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Consult the following information in fire emergencies and other emergencies. Be
sure to review the details of proper handling and use of fluoropolymers in this Guide.
Questions about proper use of fluoropolymer resins should be directed to the resin
supplier. Questions about this Guide or the Fluoropolymers Division (FPD) should be
directed to SPI.

EMERGENCY RESPONSE
•
•
•

Hazardous fumes from PTFE may be produced at temperatures above 625oF
(330oC). (See pages 14 and 19.)
Toxic fumes from PTFE may be formed at 840oF (450oC) and above. (See pages 14
and 19.)
Hazardous vapor and fumes will be liberated during a fire. (See page 40.)

IN CASE OF FIRE
•
•

•
•
•
•

Fluoropolymers do not burn without an external source of heat (See page 40.)
The principle decomposition products in a fire are hydrogen fluoride (HF), carbonyl
fluoride (COF2), and carbon monoxide (CO) and low molecular weight
fluoropolymers. (See page 15.)
Wear self-contained breathing apparatus (SCBA) to protect skin and eyes from
contact with HF (See page 35.)
Wear full turnout gear or Level A equipment, to protect skin, eyes and respiratory
system from contact with HF (See page 35)
Decontaminate personnel and equipment with water wash-down after fire and
smoke exposure, as well as after salvage and overhaul. (See page 36.)
See the National Fire Protection Association’s publication, Fire Protection Guide to
Hazardous Materials, 13th Edition and 29 CFR 1910.10 (k), “Hazardous waste
operations and emergency response,” for guidelines.

EMERGENCY RESPONSE NUMBERS (see page 43 for additional information):
•
•

Transportation Emergency for AGC Chemicals Americas, Arkema, Daikin America,
DuPont, and Solvay Solexis: (CHEMTREC) – (800) 424-9300
For Dyneon/3M ONLY: (800) 364-3577
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NOTE TO USERS

This Guide was developed by the Fluoropolymers Division of The Society of the
Plastics Industry, Inc. and is intended to provide information on general
guidelines for safe handling of fluoropolymer resins in processing. The guidelines
provided are based on the collective experience of members of the industry, but
are not intended to be either exhaustive or inclusive of all pertinent requirements.
The information provided in this guide is offered in good faith and believed to be
reliable, but is made WITHOUT WARRANTY, EXPRESSED OR IMPLIED, AS
TO THE MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR
ANY OTHER MATTER. The guidelines provided and the examples included are
not intended to be directed to any particular product, nor are they claimed to
satisfy all current legal requirements related to control of processing operations.
Following the Guide does not guarantee compliance with any regulation nor safe
operation of processing facilities. Users are cautioned that the information upon
which this guide is based is subject to change that may invalidate any or all of the
comments contained herein.
The Guide is not intended to provide specific advice, legal or otherwise, on
particular products or processes. In designing and operating processing lines,
users of the Guide should consult with their own legal and technical advisors,
their suppliers, and other appropriate sources (including but not limited to product
or package labels, technical bulletins, or sales literature) which contain
information about known and reasonably foreseeable health and safety risks of
their proprietary products and processes. SPI, its members and contributors do
not assume any responsibility for the user's compliance with any applicable laws
and regulations, nor for any persons relying on the information contained in this
Guide.
SPI does not endorse the proprietary products or processes of any manufacturer
or user of fluoropolymer resins or products. All information about an individual
manufacturer's products contained herein has been provided by those
manufacturers who are solely responsible for the accuracy and completeness of
the data.
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INTRODUCTION

Fluoropolymers are produced and sold worldwide by several manufacturers and are
essential to a variety of technologies and products that enhance human life and
promote environmental improvements. Ranging from power generation to emission
controls on vehicles, to semiconductor chip manufacturing and aerospace applications,
fluoropolymers provide superior performance in products that contribute to increased
safety in offices, homes, industry, and communities.
Fluoropolymers provide unique and critical performance properties in “system critical”
applications that protect and benefit people and the environment. Fluoropolymers are
among the few plastic materials that can withstand the temperatures inside ovens and
the engine compartments of aircraft. Combined with chemical resistance and excellent
dielectric stability, the heat resistance of fluoropolymers resins provides for an extremely
versatile family of engineering materials. Fluoropolymers have high resistance to a
broad range of fuels, solvents and corrosive chemicals. These unique properties
provide critical performance characteristics needed to prevent fire, fluid emission,
electrical overloading or similar emergencies in many high performance applications. In
addition, for virtually all of these applications, fluoropolymers are one of the very few
materials that meet system performance needs in high temperature and harsh chemical
environments.
Consistent with the principles of Responsible Care®, the intent of this guide is to provide
processors and users of fluoropolymers with an overview of the safe handling and
processing of fluoropolymers. Specifically, this Guide is intended to provide the
necessary information to processors using the fluoropolymers so they can meet their
obligations under applicable Federal, state and local laws. This document includes the
latest technical and research information currently available and may be updated in the
future, but users are responsible for the interpretation and applicability of all information
presented to their own operations.
Processors may also find the information in this guide useful in providing assistance to
customers about the health, safety and environmental issues associated with using
products made from or with fluoropolymers. Legal obligations require processors to
pass along information about the hazards and safe handling of the products they make
with fluoropolymers and to evaluate those products with respect to any changes in the
nature or extent of the hazards due to the changes made by the processor in
manufacturing its products. Good product stewardship requires that a seller of a
product take steps to assure that customers receive appropriate information about its
products. This guide may be helpful in doing so.
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CHAPTER 1 - FLUOROPOLYMER TYPES AND PROPERTIES

The typical fluoropolymer types covered by this guide are discussed below. The
information contained herein is taken from ASTM documents listed in Appendix K.
Some companies may offer other specialty fluoropolymers that may not be included in
this guide. Information on these fluoropolymers should be obtained from the
manufacturer.
A. Fluoropolymer Types
PTFE
PTFE is a polymer consisting of recurring tetrafluoroethylene monomer units
whose formula is [CF2-CF2]n. PTFE does not melt to form a liquid and cannot be
melt extruded. On heating the virgin resin, it forms a clear, coalescable gel at
626oF ±18o (330o C ±15o). Once processed, the gel point (often referred to as
the melting point) is 18oF (10oC) lower than that of the virgin resin. It is sold as a
granular powder, a fine powder, or an aqueous dispersion. Each is processed in
a different manner.
FEP
FEP resin is a copolymer of tetrafluoroethylene and hexafluoropropylene with the
formula [(CF(CF3)-CF2)x(CF2-CF2)y]n. It has a melting point range of 473o - 536oF
(245o - 280oC) and is melt processible. It is supplied in the form of translucent
pellets, powder, or as an aqueous dispersion.
ECTFE
ECTFE is a copolymer of ethylene and chlorotrifluoroethylene having the formula
[(CH2-CH2)x-(CFCl-CF2)y]n. ECTFE has a melting point range of 428o – 473oF
(220o - 245oC) and is melt processible. It is available in the form of translucent
pellets and as a fine powder.
PCTFE
PCTFE is a polymer of chlorotrifluoroethylene with the formula [CF2-CFCl]n. It
has a melting point range of 410o- 428oF (210o - 220oC) and is melt processible.
It is available in pellet, granular and powder form.

Copyright 1992, 1995, 1998, 2005 The Society of the Plastics Industry, Inc.
-8-

Chapter 1

Fluoropolymer Types and Properties

PFA
PFA resins are copolymers of TFE fluorocarbon monomers containing
perfluoroalkoxy side chains. PFA melts at 536oF (280oC) minimum and is melt
processible. It is available in the form of pellets, powder, and as an aqueous
dispersion.
PVDF
PVDF is a homopolymer of vinylidene fluoride having the formula [CH2-CF2]n or a
copolymer of vinylidene fluoride and hexafluoropropylene having the formula
[CF(CF3)-CF2)x(CH2-CF2)y]n. Copolymers of vinylidene fluoride are also produced
with (1) chlorotrifluoroethylene, (2) tetrafluoroethylene, and (3)
tetrafluoroethylene and hexafluoropropylene. These are all sold as PVDF
copolymers. PVDF polymers/copolymers melt at 194o-352oF (90o-178oC), are
melt processible, and are supplied in the form of powder, pellets, and
dispersions.
ETFE
ETFE is a copolymer of ethylene and tetrafluoroethylene of the formula
[(CF2-CF2)x-(CH2-CH2)y]n. ETFE melts at 428oF(220oC) minimum. It is melt
processible and is supplied in pellet and powder form.
MFA
MFA is a copolymer of tetrafluoroethylene and perfluoromethylvinylether. It
belongs to the generic class of PFA polymers. MFA melts at 536o– 554oF (280o290oC). It is available in the form of translucent pellets and aqueous dispersions.
EFEP
EFEP is a copolymer of ethylene, tetrafluoroethylene, and hexafluoropropylene
with the formula [(CH2-CH2)x(CF2-CF2)y(CF(CF3)-CF2)z]n. EFEP polymers melt at
311o – 392oF (155 – 200oC). It is melt processible and is supplied in pellet form.
THV
THV is a copolymer containing tetrafluoroethylene, hexafluoropropylene and
vinylidenefluoride. THV is melt-processible with melting points from 240o to
455oF (115o to 235oC) depending on grade. It is available in pellet, agglomerate
or aqueous dispersions.
HTE
HTE is a copolymer of hexafluoropropylene, tetrafluoroethylene, and ethylene.
HTE is melt processible with melting points from 310o to 420oF (155o to 215o C)
depending on grade. It is available in pellet or agglomerate form.
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B. Thermal Properties
Although fluoropolymers are among the most stable polymers known, they will start to
decompose slowly when heated to elevated temperatures. There is some contradiction
in the published literature as to the exact temperature at which decomposition occurs,
reflecting the difficulty in analyzing trace element emissions. However, significant
decomposition occurs only when fluoropolymers are heated above their recommended
processing temperatures. The quantity of effluent evolved remains small until
temperatures in excess of the normal processing temperature for the polymer are
reached.
The typical melting points, continuous use and processing temperatures for
fluoropolymers are given in Table 1.
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Table 1 - Typical Melting Points, Continuous Use and
Processing* Temperatures of Fluoropolymers**
Polymer

Typical Melting Point
Temperature
o

F (oC)

Typical Continuous
Use Temperature,
o

F (oC)

Typical Processing
Temperature,
o

F (oC)

PTFE

626 (330)

500 (260)

715 (380)

PFA

581 (305)

500 (260)

715 (380)

MFA

536 (280)

480 (249)

680 (360)

FEP

500 (260)

400 (205)

680 (360)

ETFE***

428 (220) - 518 (270)

300 (150)

590 (310)

ECTFE

446 (230)

285 (140) – 300 (150)

540 (280) – 590
(310)

THV***

250 (120) - 446 (230)

158 (70) – 265 (130)

HTE***

320 (160) - 410 (210)

220 (105) – 300 (150)

390 (200) – 550
(290)

EFEP***

316 (158) - 383 (195)

212 (100) – 302 (150)

428 (220) – 500
(260)

PCTFE

419 (215)

250 (120)

510 (265)

PVDF

338 (170)

300 (150)

450 (232)

239 (115) – 338 (170)

212 (100) – 300 (150)

450 (232) - 480
(249)

PVDF
Copolymer***

340 (171) – 590
(310)

* Certain nonstick coating processes typically exceed these temperatures. See Chapter 3.
** Note that the temperatures in this table are actual polymer temperatures — not oven or equipment
temperatures, which may be significantly higher. Processing and Continuous Use Temperatures depend
on use, environment and processing history. Consult your resin supplier for details.
***Product families include different products with different continuous use temperatures and different
processing temperatures.
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C. Product Information Sources
Listed below are the addresses of resin manufacturer members of The Society of the
Plastics Industry, Inc., Fluoropolymers Division, who contributed to this document:

AGC Chemicals Americas Inc.
229 E. 22nd Street
Bayonne, NJ 07002
Product Information: (800) 424-7833
Arkema, Inc.
Technical Polymers Department
2000 Market Street
Philadelphia, PA 19103-3222
Product Information: (800) 225-7788
(215) 419-7520
Daikin America, Inc.
20 Olympic Drive
Orangeburg, NY 10962
Product Information: (800) 365-9570
Dupont Fluoroproducts
1007 Market Street
Wilmington, DE 19898
Product Information: (800) 441-7515
(302) 774-1000
Dyneon LLC, A 3M Company
6744 33rd Street North
Oakdale, MN 55128
Product Information: (800) 723 9127
Solvay Solexis, Inc.
10 Leonard Lane
Thorofare, NJ 08086
Product Information: (800) 323-2874
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CHAPTER 2 - POTENTIAL HEALTH EFFECTS

A. General Toxicology
Fluoropolymers are known for their excellent chemical stability and low reactivity. These
materials have demonstrated little if any toxicological activity. Where studies have been
conducted, there were no significant findings relative to human health hazard reported.
None of the fluoropolymers per se is known to be a skin irritant or sensitizer in humans.
New forms of fluoropolymers, such as nanoscale materials, may have unknown
toxicological properties. As discussed below in section F of this Chapter, some
fluoropolymers are formulated with additives such as fillers, pigments or surfactants, to
provide improved processing or other characteristics. These additives may present
other hazards in the use of the fluoropolymer resin. Consult the Material Safety Data
Sheet (MSDS) from the manufacturer for health information on the specific product you
intend to process.
B. Pellets, Powders and Nanoscale Materials
Routine handling and processing of fluoropolymer pellets and powders can produce
exposure to dusts that are generally regarded as nonhazardous nuisance dusts. The
U.S. Occupational Safety and Health Administration (OSHA) has established the
following Permissible Exposure Limits (PELs) for Particulates Not Otherwise Regulated:
Total dust, 15 mg/m3, Respirable fraction, 5 mg/m3. The TLV®-TWAs for Particulates
Not Otherwise Classified (PNOCs) are: Inhalable particulate, 10 mg/m3; Respirable
particulate, 3 mg/m3. The use of engineering controls is recommended if the
fluoropolymer is dispersed in air or if the fluoropolymer contains other hazardous
components. In the absence of adequate control of the contaminants, appropriate
respiratory protection should be used. For typical handling tasks, air-purifying
respirators with appropriate filters should be used. If dust exposures exceed the values
cited above, selection of the appropriate respirator must follow current OSHA
requirements.
New forms of fluoropolymers based on nanotechnology manufacturing techniques are
finding their way into the marketplace, and such fluoropolymer materials may have
different or unknown toxicological properties compared to the parent fluoropolymer.
(Nanopowders are defined as particles which range in size from 1 to 100 nanometers
(nm) (10-9 meter)). Recent studies 1 suggest that nanoparticles may produce adverse
effects in animals without apparent chemical effect. Some scientists are concerned that
nanoparticles can penetrate the skin and translocate from the respiratory system to
other organs. As different or unique procedures may be needed to handle and process

1 See http://www.cdc.gov/niosh/homepage.html for additional information.
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nanomaterials safely, it is imperative that you consult with your supplier to obtain the
MSDS for the specific nano-fluoropolymer product you intend to handle and process.
C. Health Effects of Decomposition Products
Although fluoropolymers are among the most thermally stable plastics, fluoropolymers
will start to generate toxic air contaminants at, or slightly above, their recommended
processing temperatures. This is why manufacturers recommend the use of local
exhaust ventilation during processing operations. The rate of generation rises as
temperatures increase and may cause sufficient degradation of the polymer to produce
particulate fume as well as toxic gaseous by-products.
The type of decomposition product depends on the conditions under which heating
occurs. Temperature, availability of oxygen, the physical form of the article, and the
residence time at elevated temperatures are among the factors that determine the
ultimate nature of the decomposition products. The four main types of products formed
in the decomposition of fluoropolymers are fluoroalkenes, hydrogen fluoride, oxidation
products, and low-molecular-weight fluoropolymer particulates. The presence of other
monomers or additives in the fluoropolymer resin may change the nature of the
decomposition products.
In the case of PTFE, numerous studies in the published literature report a wide variety
of results for the reasons outlined above. NIOSH suggested in its 1977 Criteria
Document that the TFE monomer is the principle gaseous product at temperatures that
just produce softening or melting of the polymer, probably near the gel point of a typical
polymer 625°F (330°C). The TFE may be residual monomer that is trapped in the resin
particles or evolved as the resin structure changes with temperature.
As the PTFE temperature increases to approximately 840°F (450°C) in air, carbonyl
fluoride and hydrogen fluoride become the main decomposition products. Carbonyl
fluoride hydrolyzes rapidly in the presence of moist air to hydrogen fluoride and carbon
dioxide. Small amounts of hexafluoropropylene may also be found at these
temperatures. The highly toxic chemical, perfluoroisobutylene, has been detected as a
minor product at temperatures above 890°F (475°C). When the temperature reaches
approximately 1,470°F (800°C), tetrafluoromethane begins to form.
There is a similar decomposition pattern for other fluoropolymers. Decomposition
products tend to form at lower temperatures and are dependent on the type and amount
of copolymer in the fluoropolymer. Hazardous gases and vapors produced in fires
involving fluoropolymers include hydrogen fluoride, carbonyl fluoride, carbon monoxide,
and low molecular weight fluoropolymers.
D. Polymer Fume Fever
The most common adverse effect associated with human exposure to fluoropolymer
decomposition products is widely recognized as “polymer fume fever” (PFF). PFF is a
Copyright 1992, 1995, 1998, 2005 The Society of the Plastics Industry, Inc.
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temporary flu-like condition that lasts approximately 24 hours. PFF is similar to metal
fume fever (foundry man’s fever) 2 and other inhalation fevers. Symptoms include fever,
chills and, sometimes, cough.
Johnston et al, 3 found that overheating PTFE, 778°F (420°C), evolves fumes containing
ultra-fine particles that can be highly toxic to the lung, causing pulmonary edema
(excessive fluid in cells in the lungs) with hemorrhagic inflammation (severe irritation of
the tissue with release of blood from small blood vessels). In animal experiments in
which these particles were removed from the air, signs and symptoms similar to those
of polymer fume fever did not develop in the animals. Unfiltered air produced the
expected polymer fume fever response.
Inhalation of effluent products from overheated fluoropolymers or after smoking
fluoropolymer-contaminated tobacco may also cause PFF. It is recommended that
smoking and tobacco products be banned in work areas where fluoropolymer resins are
processed. In addition, depending on the characteristics of the operation, local exhaust
ventilation may be required.
E. Other By-Products
Depending upon the type of fluoropolymer and finished product manufacturing
conditions, it is theoretically possible that small quantities of residual gases, including
perfluoroisobutylene (PFIB), hexafluoropropylene (HFP), tetrafluoroethylene (TFE), and
hydrogen fluoride (HF) may be trapped and slowly evolve from resins as well as finished
products. Testing of some finished products has confirmed that PFIB and HFP can be
found in the finished products, but the conditions under which these compounds form,
and in what quantities, has not been investigated. This emphasizes the importance of
following manufacturer instructions in sintering and other finishing operations. These
residual gases can accumulate in unventilated spaces (e.g., closed storage rooms,
closed trucks, etc.) at levels that may be hazardous if the quantities of fluoropolymer
materials and products stored are large. Therefore, it is important to ventilate these
spaces before permitting personnel to enter.
Legal limits for occupational exposure to individual chemicals, called Permissible
Exposure Limits (PELs), may be specified in the U.S. Code of Federal Regulations, Title
29, Part 1910, Section 1000 adopted by the US Department of Labor Occupational
Safety and Health Administration (OSHA). Individual companies may establish their
own limits for occupational exposure called Occupational Exposure Limits (OEL).
Additional guidance regarding occupational exposure limits for individual chemicals may

2 Harris, D. K., Lancet 261, 1008, December, 1951.
3 Johnston, C J., Finkelstein, J. N., Gelein, R., Baggs, R., and Oberdorster, G., “Characterization of Early
Pulmonary Inflammatory Response Associated with PTFE Fume Exposure”: Toxicology and Applied
Pharmacology, Article No. 0208, Academic Press, May 1996.
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be available, from The American Conference of Governmental Industrial Hygienists and
The National Institute for Occupational Safety and Health (NIOSH). ACGIH publishes
Threshold Limit Values (TLV) and NIOSH publishes Recommended Exposure Limits
(REL). Additionally, individual companies may establish their own limits for
occupational exposure called Occupational Exposure Limits (OELs).
The health hazards of the aforementioned decomposition products follow.
Hydrogen Fluoride (HF)
The odor threshold of HF is 0.036 ppm, which is less than the occupational exposure
limit of 0.5 ppm TWA and a ceiling limit of 2 ppm 4. Inhalation of hydrogen fluoride at
higher concentrations may cause: symptoms of choking, coughing, and severe eye,
nose and throat irritation, possibly followed by fever, chills, difficulty in breathing,
cyanosis, and pulmonary edema. Hydrogen fluoride is corrosive to the eyes, skin, and
respiratory tract, and may be absorbed through the skin in toxic amounts. It can cause
delayed burns that may not be immediately visible or painful. Acute or chronic
overexposure to hydrogen fluoride can injure the liver and kidneys. If a person is
overcome by exposure to hydrogen fluoride, seek immediate medical attention.
Carbonyl Fluoride (COF2)
The effects of overexposure to COF2may initially include: skin irritation with discomfort
or rash; eye corrosion with corneal or conjunctival ulceration (destruction of the lens of
the eye and surrounding tissues); irritation of the upper respiratory passages; or
temporary lung irritation effects with cough, discomfort, difficulty breathing, or shortness
of breath. It is important to note that the effects of exposure to carbonyl fluoride may be
delayed for several hours. 5 If the effects observed include severe breathing difficulties,
including congestion in the chest, seek immediate medical attention, including a period
of observation. The TLV/TWA for COF2 is 2 ppm and the short-term exposure limit
(STEL) is 5 ppm. 6
Tetrafluoroethylene (TFE)
TFE is a flammable, gaseous monomer that may cause acute effects when inhaled.
Inhalation of TFE may cause irritation of the upper respiratory tract and eyes, mild

