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Historical Perspective:
Sustainable Additives for Coatings

Limiting and eventually eliminating the use of Alkylphenol
Ethoxylate (APE) containing products.

Reducing and eventually eliminating VOC in coating
formulations.

Eliminating hazardous
components, such as
formaldehyde, heavy metals,
phthalates, carcinogen,
mutagens and reproductive
toxins (CMR’s), etc.

Using renewable raw materials

'?hodia



Principles of Green Chemistry

1. Design safer chemicals
Prevent waste

3. Design less hazardous chemical
syntheses

4. Use renewable raw materials

5. Use catalysts, not stoichiometric
reagents

6. Maximize atom efficiency

7. Avoid chemical intermediates that
include additional reagents that
generate waste

8. Use safer solvents and chemical
reactions conditions

9. Increase energy efficiency

10. Design chemicals and products to
degrade after use

11. Analyze real time to prevent pollution
12. Minimize the potential for accidents
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Drivers for Sustainable Products

A more educated consumer on “green” products...

Regulatory Push

US VOC Reduction Policies — EPA, SCAQMD,
CARB, OTC, etc. (ongoing)

Environment Canada — VOC regulations for
architectural and industrial maintenance coatings
(2007)

EU Directive 2004/42/CE — limit emissions for paints
varnishes and refinishing products

Market Push

Ecolabel compliance (EU Ecolabel and Green
Seal — GS-11) — environmental impact of
coating manufacture, use and disposal

(for formulators)

Push by “big box” franchises for products
following guidelines set by Green Seal or
Ecolabel — Walmart, Home Depot, IKEA, etc.
(for retailers)



Fithess for Performance Criteria

Flow and leveling

Scrub resistance — both dry and wet
Water resistance

Adhesion to various substrates
Stain removal

Opacity



Sustainable Additives Ciriteria for Coatings

Ecolabel Compliance

Biodegradability

Ecotoxicity

Renewable Raw Materials



Ecolabel Compliance

Follow guidelines set by Green Seal (GS-11 for Coatings) and EU Ecolabel

Prohibited compounds — pose threat to both environment and human health
APEQ'’s - Alkylphenol ethoxylates containing products
CMR’s — Carcinogens, mutagens and reproductive toxins
HAP’s — Hadardous air pollutants
ODS — Ozone depleting substances
Heavy Metals — Cd, Pb, Hg, Cr(IV), As, Ba (excluding BaS0O4), Se, At, etc.
Formaldehyde and formaldehyde donors
Phthalates
Triphenyl / tributyl Tin
Perfluorinated alkyl sulfonates and carboxylic acids
1,2-Dichlorobenzene and othe halogenated solvents
Isothazolinone (allowed below 0.05 % only)

Limit on VOC'’s in coating formulation

For GS-11: Based on a GC method, VOC if component exhibits a boiling point below 280 C.
EU Ecolabel: Based on a GC method, VOC if component boils below 250 C
Volatile aromatic compounds are limited to < 0.5 and < 0.1 % for US and EU respectively.

Fitness for Performance Criteria



Ecotoxicity

Reduce exposure threat of each raw material on environment.

Determine impact on environment by evaluations on aquatic
bioorganisms.

Standard test used : OECD Test Guideline 203 (Fish Acute Toxicity
Test)

A variety of species can be tested, but most sensitive are Daphnids
(Daphnia magna). Testing done for a duration of 96 h.

Product levels reported resulted in
killing half of test subjects (LC50).

Ranges chosen for criteria are
recommended by the US EPA as
guideline for screening safe
ingredients.



Biodegradability

Biodegradabillity is the partial or total breakdown of substances by
microorganisms that use the end products as carbon or energy
sources.

A measure of the persistence of the product as it is manufactured and
used in the environment.

Standard test used: OECD 301 — determines the amount of CO,
produced or O, consumed over a 28-day period.

Rating: DOC (Dissolved Oxygen Consumed)
Readily or Ultimately Biodegradable if test results in greater than 70 % DOC
Inherently Biodegradable if test results are between 20 and 70 % DOC
Not Biodegradable if test results are below 20 % DOC

Degree of biodegradability combined with the product’s ecotoxicity
determines the environmental toxicity and fate of the test product.



