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Presentation Outline

 Factors influencing HALS performance:

- Kind of piperidyl moiety

- Molecular Weight and Molecular Weight Distribution

- Kind of backbone : triazine-based, PO-based, others

- Presence of other stabilizers : AO, Phosphites, Thio-esters, UVA

- Application specific conditions : agro chemicals in greenhouse films, infill in artificial grass,..
- Others e.g. Pigments

 Conclusions



Stabilization Strategies against Degradation by UV light

* Protect polymer from UV radiation:

» Ni Quenchers: deactivate light induced excited state
» UV absorbers: absorb harmful light in the region 280 - 400 nm

° Trap radicals, hydroperoxide, peracids and other peroxy intermediates:

» HALS: in general radical traps
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Mode of Action of UV Absorbers

+ UV Light
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An UV-Absorber is a chemical transformation station, which absorbs
UV-light and converts the dangerous radiation energy into heat
emission (vibration of the molecule)
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Mode of Action of HALS

HALS acts as radical scavenger in the photooxidation process.
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Chemistry of Hindered Amines: proposed Mechanisms

= Trapping of alkyl radicals

= Trapping of peroxy radicals

= Quenching of photoexcited carbonyls
= Singlet oxygen quenching

= Trapping of acylperoxy radicals
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HALS STRUCTURES
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HALS STRUCTURES
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HALS STRUCTURES
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HALS STRUCTURES

ol N—Q H
H;sCs7 \+O
0
o
123 chgo—N::>o~c-(CHZ)8~<3-04<:E—och17

CGLO74

R R
| |
HN\/\/N\/\N/\/\NH
R=)\ |L l
o
116 CH— NN N—CH,

LA81

NOW

371

021\0
L1 L
C‘) SN N AN
P N N NN
OY(CHZ)n—CHe,
N o) _
- n=10-19
WAX-9 mainly 14-16
(\ (\
? 9
N N




Factors influencing HALS Performance

»  Kind of piperidyl moiety

Molecular Weight

 Kind of backbone : triazine-based, PO-based, others

«  Presence of other stabilizers : AO, Phosphites, Thio-esters, specialty UVA

 Co-additives

« Application specific conditions : infill in artificial grass, agro chemicals in greenhouse films,
chloride in swimming pool covers, ....

« Others e.g. Pigments



Kind of Piperidyl Moiety
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Influence of kind of N- Linkage in Piperidyl Moiety

Alkalinity of Hindered Amine Light Stabilizers
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Kind of Piperidyl Moiety within one HALS Structure
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N-H versus N-Methyl versus N-OR in same LMW HALS Structure

300
HALS concentration: 0.10%
PP homo, 2 mm plaques
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All samples contain

0.03% AO1076 + 0.1% LS
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kLys to 50% retained impact strenght

Failure criteria: % retained mechanical properties after Florida exposure



Factors influencing HALS Performance

«  Kind of piperidyl moiety

Molecular Weight

 Kind of backbone : triazine-based, PO-based, others

«  Presence of other stabilizers : AO, Phosphites, Thio-esters, specialty UVA
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Molecular Weight Change within one HALS Structure
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Influence of Molecular Weight on performance of HALS 944
Optimum MW between 2000-3100

HALS concentration: 0.10%
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0.03% AO1076 + 0.1% HALS
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Failure criteria: % retained mechanical properties after Florida exposure

kLys to 50% retained impact strenght



Factors influencing HALS Performance

«  Kind of piperidyl moiety

Molecular Weight

»  Kind of backbone : triazine-based, PO-based, others

«  Presence of other stabilizers : AO, Phosphites, Thio-esters, specialtyUVA

 Co-additives

« Application specific conditions : infill in artificial grass, agro chemicals in greenhouse films,
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Influence of backbone on performance of HMW HALS

Data worden geleverd

HALS concentration: 0.10%
1000
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All samples contain
0.03% AO1076 +0.1% LS
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kLys to 50% retained impact strenght

2 mm HDPE plaques

Failure criteria: % retained mechanical properties after Florida exposure



Low versus high MW in PP and HDPE thick cross sections
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Factors influencing HALS Performance

«  Kind of piperidyl moiety

Molecular Weight

 Kind of backbone : triazine-based, PO-based, others

»  Presence of other stabilizers : AO, Phosphites, Thio-esters, specialty UVA

« Co-additives

« Application specific conditions : infill in artificial grass, agro chemicals in greenhouse films,
chloride in swimming pool covers, ....

« Others e.g. Pigments



Hindered Phenolic Antioxidants Structures




Influence of AO/PS on the light stability of HDPE Tapes

Accelerated Weathering in Xenotest 2000

Concentration | AO AO/PS Hours to 50% Retained Strength




Influence of AO on light stabilization of PP thick cross sections 1

All samples contain
0.45% HALS 770

1500
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hours to grey scale 4

Exposure: Carbon Arc
1 mm injection molded, dark grey pigmented plaques



Influence of AO on Light Stabilization of PP thick cross sections 2

Retained Stress at Break after Weathering
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UV Stability of TPO (PP/Plastomer)
Comparison of Light Stabilizer Systems

2500 hours Xenon Weathering SAE J 1960

Real Life Example.

