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Controlled Lowering of Peel Forces
Using Polybutene-1 (PB-1)
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Overview

e Seal-Peel Basics
* Introduction to PB-1
* Experimental Methods

* Results
 Effect of PB-1 on Seal Strength
* Comparison Various PB-1 Grades
* Time Effect
* Electron Microscopy

* Conclusion
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Typical Heat Seal Peel
* High initiation energy
* Uncontrolled peel
Initiation High average peel force

Peel Force
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|deal Heat Seal Peel

* Initiation energy equal to
propagation energy

* Smooth and controlled peel

* Lower average peel force

A
(]
et
o
L
3 Initiation
o
Average
/ Peel Force
Propagation
>
Peel length




TAPPI

2024 FlexPack PLACE Conference . - ...

PACKAGING

EXTRUSION April 14-17, 2024 - San Diego, CA * Wyndham San Diego Bayside

)

Introduction to PB-1
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Polypropylene

Two phases but easily dispersed One continuous phase
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Polybutene-1 (PB-1)
* Thermoplastic polyolefin
* Phase-incompatible with polyethylene

* Phase-compatible with polypropylene Dispersed Polybutene-1
. . . . hase @
* Unique solid-state recrystallization P v
‘\v & P . g
* Occurs over 7-10 days e T o L . _»
. . e Jo- =%
* Used in blown and cast film to make TS T ISe===_¢—Sealinterface
easy-peel structures - o - = e® cS e
* Bags and Pouches | * _:° Y
« Lidding Stock Continuous PE e W\
phase ° \\\

* Sterilizable Applications
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Methods

* Trials ran on 30-inch-wide extrusion coating
line at LYB application lab

* 500 feet/min
* 615°F at die

e Coextruded LDPE with LDPE/PB-1 blend on to
40# Kraft Paper

* All samples were sealed to themselves 15 mi
microns PE + PB-1
* Samples were sealed and peeled at LYB’s

physical testing lab

* 4.5”x1” samples 10 microns { PE
* Sealed at 40 PSI for 0.5 seconds

* Peeled with Instron tensile tester
40 # { Kraft Paper

* 8.0 in/min crosshead speed

* Increased seal temperature until delamination
peel
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Grade Name Polymer Type Referenced as Melt Index |Density

(190 °C, 2.16 kg, (g/cm?)
g/10min)

Polybutene-1 Homopolymer 1 0.4 0.915
Polybutene-1 Homopolymer 2 4.0 0.915
Polybutene-1 ~ Copolymer 1 0.9 0.906
Polybutene-1 Copolymer 2 4.0 0.906

Petrothene NA214000 Q§Ne)ARIIi 1w, Polyethylene 10.0 0.918
Polyethylene
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Cohesive Peel Delamination Peel
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20% Copolymer 1 Sealed at 120°C

é * Cohesive peel
gﬁii : ,  0.53 Ibf average peel force
Fo * Controlled peel

Dlspl ement [in]

0% PB-1 Control Sealed at 95°C

* Delamination peel

Force [Ibf]
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Tailored Peel Force

e As little as 10%

2.5
PB-1 lowers seal
strength ——0% Copolymer 1
2
* 20% and 30% = ~-10% Copolymer 1
PB-1 furthers = /S
lowers seal f’ 1.5 & ~+ 20% Copolymer 1
strength = b ¢ 30% Copolymer 1 _o
: 5 I
* Broadersealing = 1 7
temperature 3 e
window 05 L
0
85 90 95 100 105 110 115 120 125 130

Sealing Temperature (°C) . o
* Asterisk denotes delamination peel
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Seal Strength Consistency

20% 1.4
Copolymer 1, .
N=30 1.2
CH
fa
S
= 0.8 3
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206 _I_
N
304
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N}

B115°CB120°C =125°C = 130°C
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Homopolymer 1 0.4 0.915

Homopolymer 2 4.0 0.915
Copolymer 1 0.9 0.906
Copolymer 2 4.0 0.906

* 20% PB-1

* All 4 PB-1 grades
lowered seal strength
relative to unmodified
control

* High MI PB-1 grades
were most effective

April 14-17, 2024 - San Diego, CA * Wyndham San Diego Bayside

PB-1 Grade Selectior

~e--Copolymer 1
2 | -« Copolymer 2

——Homopolymer 1

Homopolymer 2 P

i

95 115 135 155
Sealing Temperature (°C)

* Asterisk denotes delamination peel



TAPPI

& e 2024 FlexPack PLACE Conference

PACKAGING
\ - EXTRUSION

April 14-17, 2024 - San Diego, CA * Wyndham San Diego Bayside

Time from Extrusion to Sealing

* Seal strength 18
decreases with L6 ;
greater time a0 X
after extrusion = . ) o/
: S 1.2 .
before sealing =
* Possibly dueto 55
recrystallization 2 06
phenomenon of & ——Copolymer 1 - 0 Days
PB-1 0.4 7 e Copolymer 1 - 1 Day
0.2 s - —e Copolymer 1 - 4 Days
0 Copolymer 1 - 7 Days