Raw Material Sustainability
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/ Raw materials are sustainable if they are derived from\
renewable or sustainable sources. This implies that the
natural resource that rate of supply of these materials can
exceed the consumption rate of usage of the additive.

Calculation for sustainability is done by taking the
percentage of the carbon content in the additive derived
from renewable or sustainable resources.

Arbitrarily set cutoffs for criteria at 75 and 50 % carbons

\ derived from sustainable sources. /




Assessment of Sustainabillity

Criteria Level 1 Level 2 Level 3

Meets all requirements
Ecolabel Compliance [ =itiVeiencimesieiieh =8

Meets all requirements

on GS and EU Ecolabel,| Vot MeetGS and EU

Ecolabel requirements

Ecolabel but not VOC
. o Ultimately or readily Inherently or partially Less than inherently
Biodegradability biodegradable biodegradable biodegradable
Very low Low Medium or High
Ecotoxicity (LC50 —96h) (LC50 — 96h) (LC50 —96h)
> 100 mg/L 10 - 100mg/L <10 Omg/L

Sustainable Raw > 75 % sustainable raw 50 - 75 % sustainable < 50 % sustainable raw
Material materials raw materials materials

Given the criteria, products are assessed for sustainability using ranges below.
All the criteria must be assessed together.
In addition to the criteria below, product must perform in the coating application



Examples of Current Product Portfolio Assessment

Nonionic Surfactants:

Nonionics Ecolabel Compliance Biodegradability M sustainabilit y Ecotoxicity
Rhodasurf BC-840
Rhodasurf ON877
Soprophor 796/P
Abex 2535
Abex 2545
Rhodoline WA-120

Anionic Surfactants:

Anionics (APE free) Ecolabel Compliance Biodegradability ~RIW sustainabilit y Ecotoxicity
Abex 18-S
Rhodapon L-22/EP
Rhodapon UB STD
Rhodapon SB-8208S
Rhodafac RS610
Rhodacal A-246MBA
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Rhodia’s Approach Aligned with LCA Principles
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Criteria used by
Life Cycle Analysis methodology

Climate Change
Non-Renewable Resources
Human Health

Impact on Eco-Systems



Climate Change
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A Cradle to Gate and Gate to Grave approach

Cradle to Gate - additive production
Use of more sustainable raw materials.
Reduced emissions during additive production.
Use less energy during manufacture.
Minimize or eliminate VOC'’s present in the product itself.

Gate to Grave - additive application

Limit in transportation — transporting less and more concentrated products.
Enable to miminize or eliminate VOC'’s at the end application.

Follows guidelines set for ecolabel compliance as well as Raw
Material Sustainability for coating applications.



Human Health
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Utilize raw material, intermediate and end additive non-toxic or less
toxic.

Use processes that do not require use and handling of toxic materials
and intermediates.

Eliminate the use and introduction of chemicals from the prohibited list
in the ecolabel guidelines for the end product.

Follow guidelines set for ecolabel compliance for coating applications.



Renewable Resources
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Use of more renewable raw materials

Use of recyclable raw materials.

Design higher efficiency, better yield processes
Favor the use of renewable energy in production

Follow the guidelines set for Raw Material Sustainability for
coating applications.



Impact on Eco-systems
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Use better ecotocixity profile for raw materials, process, including plant
effluents) and additive end product. No emissions that are harmful for
the environment.

Select lower ecotoxicity, higher biodegradability — profiles can work in
conjunction.

Follow guidelines set for ecotoxicity as well as biodegradability for
coating applications.



Evolution of Sustainablility at Rhodia
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Past — Separate requirements
APE-free and Zero VOC
Absence of extremely hazardous components
Renewable raw materials

Present — Concerted effort for the coatings industry
Ecolabel compliance with performance criteria included
Ecotoxicity
Biodegradability
Renewable raw materials

Future — Rhodia’s ambition for sustainablility
Climate Change
Non-Renewable Resources
Human Health
Impact on Eco-Systems
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Thank you!

Jose P. Ruiz, Ph. D. Samples: rhodia@chemicalmarket ing.com
Global Technical Service Manager (800) 678-6647

Coatings Business Unit of Novecare

350 George Patterson Boulevard Website: www.rhodi  a-novecare.com
Bristol, PA 19007

215-781-7895 Phone
215-781-3663 Fax
jose.ruiz@us.rhodia.com




