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Are there less toxic alternative fire 
retardant strategies?



Overview

• The US EPA Design for the Environment 
(DfE) Partnerships and Related Initiatives
– Green Chemistry and the DfE Approach
– DfE Projects and Related Initiatives

• CleanGredients™
• Furniture Flame Retardancy Partnership
• The Green Screen for Safer Chemicals
• Flame Retardants in Printed Circuit Boards



A Goal of Green Chemistry



What is a Sustainable Product?

‘Cradle to Cradle’ Design
– Meets market requirements 
– Positive social effects (for individuals and 

communities)
– Safe for human and ecological health
– Sourced from renewable or repeatedly recycled 

materials
– Sourced from renewable energy
– Designed for safe, productive return to nature or 

industry
– Recovered and recycled at highest quality after use



High Degree 
of Knowledge

Chemicals of Concern
(“Known Bads”)
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Knowledge Gaps

Mixed hazard properties 

The Path to Green Chemical Inventories

Reactive Proactive



U.S. EPA DfE Partnership Approach

• Engage diverse stakeholders in a common effort
• Provide needed information in a format that facilitates 

decision making (informed substitution)
• Protect confidential business information through third 

party review and careful design of information presentation
• Use EPA chemical information, models and new chemicals 

criteria
• Focus on hazard and not risk
• Tap into market mechanisms for promoting 

environmentally preferable products
– DfE Formulator Program– product recognition
– CleanGredients – ingredient review and listing



A database of Industrial & Institutional (I&I) cleaning 
product ingredients and their characteristics* to: 

• help formulators identify ingredients that may be 
useful for green product formulation

• provide opportunity for raw material suppliers to 
showcase their ingredients with especially positive 
environmental and/or human health and safety 
attributes

* By characteristics we mean functional properties such as critical micelle concentration, 
physical properties such as biodegradability, and associated human and environmental 
health toxicological information.

DfE and CleanGredients™ 
http://www.cleangredients.org



DfE’s Furniture Flame Retardancy Partnership 
Multi-stakeholder effort

– American Fire Safety Council (AFSC), 
– the American Home Furnishings Alliance 

(AHFA), 
– the Business and Institutional Furniture 

Manufacturers Association (BIFMA), 
– the Consumer Product Safety Commission 

(CPSC), 
– GreenBlue Institute
– EPA’s Design for the Environment (DfE) 

Program. 

Focus on providing information on 
alternative ways to achieve fire 
safety in upholstered furniture

• Need for alternatives to (pentaBDE)
• Compare 14 chemical formulations 

identified as viable substitutes against 
a broad set of hazard endpoints

Results
• Phase I report: “Environmental 

Profiles of Chemical Flame-Retardant 
Alternatives for Low-Density 
Polyurethane Foam,”

• Did not perform Phase II work to 
assess other FR technologies such as 
barriers or fabric backcoatings due to 
uncertainty in planned CPSC national 
flammability standard.

www.epa.gov/dfe/pubs/flameret/ffr-alt.htm



Innovation: Furniture Flame Retardancy 
Partnership Table 4-1
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Challenge:  where we left off…
• Which flame retardant is better? (Outside DfE scope)
• How would you evaluate and compare barriers and 

backcoating or inherently flame retardant alternative 
materials? (Drivers changed – did not address)

• Ammonium  polyphosphate (coated on various fibers)
• Boric acid and Zinc borate (coated on cotton fiber)
• Cellulosic fiber containing silicic acid (Visil®)
• Fiberglass
• Meta aramid fiber (Nomex®) 
• Melamine fiber
• Modacrylic fiber  (polymer contains antimony trioxide) 
• Oxidized PAN (PolyAcryloNitrile) fiber
• Para aramid fiber (Kevlar®) 
• Polyetherimide resin
• Vinylidene chloride fiber
• Proprietary 1:  Inert polymer coating (can be used on cotton woven 

substrate) (VersaShield II)



