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Agenda

Tariffs
- General commentary

Shortages of Raw Materials
- China’s Blue Sky Initiative 
- 2018 HALS shortage – hexamethylenediamine
- Ongoing resorcinol price increases

Regulatory Challenges
- What’s going on with UV absorbers?
- What about trace materials? 2,4-di-t-butylphenol
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Formulary Prowess and Strong 

Regulatory Understanding Can Mitigate 

Your Risk
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Some Quick Notes

I’m not here to sell you any products. Seriously.
These slides don’t use tradenames, and rely on structure-property relationships, “tribal 
knowledge”, spectral data, and the primary literature. Sit back and enjoy the education!

I am here to sell you an idea – in these times, we need to kill the Appeal to Tradition!
Appeal to tradition (also known as argumentum ad antiquitatem, appeal to antiquity, or 
appeal to common practice) is an argument in which a thesis is deemed correct on the 
basis that it is correlated with some past or present tradition. The appeal takes the form 
of “this is right because we've always done it this way.” **

I will speak with the best-known numbering schemes generically, e.g. AO-168
Lots of names out there for the same material, but this makes communication easier

X is not a drop-in for Y!
Change is good, but change requires work
These slides hypothesize reformulations based on an urgent need in response to a supply 
or regulatory threat – always quantifiably verify for your application!

** Trufant, William (1917). Argumentation and Debating.
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Tariffs

To avoid political commentary, some (hopefully) objective, brief statements:

Many stabilizers and other raw materials/intermediates are produced in China

We exist in a global economy – does everybody actually make everything?

If a chemistry were to evaporate overnight, would you have a backup formulation?

Don’t get surprised, don’t get shut down – weathering takes a long time
- Start NOW!
- Invest the time in a proper FMEA

- The first real disruption for the “freshman and sophomore class” in the industry
- Veterans: *yawn*
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Shortages of Raw Materials

China’s Blue Sky Initiative is showing no signs of relenting, as manufacturing 
sites continue to be shut down – temporarily for inspections, and permanently 
for non-comformance

The potential for abrupt shortages is still on the table

Manufacturers continue their efforts in compliance and continue to move to 
“industrial parks”
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Shortages of Raw Materials – HALS

Hexamethylenediamine
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Shortages of Raw Materials – HALS

Hexamethylenediamine

Force majeure, global supply issues
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Shortages of Raw Materials – HALS

Hexamethylenediamine

Skeptical Purchasing Professional
Irritated Technical Professional
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Shortages of Raw Materials – HALS

Hexamethylenediamine

Great story. Who cares?
I get it for Nylon folks, but

I work with polyolefins.
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Shortages of Raw Materials – HALS

Triacetone amine Hexamethylene-
bis-triacetone

diamine (HBTD)
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Shortages of Raw Materials – HALS

Hexamethylene-
bis-triacetone

diamine (HBTD)

Triacetone amine
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Shortages of Raw Materials – HALS

HBDT
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Shortages of Raw Materials – HALS

Can you reformulate out of a bad situation?
Are your suppliers playing an honest game?

Common HALS made with HBDT* Common HALS made without HBDT

UV-944 – High MW N-H HALS
UV-3346 – High MW N-H HALS
UV-2020 – High MW N-H HALS

UV-3529 – High MW N-CH3 HALS

UV-770 – Low MW N-H HALS
UV-765 – Low MW N-CH3 HALS
UV-3853 – Low MW N-H HALS 
UV-119 – High MW N-CH3 HALS

UV-622 – “it’s complicated”
UV-4050 – Low MW N-H HALS
UV-5050 – High MW N-H HALS
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Shortages of Raw Materials – HALS
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Shortages of Raw Materials – HALS

An example – the “easier” one
UV-3529  UV-119

High molecular weight N-CH3 HALS

n

UV-3529
MW = ~1700 g/mol** 

MP = 85-95°C

UV-119
MW = 2286 g/mol

MP = 115-150°C
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Shortages of Raw Materials – HALS

HALS stabilizer efficiency in squalane (PP mimicking solvent)

0.25% HALS

Stabilizer Combo 176h Xenon Aging 541h Xenon Aging

UV-3529 + AO-1330 79% 61%

UV-119 + AO-1330 91% 77%

After 176 and 541 h samples were withdrawn, squalane degradation products were extracted as 
described in Section 2.3 and quantified with HPLC-QQQ-MS. As reported recently, comparison of the 
peak areas of the four most abundant carbonylic squalane oxidation products allowed performing a 

