//

ACCE Conference - Sustainability T

PIR PP - First Exterior Surface Aesthetic Applications ‘}eMat;erﬂakgtmyp

Overview
Sustainability

P552 — F150 - Cowl Vent Grille

3M Microspheres

Material Properties
Material Validation
Application Requirements

Mathew Delaney
The Materials Group

matthew.delaney@thematerialsgroup.com

S
73 The Materials Grou
Us FARATHANE ; ‘/ "Your Partner in Plastic Mater/'a/s"p m



ACCE Conference - Sustainability

-

//

The Materials Group

PIR PP - First Exterior Surface Aesthetic Applications @ o oo st aeras

Value Proposition:
» Density advantage of 13% over talc filled PP
targeting comparable performance.
» Application cost parity to talc filled PP product

Material:
* Optipro Product CP47GB
"} * Post Industrial Recycle Homo Pol PP with
glass fiber and glass bubbile fillers.
* 3M Glass Bubbles — density reduction.
« Product Density 0.90

Material Properties:
» Performance of 20% talc filled homo pol PP
» Application benefit of lower mass and
performance parity

Manufacturing Technology:
* Glass bubble handling — feeding equipment
investment
* PIR homo pol base resin for sustainability.

PLASTIC RESINS DESIGNED FOR

Glass Bubble Advantages vs other fillers:

Density Optimization

Improved Flow

Dimensional Stability

Injection Molding Cooling Time Reduction
(15% to 25%)

Class “A” Surface Appearance

Cowl Grille for Ford F150
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Sustainabllity:

 F150 (P552): 0.5 Ib weight savings per vehicle

* Optipro CP47GB Part Wt: Total = 3.59 IbS (RH=2.02 Ibs; LH = 1.57 Ibs)
« Talc Filled Product Part Wt: Total = 4.1 Ibs

* Program Annual Volume: 700,000 venhicles

» Less Material Used Annually: 350,000 Ibs

* Optipro CP47GB PIR Content: 60%

« Annual Potential Landfill Avoidance: 1.51 MM Ibs Qg
700,000 vehicles x’ 3.59 Ibs = 2.51 MM x’s 60% = 1.51 MM Ibs

350,000 Ibs material reduction, 1.51 MM Ibs Potential Landfill avoidance and 83% less CO, emissions
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Estimated CO, Reduction Study*:

« Optipro CP47GB: 0.75 kg CO, eq/1 Ib. of resin
* Prime Talc Filled PP: 1.38 kg CO, eq/1 Ib. of resin
« Emissions Reduction: 83% less CO,

Optipro CP47GB Benefits per Pound**

ﬁ Reduces Greenhouse gas emissions equivalent to driving 1.6 miles by an average
passenger vehicle

D)) Reduces CO, emissions equivalent to charging 76.5 Smartphones

.ﬁ Offsets carbon sequestered by 0.0008 acres of U.S. forests annually
F

350,000 Ibs material reduction, 1.51 MM Ibs Potential Landfill avoidance and 83% less CO, emissions

The Life Cycle Assessment was prepared for TMG by Intertek in accordance with the ISO 14040 series of standards, primarily; ISO 14040: 2006 Environmental
Management — Life Cycle Assessment — Principles and Framework and ISO 14044: 2006 Environmental Management — Life Cycle Assessment — Requirements
and Guidelines. Virgin data was obtained primarily from the Eco Invent 3.4 database. A third-party critical review was performed by Long Trail Sustainability.

*Estimates based on LCA quantified by Intertek and Long trail for filled polypropylene equivalent product PIR content, surrogate material referenced
**Equivalent impact data per the US EPA Greenhouse Gas Equivalencies Calculator
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iM16K 3M™ Glass Bubbles

Property

Value

Shape

Hollow, thin walled, unicellular spheres

Composition

Soda-lime borosilicate glass

Color

True Densityt

Crush Strength*

16,000 psi

White
0.46 g/cc :

Hardness

Mohs scale 5

Softening Temp

Average Dia

*3M internal QCM

"Helium Gas Pycnometer

600° C Diameter \
; < . >
20 microns
&%

W,
all thic /rne
Ss


https://en.wikipedia.org/wiki/Mohs_scale_of_mineral_hardness
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3M™ iM16K Magnified 975x (Scanning Electron Microscopy)