Which Flame Retardant is Better? 
The Green Screen for Safer Chemicals 
• Guidance for selecting greener 

chemicals
• Case Study: FRs used in 

television casings
– decaBDE, 
– RDP 
– BPADP

Download at: http://www.cleanproduction.org/Green.Greenscreen.php



Green Screen for Safer Chemicals: 
Benchmarks



Green Screen 
Hazard Thresholds



Green Screen 
Hazard Thresholds 



Summary of Green Screen Modifications to 
DfE Approach 

1. Modified Thresholds
– Added a 4th level ((very) vP and vB) for persistence and 

bioaccumulation potential consistent with REACH

2. Additional Endpoints
– Added endocrine disruption as an endpoint
– Added flammability and explosiveness as endpoints

3. Evaluated predicted and known degradation 
products along with the parent compound
– Degradation products weighed as heavily as the parent 

compound in final evaluation



Case Study:  Comparing Flame Retardant 
Chemicals Used in Television Casings

• Of the 3 FR chemicals, only RDP passed all criteria under Benchmark 
1 of the Green Screen. 

• An integral element of the Green Screen is taking into account 
potential breakdown products.  
– The other FRs scored lower because of concern for degradation products. 

• While RDP is not a “green chemical” per se, based on assessment via 
the Green Screen, it is a safer chemical.



• Industry need for information on flame retardants
– Highest volume brominated flame retardant used in 

printed circuit boards - at approx. 330 million 
pounds/year (Tetrabromobisphenol A/TBBPA)

• Concern by some stakeholders over 
environmental impacts and combustion by- 
products

Latest FR Partnership



Goal: 
• To identify and characterize commercially available flame 

retardants and their environmental, health, safety and 
environmental fate aspects in FR-4 printed circuit boards

• Apply life-cycle thinking to consider hazards and 
exposures including degassing and combustion

• Use EPA New Chemicals Program criteria to evaluate 
hazard and environmental fate concerns



• TBBPA
• DOPO
• Melapur 200 (Melamine 

Polyphosphate)
• Clariant OP930 

(Phosphinate)
• Silica
• Aluminum Hydroxide
• Supresta Fyrolflex PMP
• Dow Proprietary Chemical

• Conventional FR-4 Laminate
• NanYa NPG-TL
• NanYa NPG-170TL
• Hitachi BE-67G(R)
• Isola DE156*
• Isola IS500*
• TUC TU-642*
• TUC TU-742
• MEW R1566W
• ITEQ IT170G*
• ITEQ IT140G**
• ITEQ IT155G**
• Nelco 4000-7EF*
• Shengyi S1155**

* Included on original iNEMI List Only
** New on iNEMI List

Laminate MaterialsFlame Retardant Chemicals



Chemical Reviews – Hazard Assessment
FIRST DRAFT COMPLETED

Combustion Testing
? Under negotiation ($, ownership)

Partnership Report – Life Cycle Considerations
? Under development

STATUS 



• Revised format for summarizing chemical hazard 
information and justifying levels (H/M/L)

• Proposed combustion study (2 phases) using 
quartz reactors and cone calorimetry to compare 
potential end-of-life impacts (concern for 
uncontrolled combustion)

Innovation



Report DRAFT ONLY  - Chemical Summary 
Assessments

















Lists Endocrine Disruption References



Challenge: Comparative Hazard Assessment 
and Life Cycle Thinking

Comparative Hazard Assessment
• Hazards associated with chemical via 

direct exposure such as during 
manufacture

• Hazards associated with chemical 
when reacted or added into laminate

• Hazards associated with chemical 
when product is combusted (landfilled, 
composted, littered or recycled)

Examples
• TBBPA
• Inorganic FRs, nanotech FRs



Value of DfE Partnership Approach 
for Identifying and Promoting Less 
Toxic Alternative FRs

• Engages diverse stakeholders
• Provides needed information in a format that facilitates 

decision making (informed substitution)
• Protects confidential business information through third 

party review and careful design of information presentation
• Uses EPA chemical information, models and new 

chemicals criteria
• Focuses on hazard and not risk 
• Taps into market drivers for promoting environmentally 

preferable products
– DfE Formulator Program– product recognition
– CleanGredients – ingredient review and listing



END
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