“stabilizer efficacy rating”

Maringer, L., Roiser, L., Wallner, G., Nitsche, D., Buchberger, W. Polym Degrad Stab 131 (2016) 91-97
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Shortages of Raw Materials – HALS

Inhibition rate constants – a measure of HALS activity

Stabilizer Rate Constant, k(333K) M-1s-1

UV-3529 (2.0 ± 0.8) × 108

UV-119 (1.4 ± 0.2) × 108

“Rate constants for the addition of cumylalkyl radicals to the…reference alkyl radical scavenging 
stabilizers”

Magerramova, M.Y., Salmanova, N.I., Zeynalov, E.B. IJISET (2015), 2, 11, 885-897
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Shortages of Raw Materials – HALS

Can you reformulate out of a bad situation?
Are your suppliers playing an honest game?

Common HALS made with HBDT* Common HALS made without HBDT

UV-944 – High MW N-H HALS
UV-3346 – High MW N-H HALS
UV-2020 – High MW N-H HALS

UV-3529 – High MW N-CH3 HALS

UV-770 – Low MW N-H HALS
UV-765 – Low MW N-CH3 HALS
UV-3853 – Low MW N-H HALS 
UV-119 – High MW N-CH3 HALS

UV-622 – “it’s complicated”
UV-4050 – Low MW N-H HALS
UV-5050 – High MW N-H HALS

?
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Shortages of Raw Materials – HALS

“It depends!”

- Thickness of polymer article – high vs. low MW HALS

- Surface vs. bulk protection – high vs. low MW HALS

- Chemical resistance/less prone to side reaction – N-H vs. N-CH3

- Service life requirements – Heat? Light? Both? 

- Always test your replacement formulations!
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Shortages of Raw Materials – Resorcinol

Resorcinol
Benzene-1,3-diol
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Shortages of Raw Materials – Resorcinol

Resorcinol
Benzene-1,3-diol

Seriously?!
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Shortages of Raw Materials – Resorcinol
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Shortages of Raw Materials – Resorcinol

Benzophenones

UV-9 / BP-1
UV-24 / BP-8

UV-531 / UV-81 / BP-12

Triazines

UV-1577
UV-1164
UV-400
UV-405
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Shortages of Raw Materials – Resorcinol

Benzophenones

UV-9 / BP-1
UV-24 / BP-8

UV-531 / UV-81 / BP-12

Triazines

UV-1577
UV-1164
UV-400
UV-405
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Shortages of Raw Materials – Resorcinol

𝐴 = 𝑐𝜀𝑙

𝐴 = Absorbance

𝜀 = Absorption Coefficient

𝑙 = Pathlength

𝑐 = Concentration

Beer’s Law

Calculations based on solution state – same principals in polymer
Need to account for inherent polymer absorption
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Shortages of Raw Materials – Resorcinol
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BPNs and TRZs are used for their superior UV-B coverage
BPNs are much cheaper than TRZs

TRZs are more photopermanent than BPNs
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Shortages of Raw Materials – Resorcinol
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Shortages of Raw Materials – Resorcinol
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Shortages of Raw Materials – Resorcinol

Just an example – feel empowered! Get creative!

“Off-label” uses for stabilizing chemistries
- Borrow additives from other polymers and markets
- Due diligence – exudation/blooming, processing, etc.

UV absorbers behave with “Constructive Interference” 
- Different classes of absorbers
- Different loadings
- Warning! When blending, check the patent art

- “Blends Wars” strong about ~20 years ago – re-read the art!
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Regulatory Challenges

UV-327 UV-328

?
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Regulatory Challenges

https://psi.ul.com/en/resources/article/echa-recommends-seven-new-substances-for-reach-authorisation-list/
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Regulatory Challenges

REACH – Annex XIV – “Authorization List”

Increasing regulatory burden in Europe – “does this impact me?”

Do business globally? Worth it to regionalize products? Risks?

Exit of major suppliers?