4 American Conference of Governmental Industrial Hygienists (ACGIH), Threshold Limit Values (TLVs®)
for Chemical Substances and Physical Agents and Biological Exposure Indices (BEIs®) 2005. All of the
TLVs® cited in this section are taken from this publication.
5 Documentation of TLVs®, American Conference of Governmental Industrial Hygienists,
Perfluoroisobutylene, 2004.
6 American Conference of Governmental Industrial Hygienists (ACGIH), Threshold Limit Values (TLVs®)
for Chemical Substances and Physical Agents and Biological Exposure Indices (BEIs®) 2005. All of the
TLVs® cited in this section are taken from this publication.
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central nervous system depression, nausea and vomiting, and dry cough. Massive
inhalation of the gas may produce cardiac arrhythmia, cardiac arrest, and death.
Chronic overexposure may cause toxic effects, primarily to the kidney.
According to the 11th Report on Carcinogens, TFE is classified as reasonably
anticipated to be a human carcinogen based on sufficient evidence of malignant tumor
formation at multiple sites in multiple species of experimental animals 7. The relationship
of these effects to potential human response has not been established. The current
TLV/TWA value is 2 ppm.
Perfluorisobutylene (PFIB)
The effects of inhalation exposure to PFIB have been studied in animals. Severe
adverse effects occurred, including pulmonary edema, which can lead to death.
Observed symptoms include wheezing, sneezing, difficulty breathing, and abnormally
deep or rapid breathing. Animals that survive for 24 hours after exposure apparently
recovered with no after-effects. Little human exposure data exists, but the ACGIH TLVC is 0.01 ppm. 8
Hexafluoropropylene (HFP)
Hexafluoropropylene is a colorless, odorless gas that is very poorly soluble in water.
Hexafluoropropylene has a low toxicity after acute exposure. The genotoxicity of the
compound was considered overall negative. When administered for a long period it
may cause toxic effects primarily to the kidney. ACGIH has not established a TLV.
Some producers have set internal OELs. Consult the fluoropolymer manufacturer’s
MSDS for further information.
Carbon monoxide (CO)
Carbon monoxide is an odorless gas which reduces the oxygen carrying capacity of the
blood, resulting in a decreased capacity for exertion, increased load on the heart and with
severe exposure, unconsciousness and death. The TLV is 25 ppm. 9
Other Considerations
Individuals with preexisting diseases of the lungs may have increased susceptibility to
the toxicity of excessive exposures from thermal decomposition products. Consult the

7 Report on Carcinogens, Eleventh Edition; U.S. Department of Health and Human Services, Public
Health Service, National Toxicology Program.
8 American Conference of Governmental Industrial Hygienists (ACGIH), Threshold Limit Values (TLVs®)
for Chemical Substances and Physical Agents and Biological Exposure Indices (BEIs®) 2005. All of the
TLVs® cited in this section are taken from this publication.
9 Ibid.
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Material Safety Data Sheets (MSDS) supplied by the resin manufacturer for additional
information. While there are no known fatalities directly attributed to exposure to fumes
generated by heating fluoropolymer resins in routine handling or processing, 10 it
continues to be important to require proper ventilation to prevent occupational illnesses
or injuries.
F. Hazards of Compounds Containing Pigments and Fillers
Filled and pigmented fluoropolymers are in widespread use. The normal precautions for
handling fluoropolymers (i.e., ventilation, appropriate PPE) need to be observed. In
addition, processors need to note any additional hazards associated with the fillers or
pigments themselves.
Although many of the commonly used fillers and pigments have low toxicity, some are
abrasive and may cause skin irritation. Avoid skin contact with filled or pigmented
fluoropolymers or inhalation or ingestion of filled or pigmented fluoropolymer dust.
When fluoropolymers containing cadmium pigments are handled, extra precautions may
be necessary and compliance with OSHA standard 29 CFR 1910.1027 (Cadmium) is
required. Contact your supplier prior to using filled and/or pigmented fluoropolymers for
specific safety recommendations. When a processor adds pigments, fillers, or other
materials to fluoropolymers, a hazard determination as required by the OSHA Hazard
Communication Standard (HCS), 29 CFR 1910.1200 must be performed. Health and
safety information must be obtained from the vendors of the additives, and the
fluoropolymer processor must prepare MSDS for and affix appropriate hazard warning
labels to containers of the filled resin. The processor who makes parts from the filled
resins must determine, whether, in the normal circumstances of use, the part will
release hazardous chemicals causing exposure of users. If so, an MSDS and
appropriate label must be provided.

10 There has been one reported fatality that resulted from intentionally burning fluoropolymer-containing
materials in equipment that was not properly equipped to handle the emissions. No cases of fatal injury
are known when normal processing temperatures are not exceeded.
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CHAPTER 3 - PROCESSING HAZARDS AND PRECAUTIONS

A. Heat Treating, Sintering, and Coalescence
Heating fluoropolymers like PTFE to their melting point temperatures causes the
polymer particles to melt and fuse together, eliminating voids that may result in weak
points or flaws in the polymer structure. This process is termed heat treating, sintering
or “coalescence” when applied to PTFE processing and is similar to the sintering
process utilized in metallurgy. Other fluoropolymers are also heat-treated to achieve
final polymer properties. The time and temperature profile of the sintering cycle
determine the physical properties that the fluoropolymer will exhibit.
Because of the high temperatures required to sinter PTFE and melt other
fluoropolymers, hazardous decomposition products form in processing ovens.
Regardless of their design (batch, conveyor, chain-on-edge), ovens used to process or
heat-treat fluoropolymers must have mechanical (forced) ventilation with sufficient
airflow to remove hazardous compounds from them during their operation and to keep
them from entering the work area. Oven exhausts are likely to be subject to local air
pollution control requirements and may require controls to remove the decomposition
products and other substances from the exhaust air stream. If the oven is a batch oven,
oven doors must be properly adjusted and gaskets must be checked for serviceability to
ensure that toxic gases do not leak into the workplace.
In addition to ensuring the level of ventilation is adequate, other safeguards should be
employed to control potential exposure to hazardous decomposition products (please
refer to Table 1 for typical processing temperatures). To ensure their safe operation,
ovens should be equipped with an independent, high-temperature cut-off switch
triggered by temperature increases that allows adequate control of the oven-set
temperature, consistent with today's technology, to the level recommended by the
fluoropolymer manufacturer. Allowable temperature increases should be no more than
50° to 60°F (28° to 33°C) higher than the recommended oven-set temperature. Both
controls – the oven temperature controller and the high-temperature cut-off switch –
should be calibrated frequently.
If a processing oven overheats and an inspection or repairs are needed, the oven must
be cooled to ambient temperatures and purged of all fumes before entering the area or
opening the door. Emergency or maintenance personnel must wear all appropriate
Personal Protective Equipment (PPE), including eye protection, protective clothing and
gloves, and appropriate respiratory protection. For emergencies and unknown
concentrations, use self-contained breathing apparatus or a supplied-air respirator.
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When opening, operating, or working in close proximity to processing ovens used to
heat-treat fluoropolymers, appropriate PPE must be worn. Appropriate PPE may
include protective clothing and gloves, protective eyewear and respiratory protection.
Certain nonstick coating processes for fluoropolymer dispersions may use processing
temperatures as much as 100°F higher than those recommended in Table 1, to achieve
certain technical effects. Ultra-high-temperature processing is defined as heat-treating
at temperatures that exceed the typical processing temperatures listed in Table 1.
Because the formation of hazardous decomposition products is accelerated during ultrahigh-temperature processing, these operations must be conducted under carefully
controlled conditions.
The appropriateness of engineering controls, work practices, and PPE (including eye
protection, protective clothing and gloves, and appropriate respiratory protection) must
be reviewed. Suitable actions must be taken prior to operations or trials to ensure
employees are protected. Environmental releases of fumes, toxic chemical compounds
and particulate matter to the environment must also be considered and if necessary
controlled to comply with Federal, state, and local regulations. Potential residues of
decomposition products in the coating should also be considered and managed as
necessary.
Each fluoropolymer processor who contemplates ultra-high-temperature processing
should consult the coatings supplier to ensure that the processor has complete
knowledge and understanding of the equipment, processes, procedures, engineering
controls, work practices, and safeguards necessary to safely process the anticipated
volume of fluoropolymer products. The processor should also ensure that the ultrahigh-temperature processing operations do not exceed the design limits of the
equipment to be used for the ultra-high-temperature processing of fluoropolymer.
B. Melt Processing
Precautions must be taken in the processing of any polymer to avoid the release of
excessive levels of hazardous degradation products. Thermal decomposition of any
polymer, halogenated or non-halogened, leads to the release of toxins.
Melt processing of fluoropolymer resins in excess of recommended processing
temperatures or exposing them to processing temperatures for extended times can
cause rapid decomposition of the resins. Decomposition will produce gases at rates
that can generate pressures in processing equipment sufficient to “blow back” through
the feed port. If no exit path is available for these gases, as in some compression
molding equipment, pressures can develop which may rupture metal parts, possibly with
explosive force, and possibly cause injury to personnel near the processing equipment.
It is considered an unsafe practice to stand in front of an extruder die face that is
processing any thermoplastic, especially during start up.
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To reduce the potential for accelerated decomposition of fluoropolymers, some
manufacturers recommend the use of corrosion-resistant materials for processing
equipment. Contact your material suppliers for specific product information.
If a fluoropolymer resin melt begins to darken, the color change is an indication that
thermal degradation has begun. If an operator believes that thermal degradation is
occurring, zone temperatures should be lowered and the fluoropolymer resin purged
from the equipment.
Fluoropolymer resins should be processed on equipment having accurate, reproducible
temperature control. Temperature cycling should vary less than plus or minus 10°F
(6°C).
Melt extrusion of fluorinated polymers always leads to some degradation of the polymer.
For FEP, for example, this degradation has two results:
•
•

Lower molecular weight polymer (higher melt flow rate)
Evolution of the toxic compound perfluoroisobutylene (PFIB) as well as other
reactive by products.

PFIB may become trapped in the molten polymer and its slow evolution can present a
hazard if substantial quantities of coated wires are stored in poorly ventilated areas.
Extrusion foaming processes are used to manufacture polymer insulation materials with
superior electrical properties. Excessive temperatures and high shear rates should be
avoided during such foaming processes.
With respect to FEP, research indicates that such anaerobic conditions can create
potentially hazardous levels of hydrogen fluoride (HF) and perfluoroisobutylene (PFIB).
Any extrusion foaming process that generates excessive temperatures and shear rates
by its very design (e.g., the so-called "Free Foam" or "Free Flow" process), should be
avoided because of the potential to release toxins at hazardous levels.
SPI has long recommended industrial hygiene practices designed to minimize safety
hazards associated with melt extrusion, regardless of method. However, due to our
assessment of the hazards associated with the "Free Foam" process and the availability
of safer foaming methods, SPI has issued a notice to FEP and other polymer
processors that foaming by the “Free Foam” process should not be done as the
process creates potentially increased safety hazards.
For FEP processing, the formation of PFIB in both solid and foamed wire constructions
emphasizes the necessity for local exhaust ventilation above the extruder die, along the
coating line, in storage areas where spools of coated wire may be stored or anywhere
the gases can escape into the air of the facility. This would include the exhaust from the
vacuum pump used to control the length of the melt cone in solid or in foamed
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extrusions. It is also recommended that a minimum of six (6) air changes per hour be
maintained in all areas.
Research has been conducted to understand the degradation products and support the
recommendations given (See Appendix H).
C. Paste Extrusion
Processing PTFE fine powder resins requires extrusion by a special process, commonly
known as paste extrusion. This involves mixing the resin with a lubricant, usually a
volatile petroleum solvent. The use of combustible and flammable liquids of relatively
low flash point may create a significant potential fire and explosion hazard. In addition,
solvents may cause health hazards due to inhalation and/or skin contact. Appropriate
precautions must be taken for the safe use, storage, and handling of fluoropolymer
resins containing solvent-based lubricants. Follow the recommendations of the solvent
and PTFE suppliers and the information on the MSDS.
Removal of the lubricant (solvent) after extrusion may take place in a separate batch
drying oven or in a continuous oven fitted in-line with the extruder. Appropriate
precautions need to be taken to minimize the risk of forming explosive mixtures of
lubricant and air, and to prevent ignition. With an in-line operation, the drying operation
is immediately followed by high temperature sintering, and there is the possibility that
incorrect operation would cause flammable vapors to be carried into the sintering zone
where it will almost certainly ignite if allowed to accumulate to sufficient concentrations.
It is essential to have fire-extinguishing equipment available. For small fires, portable
carbon dioxide extinguishers are usually adequate, but a permanent installation, which
can rapidly fill the entire oven with carbon dioxide in the event of a large fire, is
advisable. Ventilation of the drying and sintering operations requires the same
precautions as described earlier in this section for operation of sintering ovens in the
work place. Consult a fire protection engineer for specific design details.
D. Coating / Impregnation
Even though fluoropolymer dispersions are not classified as hazardous, they may
contain small amounts of an ingredient used as a polymerization aid (FPA fluoropolymer polymerization aid) that can be retained in the body for a long time.
Additional information on FPAs may be found in Appendix E. People working with
dispersions should follow best practices to avoid exposure through skin contact,
ingestion, or inhalation of dust or vapor from fluoropolymer dispersions.
Coating with fluoropolymer dispersions may involve the following processing steps:
mixing of dispersions with other ingredients, applying the formulated dispersion onto
surfaces, fabrics or yarns, by spraying or passing them through a dispersion bath,
followed by drying, baking or sintering of the coated product.
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The primary health and safety concerns for the mixing and the application steps are to
avoid skin exposure by direct contact and splashing. There may be other hazards
introduced by the use of other ingredients added to the dispersion not covered here
(refer to the MSDS).
Spraying of dispersions may generate a mist that might be an additional exposure route.
Ventilation, personal hygiene and personal protective equipment (PPE) like gloves,
goggles, face shields, lab clothing, protective footwear, etc. are commonly used to
protect from these exposure sources.
Water and other volatile ingredients (or their degradation products) are removed from
the coated products by drying, baking and sintering. These processes also have safety
and health concerns such as burns from hot surfaces, and the inhalation of mists,
vapors or fumes. Ventilation that is working properly and procedures that ensure proper
ventilation of the oven prior to opening, as well as PPE (like heat protective gloves, etc.)
are important safety measures.
Cleaning and maintenance of equipment that has been used to handle dispersions or
vapors from hot processing of dispersions should always be performed under the
assumption that the equipment is contaminated by FPA. FPAs may condense on
surfaces, and so be present at higher concentrations than in the dispersion itself.
The health and safety issues are skin exposure by direct contact, splashing and
inhalation of dust, mists and vapors. Personal protective equipment (such as protective
clothing, gloves, goggles or face shield, respirator, etc.) should be used. The equipment
should be vented and cooled before cleaning and maintenance. Risk assessments and
work procedures that minimize the potential for exposure, particularly for unfamiliar
tasks or unscheduled maintenance, are recommended.
E. Grinding, Sawing and Machining Fluoropolymers and Fluoropolymer-Coated Articles
Fluoropolymers and fluoropolymer-coated articles are routinely subjected to grinding,
sawing, and machining operations. These operations may release and disperse small
particles of dust, metal, and other contaminants into the air. These particles may be
harmful if inhaled.
The presence of other materials either in the fluoropolymer resin or in a substrate may
create hazardous dusts or particulate matter during these operations. Use engineering
controls, including mechanical ventilation and local exhaust, to reduce airborne
contaminants to below occupational exposure limits. For emergencies or unknown
concentrations of dust, consult the manufacturer’s MSDS for specific respiratory
recommendations.
The use of coolants during such operations is recommended. Coolants generally
improve production rates and quality, reduce or eliminate the potential to generate
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excessive heat and airborne particulate matter, and may eliminate the need for special
engineering controls like local ventilation.
Consult manufacturers’ MSDS for specific requirements and additional information.
F. Using Cutting and Welding Torches on Fluoropolymer Articles
Use appropriate techniques when welding fluoropolymers. Consult fluoropolymer resin
suppliers for technical information. Excessive heat, including heat from cutting torches
and welding operations, can quickly destroy the useful properties of fluoropolymerbased articles. For this reason, it is advisable to remove fluoropolymer parts from
equipment that needs to be flame-cut or welded. Where removal of fluoropolymer parts
is impractical or impossible, mechanical ventilation or respiratory protection must be
provided to prevent exposure to toxic fumes.
As the products of thermal decomposition of fluoropolymers are difficult to measure,
even under laboratory conditions, it may be difficult to determine if engineering controls
are sufficient to reduce exposure levels to below occupational exposure limits. Because
of these difficulties, it is prudent to require respiratory protection against fluoropolymer
decomposition products during cutting torch and/or welding operations. Consult a
certified industrial hygienist to review unique operations and identify the level of
respiratory protection and other Personal Protective Equipment (PPE) that are
appropriate for the situation.
G. Cleaning and Maintenance of Process Equipment
Cleaning processing equipment components (dies, screen packs, screws, etc.) may
result in the pyrolysis of residual polymer remaining on the equipment. Care should be
exercised to remove any residual fluoropolymer from equipment prior to burning off or
pyrolysis operations. Failure to do so can result in the release of toxic and corrosive
gases that can corrode some types of metals.
Due to their low surface tension fluoropolymers can often be effectively removed from
metal surfaces by scraping or brushing with utensils made of soft metals such as brass.
When this is not possible manufacturers often recommend purging equipment with a
high viscosity purging compound or non-fluoropolymer which can be pyrolyzed cleanly
and easily.
Appropriate ventilation and protective equipment should be designed to completely
capture and remove the gases and particulate matter that are formed in the work
environment. Please refer to the chapter on ventilation.
Processing vessels and ovens (equipment) can be defined as confined spaces under
OSHA Standard 29 CFR 1910.146 Permit-Required Confined Spaces. Equipment that
has been used to process fluoropolymers or fluoropolymer dispersion coatings often
contains residual chemicals and decomposition products that may create a hazardous
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atmosphere requiring compliance with the Standard. The Standard requires a
comprehensive written program for protecting employees from permit-controlled
confined space hazards and for regulating employee entry into permit-controlled
confined spaces. Further, additional topics must be addressed including: acceptable
work practices, pre-entry air monitoring, atmospheric hazard controls, perimeter
controls, personal protective equipment and general-entry equipment provision, entry
attendant, procedures for summoning rescue and emergency services, entry permit
administration, contractor involvement, and an annual review of the program.
Processors should review 29 CFR 1910.146 to ensure all requirements of the Standard
are met prior to confined-space entry.
H. Spills
Fluoropolymers spilled during handling should be cleaned up immediately and appropriate measures taken to prevent the creation of a slippery surface. It is advisable
that some form of anti-slip flooring or similar preventive measures be provided in areas
where fluoropolymer resins are regularly handled. Slippery surfaces in walking and
working areas pose increased accident risks. In case of a release or spill, liquids must
be cleaned up promptly before the liquid carrier dries to prevent contamination of other
surfaces in the area. Contain and absorb material onto sawdust, oil-dry or similar inert
absorbent. Any remaining waste should be cleaned-up. Spilled materials should be
placed into a covered container for disposal according to applicable local, state and
federal regulations. Powder or pellets forms should be swept up immediately and
properly disposed of according to applicable local, state and federal regulations. During
clean up, caution must be exercised, as the spill area may be extremely slippery.
Ventilation and appropriate Personal Protective Equipment (PPE) must be used when
cleaning up a spill.
I. Emissions from Resins and Manufactured Products
Depending upon the material and finished product manufacturing conditions, it is
theoretically possible that small quantities of residual gases, including PFIB, HFP, TFE,
and HF may be trapped and slowly evolve from resins as well as finished products.
Testing of some finished products has confirmed that PFIB and HFP can be found in the
finished products, but the conditions under which these compounds form, and in what
quantities, has not been investigated. This emphasizes the importance of following
manufacturer instructions in sintering and other finishing operations.
The residual gases can accumulate in unventilated spaces (e.g., closed storage rooms,
closed trucks, etc.) at levels that may be hazardous if the quantities of fluoropolymer
materials and products stored are large. Therefore, it is important to ventilate these
spaces before permitting personnel to enter.
Packages that have been sealed may also contain significant concentrations of these
gases; therefore, they should be opened in well-ventilated areas. Fluoropolymer
processors should evaluate the potential for exposure to these gases in their
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operations, taking into account the type of resins they handle, the quantities involved,
the tasks being performed, and the specific facilities in which the work is done.
J. Incompatibility with Powdered Materials
Fluoropolymer resins may react with specific powdered materials through a wide range
of temperatures. Finely divided fluoropolymer resins can become extremely
combustible in the presence of various metal fines. For example, metal fines (e.g.,
bronze, aluminum) mixed with powdered fluoropolymers when exposed to high
temperatures (above typically recommended melt temperatures) may react violently
producing fire and/or explosion. Exothermic reactions may occur even at sintering
temperatures leading to fires. An example is the reaction of PVDF with glass fibers or
powder at temperatures just slightly above normal melt processing temperatures. The
decomposition can become violent.
Contact your materials supplier for specific information.
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CHAPTER 4 – INDUSTRIAL OCCUPATIONAL HYGIENE

A. Ventilation
In this section, methods, equipment and procedures to reduce and control exposures to
monomer gases and effluent gases produced during processing of fluoropolymers are
described. Processors should evaluate their operations in light of the quantities of resin
processed, the type of processes used, and the physical plant in which the processing
takes place to determine what, if any, of the controls described are appropriate or
necessary. Good industrial hygiene practice as well as legal obligations under the
Occupational Safety and Health Act (OSHA) may require processors to adopt one or
more of the controls described and may require additional actions if air contaminants
exceed occupational exposure limits. Following the methods described does not
guarantee compliance or safety; however, the experience of processors and resin
manufacturers over time suggests that the controls described are necessary in many, if
not most, fluoropolymer processing operations.
If the processor does not employ knowledgeable individuals, consultants may be
required to thoroughly assess the operations, evaluate the hazards, and assist in the
design of appropriate controls. References for qualified consultants can be obtained
from your resin supplier.
As with most polymers, minute quantities of residual gases may diffuse from the resins
even at room temperature. Therefore, as a matter of good industrial practice, resin containers should be opened and used only in well-ventilated areas. Some resins may
require the use of local exhaust ventilation to prevent exposure to hazardous gases that
accumulate in the package during storage, shipping, and handling. Consult your resin
supplier’s MSDS for specific recommendations.
All fluoropolymer resin processing (e.g., extrusion, molding, spray coating, and wire and
cable coating) will release gases, vapors, or fumes that may be harmful to human
health, if exposures are high. The typical continuous use and processing temperatures
are noted on in Table 1.
The most effective way to control these emissions is to “capture” them at the point of
release from equipment and remove them by exhaust ventilation before they are
dispersed into the workplace. This “capture” technique is called local exhaust ventilation
(LEV).

