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CO, Fleet Emission Targets for European Car Manufacturer
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Changing Car Weight Over Time
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THERMOPLASTICS WEIGHT REDUCTION TECHNOLOGIES

DESIGN APPROACH MATERIAL APPROACH PROCESS APPROACH

Thin Walling Foaming
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3M™ Glass Bubbles

Shape Hollow; thin walled; single-cellular spheres
Composition Borosilicate glass, chemical and water resistant
Color White

Hardness Mohs Scale 5

Softening temperature 600° C

Density 0.12-0.6 g/cm®

Isostatic collapse strength 1.7 - 190 MPa (250 — 28000 psi)

Average particle diameter 16 — 65 um

The named properties are not for specification purpose.
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Glass Fibers) ] -
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3M™ Glass Bubbles Isostatic Collapse Strength
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3M™ Glass Bubbles Applications in Polymers

Lightweight extruded
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Properties of 3M™ Glass Bubbles

Two Glass Bubble Types for Thermoplastic Applications

Shape Hollow; thin walled; single-cell spheres
Composition Borosilicate glass, chemical and water resistant
Color White

Hardness Mohs Scale 5

Softening temperature 600° C

Density 0.46 g/cm3 0.60 g/cm3
Isostatic collapse strength 110 MPa / 16000 psi 190 MPa / 28000 psi
Average particle diameter 20 gm 16 um

The named properties are not for specification purpose.
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Formulating with SM™ Glass Bubbles

v
& i
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;?.,‘ wt% GB
e density of GB
j G|a$S wi% GB N wt% polymer
f Bubbles density of GB density of polymer
Other Addltlves _ or
(e.g.CaCQ,, Talc, .
Glass Frbers) ) - v0l% GB x density of GB
3 0 =

(vol% GB x density of GB) + (vol% polymer x density of polymer)

ALWAYS THINK IN TERMS OF VOLUME LOADING
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Formulating with 3M™ Glass Bubbles

Density of PA Compound with Various Glass Fillers
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common fillers (e.g. minerals,
glass fibers, glass beads)
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Formulating with 3M™ Glass Bubbles

Comparison of 3M™ Glass Bubbles to Typical Fillers used in Thermoplastic Compounds

Hollow Glass Microspheres Talc Glass Fibers

0.46 - 0.6 g/cm3

1:1 20:1 30-50:1

Low Aspect Ratio > High
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Processing of 3M™ Glass Bubbles Compounds

Compounding via Twin Screw Extruder

» Add glass bubbles downstream into

' Glass Bubbles Supply Feed fully molten polymer to minimize
A breakage

Resin Feed —

' Side Feed
.!{ |

: | 6 7

999000000000 ﬂiii-i-l““‘““‘““‘t“%g’% Y

» After addition use high channel
depth conveying elements

* Feeding into kneading block or
conveying element with low channel
depth will increase breakage

T X
| . p— | =

High channel depth Kneading High channel depth Distributive = Reserve element

conveying elements section conveying elements mixing Elements for melt seal Glass Bubble com p0unds

(optional) .
can be molded with any

injection molding machine
without modification
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Rheology

Example PP Copolymer

35
| 230°C/ 2.16 kg
20 _- . PP - Copolymer
%; Borealis™ Polypropylene BF970MO
g R
S 20 - B
m\ i *a,
£ volume filling )
e ] of a PP T20 -
=
A
10
5 A A 3M™ Glass Bubbles iM16k @ Finntalc™ Talc M15
O T T T T T T T T
0 5 10 15 20 25 30 35 40

© 3M 2016. All Rights Reserved.

Filler Content [vol.%]

45



Rheology

Example PP Copolymer
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Rheology

Example PP Copolymer
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Properties of

Thermoplastic Compounds
(Example PAG)



Density
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1.2 60
1.1
1.0 ©
0 = -
T 09 —Calculated Density
E ' & Measured Density S
uo - e o= i -
<038 - Volume Filler Content et E
et - T
7 “_..-" L
5 2
a 0.7 - PPt g
—"'"" E
0.6 - Sl Ultramid® Polyamide 6 B3K
JPvont 3M™ Glass Bubbles iM16k
05 +== . . ,
0 5 10 15 - o ® .0

Glass Bubble Content [wt.%] PAG with 14 Wt.% (2 29 vol.%) iM16k

© 3M 2016. All Rights Reserved.