95 105 115 125 135 145 155
Sealing Temperature (°C)

* Asterisk denotes delamination peel
T —
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Scanning
Kraft Paper fgew’
Electron Lo

Micrograph

Polyethylene
Core Layer

Polyethylene
+ PB-1 Seal
Layer

Seal Interface

2.0kV x2.00k LAO(UL) : 20.0pm
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Scanning
Electron
Micrograph

Continuous
Polyethylene
Phase

Dispersed
PB-1 Domains
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Next Steps

* Collaborate with downstream converters
* Formulate for sealing to other substrates
* Evaluate various LDPE grades

* Explore a range of operating conditions



TAPPI

@ e 2024 FlexPack PLACE Conference _ - ... =

PACKAGING
\ EXTRUSION April 14-17, 2024 - San Diego, CA * Wyndham San Diego Bayside

Conclusions

* PB-1 can be used in extrusion coating to:
* Lower average seal strength
* Create smooth and controlled peels
* Widen sealing window

* Of the PB-1 grades trialed, the highest MI grades were most effective

* Increasing time between extrusion and sealing lowered average seal
strength

Questions?
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Disclaimer

Before using a product sold by a company of the LyondellBasell family of companies, users should make their own independent
determination that the product is suitable for the intended use and can be used safely and legally. SELLER MAKES NO
WARRANTY; EXPRESS OR IMPLIED (INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A
CP;%I?\IE!%X(L:@I\_R PURPOSE OR ANY WARRANTY) OTHER THAN AS SEPARATELY AGREED TO BY THE PARTIES IN A

LyondellBasell prohibits or restricts the use of its products in certain applications. For further information on restrictions or
prohibitions of use, please contact a LyondellBasell representative.

m Users should review the applicable Safety Data Sheet before handling the product.
m All information (“Information”) contained herein is provided without compensation and is intended to be general in nature. You

should not rely on it in making any decision. LyondellBasell accepts no responsibility for results obtained by the application of
this Information, and disclaims liability for all damages, including without limitation, direct, indirect, incidental, consequential,
special, exempa_ry or punitive damages, alleged to have been caused by or in connection with the use of this Information.
LyondellBasell disclaims all warranties, including, but not limited to, the implied warranties of merchantability and fitness for a
particular purpose, that might arise in connection with this information.

Any technical advice, assistance, recommendations, testing or reports provided by the LyondellBasell (“LYB”) family of _
companies to you for any{ reason, including, but not fimited to (i) the selection, processing or use of a LYB product, {u) the storing,
handling or usage of a LYB product, or (jii) the modification of a LYB product in an end-use application, or (iv) assistance about
technical feasiblility of apé)llcatlons, or (v) assistance about design and simulation methods or procedures (collectively, “Technical
Assistance”) is given and accepted at your sole risk and without any warranty whatsoever. LyondellBasell will have no liability or
responsibility for the use of, results obtained from, or any other aspects of the Technical Assistance, including, but not limited to,
the preparation and delivery hereof. You are encouraged to verify independently any such Technical Assistance.
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Trademarks

m Adflex, Adstif, Adsyl, Akoafloor, Akoalit, Alastian, Alathon, Alkylate, Amazing Chemistry, Aquamarine, Aquathene,
Avant, Catalloy, Clyrell, CRP, Crystex, Dexflex, Duopac, Duoprime, Explore & Experiment, Filmex, Flexathene,
Fueling the power to win, Glacido, Hifax, Hiflex, Histif, Hostacom, Hostalen, Hyperzone, Ideal, Indure, Integrate,
Koattro, LIPP, Lucalen, Luflexen, Lupolen, Luposim, Lupostress, Lupotech, Metocene, Microthene, Moplen,
MPDIOL, Nerolex, Nexprene, Petrothene, Plexar, Polymeg, Pristene, Prodflex, Pro-fax, Punctilious, Purell,
Refax, SAA100, SAA101, Sequel, Softell, Spherilene, Spheripol, Spherizone, Starflex, Stretchene, Superflex,
TBAc, Tebol, T-Hydro, Toppyl, Trans4m, Tufflo, Ultrathene, Vacido and Valtec are trademarks owned and/or
used by the LyondellBasell family of companies.

m Adsyl, Akoafloor, Akoalit, Alastian, Alathon, Aquamarine, Avant, CRP, Crystex, Dexflex, Duopac, Duoprime,
Explore & Experiment, Filmex, Flexathene, Hifax, Hostacom, Hostalen, Ideal, Integrate, Koattro, Lucalen,
Lupolen, Metocene, Microthene, Moplen, MPDIOL, Nexprene, Petrothene, Plexar, Polymeg, Pristene, Pro-fax,

Punctilious, Purell, Sequel, Softell, Spheripol, Spherizone, Starflex, Tebol, T-Hydro, Toppyl, Tufflo and Ultrathene
are registered in the U.S. Patent and Trademark Office.



