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Advanced Copo = higher robustness
Opening new applications for glass fiber reinforced Polypropylene

Agenda

m EV - New technologies with changing requirement for polymers

m Characteristic differences of Advanced Copo vs. conventional PP Compounds
= Cyclic load conditions - Fatigue

= Constant load conditions - Creep
= Increased Lifetime Relevant Load (LRL)
= Material performance in contact with cooling agent

= Product design adapted to the selected production process
= using hot plate welding
= using LASER welding

m Basic material polymerization concept of Advanced Copo

m Advanced Copo PP and sustainability: CirculenRenew
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Advanced Copo = higher robustness

Electric mobility results in new technologies with changing requirement for polymers

ADAC field service: Failure statistics for Germany 2020
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Advanced Copo = higher robustness
Electric mobility results in new technologies with changing requirement for polymers

4 Failure rate | Failure rate | Failure rate
decreasing | constant | increasing
| |
| Average car age:
I 9.8 years
I
Observed
L b | .
i failure rate
— :
- Y | |
= ., Early | constant (random) |
F %, failures | failure rate |
*s- i i
'Q
'c.. | |
"'-J.. I
III........
llllll.lllll...L.........-...--...
| | _ >
EV Time Combustion
Powertrains Powertrains

www.lyondellbasell.com MME 2022 4



Advanced Copo = higher robustness
Opening new applications for glass fiber reinforced Polypropylene

washing machine pulley cooling pipe connectors
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Advanced Copo = higher robustness
Opening new applications under cyclic load

Fatigue failure = break or plastic yield

caused by cumulated material damage and/or fracture propagation due to applied small cyclic load
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“Lifetime Relevant Load” (LRL):

» How many load cycles the structure will be able to sustain without failure?
» Maximum load level the structure will be able to sustain without failure within a given number of cycles?
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Advanced Copo = higher robustness
Opening new applications under cyclic load

m Tensile fatigue — Wohler curves, T=120°C, R=0.1, f=5Hz
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Tensile mode: sine wave, 5 Hz, R=0.1
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Advanced Copo = higher robustness
Opening new applications for glass fiber reinforced Polypropylene

washing machine pulley cooling pipe connectors

with courtesy of MANN+HUMMEL France
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Advanced Copo = higher robustness
Opening new applications under constant load

Creep failure = break or plastic yield

caused by increasing viscoelastic material deformation due to applied small load
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“Lifetime Relevant Load” (LRL):

» How long the structure will be able to sustain without failure?

» Maximum load level the structure will be able to sustain without failure within a given time?
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Advanced Copo = higher robustness
Opening new applications under constant load

m Tensile creep, 130°C tested on inj. molded specimens
* 4.0 mm thickness
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Advanced Copo = higher robustness
Opening new applications under constant load

m Creep to rupture curves (CTRC), 130°C
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Advanced Copo = higher robustness
Opening new applications under constant load

m Creep to rupture curves (CTRC), 120°C
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® HOMO PP-GF37
® Adv. COPO PP-GF37
® Adv. COPO PP-GF30

tested on inj. molded specimens

4.0 mm thickness
according to ISO 527-2/1A
test temperature = 120°C
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Advanced Copo = higher robustness
PP-GF for cooling cycle applications

m Impact of cooling agent immersion on tensile stress at break
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Advanced Copo = higher robustness
PP-GF for cooling cycle applications

m Impact of cooling agent immersion on impact strength
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Advanced Copo = higher robustness
Opening new applications for glass fiber reinforced Polypropylene

washing machine pulley cooling pipe connectors
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Advanced Copo = higher robustness
PP-GF for cooling cycle applications

m Impact of material immersion on cooling agent conductivity
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Advanced Copo = higher robustness
PP-GF for cooling cycle applications

m LASER weldability — transmission at 950 nm cooling pipe connectors
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Advanced Copo = higher robustness
Spherizone Technology — Key for unique polyolefins

Multi Zone Circulating Reactor

m  One polymerization reactor with two separate reaction zones
v" Unique Platform

m Mixed Phase (Gas-Liquid) Technology

v No limitations in terms of gas-phase composition (H,, C,, ...)
v’ Suitable for high pressure and temperature

m Superior Product Homogeneity
v One reactor for bimodal grades

v Residence time distribution does not have an influence on homogeneity

m High Productivity

v" Fully able to exploit LyondellBasell morphology-controlled catalyst

> New field of tailor-made polymers
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Advanced Copo = higher robustness
Opening new applications for glass fiber reinforced Polypropylene

Advanced Copo offers characteristic benefits vs. conventional PPCompounds for

= Cyclic load conditions - Fatigue

N Increased Lifetime Relevant Load (LRL)
= Long term load conditions — Creep

Advanced Copo PP-GF are available for

= Applications in contact with cooling agent

= Specific production process
= using hot plate welding
= using LASER welding

Potential sustainable solution for ,,Advanced Copo PP“: CirculenRenew
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Advanced Copo = higher robustness
Opening new applications under constant load

m Tensile creep, 130°C tested on inj. molded specimens
* 4.0 mm thickness
¢ HOMO PP-GF10 . according to ISO 527-2/1A
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[1] A. Berthold, Polymer Service GmbH Merseburg
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Advanced Copo = higher robustness
Opening new applications under constant load

m Creep to rupture curves (CTRC), 130°C
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Advanced Copo = higher robustness
Opening new applications under constant load

m Creep to rupture curves (CTRC), 110°C
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Advanced Copo = higher robustness
PP-GF for cooling cycle applications

m Impact of material immersion on cooling agent conductivity
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Disclaimer and Trademarks

Disclaimer: Before using a LyondellBasell product, customers and other users should make their own independent determination
that the product is suitable for the intended use. They should also ensure that they can use the LyondellBasell product safely and
legally. This document does not constitute a warranty, express or implied, including a warranty of merchantability or fithess for a
particular purpose. In addition, no immunity under LyondellBasell's or third parties' intellectual property rights shall be implied from
this document. No one is authorized to make any warranties, issue any immunities or assume any liabilities on behalf of
LyondellBasell except in a writing signed by an authorized LyondellBasell employee. Unless otherwise agreed in writing, the exclusive
remedy for all claims is replacement of the product or refund of the purchase price at LyondellBasell's option, and in no event shall
LyondellBasell be liable for special, consequential, incidental, punitive or exemplary damages.

Trademarks: Circulen is a trademark owned and/or used by the LyondellBasell family of companies and is registered in the U.S.
Patent and Trademark Office.

Third party references: This presentation includes industry data that we obtained from periodic industry publications, including (state
name of source ADAC e.V.). Industry publications generally state that the information contained therein has been obtained from
sources believed to be reliable, but there can be no assurance as to the accuracy or completeness of included information.
Additionally, the industry sources that we reference request or require that, if we reproduce the information they provide, we inform
readers that they make no warranty, express or implied, as to the accuracy or completeness of, nor assume any liability for, such
information. We believe that the industry data that we obtained from industry publications is reliable and is the data commonly and
regularly used for analysis of our industry. However, we have made no independent verification of, and we make no representations
regarding, the accuracy of these data.
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