Copyright 1992, 1995, 1998, 2005 The Society of the Plastics Industry, Inc.
- 27 -

Chapter 4

Industrial Occupational Hygiene

LEV is effective for the following reasons:
●

only a relatively small amount of air is required to “capture” and remove the
airborne chemicals released from fluoropolymer resins compared to the very
large volumes required to try and change the air in an entire area or building, and

●

the proper capture of contaminants at the source can significantly reduce any
exposure to chemicals by workers.

NOTE: The use of fans, ceiling exhaust or open windows is generally not effective
because contaminants are allowed to mix with room air. In some cases, they may
actually interfere with LEV by creating cross-drafts.
Principles to Follow In Using LEV
1.

The parts of an LEV system are: 1) an exhaust fan (to pull air and any
contaminants), 2) connected to a duct and 3) an exhaust “hood” (located close
to the source of release of contaminants [see illustration of exhaust systems in
Figures 1, 2 and 3]) 11.

2.

Room air will be exhausted by the LEV system and the discharge can be treated
in various ways to remove contaminants or can be exhausted to the outdoors in
accordance with any applicable laws or permits. Make-up air, tempered in some
regions, will be required to replace the exhausted air.

3.

The hood should be shaped to cover and enclose the source as far as is practical
yet still allow access to the equipment for normal operation. The hood should be
removable or be an adjustable duct that can be moved aside for maintenance or
troubleshooting. Adjustable ductwork of this type is commercially available.

4.

The hood is the most critical part of the LEV system. The hood should be as
close to the source as is practical. Tests have shown that the capture
effectiveness diminishes rapidly as the distance from the hood opening increased
(see Figure 4).

5.

If the contaminants contain dusts, mists or fumes, the air velocity in the duct must
be high enough to prevent these materials from settling out in the ductwork.

The capture effectiveness of a hood can be improved by placing flanges around the
hood opening to restrict airflow from above and from the side of the hood. The airflow

11 Proper Use of Local Exhaust Ventilation During Hot Processing of Plastics, DuPont Company Bulletin
Number H-45831, 10/92.
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around the area where the contaminants are generated is sensitive to crosscurrents,
which can actually push the gases back towards you unless you use an enclosure (e.g.,
curtains) to help your LEV.
Proper Design of Exhaust Systems
Properly designed exhaust hoods should be installed to remove all emissions released
during processing operations including all vacuum parts, pumps, and vents on process
equipment. For this purpose a number of hood designs are shown in Figure 5. 12 These
designs present several alternatives to allow adequate exhaust volumes for effective
capture and removal of emissions. Situations frequently encountered and the capture
velocities (generation of air flow sufficient to remove contaminated air issuing from the
source and causing it to flow into an exhaust hood) needed to exhaust all the gases
from the vicinity of hot polymer are summarized in Table 2. 13 Proper design may require
the assistance of professional engineering experts, preferably those having industrial
exhaust experience..

Figure 1 Exhaust Systems

Figure 3 Hood

Figure 2 Typical Exhaust Setup

Figure 4 Extruder Die Hood

12 American Conference of Governmental Industrial Hygienists, Industrial Ventilation: A Manual of
Recommended Practice, 25th ed., (Cincinnati, OH: 2004), 4-1 to 4-5. (Consult the most current
edition).
13 Ibid
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The work situation is selected from Table 2 and the centerline velocity required to
capture all gases is then used to calculate the volumetric rate of airflow required for the
hood design selected from Figure 5. For example, in the extrusion coating of wire, we
may assume a minimum capture velocity of 200 fpm (1 m/s) is needed. To illustrate
how the table is used, consider the following. Assume that a plain opening hood (line 3
in Figure 5) is used, the hood is located 0.5 feet from the wire as it exits the extruder,
and (3) it has an opening of 1 ft x 0.5 ft, giving an area of 0.5 f2. The volume of air
required is given by the equation:

Q = V (10X2 + A)
Plugging in the values above gives the following result:
Q = 200 (10 (0.5)2 + 0.5)
= 200 (10 (0.25) + 0.5)
= 200 (2.5+0.5)
= 200 (3)
= 600 cubic feet per minute (cfm).
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Figure 5: Hood Design
(Reprinted by permission of American Conference of Governmental Industrial Hygienists, Inc.)

Hood Types

Description

Aspect Ratio, H/W

Air Rate**

Slot

0.2 or less

Q = 3.7 WVX

Flanged slot*

0.2 or less

Q = 2.8 WVX

Plain opening

0.2 or greater and

Q = V (10X2 + A)

Flanged opening*

0.2 or greater and

Q = 0.75V (10X2 + A)

Booth

To suit work

Q = VA = VWH

Canopy

To suit work

Q = 1.4 PDV

Wherever possible, flanges should be provided to eliminate
air flow from ineffective zones where no contaminant exists.
Increasing the hood effectiveness in this manner will usually
reduce air requirements by 25%. For most applications the
flange width can be equal to the hood diameter or side but
need not exceed 6 in/15 cm.

Nomenclature
V = Centerline velocity a “X” distance from face of hood,
fpm (m/s) (use recommended capture velocity from
Table 1)
X = Distance from source to face of hood, ft (m)
2
Q = Air volume, cfm (m /s)
2
A = Area at face of hood, sq ft (m )
P = Perimeter of work, lin ft (lin m)
D = Height above work, ft (m)
H = Height of hood, ft (m)
W = Width of hood, ft (m)
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Table 2: Capture Velocities Recommended in Various Work Situations
(Reprinted by permission of American Conference of Governmental Industrial Hygienists, Inc.)

Dispersions of
Contaminants into Air
Released with practically
no velocity into quiet air.

Released at low velocity
into moderately still air.

Active generation into
zone of rapid air motion.

Released at high initial
velocity into zone of very
rapid air motion.

Examples
Drying of fluorocarbon resins—
granular, powder, cubes,
evaporation of solvents, water,
etc. from powders and
dispersions
Spray coating fluorocarbon
dispersions or powders. Normal
blending of fluorocarbon cubes or
powders. Molding and sintering
of fluorocarbon resins into large
billets.
Melt extrusion of fluorocarbon
resins on wire and into tubing.
Paste extrusion and sintering of
fluorocarbon resins on wire and
tubing. Injection and transfer
molding of melt-processible
resins.
Grinding and machining of parts
from fluorocarbon resins. Highspeed mixing of fluorocarbon
powders in turbulent mode.

Capture Velocity,
fpm (m/s)
50-100 (0.25-0.50)

100-200 (0.50-1.0)

200-500 (1.0-2.5)

500-2000 (2.5-10.0)

In each category above, a range of capture velocities is shown. The proper choice of
values depends on several factors:
1.
2.
3.
4.

Lower End of Range
Room air currents minimal or favorable
to capture.
Contaminants of low toxicity.
Intermittent, low production.
Large hood—large air mass in motion.

1.
2.
3.
4.

Upper End of Range
Disturbing room air currents.
Contaminants of high toxicity.
High production, heavy use.
Small hood—local control
only.
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The importance of locating the hood opening close to the hot polymer is indicated by the
fact the “X” dimension (the distance from the face of the hood opening to the point at
which fumes are formed) is exponential in the above equation. Thus, if this distance
were doubled in the above example, the volumetric rate of air flow required would
increase to 200 (10 x 12 + 0.5) = 2100
Resin Package Opening and Manual Transfer of
Materials 14
Fluoropolymer resins may contain residues of
gases used to manufacture the resins that are
released slowly over time. The quantities of
gases in the closed packages may be significant.
Opening packages of resin may require the use
of local exhaust ventilation to control employee
exposure to residual gases. Controls for work
stations vary depending on a number of factors,
including: whether bags or drums are opened;
whether the product is liquid or solid (powder);
the number of packages to be opened at a single FIGURE 6 Bag opening/weighing station
time; whether smaller quantities are to be
removed from the package and the package resealed for future use; and the presence
of other activities in the immediate vicinity of the package opening station. Typical bag
opening and weighing station are shown in Figures 6 and 7.
Local exhaust for drum opening is not normally used if
there is a pump or other closed method of transfer
(such as a self-closing valve). In these cases,
employees must be trained to follow procedures
designed to minimize exposure. These include, among
others: transferring resins only in a well-ventilated
area; using a hand pump to transfer resin to another
container; and transferring resin directly into the
process vessel.
FIGURE 7 Weighing Station

Studies by the National Institute of Occupational Safety
and Health (NIOSH) indicate that significant exposure
occurs when workers lean over into partially empty drums of solid materials to obtain

14 Proper Use of Local Exhaust Ventilation During Hot Processing of Plastics, DuPont Company Bulletin
Number H-45831, 10/92.
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less than a full-package quantity. Stations designed to control these exposures can
similarly be used to prevent overexposure in opening packages.
Whatever methods are used, the processor must be aware of the potential presence of
residual monomer gases and their potential hazards and assure that its employees take
the steps designed to reduce or eliminate the exposure. In some cases, the use of
personal protective equipment, such as face shields, aprons, gloves, and even
respirators may be required. Consult the resin suppliers’ MSDS for information about
the products in use and the precautions necessary to use the product safely.
Methods of Checking and Measuring Airflow
The airflow in a ventilation system duct can vary depending on your equipment, fan
size, etc. A simple way to monitor the performance of the system, once it is working
properly, is to install a gauge to measure the static pressure in the exhaust duct.
Changes in this pressure — in either direction — mean that the airflow has changed
and, therefore, a maintenance check of the fan and/or duct is needed. This “transport”
velocity can be measured with a special flow meter.
A simple check of the LEV system's effectiveness can be made by using a ventilation
“smoke tube” (NOTE: this smoke is not from a fire) to produce a stream of dense white
smoke at the location where the hot plastic will release contaminants. If the “transport”
velocity is high enough, the smoke should be rapidly captured (within 1—2 seconds) by
the exhaust air and swept into the hood (see Figure 7). If smoke escapes the hood and
moves into the surrounding air, then some adjustment of the hood location and/or air
velocity will be needed. Installing additional enclosures, e.g., heavy plastic curtains to
surround the operation or source of the gases should be considered.
If the processor does not employ individuals knowledgeable in ventilation, consultants
may be required to thoroughly assess the operations, evaluate the hazards, and assist
in the design of appropriate controls. References for qualified consultants can be
obtained from your resin supplier.
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Equipment and Test Devices
1. Ventilation Smoke Tubes: to visually check
the air currents around an exhaust hood
(Figure 8). 15
2. Air Velocity Meters: to measure airflow and
“capture” velocity
3. Static Pressure Gauges
4. Portable LEV units
5. Adjustable Duct Systems.
FIGURE 8 Use of Smoke Tubes

B. Personal Protective Equipment
At processing temperatures, fluoropolymer melt can cause severe burns; therefore,
appropriate personal protective equipment (PPE) including safety glasses, gloves, and
arm protection (gauntlets) are recommended during processing. Jewelry should not be
worn.
If dust cannot be avoided when handling fluoropolymer resin powders, appropriate
NIOSH-approved respiratory protection should be worn. While processing and handling
filled compounds, respirators must be selected based on the potential hazards of the
other chemicals in the resins, and goggles and protective gloves should be worn as
recommended on the supplier’s MSDS. Resins containing solvent may require the use
of NISOH-approved organic vapor cartridges fitted with appropriate dust/mist filters.
Consult your resin supplier for guidance.
Fluoropolymer dispersions contain residues of additives that should not come into
contact with the skin. It is necessary to wear protective gloves, goggles, face shields or
other protective clothing to prevent contact when handling these products. Appropriate
ventilation is required to avoid inhalation of dust, vapors or fumes.
The spray application of all coatings, including fluoropolymer coatings, must be
performed in suitably equipped spray booths. Operators should wear personal
protective clothing and equipment as appropriate. It is recommended that the spray

15 Proper Use of Local Exhaust Ventilation During Hot Processing of Plastics, DuPont Company Bulletin
Number H-45831, 10/92.
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booth be equipped with a water bath to precipitate and remove the spray mist from the
air being exhausted.

C. Personal Hygiene
When training personnel it is important to emphasize that tobacco products should not
be carried or used in work areas. Smoking tobacco contaminated with even very small
amounts of fluoropolymer resin can cause “polymer fume fever” (described in Chapter
2, Section D. Polymer Fume Fever) by inhalation of the effluents. After smoking
contaminated tobacco, the person may suffer shivering attacks (known appropriately as
the “shakes”) and other flu-like symptoms. The symptoms invariably subside within 24
to 48 hours. For these reasons it is recommended smoking and tobacco products be
banned in work areas where fluoropolymer resins are processed.
To prevent traces of fluoropolymer resin powders being carried out of the work area on
clothing, personnel should be given the opportunity to store their work clothing separate
from their street clothing (double locker or separate change rooms). Employees should
be provided with adequate washing facilities and be encouraged to use them regularly.
Additional personal hygiene procedures should be followed when using fluoropolymer
dispersion. It is important to keep clothing dry, and to change contaminated clothing
immediately. Contaminated clothing should be stored separately from clean items. This
includes personal protective equipment like gloves, goggles etc. Contaminated gloves
should not be kept in the pockets of clothing or protective wear. Splashes should also
be cleaned off of footwear right away.
Operators should wash their hands after any contact with dispersions and when leaving
processing areas. Food and drinks should be kept out of processing areas.
Solvents and other additives to the fluoropolymer dispersions might trigger the need for
additional hygiene procedures – please consult the MSDS sheet for your specific
product or consult your supplier.

D. First Aid
Inhalation
Fluoropolymer Fumes
Fumes evolved during the processing of fluoropolymer resins may contain oxides of
carbon, potentially toxic, corrosive, fluorine compounds (hydrogen fluoride [HF],
carbonyl fluoride [COF2], perfluoroisobutylene [PFIB], tetrafluoroethylene [TFE]) and
ultra-fine, low-molecular-weight fluoropolymer particles. The fumes are acutely very
toxic and may be immediately harmful if inhaled in sufficient amounts. See page 13 for
further discussion of these chemicals.
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Inhalation of ultra-fine, low-molecular-weight fluoropolymer particles may cause an
influenza-like condition called "polymer fume fever." The symptoms of polymer fume
fever are chills (shakes), fever, chest pains, shortness of breath, and coughing. The
symptoms do not normally occur at the time of exposure, but develop over a period of
several hours after exposure ends. The symptoms usually subside in twenty-four (24)
to forty-eight (48) hours. No permanent effect from the condition is known.
If an individual does inhale fluoropolymer fumes and is affected by them, the individual
should be immediately removed to fresh air and medical assistance should be provided
for irritation or other symptoms. HF is acutely very toxic and may be immediately
harmful if inhaled in sufficient amounts. The OSHA PEL is 3 ppm; the ACGIH TWA is
0.5 ppm; and there is a ceiling limit of 2 ppm. Because overexposure to HF requires
specific medical treatment, the treating physician must be informed that the individual
may have been exposed to HF.
If an individual has been overcome by fumes, is unconscious, or is otherwise
incapacitated, do not enter the contaminated area until it is established that the area
can be entered safely. For emergencies or unknown concentrations, emergency
responders must use positive-pressure, self-contained breathing apparatus (SCBA)
respiratory protection. If evacuation of personnel is necessary (as in the case of a fire),
evacuate them to an upwind area.
HF is also extremely corrosive and can cause severe burns. If skin or eye contact with
HF is suspected, immediately flush the skin and eyes with copious amounts of water.
Seek immediate medical attention. Emergency Responders must wear full turnout gear
or Level A equipment to protect skin and eyes from exposure to HF. In any emergency
involving exposure to chemicals, copies of MSDS for chemicals the person was using
should be provided to the treating physician.
Fluoropolymer Dispersion Coatings
Fluoropolymer dispersion coatings, whether aqueous, waterborne (a blend of water and
solvents), or solvent borne, may contain organic solvents and/or additives which may be
harmful if inhaled. If overcome by vapor, mists, or processing fumes, remove the
individual from exposure. If breathing is irregular or stopped, start resuscitation and
administer oxygen. Seek immediate medical attention.
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Eye Contact
Fluoropolymer Pellets and Powders
The primary hazard associated with eye contact is mechanical irritation. In case of eye
contact, remove contact lenses if worn, then flush the eyes with water for several
minutes. If irritation persists or if other symptoms develop, seek medical attention.
In any emergency involving exposure to chemicals, copies of MSDS for chemicals the
person was using should be provided to the treating physician.
Fluoropolymer Dispersion Coatings
Fluoropolymer dispersion coatings may contain organic solvents and/or additives which
may be harmful. In case of eye contact, remove contact lenses if worn, and then flush
the eyes with water for several minutes. If irritation persists or if other symptoms
develop, seek medical attention. In any emergency involving exposure to chemicals,
copies of MSDS for chemicals the person was using should be provided to the treating
physician.

Skin Contact
Fluoropolymer Pellets and Powders
Fluoropolymer pellets and powders are not likely to be hazardous by skin contact. In
case of skin contact, remove contaminated clothing, and then wash the skin with soap
and water. If molten polymer contacts and bonds to the skin, immediately flush the
affected area with copious amounts of cold water. Do not attempt to remove the
solidified polymer from the skin. Seek immediate medical attention. In any emergency
involving exposure to chemicals, copies of MSDS for chemicals the person was using
should be provided to the treating physician.
As noted above under inhalation, HF may be a component of fumes evolved during
high-temperature processing of fluoropolymer materials. HF is extremely corrosive and
can cause severe burns to skin and eyes.
If contact with HF is suspected, immediately flush the skin and eyes with copious
amounts of water. Seek immediate medical attention. In any emergency involving
exposure to chemicals, copies of MSDS for chemicals the person was using should be
provided to the treating physician.
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Fluoropolymer Dispersion Coatings
Fluoropolymer dispersion coatings may contain organic solvents and/or additives which
may be harmful. Many hazardous chemicals can be absorbed through the skin and
may cause, for example, narcotic effects. In case of skin contact, remove contaminated
clothing, then flush the affected area with water. If irritation or other symptoms develop,
seek immediate medical attention.

