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Agenda

• Design / Material Selection / Processing / End Use Considerations

• Review of UL Yellow Card Ratings

• UL94 & UL 746 A Tests

• FR Additives Pros & Cons

• CA Prop 65, EU REACH, & RoHS Implications for FR Materials

• Processing Considerations for FR Resins & Compounds



Continuation of the use of ………”The PolySource Design Funnel”

The PolySource Design Funnel

Physical Chemical Thermal
Dimensional Stability Exposed to Chemicals Use Temperature

Flatness & Warp Environmental Humidity Min / Max Boundaries

Color & Appearance Immersion / Splash Contact Spike Temperature

Mechanical
Impact Static & Dynamic Load Electrical Properties

Strength Sliding or Rotating Flammability

Stiffness Snap-fit,  Screw Boss,  Threads Weatherability

Regulatory
UL,ATEX,FDA,USP Class VI,ISO 10993,EU 10/2011

Automotive  Approval

Material Options
1_________

2_________

3_________



Continuation of the use of ………”The PolySource Design Funnel”

Physical Chemical Thermal
Dimensional Stability Exposed to Chemicals Use Temperature

Flatness & Warp Environmental Humidity Min / Max Boundaries

Color & Appearance Immersion / Splash Contact Spike Temperature

Mechanical
Impact Static & Dynamic Load Electrical Properties

Strength Sliding or Rotating Flammability

Stiffness Snap-fit,  Screw Boss,  Threads Weatherability

Regulatory

UL ,ATEX,FDA,USP Class VI,ISO 10993,EU 10/2011

Automotive  Approval

Material Options
1_________

2_________

3_________

The PolySource Design Funnel



UL Ratings are A La Carte & the Costs Add Up

UL Yellow Card Ratings

UL Testing & Ratings

• UL94 – Vertical & Horizontal Flame Tests
• Short-term tests

• Thickness dependent

• UL746 A – Electrical Energy Tests
• Short-term tests

• Some are thickness dependent

• UL746 B – Thermal Ratings (RTI’s)
• Long-term tests

• For V rated grades, must retain V rating

• Estimates 100,000 hr performance at 

elev. temperature

• UL746 C – UV Resistance
• Long-term test

• Estimates 5-year UV exposure

• For V rated grades, must retain V rating



Flammability Resistance to an Open Flame

UL-94 / ASTM D635 / ISO 3795 / FMVSS302 Flame Ratings



Flammability Resistance to an Electric Arc or Heated Wire

UL-746A Electrical Ratings
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Lower PLC Ratings are Better

UL-746A Performance Level Category (PLC) Ratings



RTI’s are VERY Expensive to Obtain, & Many Applications Don’t Need Them

UL-746B Relative Thermal Index (RTI)

• RTI Ratings are Continuous Use Temperatures, at which a plastic is estimated to retain > 50% of initial values, 

after 100,000 hours (at that temperature), under zero load (stress, pressure, force etc.)

• Actual test times at UL range from 500 to 5000 hours, to collect the raw data

• Multiple temperature, linear regression analysis is used to plot the data to an extrapolated 100,000 hr result

• There are three (3) RTI values that can be assigned

• RTI Electrical, retention of dielectric strength (electrical insulation)

• RTI Impact, retention of either tensile impact or Notched Izod impact

• RTI Strength, retention of tensile stress

• FR materials must retain their V rating after the heat aging cycle

• A generic RTI is assigned to UL Listed materials, when long term testing has not been conducted



Weathering Tests at UL Can Take as Long as 8-10 Months to Complete Due to Capacity Constraints

UL-746C Weathering: f1 and f2

• Simulated outdoor weathering is conducted using either a carbon electrode UV or Xenon 

arc UV source for 700-1000 hours

• Samples are then immersed in water for 168 hours at 70 oC

• FR performance, tensile stress and Notched Izod impact are measured before & after the 

exposure sequence

• An f1 rating is assigned when the mechanical & FR performance are retained after both 

