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Project Objective

e Develop coatings, processes and facility design to reduce
energy consumption in automotive OEM paint shops

Paint Shop Energy Consumption by
Process
3%

70% of the automotive
assembly plant energy is
consumed in the paint shop

M Booths

H Ovens

id Pretreatment/ECoat
H Abatement
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Argonne National Laboratory

e Technical Barriers
e Maintaining coating properties at lower temperature cure
e Low temperature cross-link chemistries not commercial
e Adoption of waterborne technologies and VOC restrictions

e Process optimization compatibility with “Brownfield” conversion
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Technical Innovation — Conventional Process
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Technical Innovation — PPG B1:B2® Compact Process
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Energy Savings —30%
CO, Reduction —43%
VOC Reduction - 7%

Cycle Time Reduction — 15 minutes
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Technical Innovation — Reduced Energy Process
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* Lower Oven Temperature * Reduced Temperature/Humidity Control
* Reduction in Waste Heat Requirements

» Faster Time Between Layer Applications ¢ Enable Lightweighting— Temperature

* Lowers Fresh Air Demand in Oven Sensitive Substrates 5




Technical Approach — Low Temperature Cure

Low Temperature Cure Coating

* Development of new low temperature cure polymers and formulas
e Oven temperature reduction 140°C — <100°C
e Dehydration redesign for smaller footprint, lower energy

» Target layers include; Primer, Basecoat and Clearcoat

» North Dakota State University: High-throughput material analysis

» Dirr Systems Inc.: Application system modeling, design, and fabrication
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Technical Approach — Coating System Engineering
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Compacts the process further
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Transition (beyond DOE assistance)
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e Enable application temperature sensitive substrates and
lightweighting

e Staged commercialization to manage risk
e Low temperature application on existing lines
e Monobooth conversion in target plant

e Implementation dependent on automotive facility capital
depreciation plans
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Measure of Success

* Development of low temperature cure topcoat systems that meet
stringent automotive performance properties

e Lab scale prototype validation of a consolidated topcoat booth
design and associated energy saving
* OEM briefings are on-going

e [dentification of an OEM partner planned for continued
development and commercialization

* Project proposal identified 18 TBtu/year savings based on 2012
US vehicle projection

e Project on track to meet these goals based on BP1 achievements

e Dirr Systems quantified energy savings of material and process
improvements relative to current baseline
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Project Management & Budget

BP1

Develop low temperature cure

polymers and formulas

* 15 Mo
* Jan 15 - Mar16

BP3

Lab scale validation of

materials and process

* 10 Mo
* Sep 17-Jun 18

BP2 Engineering and manufacture
of lab scale oven design
Title Milestone | Description gﬂ:?ed! "1y MD J
Synthesis MI1.1.1 IZ Physical data on polymer samples Mar 2015 * API' 16 — A'I_lg 1y
Initial . L
Formulation Ml1.2.1 IZ Solid color basecoat/clearcoat application Jun 2015
Monobooth . _
Coatings Ml1.3.1 m Metallic color basecoat/clearcoat applications Aug 2015
g?_z:::;mth M1.3.2 IZ Process variables defined Sep 2015
E;;‘;E;?:tonal M2.1 Izl gﬁﬁ:ﬁ :;n-'esnganons through combinatorial Feb 2016
Design Coating system design strategies
Principles M3.3.1 M communicated to equipment supplier Feb2016
Chem%stry M4.1 Iz Coating chemistry down-selection Mar 2016 TOta I P rOJ ECt B u d get
Combinatorial Coating investigations through combinatorial
coat.inns Mé.1 M techniques Aug 2016 DOE Investment $2’972’349
gz:;gzlem M7.4.1 M Oven/booth equipment requirements defined Dec 2016
?2;{111 l;?::l M7.5.1 Fabrication of lab scale equipment Q22017 COSt Sha re S 1 ’ 2 7 3 ’ 7 2 2
Equipment . . .
. M9.1 Equipment installation at PPG labs Q32017 P H
Installation rOJ ect TOta I 4 2 4 6 O 7 1
- - - ’ ’
L‘ab Scz_ile M10.1 Demonstration using newly fabricated Q42017
simulations monobooth concept
Syst_en} _ MIL1 Coa_tmg systems dempnstrated using optimized Q22018
Optimization equipment and materials
Final . . . .
reporting Mi12.1 Final Reporting for entire project Q32018 10
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Results and Accomplishments

Initial State

e Unproven resin system

e Unsuitable viscosity
changes

® Rheology shortcomings
® Performance gaps
e Lab sprayouts

Current State

e Proven advanced resin
system

e OEM-grade formulation

® Class I appearance and
performance

e Demonstrated on pilot
scale application
equipment
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Results and Accomplishments - Applications

e Paint scaled up for robotic spray application
e Optimized for sag and appearance
e Wedge panels used to quantify sag
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Results and Accomplishments - Durr

e Oven design features

e Fits1' x1' panels to auto door
skins (24" x 34")

e Top and size nozzle panels

e Max Temperature: 300°F

e Water content: 2 - 20 g/kg

Name
Ambient
Hood
Roof Metal
Fender
[Diiver Door
Lower Windshield
Upper Windshield
LowerA-Pillar
Upper A-Pillar
210  Middle B-Pillar
#11  Lower B-Pillar

zzasataazg

e Adjustable variables

#12  Front Rocker

e e Airflow
#15  Upper C-Pillar
e Airvelocity
. e Fresh air percentage
« Enables flash and cure development in customer _
relevant environment * Supply air temperature

« Accommodates future coating generations

Supply air humidity level
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Results and Accomplishments - NDSU

e High throughput dye extraction
technique

e Indirect measure of crosslink

density

e Applied to waterborne latex for
first time

-,

Deposition of toluene over coatings Transfer of extract to 96 well plate

e Variables: latex structure,
crosslinker type and level, cure
temperature
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Results and Accomplishments - Monocoat

e Low temperature cure for
monocoats

.-“'

e Opportunity for lightweighting [
in commercial vehicles - -

composites and other
temperature sensitive substrates

Clearcoat (astetics/emironmantsl Resistanca)

Combined

layers

Electrocoat

Pretreatment
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Questions?

We protect and beautify the world™
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