Ingestion
Fluoropolymer Pellets and Powders
Unfilled fluoropolymers are generally regarded as non-hazardous if ingested. If irritation
persists or if other symptoms develop, seek medical attention. In any emergency
involving exposure to chemicals, copies of MSDS for chemicals the person was using
should be provided to the treating physician.
Fluoropolymer Dispersion Coatings
Fluoropolymer dispersion coatings may contain organic solvents and/or additives that
may be harmful if ingested. In case of ingestion, seek immediate medical attention. If
vomiting occurs spontaneously, keep the individual’s head below the hips to prevent
aspiration of vomitus into the lungs. In any emergency involving exposure to
chemicals, copies of MSDS for chemicals the person was using should be provided to
the treating physician.
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A. Ignition Characteristics
All fire and flammability tests show that fluoropolymers are among the most difficult
plastics to ignite. For example, the self-ignition temperatures (SIT) of solid PTFE
products measured in accordance with ASTM D 1929 are in the range of 500°C to
560°C and hence are far above those of materials capable of sustaining combustion
when the ignition source is removed. For comparison, the SIT of cellulose-containing
materials such as wood, paper, board etc is 240°C to 245°C.
If a flame is applied to the surface of these polymers, it will ignite because of the
formation of gaseous decomposition products. However, if the flame is removed
combustion ceases. During the combustion of fluoropolymer, little or no smoke is
produced. Care should be taken however to avoid the inhalation of smoke generated by
all combusting materials, including fluoropolymers.
Fluorinated polymers are very hard to burn as indicated by their Limiting Oxygen Index
(LOI) measured In accordance with ASTM D 2863. The oxygen index is the minimum
concentration of oxygen of a mixture of oxygen and nitrogen that will just support
flaming combustion of a material.
The LOI for fully fluorinated polymers such as PTFE, PFA and FEP is greater than 95%.
For unfilled polymers that are not fully fluorinated, the LOI is between 30 and 60
depending on the molecular structure but some of these can be formulated to have an
LOI of 95%. This compares with values of around 20 for cellulose products. PTFE does
not form flammable dust clouds under normal factory conditions. PTFE and other
fluoropolymer powders fall into dust explosion class.
B. Extinguishing Agents
All extinguishing agents such as water, carbon dioxide, dry powder, and foam are
suitable for fires involving fluoropolymers. Extinguishing agents that are most
appropriate to the surrounding materials, location of the fire and the stage of fire
development should be used. For established fires, water is the preferred extinguishing
agent.
C. Fire, Explosion, and Toxicity Information
Fluoropolymers are "self-extinguishing," i.e., they will not support combustion unless
there are external sources of oxygen and ignition. There is no evidence that
fluoropolymers form flammable or explosive dust clouds.
Although fluoropolymers do not support combustion, they will thermally decompose if
exposed to flames or other sources of extreme heat. The fumes may contain oxides of
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carbon, potentially toxic, corrosive, fluorine compounds (such as HF, COF2, PFIB, TFE),
and ultra-fine, low-molecular-weight fluoropolymer particles. Fumes containing these
chemicals are acutely very toxic and may be immediately harmful if inhaled in sufficient
amounts.
D. Fire-Fighting Precautions and Extinguishing Agents
Fire fighters, hazardous materials (HazMat) team members, and emergency responders
(fire fighters) must wear full turnout gear or Level A equipment and self-contained
breathing apparatus (SCBA) to protect their skin, eyes, and respiratory system from
contact with HF and other toxic fumes which may be present in any fire involving
fluoropolymers.
Because fluoropolymers, in essence, do not burn, firefighters should fight fires with firefighting techniques and extinguishing agents which are appropriate for the materials that
are providing fuel for the fire. All commonly-used ABC, BC, and D fire extinguishing
agents, i.e., carbon dioxide (CO2), “alcohol” foam, dry chemical, and water spray / water
fog extinguishers may be used if fluoropolymers are being burned in fires fueled by
other substances. Consult the manufacturer’s MSDS for the preferred extinguishing
agent for mature fires.
It is imperative that firefighters and their equipment are thoroughly decontaminated with
a water wash-down after fire and smoke exposure. Machinery and equipment that was
involved in a fire must also be decontaminated prior to commencing repair or salvage
operation.
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Under the Federal Food, Drug and Cosmetic Act, substances can be used in foodcontact applications if they are: (1) not reasonably expected to become a component of
food under the intended conditions of use: (2) the subject of an applicable Food Additive
Regulation, Threshold of Regulation exemption letter, issued by the Food and Drug
Administration, or an effective Food Contact Notification (FCN) accepted by the Food
and Drug Administration: (3) the subject of a “prior sanction” or approval issued by the
FDA or the United States Department of Agriculture (USDA) prior to 1958; or (4)
deemed generally recognized as safe (GRAS) by qualified experts. The FDA has
cleared many fluoropolymers for use in contact with food. The primary regulations
governing fluorocarbon resins are 21 CFR §177.1380 §177.1550, and §177.2510 as
listed in Appendix A. Other fluoropolymers have been the subject of various FCNs
found at http://www.cfsan.fda.gov/~dms/opa-fcn.html; these FCN listings, unlike Food
Additive Regulations, are only applicable to the notifiers who obtained them and their
customers. Further, stabilizers, antioxidants, colorants, and other adjuvants that are not
an essential part of the polymerization process must also be cleared by one of the
methods described above. Most FDA regulations for antioxidants, stabilizers, and other
adjuvants appear in 21 CFR Part 178.
Processors wishing to use fluoropolymers in food contact applications must make their
own decision concerning the suitability of the individual fluoropolymer for the specific
intended use. Processors wishing to use fluoropolymers in food contact applications
should consult with their suppliers to determine whether the supplier has a policy
governing such uses and with individuals experienced in making such assessments. In
any event, consultation with legal counsel experienced in food additive and clearance
requirements is essential.
Some fluoropolymers have been used to manufacture medical devices, which are
regulated by the FDA. The manufacturers and sellers of finished medical devices are
responsible for obtaining any required clearance or approval for their device(s). FDA
does not “approve” individual components of medical devices, such as fluoropolymer
resins. Furthermore, Congress has enacted legislation intended to protect suppliers of
individual raw materials and component parts of implanted medical devices from
product liability lawsuits. The Biomaterials Access Assurance Act of 1998, codified at
21 U.S.C. §1601 – 1606, is intended to provide an incentive to suppliers who might
have been deterred by potential liability concerns to continue to supply implanted
medical device manufacturers with necessary raw materials, thus ensuring the supply of
critical medical devices. SPI has not sought or received approval from any regulatory
authority concerning the use of fluoropolymers in medical devices. Device
manufacturers wishing to use fluoropolymers in such applications should consult with
their suppliers to determine whether they have a policy governing such uses, and with
regulatory counsel experienced in FDA medical device matters. Processors who are
asked to provide such assurances should consult the fluoropolymer supplier and
regulatory counsel as well.
Copyright 1992, 1995, 1998, 2005 The Society of the Plastics Industry, Inc.
- 42 -

Chapter 7

Emergency Telephone Numbers

CHAPTER 7: EMERGENCY TELEPHONE NUMBERS

AGC Chemicals Americas, Inc.
Medical Emergency:
Product Information:
Transport Emergency:
Arkema, Inc.
Medical Emergency:
Product Information:

(877) 886-2143
(800) 424-7833
(800) 424-9300 (CHEMTREC)

Transport Emergency:

(303) 623-5716
(800) 225-7788
(215) 419-7520
(800) 424-9300 (CHEMTREC)

Dyneon LLC, A 3M Company
Medical Emergency:
Product Information:
Transport Emergency:

(800) 364-3577
(800) 723-9127
(800) 364-3577

Daikin America, Inc.
Medical Emergency:
Product Information:
Transport Emergency:

(845) 365-9500
(800) 365-9570
(800) 424-9300 (CHEMTREC)

DuPont
Medical Emergency:
Product Information:
Transport Emergency:

(800) 441-3637
(800) 441-7515
(302) 774-1000
(800) 424-9300 (CHEMTREC)

Solvay Solexis, Inc.
Medical Emergency:
Product Information:
Transport Emergency:

(856) 853-8119
(800) 323-2874
(800) 424-9300 (CHEMTREC)
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APPENDIX A: POTENTIALLY APPLICABLE REGULATORY INFORMATION

Introduction:
Regulations exist that may apply to the manufacture and processing of fluoropolymers.
A list of the potentially applicable regulations and a brief summary of each is listed
below. New regulations are announced on a regular basis and each processor is
encouraged to check current information with their Federal, State and Local agencies.
The fluoropolymer manufacturer can also supply information. Manufacturers’ addresses
are listed in Chapter 1, Section C.
Because the regulations change regularly and interpretations and case law also affect
responsibilities and rights under the law, users of this Guide must consult competent
legal counsel and environmental (EHS) consultants to be sure that all applicable
regulations are known and followed. This list may not be complete and new regulations
may be adopted at any time. See disclaimer, NOTE TO USERS, page 6.
A. Safety and Health Considerations
Title 29 Code of Federal Regulations is the Occupational Safety and Health
Administration (OSHA). OSHA's mission is to assure the safety and health of America's
workers by setting and enforcing standards; providing training, outreach, and education;
establishing partnerships; and encouraging continual improvement in workplace safety
and health. (www.osha.gov) The following OSHA Standards are likely to apply to a
fluoropolymer processor facility:
Part 1904 — Recording and Reporting Occupational Injuries and Illnesses
Part 1910 — Occupational Safety and Health Standards
1910.147 The control of hazardous energy (lockout/tagout).
1910.1200 Hazard Communication
Machinery and Machine Guarding
1910.216 Mills and calendars in the rubber and plastics industries.
1910.241-244 Hand and portable powered tools; Guarding; Other portable tools
and equipment.
Electrical
1910.176 Materials Handling — general.
1910.178 Powered industrial trucks.
1910.151 Medical services and first aid.
Personal Protective Equipment
1910.145 Specifications for accident prevention signs and tags.
1910.146 Permit-required confined spaces.
Welding, Cutting and Brazing
1910.1000 Air-contaminants (Permissible Exposure Limits).
1910.134 Respiratory protection.
Emergency Preparedness
1910.37 Means of egress, general.
1910.38 Employee emergency plans and fire prevention plans.
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1910.120 Hazardous waste operations and emergency response
(HAZWOPER).
1910.157 Portable fire extinguishers.
In addition, the following standards affect fluoropolymer coaters operations as well:
Bulk Storage
1910.106 Flammable and combustible liquids.
Ventilation
1910.94 Ventilation.
1910.107 Spray finishing using flammable and combustible materials.
1910.119 Process safety management of highly hazardous chemicals.
1910.1450 Occupational exposure to hazardous chemicals in laboratories.
B. Environmental Considerations
Most environmental considerations are regulated by the Federal Environmental
Protection Agency (EPA). The mission of the EPA is to protect human health and the
environment. Since 1970, EPA has been working for a cleaner, healthier environment
for the American people. There are also State and Local regulations in addition to the
Federal regulations that may apply to fluoropolymer processing facilities. The EPA
website is www.epa.gov.
The following EPA regulations could potentially apply to fluoropolymer processing
facilities:
a) Clean Air Act (CAA) - 40 CFR Chapter I, Subchapter C – “The US Clean Air Act
is the main Federal statute governing ambient air quality and permitting
emissions to air. The main purpose of the act is to protect public health, prevent
adverse effects and assure good visibility by establishing ambient air quality
standards.”
Sections that may apply to fluoropolymer processors are:
i)
40 CFR 60 – New Source Performance Standards (NSPS)
ii)
40 CFR 61 and 63 – National Emission Standards for Hazardous Air
Pollutants (NESHAPS)
iii)
40 CFR 51,52,62,and 81 – State Plans
iv)
40 CFR 70 and 71 – Operating Permits
v)
40 CFR 68 – Accidental Release Prevention
vi)
40 CFR 82 – Stratospheric Ozone Protection (Montreal Protocol)
Neither fluoropolymers nor any of their decomposition products pose any
threat to the ozone layer.
Hydroclorofluorocarbon 22 (HCFC22) is used as feedstock in the
manufacture of the principal monomer used in fluoropolymers. The
Montreal Protocol (which deals with the control of ozone-depleting
substances) recognizes that substances used as chemical feedstocks and
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transformed in the process are thus removed from the environment.
When used this way, their ozone-depleting potential is zero. For this
reason, the Protocol specifically excludes these substances from its
regulation.

b) Clean Water Act (CWA) – 40 CFR Chapter I, Subparts D, N and O. The main
purpose of the Clean Water Act is to control water pollution and maintain water
quality in US waters.
Sections that may apply to fluoropolymer processors are:
i)
40 CFR 110 – Discharges of Oil
Certain lubricants used by fluoropolymer processors may be regulated as oils.
An oil is defined in 40 CFR 311 (a) (1) as any kind or any form, including but
not limited to, petroleum, fuel oil, sludge, oil refuse and mixed with wastes
other than dredged spoil.”
ii)
40 CFR 112 – Oil Pollution Prevention
iii)
40 CFR 122 – National Pollutant Discharge Elimination System (NPDES)
This part of the regulation could apply if the processor has any direct water
discharges to waters of the United States
iv)
40 CFR 122.26 – Storm Water Permits
If a fluoropolymer processor utilizes any materials that could potentially enter a
water stream through a rainfall event, by storing any material containers outdoors
for any length of time, the processor may be regulated under a Stormwater
permit. Stormwater permits may be issued by the State or by the local authorities
v)
40 CFR 403 – National Pretreatment Standard
These standards apply if a processor is discharging any water, other than
sanitary, to a Publicly Owned Treatment Works (POTW).
(1) 40 CFR 400-471 – Effluent Guidelines and Standards
These standards are applicable for specific types of industry. Some that may
apply to fluoropolymer processors are:
410 – Textile Mills Point Source Category
446 – Paint Source Point Source Category
463- Plastics, Molding, and Forming Point Source Category
469- Electrical and Electronic Components Point Source Category
c) Waste Disposal – Disposal of fluoropolymer containing wastes must follow
applicable federal, state and local regulations. Waste must not be mixed with
domestic or industrial waste that will be incinerated unless the facilities are
equipped and permitted to handle acidic combustion products. Preferred options
for disposal of resins, fine powders, and granular are recycling and landfill.
Incinerate only if the incinerator is fitted and permitted to scrub out hydrogen
fluoride and other acidic combustion gases.
The preferred option for disposal of fluoropolymer aqueous dispersions is to
separate solids from liquid by precipitation and decanting or filtering. Dispose of
dry solids in a landfill that is permitted, licensed, or registered by a state to
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manage industrial solid waste. Discharge liquid filtrate to a wastewater treatment
system in accordance with applicable permits and/or agreements with publicly
owned treatment works. Specify incineration only if the incinerator is equipped to
scrub out hydrogen fluoride and other acidic combustion gases.
Pigmented, filled, and solvent-laden waste will require special disposal practices
in accordance with Federal, state, and local regulations. Suitable compliance
strategies must be observed when storing, handling, and transporting hazardous
wastes.
i)

Resource Conservation and Recovery Act (RCRA) – 40 CFR Chapter
I, Subpart I. Wastes are regulated under various regulations. The RCRA
regulations are to assure that certain hazardous wastes are contained and
managed to prevent release to the environment and to eliminate hazards to
people working with the wastes. State and local waste regulations may also
apply to fluoropolymer processors.

Sections or RCRA that may apply to fluoropolymer processors are:
(1) 40 CFR 260- Hazardous Waste General Information and Definitions
(2) 40 CFR 261- Identification of Hazardous Wastes
(3) 40 CFR 262 – Hazardous Waste Generator Standards
(4) 40 CFR 263 – Hazardous Waste Transporter Standards
(5) 40 CFR 264-270 – Hazardous Waste Treatment, Storage and Disposal
Facilities
(6) 40 CFR 268- Land Disposal Restrictions
(7) 40 CFR 271- State Hazardous Waste Programs
(8) 40 CFR 273- Universal Wastes
(9) 40 CFR 279- Used Oil Regulations
ii)
Packaging
Appendix G provides information for the fluoropolymer industry on how to
dispose of packaging used to transport PTFE resin.
d) Emergency Response –
i)
Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) and Emergency Planning And Community Rightto- Know Act (EPCRA) - 40 CFR Chapter I, Subpart J. The main purposes
of CERCLA and EPCRA are to allow for reporting of accidental hazardous
substance releases and assess liability for cleanup damages, and to allow the
public to know what hazardous substances inventories exist on site and are
released. Sections that may apply to fluoropolymer processors include:
(1) 40 CFR 300 – National Contingency Plan
(2) 40 CFR 302 – Hazardous Substance Designation, Reportable Quantities
and Notifications
(3) 40 CFR 355 – Emergency Planning and Notification
.
355.30 Emergency planning.
.
355.40 Emergency release notification.
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Appendices A and B to Part 355 — The List of Extremely Hazardous
Substances and Their Threshold Planning Quantities
(4) 40 CFR 370- Hazardous Chemical Inventory Reporting (Also known as
SARA 311, 312)
(a) Subpart D – Inventory Forms
(5) 40 CFR 372- Toxic Release Reporting ( Also known as SARA Form R)
.
Subpart D — Specific Toxic Chemical Listings
.
Subpart E — Forms and Instructions

e) Toxic Substances Control Act (TSCA) – 40 CFR Chapter I, Subpart R –
TSCA regulations were enacted to acquire information about chemicals with
potentially toxic effects and to establish management controls on particular toxic
substances. The two major sections of TSCA involve chemical reporting and
chemical management. Sections or TSCA that may apply to fluoropolymer
processors are:
ii)
40 CFR 704 – Specific Chemical Reporting
(1) Substances and mixtures that apply identified in 40 CFR 704 Subpart B
iii)
40 CFR 707- Chemical Imports and Exports
(1) Certification requirements
iv)
40 CFR 710 – TSCA Inventory List – all chemicals used must be present
on list
v)
40 CFR 716- Health and Safety Data Reporting
vi)
40 CFR 717- Reports of Allegations – must collect and keep records for a
chemical that causes a “reaction that may indicate a substantial impairment of
normal activities or long-lasting or irreversible damage to health or the
environment.” (40 CFR 717.3)
vii)
40 CFR 720- Premanufacture Notice (PMN) – applies to any new
chemical substance
viii)
40 CFR 721- Significant New Use Reporting (SNUR) – definition in
Subpart B, specific chemicals listed in Subpart E
.
2) Transportation Considerations – Department of Transportation (DOT)
(www.dot.gov)
The regulations found under 49 CFR regulate the transportation of hazardous
materials. The following sections may apply to fluoropolymer processors:
i)
49 CFR 171 – General Information, Regulations, Definitions
(1) 171.15 Immediate notice of certain hazardous materials incidents.
(2) 171.16 Detailed hazardous materials incident reports.
ii)
Part 172 — Hazardous Materials Table, Special Provisions, Hazardous
Materials Communications, Emergency Response Information, and Training
Requirements
(1) 172.101 Purpose and use of hazardous materials table.
iii)
Part 173 — Shippers — General Requirements For Shipments and
Packaging
iv)
Part 177 — Carriage By Public Highway
(1) 177.816 Driver training.
(2) 177.817 Shipping papers
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(3) 177.834 General requirements.
(4) 177.837 Class 3 (flammable liquid) materials.
v)
Part 397 — Transportation of Hazardous Materials; Driving and Parking
Rules.
3) Prop 65 Considerations
In November 1986, California voters overwhelmingly approved an initiative to
address growing concerns about exposures to toxic chemicals. That initiative
became The Safe Drinking Water and Toxic Enforcement Act of 1986, better
known by its original name: Proposition 65.
Proposition 65 requires the Governor to publish a list of chemicals that are known
to the State of California to cause cancer, birth defects, or other reproductive
harm. Agents that cause cancer are called carcinogens; those that cause birth
defects or other reproductive harm are called developmental and reproductive
toxicants (DART). This list must be updated at least once a year. Over 604
chemicals have been listed as of September 1, 1996.
Proposition 65 imposes certain controls that apply to chemicals that appear on
the lists. These controls are designed to protect California’s drinking water
sources from contamination by these chemicals, to allow California consumers to
make informed choices about the products they purchase, and to enable
residents or workers to take what ever action they deem appropriate to protect
themselves from exposures to these potentially harmful chemicals.
For further information, contact the Office of Environmental Health Hazard
Assessment’s (OEHHA) Proposition 65 Implementation Office at 916.445.6900
or http://www.calepa.cahwnet.gov/oehha/.
On May 1, 1997, OEHHA listed tetrafluoroethylene (TFE) as a chemical known to
the state to cause cancer based on the work performed by the National
Toxicology Program. In accordance with the requirements of Proposition 65,
manufacturers of products using fluoropolymer resins are required to determine if
the use of their product could cause exposure of the user to TFE. Consult
Appendix A for more information on TFE and fluoropolymer processing and
contact your fluoropolymer resin supplier for detailed information on products you
use.
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APPENDIX B: THERMAL PROPERTIES

The data in this Appendix have been provided by individual material
suppliers for their specific products, and, consequently, the appendix is
not intended as a complete source. It should be used for informational
purposes only and not for product comparisons. Data could vary
significantly depending on the conditions under which testing is carried
out and the specific product tested. Information provided here is not
intended to be used in place of product-specific data provided in the
respective Material Safety Data Sheets (MSDS) available from the
suppliers. Contact the specific material supplier for guidance on the use
of these data and for additional information on the products contained in
this Appendix, or for information on fluoropolymer resins not found in this
Appendix.
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PART 1 — DuPont
THERMAL PERFORMANCE OF DUPONT FLUOROPOLYMER RESINS
AND TOXICITY OF DEGRADATION PRODUCTS
DuPont fluoropolymer resins are very stable at their recommended continuous use
temperatures; however, they do exhibit a small amount of degradation at higher
processing temperatures. DuPont has completed a study 16 to determine the rate of
degradation of several of their commercial fluoropolymer resins over the range of
continuous use and processing temperatures and examined the nature and amount of
the gases evolved. Six DuPont fluoropolymer resins were evaluated, including Teflon®
7A Granular PTFE, Teflon® 6C Fine Powder, Teflon® PFA 340, Teflon® PFA 440 HP,
Teflon® FEP 100, and Tefzel® 200. All the resins were tested in the physical form in
which they are commercially supplied.
The recommendations of different fluoropolymer producers as to the temperatures for
commercial use of fluoropolymers may vary to a degree; Table I (Pg 53) includes the
values indicated by DuPont for the resins used in this study.
1

Figure II (Pg 52) shows the results of weight loss data from the rate of degradation experiments.