Hair strand

IM16K Glass Bubble
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Comparison of Glass Bubbles to Typical Thermoplastic Fillers

Hollow Glass Microspheres

2.8 glcc

0.46g/cc
1:1 20:1
Low Aspect Ratio > High

Microspheres are isotropic, uniform shrinkage, warpage and CLTE
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SEM Fracture -Section 2 Fracture with Liquid Nitrogen for SEM Imaging

©600x
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Summary Part Density Analysis

Theoretical Measured Theoretical Measured Calculated

Mineral | Mineral | o Gty | Density | GB breakage

Sample Name I(c;:tc.li;? I(?::tc.li;g (g/cc) (g/cc) (vol %)
Leaf Screen Part - Section 1 10 9.7 0.8862 0.8809 <1%
Leaf Screen Part - Section 2 10 9.7 0.8862 0.8818 <1%
Leaf Screen Part - Section 3 10 9.6 0.8862 0.8816 <1%
Leaf Screen Part - Section 4 10 9.5 0.8862 0.8834 <1%

* Using Gas Pycnometer
* Using theoretical loadings 10 (wt.%) Total = 5% GF + 5% GB p part= 0.8862 g/cc
* GB p=0.46 g/cc, GF p=2.54 g/cc, PP p= 0.90 g/cc
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Material Info:
» Post Industrial Recycle PP

« Combination of glass fiber and glass bubble from 3M

* Propriety formulation to meet balance of properties

Key Properties *Talc Filled Product Optipro CP47GB
0.9

Density

Tensile Strength at Yield (Mpa); 5 mm/min

Tensile Elongation at Yield (%) 5mm/min

Tensile Strength at Yield (Mpa); 50mm/min

Tensile Elongation at Yield (%) 50mm/min

Tensile Modulus (Gpa); Imm/min

Flex Modulus (Gpa) 2mm/min

Impact — Notched Charpy 23C (kJ/m2)

Impact — Notched Charpy -40C (kJ/m2)

Heat Deflection Temperature, °C @ 1.80
MPa

Heat Deflection Temperature, °C @ 0.45
MPa

* talc filled product data obtained from IDES prospector

ISO 1183, Method A

ISO 527

ISO 527

ISO 527

ISO 527

ISO 527

ISO 178

ISO179/1eA

ISO179/1eA

ISO 75-1 & ISO 75-2

ISO 75-1 & ISO 75-2

1.04

19

2.0

1.6

2.0

101

22
3.3
26.9
3.0
1.9

1.7

6.6
4.1

72.6

137
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Object: Perform accelerated weathehng per ASTM D7869 and perform the AATCC rating for
information. Measure gloss change. Document level of warpage.

Data and Analysis:

Standard Practice for Xenon Arc Exposure Test with Enhanced Light and
Water Exposure for Transportation Coatings. Rating
(ASTM D7869, AATCC Evaluation Procedure 1)

One specimen was removed from testing and evaluated every 750 hours.

Exposure (hours) AATCC Rating
750 4-5
1500 4-5
2250 4-5
3000 4-5
3750 4-5
Gloss

(FLTM BI 110-01)

Exposure (hours) Initial Gloss, 60° | Final Gloss, 60° | Gloss Change, %
750 6.0 55 8.3
1500 51 55 7.8
2250 46 55 19.6
3000 51 55 7.8
3750 51 5.1 0.0

Exterior accelerated UV weathering min of 4 required on AATCC gray scale rating
PIR PP product delivers on exterior weathering requirements
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Microspheres have more isotropic behavior vs other fillers