UV & water immersion

• An f2 rating is assigned when either the UV or immersion performance is retained



Lots of Choices with Plenty of Trade-Offs

Three Main Categories for Flame Retardant Plastics:

• Inherently FR

• Halogenated

• Non-Halogenated



Inherently FR

Pros
• PPS, PEI, Fluoropolymers, PPSU & certain PC’s
• Do not require nor contain external FR additives

• Suitable for food contact

• These are ideal from a regulatory standpoint, for REACH and RoHS compliance

• Excluding PC, these are all low smoke generating materials too

Cons
• Cost per lb.

• They are a challenge to mold

• Most fluoropolymers require corrosion resistant metal alloys ($$$) for all surfaces 

in contact with the melt



Halogenated FR

REACH & RoHS
• EU regulators will likely ban all brominated FR additives when suitable non-hal options exist

• Brominated additives have been shifting to polymeric and oligomeric grades and away from 

‘small molecule’ types

Pros
• Bromine and AO are extremely efficient

• REACH inadvertently pushed Bromine FR technology to better & better thermal resistance

• Diminished plate-out & blooming

Cons
• Significantly increase material density

• Mold corrosion & machine wear

• Smaller processing window



Non-Halogenated FR Additives

• Phosphate Esters
• FR PC/ABS

• Alumino-Phosphate Salts
• Polyamides, Polyesters

• Amino-Phosphate Blends
• Polypropylenes & Polyethylenes

• Red Phosphorus
• Polyamides

• Magnesium & Aluminum Hydroxides
• Polypropylenes & Polyethylenes



Non-Halogenated FR Additives

Pros
• Lower material density in most cases

• Reduced concerns on machine corrosion

• Processing friendly

Cons
• Polyolefins require high loadings of non-hal which degrades mechanical & 

processing performance

• Supply constraints for multiple reasons

• Cost per lb. is generally higher



FR Options to Meet Most Designs
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There’s No Free Lunch When Selecting FR & Electrical Performance
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Lots of Choices with Plenty of Trade-Offs

Regulatory Considerations for FR Plastics

REACH
• Targets specific chemicals, mixtures & compounds

• EU regulators will likely ban all brominated FR additives when suitable non-hal options exist

• Brominated additives have been shifting to polymeric and oligomeric grades & away from 

‘small molecule’ types

RoHS
• Targets specific additives & chemicals used in Electrical & Electronic devices

• Aimed at end-of-line considerations and keeping hazardous materials out of landfills

CA Prop 65
• Antimony oxide is listed

• (so too, is “alcoholic beverages”, “Tamoxfen”, “Cisplatin”)



Lots of Choices with Plenty of Trade-Offs

Processing Considerations for FR Plastics

• Drying FR Polymers

• Thermal Stability Concerns
• Halogenated/Non-Hal

• Actual Melt Temperature vs. Non-FR Grades

• Barrel Residence Time

• Hot Runner Systems

• Back Pressure

• Screw Recovery

• Importance of Proper Venting in the Mold
• Designed In, Not an Afterthought!

• ½” Wide Every 2” of Parting Line

• Tooling, Screw & Barrel Materials / Coatings
• General Purpose Design

• Stainless Steel

• Chrome Plating/Titanium Nitride Coatings (Mold)

• Beryllium Copper

• Gates & Runners

• Mold Maintenance / Cleaning / Purging

• Regrind? 



High Heat / High Voltage Resistance / Thick Wall Design
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PA4/6 Solutions in HB & V-0 Compositions
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Halogen Free FR Systems Driven by RoHS
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Different FR Technologies to Deliver the Best Design Solution
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Non-Hal FR’s are Preferred for Consumer Appliances in the EU
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Special Thanks for the Application Photos & Very Helpful Discussions?!
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Philippe Ciniello

Samir Mutwalli



QUESTIONS????

Thank You for Joining the Discussion Today!!
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