TPO (PP Blend) is a typical bumper material for automotive applications.

After artificial weathering, the surface is degraded (,chalking“) and the red pigment as well.
There is a strong influence of AO and of kind of HALS used.



Phosphite Structures
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Thio-synergist Structures
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Thio-synergists example 1
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Thio-synergists example 2
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Factors Influencing HALS Performance

Kind of piperidyl moiety

Molecular Weight

Kind of backbone : triazine-based, PO-based, others

Presence of other stabilizers : AO, Phosphites, Thio-esters, specialty UVA

Co-additives

Application specific conditions : agro chemicals in greenhouse films, infill in artificial grass,
chloride in swimming pool covers, ....

Others e.g. Pigments



Influence of specialty UVA on light stabilization of PP thick cross sections
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no UVA UVA

All samples contain
0.30% HALS 770/944

Gloss after 2200 hours exposure

Exposure: WOM according to 4892-2
1 mm injection molded, dark grey pigmented plaques; initial gloss 12 (60° angle)
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Kind of piperidyl moiety
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Co-Additives

« Antiacids e.g. AIMgCarbonate and synergistic combinations of CaSt/ZnO
enhance the resistance of HALS to the negative effects of acids originating from
pesticides and herbicides used in agro applications

« Special stearates e.g. MgStearate enhance the light stability performance of specifically
HALS 622 in pigmented applications

« Combinations of stearates e.g. MgStearate/ZnStearate proved to be very efficient
in improving the light stability of HALS in general
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Accelerated weathering of LLDPE monofilaments
used in artificial turf : influence of Infill
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Accelerated weathering of LLDPE monofilaments:
Influence of Infill on color developments (DELTA E)

NH HALS; White 1.03 1.78 2.64 4.47
NM-119; White 1.17 2.22 1.34 2.92
NH HALS; White 1.58 1.05 8.16 24.33
NM-119; White 2.07 2.86 4.66 11.15
NH HALS; Yellow 8.73 8.04 9.74
NM-119; Yellow 4.93 7.30 6.18
NH HALS; Yellow 6.53 5.98 4.70
NM-119; Yellow 3.39 2.73 7.96




Factors Influencing HALS Performance

«  Kind of piperidyl moiety

Molecular Weight

 Kind of backbone : triazine-based, PO-based, others

«  Presence of other stabilizers : AO, Phosphites, Thio-esters, specialty UVA

 Co-additives

« Application specific conditions : agro chemicals in greenhouse films, infill in artificial grass,
chloride in swimming pool covers, flame retardant fiber....

« Others e.g. Pigments



Light Stability of Flame Retardant Fiber
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Factors Influencing HALS Performance

«  Kind of piperidyl moiety

Molecular Weight

 Kind of backbone : triazine-based, PO-based, others

«  Presence of other stabilizers : AO, Phosphites, Thio-esters, specialtyUVA

 Co-additives

«  Application specific conditions : agro chemicals in greenhouse films, infill in artificial grass,
chloride in swimming pool covers, ....
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Influence of different pigments on the UV stability of PE-HD stabilized
with HALS 944

mechanical properties after 7000 hours WOM exposure
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Colors: MB: LDPE 10 %, 1% dosage TiO2 Kronos 2220; Irgalite blue GBP; Irgalite green
GFNP Chromophthal DPP red BOC; Chromophthal yellow 2 RLTS

Base stabilization: 0.07 % AO B225+ 0.10 % Ca-stearate

Exposure: Atlas Ci 65 A, bpt 63°C, 60 % RH, water spray



Factors Influencing HALS Performance

Conclusions:

Kind of piperidyl moiety : N-H (general) versus N-Me (chemicals)
versus N-O-Alkyl (severe use of chemicals)
«  Molecular Weight : optimum MW, especially in HMW-HALS
» Kind of backbone : triazine-based, PO-based, others depending on application
» Presence of other stabilizers : importance of choosing the right AO, Phosphite, Thio-ester,
UVA
» Application specific conditions : carefully asses the influence of agro chemicals in
greenhouse films, infill in artificial grass,
chloride in swimming pool covers, ....
* Kind of Pigments : take care of choosing the right pigment



Thank you for your attention.

Questions?

Do not hesitate to contact me for
move clarifications and input on the theme!

RobertoV.Todesco



The following supersedes Buyer’s Documents. RVT makes no
representation or warranty, express or implied, including of
merchantability or fithess for a particular purpose. No statements
herein are to be construed as inducements to infringe any
relevant patent. Under no circumstances shall RVT be liable for
incidental, consequential or indirect damages for alleged
negligence, breach of warranty, strict liability, tort or contract
arising in connection with the product(s). Buyer’s sole remedy
and RVT’s sole liability for any claims shall be Buyer’s purchase
price. Data and results are based on controlled or lab work and
must be confirmed by Buyer by testing for its intended conditions
of use. The product(s) has not been tested for, and is therefore
not recommended for, uses for which prolonged contact with
mucous membranes, abraded skin, or blood is intended; or for
uses for which implantation within the human body is intended.
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