16 Baker, B. B., Jr., and Kasprzak, D. J., "Thermal Degradation of Commercial Fluoropolymers in Air,"
Polymer Degradation and Stability, Vol. 42, 1994, 181-188.
This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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Weight loss data were obtained using a TA Instruments Thermal Analyst 2100,
equipped with a 951 Thermogravimetric Analyzer (TGA). The duration of the run was
usually 65 minutes. Because of the low rate of degradation of homopolymer (Teflon®
7A and Teflon® 6C) some runs were made for as long as 12 hours, using a PerkinElmer thermogravimetric balance, Model TGA-7.

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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TABLE I
CONTINUOUS USE AND TYPICAL POLYMER PROCESSING TEMPERATURES
RESIN

CONTINUOUS USE °C

TYPICAL PROCESSING °C

Tefzel®

150

310

Teflon® FEP

205

360

Teflon® PFA

260

390

Teflon® PTFE

260

400

A 60 ml/min stream of air from a cylinder was split so that one-half passed through a
water bubbler and then recombined to yield 50% relative humidity air. This stream was
directed through the TGA and into an 8 liter “Tedlar®” polyvinyl fluoride gas sampling
bag. A sample of polymer weighing 25-80 mg was placed on the platinum pan of the
TGA, whose furnace had been heated to the desired temperature and the run was
begun by moving the furnace over the sample on the balance pan. Weight loss data
was then obtained for the duration of the run, usually 65 minutes.
A 2 ml portion was removed from the sample bag and examined by GC (Gas
Chromatography) for PFIB (perfluoroisobutylene). The column was 10 feet by 1/8 inch,
n-octane/dinonyl phthalate/Krytox® on Poracil C Durapak, run isothermally at 35oC. The
PFIB retention time with 18 psi head pressure was 9 minutes. The identification was
confirmed by running one sample on a second column: 20 feet by 1/8 inch, 25% di(2ethylhexyl) sebacate on 100/120 mesh Chromasorb P-AW, using the same GC
conditions; the PFIB retention time was 10.4 minutes. Measurement was by an electron
capture detector with a detection limit of about 0.001 ppm.
The contents of the gas sampling bag were then transferred to an evacuated 10 meter
path length infrared cell of 2.2 liters volume and the spectrum of the gases run on a
Nicolet 20SX infrared spectrometer. From previously established calibration data, the
various components were identified and their amounts calculated.

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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The principal evolved gas when fluoropolymers are heated in air at 400 deg C is
carbonyl fluoride, COF2. This compound then hydrolyzes to a significant extent in the
50% RH air to HF and CO2. HF is a weak infrared absorber and is difficult to measure
by other means as well, because of reaction with the quartz TGA tube and its propensity
to absorb strongly on solid surfaces. Therefore we measured the amount of unhydrolyzed COF2 by IR and calculated the amount of hydrolyzed COF2 from CO2
measurement.
For a typical 65 minute run the volume of gas in the sample bag should have been 3.9
liters. This was verified by filling the 2.2 liter IR cell, running the spectrum, evacuating
the cell and transferring all the remaining gas to the IR cell. The pressure in the cell
was then read with a gauge on the cell, allowing calculation of the total amount of gas in
the bag. These measurements gave values ranging between 3.3 and 4.2 liters, versus
the expected 3.9. The difference is probably due to the difficulty on transferring all the
sample from the bag and some inaccuracy in the pressure measurement. We have
elected to use the expected 3.9 liters in our calculations of the amount of the various
gases evolved.
Table II (Pg 55) gives the weight loss data for the six samples and, where it exists,
shows the difference between the early and late weight loss rate. The values for the TE
(thermal equilibrium) to 15 minute and 15 to 65 minute loss rates were taken from the
slope of the TGA curve over the time interval. TE was usually reached in 3 or 4
minutes. The final column (TE plus 60) is the actual weight loss over this period (or,
where indicated, a longer period). Some of the TE+60 minute values are from a single
run; others are averages of two or three measurements. Weight loss representation of
“<0.05” indicates the limit of detection in that particular experiment.

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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TABLE II - Weight Loss Data

Resins

Temp °C

Tefzel® 200

150
260
300
325
350

Teflon® 100

205
300
350
375
400

Teflon® PFA 340

Teflon® PFA 440

Teflon® 6C

Teflon® 7A

*
#
**

260
300
350
400
260
300
350
400
400
425
425
525

TE to 15 min.

% Weight Loss/Hr
15 to 65 min.

0.31
0.42

0.06
0.09

~2

0.45

~0.03
0.13

0.18

0.05

0.12

~0.03

2.55**

350
350
400
400
425
425

TE + 60 min.
<0.05
0.11
0.14
0.67
6.8
<0.05
<0.05
0.18
0.67
3.2
<0.05
0.07
0.22
0.58
<0.05
<0.05
0.05
0.26
~0.06
0.15
0.04*
95.0
0.02
0.005#
0.03
0.006#
0.06
0.06*

Hourly rate from 8 to 11.8 hours after beginning run.
Hourly rate from 3.3 to 6.6 hours after beginning run.
Gross decomposition in one hour. Initial rate 255% per hour.

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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The data on the evolved gases from the four resins that have significant amounts of
effluents are presented in Table III (Pg 57). The numbers are all weight percent so that
the sum of the gases can be compared with TGA weight loss shown in Table III. Table
values have the weight of oxygen subtracted assuming the oxygen came from air and
should not be considered when comparing weight of off gases with TGA weight loss.
Where no value is given for the seven gases measured by IR, none was detected. The
detection limit is variable, typically about 0.05 ppm in the 10 meter cell (about 0.02%).
Formation of PFIB (perfluoroisobutylene), even in small amounts, is noted because of
its high toxicity (2 hour LC50 for rats is 1 ppm). FEP polymer's branched chain would be
expected to produce PFIB more readily than PTFE. It was found that FEP produces
PFIB at 400oC, but PTFE does not. PFIB is produced by heating PTFE to 525oC, where
gross decomposition occurs, well above normal processing temperature. No PFIB was
formed from FEP at 350oC. The electron capture gas chromatograph used had a
detection limit of <1 ppb in the evolved gas sample, which corresponds to a yield of
about 0.5 ppm (0.00005%) on a polymer basis.
Fluoropolymer resins when decomposed at high temperatures evolve toxic products. 17
While several specific decomposition products have been identified, the spectrum of
decomposition products and their toxicity depend on the method used to form the
products, temperature, the rate of temperature rise and other conditions of pyrolysis. 18
The most adverse effect associated with human exposure to fluoropolymer
decomposition products is widely recognized as “polymer fume fever,” characterized by
a temporary (approximately 24 hours) flu-like condition similar to metal fume fever
(“foundry man's fever”). 19

17 Clayton, J. W., “Fluorocarbon toxicity and biological action,” Fluorine Chemical Review 1, 1967, 233252.
18 Williams, S. J., and Clarke, F. B., “Combustion product toxicity: Dependence on the mode of product
generation,” Fire Material 6, 1982, 161-162.
19 Harris, D. K. Lancet 261 1008, Dec. 1951
This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
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TABLE III
(Revised September 18, 1995)
COMPARISON OF ONE HOUR TGA WEIGHT LOSS WITH WEIGHT OF EVOLVED
GASES
WEIGHT OF EVOLVED GASES AS % OF SAMPLE
RESIN

°C Temp

ETFE
200

350

TGA%
Wt. Loss
5.3

FEP
100

400

2.5

PFA
340

400

0.43

PFA
440

400

0.26

PFIB

TFE

HFP HCF3 PFBE(1)

0.06
0.003 ~0.06

0.3
0.38

0.19

COF2
CO
Meas. Calc
0.11
0.06
2.5

SUM

%REC

4.7(3)

89

0.64
1.2

2.7(4)

110(2)

0.53

123(2)

1.2

460(2)

0.53
0.01
1.2

1

Perfluorobutylethylene.
Artifact of the analytical technique for values >100%
3
This sum includes 1.7% CO2 from oxidation of the ethylene units.
4
Includes 0.19% of CF3COF.
2

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
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DEGRADATION OF FEP FLUOROPOLYMER DURING MELT EXTRUSION

Introduction
This Appendix provides additional information that supplements information in the main
body of the 2005 SPI booklet entitled “Guide to the Safe Handling of Fluoropolymer
Resins, 4th Edition.” Specifically, the additional information is on extrusion coating of
wire with FEP resin, both solid and foamed coatings.
Processors and equipment vendors must take the information contained herein as that
developed from FEP resin melt extrusions. The circumstances used represent attempts
to examine harsh conditions; however, it may be possible to encounter more severe
conditions. This technical information is not meant to represent specific commercial
processes.
Processors and equipment vendors must take this technical information and determine
for themselves what hazards do, or could, exist in their facilities. The technical
information is intended for reference purposes only and should not be used alone as the
basis for designing processes or process ventilation or storage systems.
FEP resin melt extrusion always leads to some degradation of the polymer. The
degradation addressed in this Appendix H has two results:
• Lower molecular weight polymer (higher melt flow rate).
• Evolution of the toxic compound perfluoroisobutylene (PFIB).
PFIB becomes trapped in coatings and its later slow evolution can present a hazard to
persons if substantial quantities of foamed constructions are stored in areas with poor
ventilation. It is essential that ventilation in process areas and storage facilities be
reviewed.
It is further recommended that professional assistance be obtained for review and
design of ventilation systems to ensure their adequacy, performance, and compliance
with all regulations. Monitoring instrumentation is recommended to ensure proper
operation of the ventilation system and to indicate when there is a need for maintenance
of associated ducts and fans. Alarms to indicate ventilation failure are important in
providing for the safety of operating personnel.
This bulletin explains the effect of extrusion conditions on the extent of the degradation
of FEP, discusses its health and safety significance, and offers suggestions
for evaluating hazards.

Effect of Extrusion Conditions on Resin Properties
Solid or Foamed Coatings

Moderate extrusion temperatures are used in producing solid FEP wire coatings. In low-

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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speed extrusions, melt flow rate changes of less than 10% are normal. Extrusion
®
foaming processes formerly recommended involve injected gases like Freon 22 20
blowing agent or, more recently, nitrogen (N2). Some nitrogen injection gas foamed
high-speed extrusions produce resin melt flow rate changes greater than 10%. In
addition to temperature, the shear rate seen by the resin also affects melt flow rate
changes. Shear rate is dependent on screw speed and screw design factors, such as
metering, flight depths, screw compression ratio, and design of mixing elements of the
screw.
In addition to the processes recommended, another not-recommended foaming
procedure was also examined. Both high local temperatures and high melt shear are
characteristic of a procedure used in laboratories to produce foam cores of FEP without
the use of an injection gas. In this foaming procedure it is presumed that the gas from
resin degradation produces the foam. This procedure also leads to an increase in FEP
melt flow rate (as much as 115%).

Effect of Extrusion Conditions on Perfluoroisobutylene Evolution
In earlier work, the formation of PFIB as a degradation product of FEP in air was
thought not to occur below 400°C (752°F). However, recent studies have shown that its
formation occurs at temperatures as low as 360°C (680°F). This finding may simply be
the result of the use of a more sensitive analytical technique, electron-capture gas
chromatography, but because of the high toxicity of PFIB, the finding is significant.
After reviewing the PFIB toxicity data available, the American Industrial Hygiene
Association established 0.1 ppm PFIB as their Emergency Response Planning
Guideline-2, defined as “the maximum airborne concentration below which it is believed
that nearly all individuals could be exposed for up to one hour without experiencing or
developing irreversible or other serious health effects or symptoms which could impair
an individual’s ability to take protective action.” 21 The American Conference of
Governmental Industrial Hygienists established for a ceiling (C) threshold limit value
(TLV) for PFIB of C 0.01 ppm. This ceiling is a concentration that is not to be exceeded
during any part of the working exposure. 22
The structure of FEP, with its -CF3 branch from the incorporation of

20 Freon® is a registered trademark of E. I. du Pont de Nemours and Company, Inc.
21 Emergency Response Planning Guidelines—Perfluoro-isobutylene, American Industrial Hygiene
Association, 10/14/87.
22 Threshold Limit Values for Chemical Substances, American Conference of Governmental Industrial
Hygienists,
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hexafluoropropylene (HFP) in the -CF2- backbone chain, makes it less thermally stable
than TFE homopolymer or PFA resin. FEP degrades thermally with evolution of HFP as
a principal degradation product, together with a smaller amount of PFIB. Both gases
have been observed in laboratory experiments in nitrogen at temperatures of 360 to
400°C (680 to 752°F). In similar tests conducted in air, carbonyl fluoride (COF2) is also
formed.
In the effluent gases from an extruder die operated at a melt temperature of 390 to
410°C (734 to 770°F), HFP and PFIB are observed but COF2 is not. This leads to the
conclusion that conditions inside the extruder are essentially anaerobic. The formation
of PFIB emphasizes the necessity for local exhaust ventilation above the extruder
die, along the coating line, in storage areas where spools of coated wire may be
stored or anywhere the gases can escape into the air of the facility. This would
include the exhaust from the vacuum pump used to control the length of the melt
cone in solid or in foam extrusion. It is recommended that a minimum of 6 air
changes per hour be maintained for general ventilation in all areas. Consult the
reference guide issued by the SPI and mentioned earlier.
®

In laboratory foaming experiments without injection of Freon or nitrogen blowing gas,
the polymer was heated to more than 400°C (752°F) while being subjected to high
shear. It is this combination of shear and its associated thermal stress (local heating) in
the presence of a nucleating agent that leads to foaming without the addition of a gas.
The foaming agents are presumed to be the degradation gases from the resin,
principally hexafluoropropylene. High shear resulting in higher polymer temperatures is
responsible for more PFIB formation than would be predicted from equipment
temperature alone.

Analytical Data on PFIB from FEP Wire Coating
In considering the analytical data, three types of operations are discussed below: solid

coatings, foams made with injected nitrogen gas, and foams made with polymer
degradation gases.
Solid FEP Coatings

In experiments with coating a 30-mil wire with 5 mil of solid FEP, it has been found that
PFIB formed equivalent to 40 µg/g of FEP. The melt temperature was 403°C (757°F),
the screw rpm was 6, and the residence time in the hot zone of the extruder was about
15 minutes.
The extrusion rate was 9 kg (20 lb)/hr and, therefore, the production rate of PFIB was
approximately 5 mg/min. As mentioned earlier, the TLV for PFIB is C 0.01 ppm. This is
3
3
equivalent to 0.082 mg/m or 0.0023 mg/ft . To ensure this TLV is not exceeded in such
a process area without local exhaust ventilation, one would have to supply diluting room
ventilation equal to:
3

3

5 mg/min ÷ 0.0023 mg/ft = 2,200 ft /min.
This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
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This assumes perfect mixing. As a conservative safety measure, a mixing factor of ten
3
would necessitate 22,000 ft /min of air flow. Even this might not provide a safe
atmosphere for a worker in the immediate vicinity of the extrusion die. This amount of
air flow is obviously impractical even at this modest extrusion rate of 20 lb/hr. Therefore,
local exhaust hoods are necessary.
With solid coatings, about 50% of the PFIB escapes into the surrounding air and 50%
remains dissolved in the FEP coating. The PFIB within the coating slowly diffuses into
the air over a period of many days.
Nitrogen Injection Gas Foaming

In an experiment with a 34-mil nitrogen injection gas foamed coating on a #22 AWG
solid conductor, PFIB was formed in an amount equivalent to 11 µg/g of FEP. The melt
temperature was 391°C (736°F), the screw rpm was 15, and the residence time in the
extruder was 8 minutes.

With nitrogen injection gas foamed coatings, about 50% of the PFIB escapes
immediately into the air and 50% remains in the foam. The PFIB within the coating
slowly diffuses into the air over a period of many days.
Degradation Gas Foaming

In an experiment making a similar 34-mil foamed coating with degradation gas, we
found 62 µg of PFIB formed per gram of FEP. The melt temperature was 412°C
(774°F), the screw rpm was 35, and the extruder residence time was 3 minutes.
Table 1 summarizes the PFIB measured from extrusions in the laboratory. PFIB formed
during foaming without injection gas cannot be explained by equipment temperature
alone. Higher polymer melt temperatures generated by high shear are likely to be the
explanation.
Table 1
Plot Conditions

Operation

Temperature, Residence,
°C (°F)
min

µg
PFIB/g
Resin
Measured

Solid

403 (757)

15

40

N2 Foamed

391 (736)

8

11

Degradation
Gas Foamed

412 (774)

3

62

Degradation
Gas Foamed

405 (761)

3

56

Note: Foaming experiments were carried out on a 60-mm extruder with a 30:1 L/D. The screw has a 450-mil feed depth and a 150mil deep metering section leading to a 21-in long Saxton mixing head.
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Significance of the PFIB That Remains Dissolved in the Coating
There is safety significance to this finding regarding the dissolved or entrapped PFIB.
Calculations show a hazard may exist if large quantities of cores are stored in poorly
ventilated areas. Figure 1, prepared with the aid of a computer program, graphically
shows the degree of hazard for the procedures examined. The curves show the buildup
of PFIB in an enclosed space with typical industrial building ventilation. Figure 1
illustrates that the typical evolution of the PFIB concentration (starting with a
concentration of 10µg of PFIB per g of FEP) from this simulation may be near 0.020 ppb
(0.00002 ppm) which may be compared to the ceiling TLV of C 10.0 ppb (0.01 ppm).

The conditions assumed for the plot were:
• Type of Wire—#24 AWG solid conductor, 7-mil coating thickness
• Production Rate of Wire— 600 ft./min.
• Storage Compartment Volume—35,100 ft3
• Number of Air Changes per Hour—6
• Mixing Efficiency—0.5
• Hours per Day of Production—14
• Consecutive Days of Production—5
• Initial PFIB Concentration—0 ppb in the atmosphere, and 10µg of PFIB per g of FEP
• Diffusion Constant for PFIB in a Solid Coating—3.0 x 10–11 cm2/s

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
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Model of the Evolution of PFIB from Coaxial Cable Core
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Experimental Method for Determination of PFIB Content of Melt Processible
Fluoropolymer Resins and Resin from Coated Wires
Freshly extruded resin or freshly extruded fluoropolymer coated wires were collected
and stored in an open environment to allow for diffusion of the dissolved gas from the
resin or the wire coating for a specified period of time. At a selected time interval (Day 1,
2, 3, where Day 0 is the day the wire was extruded), either the feed resin or the resin
coatings that was stripped from approximately 10 feet of extruded wire were analyzed
for dissolved gas as described below.
The heat source used was a Lindberg/Blue M Model 55035 “Mini-mite” 800-watt tube
furnace with a 30 cm heating zone. A thermocouple was positioned within 2 cm of the
sample boat to record the actual temperature. The furnace was equipped with a
stainless steel flow-through tube to house the sample holder and was preheated to a
designated temperature with nitrogen flowing at a fixed flow rate.
In a typical run, the tube furnace was preheated to a temperature of 280°C to facilitate
the rapid diffusion of the gas from the polymer melt. The resin sample weighing
approximately 2.0 grams was placed in a quartz boat and the boat was inserted into the
This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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stainless steel tube. Gas flow was established at 80 mL/minute with a calibrated
rotameter. The evolved gases were directly collected into a polyvinyl fluoride gasbag.
The gasbag was analyzed for volatiles by gas chromatography with a mass selective
detector (Hewlett Packard 6890 Gas Chromatograph equipped with an HP5873 Mass
Selective Detector). The GC/MSD separation was performed with a Rtx-1 105m GC
column (Restek). A nominal test run time duration is 20 minutes..
The concentration versus time data were analyzed with a Fick’s law diffusion model to
determine the diffusion constant.