0.01 1/s at O degrees 0.01 1/s at 90 degrees

Properties

Properties
Offset  Strainat  Tensile  Strain at Offset  Strainat  Tensile  Strain at
Replicate | Modulus  Yield Offset  Strength  Yield Replicate | Modulus  Yield Offset  Strength  Yield
E Stress Yield at Yield E Stress Yield at Yield
MPa MPa % MPa % MPa MPa % MPa %
1 1852 154 1.03 21.9 6.25 1 1761 156 1.08 21.4 4.52
2 1819 16.8 112 22.0 5.20 2 1727 157 1.10 21.4 4.56
3 1809 154 1.05 21.9 =19 3 1726 153 1.09 21.4 4.81
4 1822 158 1.05 21.9 2.3 4 1780 156 1.07 21.6 547
5 1822 15.8 1.05 el 5.3 5 1707 15.8 1.11 4 456
Mean 1825 157 1.06 21.9 5.45 Mean 1745 156 1.09 1.4 4.80
Std Dev 6 0.6 0.03 0.1 0.45 Std Deyv 33 0.2 0.02 - 0.39
Engineering Stress-Strain Curve Engineering Stress-Strain Curve
25 25
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Engineering Strain (%)

Engineening Strain (%)

Samples machined from plaques in flow (0° orientation) and X flow (90°) orientation have little difference
in tensile strength at yield
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Talc Filled PP: f} Optipro CP47GB

* Flow Distance: 18 * Flow Distance: 18.25

*  Weight: 7.43 ¢ *  Weight: 6.43 ¢
+ PeakInjP: 1050 psi + PeaklInjP: 950 psi

* MFR (230ci2.16kg): 17 g/10 min *  MFR (230c2.16kg):  19.4 g/10 min
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Material Validation:

* Approval to WRS-M4D1064-A2 - 6 lot data package

« Custom color — Ford YZ9A

» Accelerated weathering - UV Stable ASTMD7869 rating at 2250 hrs extend to 3750
hrs

» In process Florida weathering

« Scratch / Mar — product improvement vs talc, less whitening on surface

« Heat Age performance

« All mechanical properties validated to specification
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Cowl Vent Grille Function:

* Covers the gap between the hood and the windshield.

« Seals from the engine compartment to prevent exhaust fumes and unwanted heat
from entering the cabin.

* Prevents debris and water from entering the engine bay and climate control
outside air intake.

« Serves to cover and protect the windshield wipers and their relevant mechanisms.

* Manages the required amount of air entering HVAC-climate control system.

Hood asy

Extension
Dash panel
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Part / Application Performance:

« Molding process at customer location nearly identical to current product, lower
injection pressures

« Tool hardening required — changing from talc to glass fiber filler product

« Drop into existing tooling — dimensionals validated

« Bond Strength — overmold with TPE seal to hood

« Environmental cycling testing

* Max Load deflection test

 Sun load
« Chemical resistance testing
* Heat Aging

« Thermal Deflection
« Assembly plant installation and line trials
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THE MATERIALS, PRODUCTS AND SERVICES OF THE MATERIALS GROUP “TMG” (“SELLER”), ARE SOLD SUBJECT TO
SELLER’S STANDARD CONDITIONS OF SALE, WHICH ARE AVAILABLE UPON REQUEST. ALTHOUGH ANY
INFORMATION OR RECOMMENDATION CONTAINED HEREIN IS GIVEN IN GOOD FAITH, SELLER MAKES NO
WARRANTY OR GUARANTEE, EXPRESS OR IMPLIED, (i) THAT THE RESULTS DESCRIBED HEREIN WILL BE
OBTAINED UNDER END-USE CONDITIONS, OR (ii) AS TO THE EFFECTIVENESS OR SAFETY OF ANY DESIGN
INCORPORATING SELLER’S PRODUCTS, SERVICES OR RECOMMENDATIONS. EXCEPT AS PROVIDED IN SELLER’S
STANDARD CONDITIONS OF SALE, SELLER SHALL NOT BE RESPONSIBLE FOR ANY LOSS RESULTING FROM ANY
USE OF ITS PRODUCTS OR SERVICES DESCRIBED HEREIN.

Each user is responsible for making its own determination as to the suitability of Seller's products, services or recommendations
for the user’s particular use through appropriate end-use testing and analysis. Nothing in any document or oral statement shall
be deemed to alter or waive any provision of Seller's Standard Conditions of Sale or this Disclaimer, unless it is specifically
agreed to in a writing signed by Seller. No statement by Seller concerning a possible use of any product, service or design is
intended, or should be construed, to grant any license under any patent or other intellectual property right of Seller or as a
recommendation for the use of such product, service or design in a manner that infringes any patent or other intellectual
property right.