Mechanical Properties

Example PAG
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Mechanical Properties

Example PAG
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Mechanical Properties

Example PAG
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Glass Bubble Content [wt.%]
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*The amino silane treated iM16k is an experimental product, only.
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Thermal Properties

Ultramid® Polyamide 6 B3K
3M™ Glass Bubbles iM16k
o Cooling Rate: 10K/min
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Thermal Properties
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Thermal Properties
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Cycle Time Reduction with 3M™ Glass Bubbles

Injection Molding Cycle Time Reduction for PAG containing iM16K

Injection Molded Part,
Dimensions: 60 x 60 x 2 mm

Experimental Setup:
Ejection Temperature measured by IR

Study at SKZ Institute, Germany

© 3M 2016. All Rights Reserved.



Cycle Time Reduction with 3M™ Glass Bubbles

Ejection temperature determined by IR camera and thermographic software of SKZ

PA 6 Reference tc =17s PA 6 GB 7wt.% (16vol.%) tc=17s Temperature difference

104.3 95.2

860 769 677 585 494 402 311

Temperatur in ° C hotter equal cooler
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Cycle Time Reduction with 3M™ Glass Bubbles

Ejection temperature determined by IR camera and thermographic software of SKZ

PA 6 Reference tc =17s PA 6 GB 7wt.% (16vol.%) tc =11.5s '
~—

Temperature difference

e .

1146 104.4

94.1 839 736 633 431 428  32.6

Temperatur in ° C hotter equal cooler
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Cycle Time Reduction with 3M™ Glass Bubbles

Injection Molding Cycle Time Reduction for PAG containing iM16K

Total Cycle Time

Reduction
[s] [s] [%] Injection Molded Part,
Dimensions: 60 x 60 x 2 mm

Cooling Time Total Cycle Time

Material

Experimental Setup:
Ejection Temperature

Study at SKZ Institute, Germany measured by IR
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Weight Reduction in Automotive Plastic Parts

= Technology: PP — Mineral - 3M™ Glass Bubbles
* Reduced weight 10%
= Target Costs +/- 0%

Door scuff ) ( Wheel house trim )
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Weight Reduction in Automotive Plastic Parts

Engine Cover

= Technology: PAG — Glass Fibers — 3M™ Glass Bubbles

* Reduced weight 14%

" Process Time Saving 5%
*= Target Costs +/- 0%

oY

PENTAG

POLYMER o&vmBH

BBP KUNSTSTOFFWERK MARBACH BAIER GMBH
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Science.
Applied to Life.”

o

3M™ Glass Bubbles Plant Tilloy, France

Industrial Park Werk GENDORF, Germany
with 3M™ Specialty Additives Laboratory

Thank You
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Warranty, Limited Remedy, and Disclaimer: Man“‘actors beyond 3M’s control and uniquely within user’s knowledge and
control can affect the use and performance of a 3M product in a particular application. User is solely responsible for evaluating
the 3M product and determining whether it is fit for a particular purpose and suitable for user’s method of application. User is
solely responsible for evaluating third party intellectual property rights and for ensuring that user’s use of 3M product does not
violate any third party intellectual property rights. Unless a different warranty is specitically stated in the applicable product
literature or packaging insert, 3M warrants that each 3M§)roduct meets the ars(llcable 3M product specification at the time 3M
ships the product. 3M MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT
LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
OR ANY IMPLIED WARRANTY OF NON-INFRINGEMENT OR ANY IMPLIED WARRANTY OR CONDITION ARISING OUT OF A
COURSE OF DEALING, CUSTOM OR USAGE OF TRADE. If the 3M product does not conform to this warranty, then the sole
and exclusive remedy is, at 3M’s option, replacement of the 3M product or refund of the purchase price.

Limitation of Liability: Except where prohibited by law, 3M will not be liable for any loss or damages arising from the 3M

product, whether direct, indirect, special, incidental or consequential, regardless of the legal theory asserted, including warranty,
contract, negligence or strict liability.

Technical Information: Technical information, recommendations, and other statements contained in this document or provided
by 3M personnel are based on tests or experience that 3M believes are reliable, but the accuracy or completeness of such
information is not guaranteed. Such information is intended for persons with knowledge and technical skills sufficient to assess

and apply their own informed 1!udgm.ent to the information. No license under any 3M or third party intellectual property rights is
granted or implied with this information.

Borealis™ Poly ro&ylene is a trademark of Borealis Company; Finntalc™ Talc is a trademark of Mondo Minerals; Ultramid® Polyamide 6 is a
trademark of BASF Company.
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