This information is offered without charge as part of DuPont’s service to their customers, but they cannot guarantee favorable
results will be obtained from the use of such data. It is intended for use by persons having technical skills at their own
discretion and risk. The DuPont Company assumes no obligation or liability in connection with its use. The disclosure of the
information is not a license to operate under, or recommendations to infringe, any patent of DuPont of others.
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PART 2 — Solvay Solexis
THERMAL PERFORMANCE OF SOLVAY SOLEF® PVDF FLUOROPOLYMER
RESINS
Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Conditions:
Material: Solvay Solef® PVDF Fluoropolymer Resins
Atmosphere: air
Melting Pot in Pt - area: 0.4 cm2
Load Sample: 10 mg

Output: 60 ml/min
Form: tray
Form: pellets

Temperature Profile: initial temperature: 30oC (86oF)
linear heating rate: 8oC/min (46oF/min)

TGA To
o
®

F

T1
o

F

T2
o

Weight Loss

F

%

SOLEF 1010/0001
Melting temperature = 174oC (345oF)
o
Average processing temperature = 230 C
o
(446 F)
Sample load: 10 mg
Appendix no: 1

768
808
828

455
495
514

354
384
414

1
2
3

SOLEF® 6010/0000
o
o
Melting temperature = 173 C (343 F)
Average processing temperature = 230oC
o
(446 F)
Sample load: 10 mg
o
Appendix n : 2

774
813
833

462
502
522

360
399
419

1
2
3

T1 = Difference between TGA temperature and melting temperature.
T2 = Difference between TGA temperature — Average processing temperature.

All information is given in good faith but without guarantee.

To the best of knowledge the information contained herein is accurate. However, neither Solvay Solexis, Inc. nor any of its affiliates assumes any liability whatsoever
for the accuracy or completeness of the information contained herein. Final determination of the suitability of any information or material for the use contemplated,
the manner of use, and whether there is any infringement of patents is the sole responsibility of the user. The above information gives typical properties only and is
not to be used for specification purposes
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THERMAL PERFORMANCE OF SOLVAY SOLEF® PVDF
FLUOROPOLYMER RESINS

Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Conditions:
Material: Solvay Solef® PVDF Fluoropolymer Resins
Atmosphere: air
Melting Pot in Pt - area: 0.4 cm2
Load Sample: 10 mg

Output: 60 ml/min
Form: tray
Form: pellets

Temperature Profile: initial temperature: 30oC (86oF)
linear heating rate: 8oC/min (46oF/min)

TGA To
o
®

SOLEF 11008/0003
Melting temperature = 160oC (320oF)
o
Average processing temperature = 230 C
(446oF)
Sample load: 10 mg
Appendix no: 3

F

680
685
693

T1
o

F

392
397
405

T2
o

Weight Loss

F

%

266
271
279

1
2
3

T1 = Difference between TGA temperature and melting temperature.
T2 = Difference between TGA temperature — Average processing temperature.

All information is given in good faith but without guarantee.

To the best of knowledge the information contained herein is accurate. However, neither Solvay Solexis, Inc. nor any of its affiliates assumes any liability whatsoever
for the accuracy or completeness of the information contained herein. Final determination of the suitability of any information or material for the use contemplated,
the manner of use, and whether there is any infringement of patents is the sole responsibility of the user. The above information gives typical properties only and is
not to be used for specification purposes
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THERMAL PERFORMANCE OF SOLVAY SOLEF® PVDF
FLUOROPOLYMER RESINS

Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Conditions:
Material: Solvay Solef® PVDF Fluoropolymer Resins
Atmosphere: air
Melting pot in Pt - area: 0.4 cm2
Load Sample: 10 mg

Output: 60 ml/min
Form: tray
Form: pellets

Temperature Profile: initial temperature: 30oC (86oF)
linear heating rate: 8oC/min (46oF/min)

TGA To
o
®

F

T1
o

F

T2
o

Weight Loss

F

%

SOLEF 31008/0003
Melting temperature = 169oC (336oF)
o
Average processing temperature = 230 C
(446oF)
Sample load: 10 mg
Appendix no: 4

684
693
698

379
388
394

270
279
284

1
2
3

SOLEF® 31008/0009
Melting temperature = 169oC (336oF)
o
Average processing temperature = 230 C
o
(446 F)
Sample load: 10 mg
o
Appendix n : 5

696
700
700

392
396
396

282
286
286

1
2
3

T1 = Difference between TGA temperature and melting temperature.
T2 = Difference between TGA temperature — Average processing temperature.

All information is given in good faith but without guarantee.

To the best of knowledge the information contained herein is accurate. However, neither Solvay Solexis, Inc. nor any of its affiliates assumes any liability whatsoever
for the accuracy or completeness of the information contained herein. Final determination of the suitability of any information or material for the use contemplated,
the manner of use, and whether there is any infringement of patents is the sole responsibility of the user. The above information gives typical properties only and is
not to be used for specification purposes
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THERMAL PERFORMANCE OF SOLVAY SOLEF® PVDF
FLUOROPOLYMER RESINS

Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Conditions:
Material: Solvay Solef® PVDF Fluoropolymer Resins
Atmosphere: air
Melting pot in Pt - area: 0.4 cm2
Load Sample: 10 mg

Output: 60 ml/min
Form: tray
Form: pellets

Temperature Profile: initial temperature: 30oC (86oF)
linear heating rate: 8oC/min (46oF/min)

TGA To
o
®

F

T1
o

F

T2
o

Weight Loss

F

%

SOLEF 31508/0003
Melting temperature = 169oC (336oF)
o
Average processing temperature = 230 C
(446oF)
Sample load: 10 mg
Appendix no:6

680
689
696

376
385
392

266
275
282

1
2
3

SOLEF® 31508/0009
Melting temperature = 169oC (336oF)
o
Average processing temperature = 230 C
o
(446 F)
Sample load: 10 mg
o
Appendix n : 7

698
702
703

394
397
399

284
288
289

1
2
3

T1 = Difference between TGA temperature and melting temperature.
T2 = Difference between TGA temperature — Average processing temperature.

All information is given in good faith but without guarantee.

To the best of knowledge the information contained herein is accurate. However, neither Solvay Solexis, Inc. nor any of its affiliates assumes any liability whatsoever
for the accuracy or completeness of the information contained herein. Final determination of the suitability of any information or material for the use contemplated,
the manner of use, and whether there is any infringement of patents is the sole responsibility of the user. The above information gives typical properties only and is
not to be used for specification purposes
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THERMAL PERFORMANCE OF SOLVAY SOLEF® PVDF
FLUOROPOLYMER RESINS

Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Conditions:
Material: Solvay Solef® PVDF Fluoropolymer Resins
Atmosphere: air
Melting pot in Pt - area: 0.4 cm2
Load Sample: 10 mg

Output: 60 ml/min
Form: tray
Form: pellets

Temperature Profile: initial temperature: 30oC (86oF)
linear heating rate: 8oC/min (46oF/min)

TGA To
o
®

F

T1
o

F

T2
o

Weight Loss

F

%

SOLEF 32008/0003
Melting temperature = 169oC (336oF)
o
Average processing temperature = 230 C
(446oF)
Sample load: 10 mg
Appendix no: 8

684
691
696

379
387
392

270
277
282

1
2
3

SOLEF® 32008/0009
Melting temperature = 169oC (336oF)
o
Average processing temperature = 230 C
o
(446 F)
Sample load: 10 mg
o
Appendix n : 9

694
698
700

390
394
396

280
284
186

1
2
3

T1 = Difference between TGA temperature and melting temperature.
T2 = Difference between TGA temperature — Average processing temperature.

All information is given in good faith but without guarantee.

To the best of knowledge the information contained herein is accurate. However, neither Solvay Solexis, Inc. nor any of its affiliates assumes any liability whatsoever
for the accuracy or completeness of the information contained herein. Final determination of the suitability of any information or material for the use contemplated,
the manner of use, and whether there is any infringement of patents is the sole responsibility of the user. The above information gives typical properties only and is
not to be used for specification purposes
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PART 3 — Arkema
THERMAL PERFORMANCE OF
ARKEMA KYNAR® PVDF FLUOROPOLYMER RESINS
Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Material:
Fluoropolymer Type:
Form:
Load Sample:
Method:
Environment:
Temperature Profile
Grade

Decomposition Temperature ºC
5% Weight Loss
10% Weight Loss
367
374
379
387
384
399

Kynar® 2500
Kynar® 2800
Kynar® 2850

Material:
Fluoropolymer Type:
Form:
Load Sample:
Method:
Environment:
Temperature Profile
Grade
Kynar® 2500
Kynar® 2800
Kynar® 2850

Kynar PVDF
Copolymer
Pellets
20 mg
TGA 10ºC/min
Air
23ºC to 1000ºC

Kynar PVDF
Copolymer
Pellets
20 mg
TGA 10ºC/min
Nitrogen
23ºC to 1000ºC
Decomposition Temperature ºC
5% Weight :Loss
10% Weight Loss
439
451
433
447
450
458

This information is offered without charge as part of Arkema’s service to their customers, but they cannot guarantee favorable results will be obtained
from the use of such data. It is intended for use by persons having technical skills at their own discretion and risk. Arkema assumes no obligation or
liability in connection with its use. The disclosure of the information is not a license to operate under, or recommendation to infringe, any patent of
Arkema or others.
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THERMAL PERFORMANCE OF
ARKEMA KYNAR® PVDF FLUOROPOLYMER RESINS
Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Material:
Fluoropolymer Type:
Form:
Load Sample:
Method:
Environment:
Temperature Profile
Grade
Kynar® 740
Kynar® 760

Kynar PVDF
Homopolymers
Pellets
20 mg
TGA 10ºC/min
Nitrogen
23ºC to 1000ºC
Decomposition Temperature ºC
5% Weight Loss
10% Weight Loss
459.4
469.7
468.0
478.7

This information is offered without charge as part of Arkema’s service to their customers, but they cannot guarantee favorable results will be obtained
from the use of such data. It is intended for use by persons having technical skills at their own discretion and risk. Arkema assumes no obligation or
liability in connection with its use. The disclosure of the information is not a license to operate under, or recommendation to infringe, any patent of
Arkema or others.
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THERMAL PERFORMANCE OF
ARKEMA KYNAR® PVDF FLUOROPOLYMER RESINS
Weight Loss of Fluoropolymer Resin: Dynamic Thermal Gravimetry Analysis
Material:
Type:
Form:
Load Sample:
Method:
Environment:
Temperature Profile
Grade
Kynar® 2900-04
Kynar® 2950-05

Material:
Type:
Form:
Load Sample:
Method:
Environment:
Temperature Profile
Grade
Kynar® 2900-04
Kynar® 2950-05

Kynar PVDF Fluoropolymer
Flame Retardant Grades
Pellets
20 mg
TGA 10ºC/min
Air
23ºC to 1000ºC
Decomposition Temperature ºC
5% Weight Loss
10% Weight Loss
341
346
333
339

Kynar PVDF Fluoropolymer
Flame Retardant Grades
Pellets
20 mg
TGA 10º C/min
Nitrogen
23ºC to 1000ºC
Decomposition Temperature ºC
5% Weight Loss
10% Weight Loss
341
346
333
339

This information is offered without charge as part of Arkema’s service to their customers, but they cannot guarantee favorable results will be obtained
from the use of such data. It is intended for use by persons having technical skills at their own discretion and risk. Arkema assumes no obligation or
liability in connection with its use. The disclosure of the information is not a license to operate under, or recommendation to infringe, any patent of
Arkema or others.
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APPENDIX C: TRADE NAME CROSS REFERENCES

OF FLUOROPOLYMER DIVISION MATERIALS SUPPLIERS
Trade Name

Supplier

Products

Fluoropolymer Types

Algoflon®

Solvay Solexis, Inc.

Granules, powders,
micropowders, dispersions

Daikin-Polyflon™

Daikin America, Inc.

Granules, powders,
PTFE
micropowders, dispersions, low
molecular weight PTFE

Dynamar™

Dyneon

Dyneon™

Dyneon

Granules, powders,
micropowders, dispersions

PTFE

ETFE, FEP, PFA, PTFE,
HTE, THV

Dykor®

Whitford Worldwide Company

Powder, dispersion, & solution FEP, PFA, PVDF
chemical-barrier coatings
applied at 1 to 50 mils

Eclipse®

Whitford Worldwide Company

Internally-reinforced nonstick PTFE
coating systems for cookware

Excalibur®

Whitford Worldwide Company

Externally-reinforced nonstick PTFE
coating systems for cookware &
food-processing applications

Fluon®

AGC Chemicals Americas, Inc.

Granules, powders,
ETFE, PFA, PTFE
micropowders, additives,
dispersions, color concentrates,
PTFE with various fillers (filled
compounds)

FluoroPlast™

KC America

Granules, powders,
micropowders, dispersions

FEP, PTFE

Halar®

Solvay Solexis

Granules, powders,
micropowders, dispersions

ECTFE

Heroflon™

Heroflon USA

Granules, powders,
PTFE
micropowders, dispersions, lube
powders

Hyflon®

Solvay Solexis

Dispersions

MFA, PFA

Hylar®

Solvay Solexis

Polyvinylidene fluoride

PVDF

Hylar 5000®

Solvay Solexis

Polyvinylidene fluoride

PVDF

Jeneet

Jeneet, Inc.

Reprocessed Melts

Repelletized fluoropolymer
melts
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Kynar®

Arkema, Inc.

Granules, powders,
micropowders, dispersions

Homopolymers of VF2

Kynar 500®

Arkema, Inc.

Granules, powders,
micropowders, dispersions

Homopolymers of VF2

Kynar Flex®

Arkema, Inc.

Granules, powders,
micropowders, dispersions

Copolymers of VF2 and HFP

Mountaintop
Manufacturing

Mountaintop Manufacturing

Micronized PTFE powders

PTFE

Neoflon™

Daikin America, Inc.

Granules, powders,
micropowders, dispersions

EFEP, ETFE, FEP, PCTFE,
PFA

New Era Materials

New Era Materials

PTFE lubricated
thermoplastics; meltprocessable fluoropolymers
with various fillers

PTFE

Polymist®

Solvay Solexis, Inc.

Granules, powders,
micropowders

PTFE

PTFE Compounds

PTFE Compounds, Inc.

QuanTanium®

Whitford Worldwide Company

Nonstick coating systems
reinforced with ceramics &
titanium for cookware & foodprocessing applications

Quantum2®

Whitford Worldwide Company

Nonstick coatings for cookware
& food-processing applications

Repro-Lon

Repro-Lon, Inc.

Micronized fluoropolymer
FEP, PTFE
(powders, water/solvents,
dispersions); PTFE lubricants
& greases

Solef®

Solvay Solexis

Granules, powders,
micropowders, dispersions,

PVDF

SST™

Shamrock Technologies

Granules, powders,
micropowders

FEP, PTFE

Tedlar®

DuPont

Granules, powders,
micropowders, dispersions

PVF

Teflon®

DuPont

Granules, powders,
micropowders, dispersions

FEP, PFA, PTFE

Teflon® Fluoroadditives

DuPont

Tefzel®

DuPont

Ultraflon™

Laurel Products LLC (a Whitford Micronized FEP & PTFE
Worldwide Company)
powders & dispersions

PTFE

Granules, powders, micropowders PTFE
PTFE
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Low cost nonstick coatings for PTFE
high volume industrial & foodprocessing machinery

Ultralon®

Whitford Worldwide Company

Viton Free Flow®

DuPont Dow Elastomers

Xylac®

Whitford Worldwide Company

Decorative finishes for exterior
surfaces of cookware & other
high-temperature applications

Xylan®

Whitford Worldwide Company

Low-friction & nonstick
FEP, PFA, PTFE
coatings for use in virtually any
industry

Xylar®

Whitford Worldwide Company

Unique low-friction coatings in PTFE
ceramic binders
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APPENDIX D: INHALATION TOXICITY of FIRE EFFLUENT and
COMBUSTION BY-PRODUCTS

A number of studies have been conducted over the past two decades to investigate the
toxicity of the combustion/thermal degradation products of PTFE. Prior to 1982, it was
believed that the major products (including hydrogen fluoride and carbonyl fluoride)
were responsible for the toxic effects on rats exposed to the evolved combustion
products of PTFE (a toxicity approximately 10 times greater than the combustion
products of wood). However, in 1982, Levin, et al., using a newly developed National
Bureau of Standards (NBS) small-scale test method for assessing the toxicology of
combustion products, reported an unexpectedly high toxicity when testing PTFE. They
found an LC50 of 0.045 mg/l for PTFE products, compared to 20-40 mg/l for a standard
sample of wood (Douglas fir). This unexpected result, which could not be explained in
terms of the expected combustion products, led to extensive investigation by a number
of laboratories.
Several reviews of these studies were presented at the Interflam ‘90 conference (Purser
1990; Fardell 1990; Clarke, van Kuijk, et al.. 1990; Clarke, Seidel, et al. 1990).
Together with recent publications (Warheit et al. 1990, Lee and Seidel 1991), an
interesting explanation for the extreme toxicity associated exclusively with thermal
degradation products of PTFE or similar perfluoropolymers emerges.
In brief, there are a few critical parameters essential for expression of extreme toxicity.
Thermal degradation must occur under nonflaming conditions. Experimental design
must allow for the recirculation of evolved fume through the combustion area, as in the
NBS apparatus, or for rapid exposure to freshly generated fumes, as described by
Warheit et al. (1990).
The particulate phase of the degradation products is clearly responsible, specifically
with regard to the size of the particles evolved. When fumes are generated in a
temperature range of 450° to 800°C (840° to 1,470°F), the particles generated are
extremely fine, typically less than 0.05 microns. In an apparatus such as the NBS
chamber, the particles will be confined to a relatively small volume. They will rapidly
undergo thermal coagulation, producing fume particles of greater size and lower
number concentration that will spread throughout the 200-liter exposure chamber. As
they recirculate through the furnace, they may undergo deaggregation and dispersal,
stabilizing at the ultrafine particle size and producing extreme toxicity. In a dynamic
system, such as that described by Warheit et al. (1990), if exposure is effected before
coagulation occurs, extreme toxicity is also seen; but if coagulation is allowed to occur
initially, the toxicity is reduced considerably.
It has been suggested that the specific requirement for fresh or recycled fume to induce
extreme toxicity may also be related to free radical production during pyrolysis. Indeed,
relatively stable alkylfluoroperoxy radicals are reported to have been detected (Fardell
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1990). Nonetheless, the most critical factor appears to be the size of the particles when
inhaled. This dictates the proportion that will deposit in the alveolar region, where
damage is seen, but possibly even more important, the interaction of the particle with
the epithelial cells. There is increasing evidence that ultrafine particles of sizes less
than approximately 0.05 microns of even highly inert materials, such as titanium dioxide,
are substantially more toxic to the lung than larger particles (Oberdorster, et al. 1990)
due to direct penetration into or reaction with the epithelial cells. The extreme toxicity of
PTFE pyrolysis products is consistent with this picture.
The toxicity of PTFE pyrolysis is influencing decisions by regulators on many potential
uses of PTFE due to direct extrapolation to real, large-scale fire scenarios where
humans may be exposed to combustion products. However, caution must be exercised
in such extrapolations. The only time that extreme toxicity has been demonstrated has
been under closely controlled experimental conditions. Although such conditions could
possibly be reproduced in a real fire, other factors must also be considered.
First, experimental studies have shown effects only when using PTFE or fluoropolymers
alone. A number of studies on mixed materials — for example, PTFE combusted with
wood (Purser 1990) — did not produce extreme toxicity. This is more appropriate to
real fires, which generally involve mixtures of materials and larger smoke particles that
may tend to scavenge and detoxify fine PTFE particles.
Second, in full-scale fire tests using a number of potential ignition sources for
perfluoropolymer-insulated cables (Clarke, van Kuijk, et al. 1990), the toxicity reported
in rats exposed to the combustion products was consistent with that expected of the
principle toxic agents (carbon monoxide, hydrogen fluoride, and carbonyl fluoride).
There was no indication of extreme toxicity.
Therefore, it is more likely in a real fire situation that any of the fluoropolymers present
will contribute to the toxicity by virtue of normally expected thermal degradation
products, but will not dominate the toxicity due to production of extremely toxic products.
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APPENDIX E: FMG “GUIDE TO THE SAFE HANDLING OF
FLUOROPOLYMER DISPERSIONS”

NOTE TO USERS
This Guide was developed by the Fluoropolymer Manufacturers Group (FMG) of The
Society of the Plastics Industry, Inc. and is intended to provide information on general
guidelines for safe handling of fluoropolymer dispersions. The guidelines provided are
based on the collective experience of members of the industry, but are not intended to be
either exhaustive or inclusive of all pertinent requirements. The information provided in this
guide is offered in good faith and believed to be reliable, but is made WITHOUT WARRANTY, EXPRESSED OR IMPLIED, AS TO THE MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR ANY OTHER MATTER. The guidelines provided and the
examples included are not intended to be directed to any particular product, nor are they
claimed to satisfy all current legal requirements related to control of processing operations.
Following the Guide does not guarantee compliance with any regulation nor safe operation
of processing facilities. Users are cautioned that the information upon which this guide is
based is subject to change which may invalidate any or all of the comments contained
herein.
The Guide is not intended to provide specific advice, legal or otherwise, on particular
products or processes. In designing and operating processing lines, users of the Guide
should consult with their own legal and technical advisors, their suppliers, and other
appropriate sources (including but not limited to product or package labels, technical
bulletins, or sales literature) which contain information about known and reasonably
foreseeable health and safety risks of their proprietary products and processes. SPI, its
members and contributors do not assume any responsibility for the user's compliance with
any applicable laws and regulations, nor for any persons relying on the information
contained in this Guide.
SPI does not endorse the proprietary products or processes of any manufacturer or user of
fluoropolymer resins or products. All information about an individual manufacturer's
products contained herein has been provided by those manufacturers who are solely
responsible for the accuracy and completeness of the data.