Leading edge of subsequent regulations -> California? FDA? 
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Regulatory Challenges

Other BZTs are being informally evaluated under the PACT-
RMOA program (UV-P, 234, 326, 329, 928)*

Some analysis indicates higher risk around UV-P and UV-
234, and some risk around the others, but nothing 
indicates that they meet the REACH criteria for PBT or vPvB
based on available data*

* Botkin, J. Substitution of Benzotriazole UV Absorbers in Plastics – SPE Thermoplastic Elastomers TOPCON 2018
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Regulatory Challenges

A thought experiment:

What if the rest of the benzotriazoles abruptly disappeared?
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Regulatory Challenges
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Reduced loading of triazine closely matches absorption in UV-A, 
and outperforms in UV-B

Better protection of nitroxyl radical – HALS “active site”

Will add cost, but safe…for now?
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Regulatory Challenges

Triazines can be used at lower loadings, and will improve 
weatherability in many polymer systems, even after “matching” 
absorption spectra, because of their inherent photopermanence

Stabilizer Rate of Abs. Loss per 1000kJ/m2

UV-1164 (triazine) 0.085

UV-5411/UV-329 (benzotriazole) 0.11

Rate of loss of UVAs in PMMA films when exposed to xenon arc weathering. Rates as loss of absorbance 
per 1000kJ/m2 @ 340nm xenon arc exposure 

Pickett, J.E. Macromol. Symp. 115 (1997) 127-141

Stabilizer Rate of Abs. Loss per 1000kJ/m2

UV-1164 (triazine) 0.21

UV-5411/UV-329 (benzotriazole) 0.29

Pickett, J.E., Moore, J.E. Polym Degrad Stab 42 (1993) 231-244
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Regulatory Challenges

Triazines show increased weathering performance in 
polyethylene and polypropylene at equal loadings – an 

argument to try at reduced loading for equal performance

LLDPE Films
8% nanoclay filler

0.30% UV absorber
0.2% MD-1024

QUV-B Artificial weathering

La Mantina, F.P. et al. Polym Degrad Stab 91 (2006) 3208-3213

Stabilizer QUV-B Hours to 50% 
elongation @ break

QUV-B Hours to 50% tensile
strength

Control 60 45

UV-1164 (triazine) 150 175

UV-328 (benzotriazole) 115 120
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Regulatory Challenges

2,4-di-tert-butylphenol
ECHA CoRAP – Community Rolling Action Plan

“Reproductive hazard” label?

AO-168 AO-626

What about starting materials and in situ degradation products?



41

Regulatory Challenges

Phosphites are “secondary antioxidants” that decompose hydroperoxides
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Regulatory Challenges

Alternate chemistries in the same class exist…

AO-9228

1st pass 5th pass
No phosphite 14 73

AO-168 11 42

AO-626 9 27

AO-9228 8 22

Aggressive multipass – 280°C
500ppm phosphite
250ppm AO-1010

500ppm CaSt

Polypropylene melt flow data*

*Stein, D., Stevenson, D. J. Vinyl. Addit. Techn. (2000) 6, 3, 129-137
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Regulatory Challenges

…as well as entirely different chemical classes.
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Conclusions

Various threats to “business as usual” persist
- Supply shortages / price increases

- Regulatory challenges
- Raw material shortages – “Blue Sky Initiative”
- ECHA continues their work – will others follow?

You have options
- Power to the formulator!
- Experiment, experiment, experiment!
- Partner with suppliers that see the “big picture”

- Regulatory
- Technical
- “Plugged in” to global supply trends – and willing to share information

Manufacturers: Huge opportunity with expanded food contact approvals
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Thank You For Your Time

The information that is contained (“Information”) herein is provided AS IS, and for informational purposes only, which requires independent
testing, verification, and independent determination of suitability, performance, use and merchantability. Maroon Group, LLC provides the
Information without any warranty or guarantee, expressed or implied, including without limitation implied warranty of merchantability or
suitability for a particular purpose, and does not warrant or guarantee the accuracy, completeness or relevance of the Information. Neither
Maroon Group, LLC nor any of its subsidiaries or affiliates (collectively ”Maroon Group”) have any liability in connection with the Information
or the use of the Information or the products. Maroon Group does not confer nor shall providing the Information be construed as a license or
any other rights in, to or under any intellectual property, including without limitation trade secret or patent or any individual or entity
(“Person”), including without limitation Maroon Group. Maroon Group does not warrant or guarantee that the product or the Information is
adapted for any specific use, performance or result. Also, no warranty or guaranty is made by Maroon Group that the product or the
Information does not infringe the intellectual property rights of a Person. The user is solely responsible for use, testing, verification,
determination of suitability, performance and merchantability of the product and/or Information and determination of any possible violation
of the intellectual property rights of a Person.
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