek:
Fe-fcc~14%
M,B~56%
FeMo,B,~30%
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Alloy Group 1
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Base alloys

Base alloys [
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Base alloys Y2
+ 10wt% Cr ¥
+ 10wt% Ni
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Phase diagram calculations - QuesTek

1000 °C 1sothermal section of Fe-Mo-B system
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Screening Wear tests — Albany Research Center

» Baseline for comparison: D2 tool steel
» Initial results for SICWC alloys:

* Dry sand rubber wheel: mass losses of Fe-Mo-B TiC-based alloys and
are similar to baseline

 Pm on disk: TiC-based alloys show superior grinding resistance to
baseline (up to 10x improvement).

« Impeller tests: Fe-Mo-B and TiC-based alloys show similar impact
abrasion resistance as baseline tool steel



Screening Wear tests — Albany Research Center

Material Average Wear Rank Wear.Rank Wear Rank '
Designation H:lg\;‘\le(sis, DSRW Abll':aI:ion ,Gjlgr:'g:i(:n

Fez"(\)"g;B' 62.0 2 1 NA

Fe-Mo-B 64.2 6 6 NA
WOKA 8020 51.9 4 2 11

Del 60 60.6 5 5 10
Fe-TiC15 48.3 1 3 1
Fe-TiC3 44 .3 3 4 4
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Future work

* Produce and evaluate coatings with compositions calculated by Questek
(3Q05 — 2Q06)
* Model verification and initial alloy refinement
 Initial laser assisted thermal spray coatings to be produced
* Development of finite element process models (3Q05 — 1Q06)
* Couple microstrucuturally modeling of alloys with process modeling
» Residual stress measurements (3Q05 — 1Q06)
* Aid in verification of process modeling
« Thermophysical and mechanical property measurements (3Q05 — 4Q05)
* Input to the microstructural modeling
* Go/No for properties to proceed with field wear test

« Refinement of alloy compositions to achieve desired microstructures (3Q05
— 3Q006)
* Waear testing of refined alloy compositions (3Q05 — 2Q06)
« Completion of lab wear test and initial laboratory component wear testing
* Go/No for proceeding with field wear test
* Produce coated components for field test (3Q05 — 1Q06)
* Opportunity to verify lab wear testing results of initial alloys
» Early determination of coating toughness, longer to evaluate wear
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Technolog
Research Production

De velopment
~ Agreement Join

N Venture

License

Intellectual
Assets from
Technology
or Process
Needs

De velopment

License Agreement
Joint

Development
Spin Out

Human Caital Innovation EZEEEEEI;IIEEIEE EE| EE| :
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News Media

. provides catimme
in licensing & tech
. Trade & pusiness press
. Articles in Chicado Tribune &

New Y ork TimesS

diate re cognition
nology transfer
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Websites

Caterpillar Corporate Site

(www.cat.com)

Caterpillar Technology Licensing

(www.catlic.com)

Yet2.Com Internet Marketplace
(Type Caterpillar in Search String)



Examples
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Value (External Markets)

Diagnostics

Strategy Charts (Cat Electronics)

PHS

MEI
Cémle ment Controls _I
“l. Intelligent Machines [-] ACERT

I::'mlssion Reduction

.. Engine Controls

“.Controls

VIVA

2

... Steering Control

“-.Operator Controls

“.] NASDRIV

Relays

4

3

Machine Control

“..Data Communication

... Protocols

Electrical Component.si'-,_

Batteries

Switches

Transmission Conjrol

Value (Cat Products)
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Strategy Charts (Cat Electronics)

Cat Fuel System &J/or >

: | Elegtrohydradlic A NASDRIV

Ploactzve [P-ProgesmenccsiisialAie | Lo
i:iagnostics § Intelligent Machines 9 .. ACERT %

3 ) Efmission Reduction i VIVA

%’ N “.Controls :

g ;. Engine Cantra o

= : NASDRIV | U AL AL =

5 AS FRasater Controls .NASDRIV

= ’ ( Steering Control oy

2 N

Iﬁ V b srand

Y Machine Contripaster, less power, more displacement

= Numerous Automotive Apps

‘>"’ . |-Cheaper than Std. Piezo’s...

«>$ than Solenoid

Switches

Value (Cat Products)
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Value (External Markets)
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Strategy Charts (Cat Electronics)

Ploactive IP‘Erbae.slsment Controls™. i ME|

r1iagnostics . Intelligent Machines . ACERT

PHS

g

- en elgg:kii:al Compone nts

Batteries [ Ei"t?fé“”““'“"““'l Batteries
. x»ontrols i

ontrols

.. NASDRIV

a Communication

firefly -

Batteries
Switches

Transmission Contro!

Value (Cat Products)
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A Growing Business

2001

*50% Annual Growth since inception

*80-90% ROS every year

+75 Deals under negotiation

*Close 30-40 deals annually

*Resources/plan in place to double growth rate

2002 2003 2004 2005 2006 2007 2008 2009 2010

@ Sales ($M)




Questions?

BATEHP“.I.AH. % [OWA STATE UNIVERSITY
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