Copyright 1992, 1995, 1998, 2005 The Society of the Platics Industry, Inc.
- 79 -

Appendix E

SPI Guide to Dispersions
Guide to the Safe Handling of Fluoropolymer Dispersions

INTRODUCTION
Fluoropolymer dispersions are an aqueous form of fluoropolymer typically used for coating
metal and glass cloth. These dispersions are produced and sold on a global basis by
several manufacturers. The purpose of this guide is to provide safe handling information to
dispersion processors, since these products utilize a fluoropolymer polymerization aid
(FPA) during their manufacture. Recent studies have revealed the FPAs are persistent in
the environment and have exhibited toxicological effects in animals.
FPAs are members of a class of commercially available perfluoroalkyl carboxylate
surfactants (e.g., ammonium and sodium perfluoro-octanoate). FPAs are used to suspend
and emulsify some fluoropolymers during manufacture or industrial use and are typically
used in concentrations less than 0.5%. FPAs may be found in other forms of
fluoropolymers, e.g., formulated coatings and some dry resin products.
An eight-carbon member of this family, ammonium perfluorooctanoate (APFO) is the FPA
most commonly used in the production of many fluoropolymers and fluoroelastomers.
APFO has several synonyms including C-8 acid, PFOA, FC 143, and perfluoro ammonium
octanoate. Similar emulsifiers include sodium perfluorooctanoate, and the salts of other
perfluorocarboxylic acids, such as perfluorononanoic acid. Because APFO is the best
understood FPA in terms of toxicology and health effects, it is the main focus of this guide.
For purposes of safe handling of fluoropolymer dispersions containing FPAs, the other
perfluorocarboxylates should be treated similarly to APFO from a chemical and
toxicological viewpoint.
APFO is a sublimable solid that is typically supplied to the resin manufacturer in a
concentrated aqueous solution. It is then used in a dilute form as a polymerization
emulsifier. Once the polymerization is complete, the APFO is normally removed during
finishing processes that result in dry forms of fluoropolymer products. Trace amounts of
APFO may be present in finished fluoropolymer resins. Since these finishing steps are not
applied to aqueous dispersions, the APFO added during polymerization is usually present
in dispersion products as sold.
Since APFO is a perfluorinated chemical, it is extremely stable, degrades slowly, and
therefore persists in the environment. APFO also appears to be persistent in humans and
has been found in trace amounts in the blood of workers exposed during manufacturing
operations involving its use. Based on health studies covering more than thirty years of
exposure, there have been no adverse human health effects observed in exposed
employees. For control of occupational exposure, the American Conference of
Governmental Industrial Hygienists (ACGIH) recommends a Threshold Limit Value (TLV®)
for APFO of 0.01 milligram per cubic meter in air as an eight-hour, time-weighted average
(TWA) occupational exposure limit.
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TYPICAL COMPOSITIONAL INFORMATION
The following represents a composition typical of fluoropolymer dispersions as supplied by
fluoropolymer manufacturers. Consult your supplier for specific product information.
Ingredient

Approximate Weight (% wt)

Fluoropolymer

20 - 60

Water

30-70

Non-ionic Surfactant

<6

Fluoropolymer Polymerization Aid

<1

The fluoropolymer dispersions that contain FPAs may be dispersions of PTFE, FEP, PFA,
PVDF, and THV. Fluoroelastomer dispersions are also available that may contain FPAs.
The stabilizing surfactants most commonly used in these dispersions are nonionic
alkylphenol alkoxylates such as Triton® X-100.
The pH of these dispersions will vary over the range of 2 to 10, and their physical
appearance is normally a milky white liquid.
Specific products may vary from one manufacturer to another. Contact your supplier for
information on the following topics: fire fighting, first aid and treatment, accidental release
measures, stability and reactivity, and regulatory information.

TOXICOLOGICAL INFORMATION AND POTENTIAL HEALTH EFFECTS
Aqueous fluoropolymer dispersion products contain FPAs for which the majority of the
toxicology data and health studies have been conducted on APFO. APFO is a skin, eye,
nose, and throat irritant and can be absorbed through the lungs, gastrointestinal tract and
skin.
APFO has been classified by ACGIH as an animal carcinogen with an A3 rating (ACGIH
Threshold Limit Values). Available evidence does not suggest that the agent is likely to
cause cancer in humans except under uncommon or unlikely routes or levels of exposure.
See ACGIH publication, Threshold Limit Values for Chemical Substances and Physical
Agents and Biological Exposure Indexes (current edition), Appendix A, Carcinogenicity, for
further information. The TLV® has a “skin” notation, which means that absorption through
the skin is a significant potential route of exposure.
ACGIH TLV/TWA

0.01 mg/m3 (skin), A3
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An OSHA Permissible Exposure Limit (8-hour time weighted average) has not been
established.
The results of acute toxicological tests for APFO are as follows:
LC50 4 hr. inhalation – rat
LD50 skin absorption – rabbits
LD50 oral – rats

980 mg/m3
4278 mg/kg
540 mg/kg

•

These values suggest that APFO is not highly toxic in the short term.

•

APFO is a skin and eye irritant, but is untested for animal sensitization.

•

APFO is not mutagenic in in-vitro mutagenicity assays and did not cause cell
transformation in a mammalian cell transformation assay.

•

Tests in animals demonstrate no developmental toxicity. APFO is not teratogenic in
rabbits by oral administration or teratogenic to rats by gavage or inhalation
exposures.

•

Tests in male rats demonstrated tumorigenic activity based on an increased
incidence of benign testicular, pancreatic, and liver tumors. . Based on preliminary
analysis from a recently completed two-generation study in rats, APFO does not
affect reproductive processes.

Like some other FPAs, APFO can potentially generate perfluorooctanoate anion either
through dissociation or metabolism. Animal studies conducted on perfluorooctanoate anion
indicate effects including liver disturbances, weight loss, loss of appetite, adrenal and
hematological effects, and benign tumors of the liver, pancreas and testes of male rats.
There are no known human health effects from anticipated exposure to this
perfluorooctanoate anion when used as intended.
Epidemiology studies in workers exposed to APFO have demonstrated persistent levels of
organo fluorine in the blood. The presence of organo fluorochemicals in the blood of the
general population and subpopulations, such as workers, has been published dating back
to the 1970’s. The major APFO manufacturer’s epidemiological study of its own workers
indicates no adverse health effects. Thirty years of experience has indicated that although
APFO is found in trace amounts in exposed workers no abnormalities in liver function or
cholesterol have been observed in these exposed employees. There has been no increase
in any cause of death amongst the exposed workers.
This information in this guide may change, as results of further studies become available.
Consult your supplier or SPI for the most up-to-date information.
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Signs and Symptoms Of Exposure
Eye Contact
Signs and symptoms associated with eye contact may include irritation with discomfort,
redness, swelling, tearing and blurring of vision.
Skin Contact
Signs and symptoms associated with skin contact may include irritation with discomfort,
redness, swelling and itching. APFO may be absorbed through the skin and produce
effects similar to those caused by inhalation and/or ingestion.
Ingestion
Based on results from high-dosage animal testing, signs and symptoms associated with
ingestion may include gastrointestinal tract irritation, abdominal pain, nausea and vomiting,
diarrhea, lethargy, abnormal liver function as detected by laboratory tests, abnormal blood
forming system function as detected by laboratory tests; or abnormal blood forming system
function with anemia. Repeated exposures produced liver, kidney, pancreas and testes
changes; anemia and cyanosis. Ingestion studies in animals have shown that repeated
doses of ammonium perfluorooctanoate produce benign tumors in the pancreas, liver and
testes. There are no known human health effects from anticipated exposure to APFO
when used as intended.
Inhalation
A single exposure above recommended guidelines may cause irritation to the upper
respiratory tract and liver enlargement. Based on results from animal testing, signs and
symptoms may include soreness of the nose and throat, irritation of the upper respiratory
passages with coughing, sneezing and discomfort.
Prolonged or repeated exposure above recommended guidelines may cause liver effects.
Based on results from animal testing, signs and symptoms may include yellow skin
(jaundice) and tenderness of upper abdomen. APFO may be absorbed by inhalation and
persist in the body for an extended time.
Systemic
APFO can be absorbed by the body and may be detected in the blood stream following
ingestion, inhalation or skin contact. Animal and human experience indicate that this
compound has a long half-life in the blood, and may be detected years after exposure. The
presence of organo fluorochemicals in the blood of the general population and
subpopulations, such as workers has been published dating back to the 1970’s. The major
APFO manufacturer’s epidemiological study of its own workers indicates no adverse health
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effects. Medical conditions potentially aggravated by overexposure include pre-existing
diseases, such as those of the liver and bone marrow. .
Animal studies conducted on perfluorooctanoate anion indicate effects including liver
disturbances, weight loss, loss of appetite, adrenal and hematological effects, and benign
tumors of the liver, pancreas and testes of male rats. There are no known human health
effects from anticipated exposure to APFO when used as intended.
Consult your supplier for specific information on treatment and first aid measures.

HANDLING AND STORAGE / EXPOSURE CONTROL
It is important to avoid contact when handling products containing FPAs. FPAs are
released when dispersions are dried or heated. The primary exposure routes of FPAs
when processing dispersions are through the skin (dermal), ingestion (e.g., by transference
from hand to mouth), and via inhalation. FPAs are irritating to the eyes.
Based on the high vapor pressure of some of these FPAs, it is important to clean up spills
and overspray before they dry and allow the FPA to sublime. Dispersion containing waste
should also be disposed of in closed containers. The vapor pressures are high enough that
under conditions of poor ventilation these sources of FPA may result in exposures that
exceed the ACGIH TLV. See the section on physical and chemical properties for more
detail.
Use of engineering controls, good hygienic practices and personal protection equipment
(PPE) are critical in reducing employee exposure to FPAs when working with fluoropolymer
dispersions. Alone, each of these control methods cannot eliminate potentially hazardous
work conditions, but a combination of these methods, employee involvement, and company
support can control exposure.
Wear appropriate gloves and protective eyewear when handling this material. In addition,
use one or more of the following personal protection items as necessary to prevent skin
contact: head covering, coveralls, and aprons.
Do not allow smoking and/or eating in areas where FPAs or fluoropolymers are used.
Wash hands and exposed skin after use, and before handling food or applying cosmetics.
There are other health and safety hazards associated with handling, use, and processing of
fluoropolymers, including dispersions. Smoking cigarettes or tobacco contaminated with
dust from fluoropolymer products is associated with “Polymer Fume Fever.” More
information on this subject can be found in SPI’s The Guide to the Safe Handling of
Fluoropolymers Resins.
The major health hazard associated with handling fluoropolymers is the inhalation of
decomposition products. In addition, when handling fluoropolymer dispersions, FPAs are
released when coatings are dried or heated. Provide sufficient ventilation to maintain
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exposures below recommended limits. If exhaust ventilation is not adequate, use
appropriate respiratory protection.
APFO is a sublimable solid, meaning that vapors are released directly from the solid.
Handling APFO in water limits the release of APFO directly into the air. In case of a
release or spill, APFO containing liquids must be cleaned up promptly before the water
dries to prevent contamination of other surfaces in the area. Contain and absorb material
onto sawdust, oil-dry or similar inert absorbent. Residuals should be cleaned-up with water
and additional absorbent. Spilled materials should be placed into a covered container for
disposal according to applicable local, state and federal regulations. During clean up,
caution must be exercised, as the spill area may be extremely slippery. Ventilation and
appropriate Personal Protective Equipment (PPE) must be used when cleaning the spill.
Contact with contaminated surfaces, dispersions, solutions, spray mist, and powder or dust
in the air all result in absorption of FPAs into the body. Exposure to FPAs can occur during
dispersion processing operations while mixing, transferring, or formulating the coatings, as
well as while applying coatings, drying, sintering or baking. Exposure to FPA may also
occur during equipment maintenance (e.g. cleaning tanks and spray equipment, fans,
spray filters, exhaust ducts, etc.). Because some FPAs are known to stay in the body for
long periods of time, exposure prevention is very important.
Engineering controls are the first line of defense to control exposure. Examples of
engineering controls include both general plant ventilation and local exhaust ventilation for
specific, potentially high exposure tasks. A spray paint booth is an example of a local
exhaust system (see the Safe Handling Guide for a description of local exhaust systems
used in fluoropolymer processing). Enclosing processes is an additional type of
engineering controls; automation is another way to limit exposure. Lastly, all heated
processing equipment requires a ventilation system to prevent inhalation exposures.
A hazard assessment of job tasks will help determine what types of PPE are appropriate
and necessary. Using PPE properly is important. For example, significant exposure can
occur from clothing contaminated by improper storage or disposal of gloves, such as
putting them in pockets of work clothes between uses. In addition, thorough and frequent
washing of hands and any exposed skin will reduce potential exposure.
Care should be taken to prevent the spread of material by contaminated clothing and
shoes. Contaminated clothing and shoes should be thoroughly cleaned before re-use.
Employees should not remove contaminated clothing from the workplace. Finally, good
housekeeping practices also help reduce potential exposure.
For protection from FPAs, gloves should be made from nitrile rubber or neoprene. If there
is a potential for splashing or contact with liquid material, use ANSI Z87.1 approved
chemical goggles and/or a face shield. In certain applications, using aprons, coveralls, or
full body protection, in addition to gloves and face protection, may be appropriate. Consult
your supplier for more detailed information.
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Drying or high temperature processing, such as “sintering,” may result in the release of the
FPAs and decomposition products. The vapors and gases produced in the oven as the
product cures may condense as a solid or as a liquid solution in the oven, exhaust duct or
stack, or on other cool surfaces. These condensed or solidified fumes can contain
hazardous substances. Skin contact with this condensate when cleaning the oven, stack or
other equipment must be avoided. Handling concentrated FPA solutions and solids may
require the use of additional PPE such as bodysuits, face shields and respirators.
Respiratory protection may also be required during certain operations, such as spray
coating, dispersion processing operations, or sintering. In situations where exposure to
sintering fumes, vapors, or dispersion mists is likely, and ventilation is inadequate to control
exposure levels, NIOSH approved respirators must be used and a respiratory protection
program meeting the requirements of the OSHA respiratory protection standard, 29 C.F.R.
1910.134 must be followed. An air-purifying respirator equipped with organic vapor/acid
gas cartridges and a high efficiency dust/mist pre-filter may be appropriate for protection
against dust, mist, or fumes as found in cleaning condensate from ovens or exhaust
systems. When exposure to FPA or fluoropolymer thermal decomposition products is
anticipated (as found in firefighting applications), an air-supplied respirator in positive
pressure or demand mode is appropriate. Specific recommendations for respirators should
be obtained from product material safety data sheets or your supplier.

FPA PHYSICAL AND CHEMICAL PROPERTIES
This section discusses some physical properties of FPAs as they relate to the safe handling
of fluoropolymer products. The FPAs used commercially are typically mixtures to at least
some degree, and their identity may differ by fluoropolymer producer. Differences can
include the molecular weight of the FPA, whether branched structures are present in the
molecule, and the identity of counter-ions present. For relevant physical properties of an
FPA used to make a particular fluoropolymer, the fluoropolymer manufacturer should be
contacted. A general treatment of physical and other properties of FPAs may be found in
Fluorinated Surfactants.1
FPAs have certain physical properties that are important for exposure controls. One
property is their behavior when warm or hot. FPAs readily get into the air, even when
heated as dried solids, such as from a spill in a hot work area. Another property is that
FPAs can change into their carboxylic acid form if additional acid is mixed with
dispersion. These carboxylic acids can get into the air more easily than the FPAs
themselves. Refer to the following section for a more detailed discussion of these
topics.

1

Kissa, Erik Fluorinated Surfactants; Marcel Dekker: New York, 1994.
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Thermal Behavior
Perfluorocarboxylic acids are fairly low melting solids that increase in melting point with
increasing chain length and that decrease in melting point with branching. 2 The parent
acids used to make FPAs typically melt at less than 100o C. Slight sublimation of
perfluorooctanoic acid has been reported to occur at 40o C. 3 While it may be expected
that conversion to their salts for use as FPAs should reduce their volatility, the salts
differ greatly among themselves in their behavior when heated, with some of them
showing noticeable volatility. The commonly used ammonium salt, in particular, shows
volatility at fairly low temperatures. For example, the vapor pressure of ammonium
perfluorooctanoate (APFO) was reported to be approximately 7 x 10-5 mm Hg at 20o C
and sublimation was reported to occur at 130o C. 4
A study of weight loss behavior by thermogravimetric analysis of various salts of
perfluorooctanoic acid highlighted the differences in their thermal behavior 5. For
example, the ammonium salt began to show weight loss in the 50-100o C range (20%
weight loss under the conditions used at 167o C), while the sodium salt did not show
weight loss until about the 200-250o C range (20% weight loss at 298o C).
Due to their thermal response, exposure to FPAs can occur even at room temperature
but more likely when using heated solutions and solids heated process equipment, and
from the vent streams of such equipment.
Behavior in Water
The solubility behavior of FPAs is complex, as expected from surfactants, which can
involve the formation of micellar solutions and liquid crystal phases. Phase diagrams
have been published for ammonium perfluorooctanoate 6, and for various salts of
perfluorononanoic acid, including the ammonium salt 7. In addition, there are a number
of related references available in the literature.

2

Bernett, Marianne K. and Zisman, W. A. J. Phys. Chem. 1967, 71, 2075-82

3

Nakayama, Haruo Bull. Chem. Soc. Jpn. 1967, 40, 1592-95.

4

Griffith, F. D. and Long, J. E. Am. Ind. Hyg. Assoc. J. 1980, 41, 576-83.

5

Lines, D. and Sutcliffe, H. J. Fluorine Chem. 1984, 25(4), 505-12.

6

Tiddy, G. J. T. J. Chem. Soc., Faraday Trans. I 1972, 68, 608-12.

7

Fontell, Krister and Lindman, Björn J. Phys. Chem. 1983, 87, 3289-97.
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The solubility of the FPAs varies greatly with chain structure and counter ion. For
example, the room temperature solubilities (for isotropic solutions of surfactant and
water) were measured as being about 50% for ammonium perfluorooctanoate, and as
being about 18% for ammonium perfluorononanoate. Within the perfluorononanoate
family, the parent perfluorononanoic acid showed fairly low room temperature solubility
of less than 0.2%, the sodium salt was about 2%, and the ammonium, as stated above,
was about 18%. At higher concentrations, there was liquid crystal formation.
Temperature effects can be strong: the solubility of the sodium salt of perfluorononanoic
acid rose to about 40-50% at 50o C.
The parent perfluorocarboxylic acids are more acidic than their aliphatic counterparts.8
The acidity constants decrease with chain length beginning with perfluoropentanoic
acid, 9 but the parent acids of FPAs still show substantial acidity in comparison to
otherwise similar non-fluorinated acids. The pKa of perfluorooctanoic acid was reported
as 2.5.10 and the pKa of perfluorononanoic acid was reported as 2.611. Because of the
acidic character of their parent acids, FPAs are likely to be fully ionized unless the pH of
the solution is fairly low, approaching the pKa of the parent acid, near which point and
below, formation of the undissociated parent acid can be expected.

ECOTOXICOLOGICAL INFORMATION
Do not discharge dispersions to lakes, streams or waterways. See discussion below for
disposal considerations. Disposal to water will produce a milky appearance.
The fluoropolymer component is not toxic. The stabilizing surfactants have varying
ecotoxicity profiles, and users should contact their supplier for more detailed ecotox
information for their particular product.
FPAs are capable of generating perfluoroalkyl carboxylate anions that are persistent in
the environment. Because these anions do not readily degrade or metabolize, they
have the potential to accumulate.
The ecotoxicology of APFO is the best studied of the FPAs.

9

Moroi, Yoshikiyo; Yano, Hiroaki; Shibata, Osamu; Yonemitsu, Tadashi Bull. Chem. Soc.Jpn. 2001,
74(4), 667-72.

10

Ylinen, Markku; Kojo, Annell; Hanhijärvi, Hannu; Peura, Pekka Bull. Environ. Contam. Toxicol. 1990,
44, 46-53.

11

Moroi, Yoshikiyo; Yano, Hiroaki; Shibata, Osamu; Yonemitsu, Tadashi Bull. Chem. Soc. Jpn. 2001,
74(4), 667-72.
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APFO has been determined to be algistatic. It has a 48-hour LC50 value of 720 mg/L
for daphnia.
APFO has a 96-hour LC50 of 740 mg/L for fathead minnows, 634 mg/L for bluegill
sunfish and 4001 mg/L for rainbow trout.

DISPOSAL CONSIDERATIONS
Fluoropolymer dispersions typically have the following waste disposal considerations.
Consult your supplier for information on their particular product.
Preferred options for disposal are: (1) Separate solids from liquid by precipitation and
decanting or filtering. Dispose of dry solids in a landfill that is permitted, licensed or
registered to manage industrial solid waste. Discharge liquid filtrate to a wastewater
treatment system. (2) Incinerate only if incinerator is capable of scrubbing out hydrogen
fluoride and other acidic combustion products.
RCRA/US EPA WASTE INFORMATION: Discarded product is not typically a hazardous
waste under RCRA 40 CFR 261. Dispose in an authorized landfill site or incinerate
under approved controlled conditions. This product may be incinerated above 800o C
(1472o F) using a scrubber to remove hydrogen fluoride.
EMPTY CONTAINER: Empty containers should be punctured or otherwise destroyed
before disposal. Empty containers must not be used for home or personal uses.
ALL DISPOSAL METHODS: Treatment, storage, transportation, and disposal of this
product and/or container must be in accordance with applicable federal, state/provincial,
and local regulations.
GLOSSARY
A3 rating: ACGIH animal carcinogen rating. Confirmed animal carcinogen with
unknown relevance to humans: The agent is carcinogenic in experimental animals at a
relatively high dose, by routes of administration at sites, of histologic types, or by
mechanisms that may not be relevant to worker exposure. Available epidemiologic
studies do not confirm an increased risk of cancer to exposed humans. Available
evidence does not suggest that the agent is likely to cause cancer in humans except
under uncommon or unlikely routes or levels of exposure.
Algistatic: An agent that is active against algae, but does not necessarily destroy algae
(i.e. not algicidal).
American Conference of Governmental Industrial Hygienists (ACGIH): A professional
organization devoted to the administrative and technical aspects of occupational and
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environmental health. ACGIH is not a government entity. For additional information
refer to the current ACGIH TLVs® and BEIs® book or see www.acgih.org.
Ammonium Perfluorooctanoate (APFO): Ammonium perfluorooctanoate, or APFO, is
the ammonia salt of perfluorooctanoic acid, having the chemical formula C7F15- CO2NH4+. APFO is a commonly used FPA. This perfluorochemical is a powerful surfactant
used to emulsify and stabilize fluoropolymer dispersions. APFO has several synonyms
including C-8, PFOA, FC 143, and perfluoro ammonium octanoate.
FEP: FEP resin is a polymer of tetrafluoroethylene and hexafluoropropylene with the
formula [(CF(CF3)-CF2)x(CF2-CF2)y]n. It has a melting point range of 473°-563oF (245280oC) and is melt processible. It is supplied in the form of translucent pellets, powder,
or as an aqueous dispersion.
Fluoropolymer dispersions: Fluoropolymer dispersions are an aqueous form of
fluoropolymer consisting of finely divided fluoropolymer particles suspended in water.
They are frequently used as ingredients for coating compositions applied to metal
surfaces or fiberglass cloth to create durable, nonstick surfaces.
Fluoropolymer Polymerization Aid (FPA): FPAs are members of a class of commercially
available perfluoroalkyl carboxylate surfactants (e.g., ammonium and sodium perfluorooctanoate). FPAs are used to suspend and emulsify some fluoropolymers during
manufacture or industrial use and are typically used in concentrations less than 0.5%.
Micellar solutions: Surfactants in water can pack together to form aggregates called micelles.
These aggregates usually have oil soluble surfactant tails bunched together in their interiors,
and polar surfactant heads facing the water phase.
Mutagenic: A mutagen interferes with the proper replication of genetic material
(chromosome strands) in exposed cells. If germ cells are involved, the effect may be
inherited and become part of the genetic pool passed onto after generations.
NIOSH: The National Institute for Occupational Safety and Health is a federal agency.
It conducts research on health and safety concerns, tests, certifies respirators, and
trains occupational health and safety professionals
OSHA: U. S. Occupational Safety and Health Administration.
Permissible Exposure Limit (PEL): A term used by OSHA. Unless noted otherwise,
OSHA PELs are TWA concentrations that must not be exceeded during any eight-hour
work shift of a forty-hour workweek. These PELs are expressed as eight-hour TWA.
Additional information can be found on the OSHA web site, www.osha.gov.
Personal Protective Equipment (PPE): PPE is used to reduce exposures to hazards
when engineering and administrative controls are not feasible or effective in reducing
these exposures to acceptable levels.
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PFA: PFA resin is a polymer of tetrafluoroethylene and a perfluorinated vinyl ether
having the formula [(CF(ORf)–CF2)x(CF2-CF2)y]n where ORf represents a perfluoroalkoxy
group. PFA melts at 572oF (300oC) minimum and is melt processible. It is available in
the form of pellets, powder, and as an aqueous dispersion.
Polymer Fume Fever: A type of inhalation fever associated with the inhalation of
fluoropolymer decomposition products (exhaust effluents, fumes, and gases). It is
characterized by temporary flu-like symptoms, which may include fever, chills, and / or,
cough. Symptoms may be delayed approximately 4-24 hours following exposure. The
severity of effects depends on the extent of overheating and the quantity inhaled.
Decomposition products may produce progressive breathing difficulty and later develop
into severe pulmonary edema. Edema may be delayed and unlike polymer fume fever,
requires medical intervention.
PTFE: PTFE is a polymer consisting of recurring tetrafluoroethylene monomer units
whose formula is [CF2-CF2]n. PTFE does not melt to form a liquid and cannot be melt
extruded. On heating the virgin resin, it forms a clear coalescable gel at 630oF±20o
(332oC±10o). Once processed, the gel point (often referred to as the melting point) is
20oF (10oC) lower than that of the virgin resin. It is sold as a granular powder, a fine
powder, or an aqueous dispersion.
PVDF: PVDF is a homopolymer of vinylidene fluoride having the formula [CH2-CF2]n or
a copolymer of vinylidene fluoride and hexafluoropropene having the formula [(CF(CF3)CF2)x(CH2-CF2)y]n. PVDF polymers melt at 273 - 352oF (134 - 178oC) is melt
processible, and is supplied in the form of powder, pellets, or as an aqueous dispersion.
RCRA/US EPA WASTE INFORMATION: The Resource Conservation and Recovery Act
enacted by Congress in 1976. RCRA's primary goals are to protect human health and the
environment from the potential hazards of waste disposal, to conserve energy and natural
resources, to reduce the amount of waste generated, and to ensure that wastes are
managed in an environmentally sound manner. Enabling legislation is U.S.C. title 42,
chapter 82, subsections 6901 et seq. Additional information available from the US EPA
Office of Solid Waste, or via the URL: "http://www.epa.gov/epaoswer/general/orientat/".
Skin notation: Substances listed with designation "Skin" refer to the potential significant
contribution to the overall exposure by the cutaneous route, including mucous
membranes and the eyes, either by contact with vapors or, of probable greater
significance, by direct skin contact with the substance. Vehicles present in solutions or
mixtures can also significantly enhance potential skin absorption. It should be noted that
while some materials are capable of causing irritation, dermatitis, and sensitization in
workers, these properties are not considered relevant when assigning a skin notation. It
should be noted, however, that the development of a dermatological condition could
significantly affect the potential for dermal absorption.
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Use of the skin designation is intended to alert the reader that air sampling alone is
insufficient to accurately quantitate exposure and that measures to prevent significant
cutaneous absorption may be required.
For additional information refer to the current ACGIH TLVs® and BEIs® book or see
www.acgih.org.
Systemic: Systemic effect refers to an adverse health effect that takes place at a
location distant from the body's initial point of contact and presupposes absorption has
taken place.
Teratogenic: A teratogen (embryotoxic or fetotoxic agent) is an agent that interferes
with normal embryonic development without causing a lethal effect to the fetus or
damage to the mother. Effects are not inherited. –This contrasts with a local effect that
refers to an adverse health effect that takes place at the point or area of contact. The
site may be skin, mucous membranes, the respiratory tract, gastrointestinal system,
eyes, etc. Absorption does not necessarily occur.
Threshold Limit Value (TLV®) Threshold Limit Values (TLV®s) refer to airborne
concentrations of substances and represent conditions under which it is believed that nearly
all workers may be repeatedly exposed day after day without adverse health effects.
Because of wide variation in individual susceptibility, however, a small percentage of workers
may experience discomfort from some substances at concentrations at or below the
threshold limit; a smaller percentage may be affected more seriously by aggravation of a preexisting condition or by development of an occupational illness. Smoking of tobacco is
harmful for several reasons. Smoking may act to enhance the biological effects of chemicals
encountered in the workplace and may reduce the body's defense mechanisms against toxic
substances. The amount and nature of the information available for establishing a TLV®
varies from substance to substance; consequently, the precision of the estimated TLV® is
also subject to variation and the latest TLV® Documentation should be consulted in order to
assess the extent of the data available for a given substance.
THV: THV is a terpolymer of tetrafluoroethylene, hexafluoropropylene, and vinylidene
fluoride, having the formula [(CF2-CF2)x-(CF(CF3)-CF2)y(CH2-CF2)z]n. THV is melt
processible with melting points ranging from 240° to 356°F (115° to 180°C) depending
on grade. It is available in pellet, agglomerate or as an aqueous dispersion.
Threshold Limit Value / Time Weighted Average (TLV®-TWA): The time-weighted
average concentration for a conventional 8-hour workday and a 40-hour workweek, to
which it is believed that nearly all workers may be repeatedly exposed, day after day,
without adverse effect.
Tumorigenic: Tumors (benign and cancerous) are formed as swellings or abnormal
growth of tissues. The probability that tumors will occur depends on the species, sex,
strain, and age of the animal, as well as the dose, route and length of exposures to a
substance.
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Figure 1 - English Version

Figure 2 - French Version

Figure 3 – German Version

Figure 4 – Italian Version

23

Association of Plastic Manufacturers in Europe, now know as Plastics Europe (PE)
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APPENDIX G: “GUIDE TO THE PROPER DISPOSITION OF PTFE
PACKAGING”

PACKAGING DISPOSAL
INTRODUCTION
This guide, prepared in 1995 and last revised in 2005, provides information for the
fluoropolymer (FP) industry for the proper disposition of polytetrafluoroethylene (PTFE)
packaging. PTFE resins are packaged in several types of containers. Most PTFE resin
manufacturers’ ship in polyethylene-lined fiber boxes, fiber drums, or plastic drums, and
sell powder forms in fiber drums or woven polyethylene bags.
This Guide will address practices and regulations concerning land-filling, recycling, and
reusing PTFE resin packaging.
The same packages that provide a convenient means of marketing, protecting, and
handling a PTFE resin may present hazardous waste handling and disposal issues
once discarded. Although the properties of PTFE resins and their containers make
them generally non-hazardous under government regulations, certain additives may
make the product, the residues in the container, and/or the container itself, hazardous
for purposes of its disposal. Examples of such additives include processing aids such
as solvents, pigments containing heavy metals, such as cadmium, and other
ingredients.
For example, the plastic drums used in the PTFE resin industry to package and ship
resin are colorful, durable, and convenient. These are qualities which makes it
attractive to take "empty" drums home for a variety of uses. While these practices may
be satisfactory from a non-hazardous waste perspective, processors should be aware
that allowing employees to take home a FP resin container that would otherwise be
treated as a hazardous waste will likely be viewed by regulators as a violation of federal
and state disposal rules.
As this Guide describes, PTFE resin processors must identify discarded packaging that
is hazardous or that contains hazardous residues, and follow federal and state rules for
hazardous waste generators for handling and disposal. The disposal of PTFE resin
packaging that is not hazardous is generally not regulated under federal law, and such
packages can be incinerated at municipal waste-to-energy facilities, land-filled,
recycled, or reused. This discussion focuses on the more complex matter of proper
identification, handling, and disposal of packaging that is hazardous waste when
discarded. Some states also have regulations governing municipal and industrial waste
management. Companies should consult the waste disposal requirements of the state
in which they operate for more detailed information.
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The Environmental Protection Agency (EPA) enforces laws that regulate environmental
quality and hold responsible any party that has had a hand in using a drum for
consequent environmental impact. The EPA assumes that every drum that can hold a
hazardous substance has held such a substance, and will, in its enforcement efforts,
assess damages for environmental consequences against any person who has had
contact with any drum found in a dump or stored on the premises of a person whose
soil or air is found to be polluted or contaminated. Therefore, the Guide recommends
that all product labels be removed once a container is emptied of hazardous materials
as defined in the Occupational Safety and Health Administration (OSHA) standard on
Retention of DOT Markings, Placards, and Labels. 24 This standard requires employers
to ensure that labels, placards, and other markings required by the U.S. Department of
Transportation (DOT) under its hazardous materials regulations (otherwise known as
HM-181) remain on shipping containers until the containers are empty. Containers are
considered empty when they are cleaned of residue and purged sufficiently to remove
any potential hazard, and labels should then be removed accordingly.
The label retention requirements of the OSHA standard apply to all freight containers,
rail freight cars, and transport containers. With respect to non-bulk containers which are
not intended to be reshipped, the provisions of the standard are satisfied if those
containers are labeled in accordance with OSHA's Hazard Communication Standard
(HCS), 29 C.F.R. §1910-1200. Under this provision, employers do not have to add the
DOT marking or label to a container that is removed with an outer shipping container
from the container for on-site use.
For example, if multiple bags of a hazardous compounded fluoropolymer resin were
labeled with an OSHA hazard warning, the DOT marking from the exterior package
would not have to be added to the inner packaging.
Similar considerations may apply to packaging for other fluoropolymers. Contact your
resin supplier for more information.

COMPLIANCE FRAMEWORK
The federal Resource Conservation and Recovery Act (RCRA) requires PTFE resin
processors to analyze discarded packaging to identify whether it is hazardous waste. 25

24 59 Fed. Reg. 36695 (July 19, 1994).
25 In general, discarded material is abandoned, recycled, or determined by EPA to be inherently wastelike. An abandoned material includes one that is disposed of, burned or incinerated, or accumulated,
stored or treated prior to or in lieu of abandonment. A recycled material can be solid waste if it is
recycled in a manner constituting disposal, burned for energy recovery, by reclamation, or by
speculative accumulation. Recycled materials that are not solid waste are those directly used or reused
as ingredients or feedstocks in a production process, as effective substitutes for commercial products, or
that are recycled in closed-loop production processes. RCRA definitions in this area are generally
complex. A processor should consult with counsel to determine whether specific RCRA requirements
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Although certain exemptions may apply, discarded packaging is defined as hazardous
waste: (1)if it exhibits any of four hazardous characteristics: toxicity, reactivity,
corrosivity, or ignitability; or (2) if residue contained in the discarded packaging meets
these criteria. 26 RCRA regulates the management of hazardous waste from the point of
generation to its ultimate disposal. Once a discarded package used to ship and/or store
PTFE resin is identified as a hazardous waste, processors must comply with specific
management standards.

IDENTIFYING WHETHER PTFE RESIN PACKAGING IS HAZARDOUS
There are two ways that packaging used to ship and store PTFE resin may be
hazardous -- either it is hazardous because something in the packaging material itself
makes it hazardous, or because residue in the container makes it hazardous. It is
important to note that the issue arises only when a processor has decided to dispose of
the PTFE packaging or container. So long as the container is being used for its
intended purpose, it is not a waste.
Packaging: Packaging materials will be hazardous when discarded if, when tested, they
exhibit a hazardous waste characteristic. 27 For example, plain fiber drums lined with
polyethylene and plastic drums and pails generally would not contain a listed hazardous
waste as a component of the package itself. However, a container or packaging
containing large amounts of metals, colorants, or other additives could exhibit the
characteristic of toxicity. Waste materials will meet the RCRA toxicity characteristic if
any of 39 substances will leach out of the discarded material in excess of specified
levels when tested according to a precisely described procedure, called the toxicity
characteristic leaching procedure (TCLP). Waste generators need not actually perform
the TCLP on their wastes, however. They can make this determination based on
knowledge of the raw materials, production processes, and end product properties.
Residue: Any residue of the contents left in a discarded package must be considered in
determining whether the packaging is to be treated as hazardous waste. This is
determined by whether the residue material contains either a listed or characteristic
hazardous waste. Usually PTFE resins themselves will not be classified as
characteristic hazardous waste.

are triggered by its recycling activity.
26 A waste may be classified as hazardous if one or more of its components is listed by the
Environmental Protection Agency in the regulations at 40 C.F.R. §261.31 et seq. Processors should
consult their suppliers for additional information. Because fluoropolymer resin products are not wastes, it
is unlikely that this definition would apply to fluoropolymer packaging.
27 It is unlikely that packaging would be made from a listed hazardous waste. See 40 C.F.R. §261.31 et
seq. for the list of such wastes. Processors should consult their suppliers for additional information.
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PTFE resins are sold as a granular powder, a fine powder, a micropowder, or an
aqueous dispersion. The packaging varies depending on the form of the resin. Virgin
PTFE resins are generally inert, insoluble in water, unlikely to contain a listed hazardous
waste, and would not be expected to constitute a hazardous residue in a container.
Filled and pigmented PTFE resins are in widespread use, however. Users must
address hazard identification issues arising from the filled or pigmented resin, such as
those containing heavy metals like nickel or cadmium, or solvents. 28 Suppliers should
be contacted for specific health and safety information on additives used in their
products. Particularly the latex and paste forms of fluoropolymers may deserve scrutiny
when assessing the hazardous waste status of the residue in packaging because they
may contain solvents, metals or other additives.
The regrind or reprocessed PTFE resin market is generally derived from sintered or
machined products, or shavings from virgin resin. Sintered shavings are generally landfilled as scrap.
Empty Containers: "Empty" containers do not have to be handled as hazardous waste
under federal regulations. A container is "empty" if all wastes possible have been
removed by normal methods (e.g., pouring, pumping, aspirating); as long as no more
than 2.5 centimeters of residue (or less than 3% by weight of the container's total
capacity if the container held less than 110 gallons) remains at the bottom of the
container (the "one inch" rule). 29 If a container can be further emptied by pouring, it is
not “empty”. "Empty" containers still must be transported in accordance with the
Department of Transportation's (DOT's) hazardous material transportation regulations.

HANDLING AND DISPOSAL
As already described, pigmented, filled, or solvent-laden packaging may require
compliance with RCRA hazardous waste identification and disposal requirements.
Suitable precautionary measures must also be observed in their handling and
transportation. If a PTFE resin processor generates packaging waste which it identifies
as hazardous, it must obtain an EPA generator identification number before the
packaging can be transported or disposed of and comply with hazardous waste
manifest requirements. The generator will need to (1) prepare the packaging waste
properly for transportation off-site in accordance with DOT requirements, (2) submit
biennial reports, and (3) keep hazardous waste test results, waste analysis and

28 When a FP resin contains pigments, fillers or other materials, a hazard determination as required by
the OSHA Hazard Communication Standard (HCS) must be performed, and a Material Safety Data
Sheets (MSDS) must be prepared. OSHA requires that DOT labels remain on the package during
storage to assist in identifying potential hazards. They are not to be removed until the package is
“empty.”
29 40 §261.7 Residues of hazardous waste in empty containers.
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determination records. 30 Because the hazardous waste generator number refers to the
particular site of generation, a company with several plants will need to have separate
numbers for each site.
Regardless of whether the package is subject to hazardous waste requirements, any
labels should be removed by the processor before disposal or shipment for recycling or
reconditioning. However, as noted above, under current OSHA requirements in the
Hazard Communication Standard (HCS) and the Department of Transportation (DOT)
Hazardous Materials (HM) standards, labels must remain on the package until the
contents have been removed sufficiently to eliminate the hazard. In the case of
products which are hazardous, this may mean that the labels must remain on the
container until the disposal contractor has completed its processing. The HCS shipping
label must include the name and address of the manufacturer. For containers that are
being recycled or reconditioned, the processor should require that the recycler or
reconditioner remove the label after completion of the cleaning process.
Currently, PTFE resin processors may use one or more of the following practices for
disposing and handling of used packaging: (1) disposal by the processor by landfilling;
(2) collection by the package manufacturer for recycling into new packaging; (3) reuse
by the processor for packaging its product; (4) reuse by the resin manufacturer for
shipping virgin resin; (5) sale to third parties by the processor after cleaning and
inspecting the package; and (6) reuse by employees that take the packages home for
unknown uses. While these practices may be satisfactory from a nonhazardous waste
perspective, a company should determine whether the package should be treated as a
hazardous waste prior to disposal to ensure that hazardous waste is being handled
properly. Preferred options for disposal of hazardous packaging waste are recycling
and landfilling at an approved RCRA Treatment, Storage and Disposal (TSD) facility.
Containers with PTFE resin residue must not be incinerated unless the incinerator is
fitted to remove hydrogen fluoride and other acidic combustion gases.
Drum liners may be difficult to recycle because possible contamination may be difficult
to remove.
If a PTFE resin processor seeks to treat the hazardous packaging constituents in order
to transform the packaging into a non-hazardous material, it needs to have a RCRA
hazardous waste TSD facility permit, unless reuse of the material into a manufacturing
process falls within one of RCRA's exclusions. Discussion of these exclusions is
beyond the scope of this Guide. PTFE processors who wish to consider this method of
disposal should consult their attorney for specific compliance guidance.
Contaminated packaging must not be mixed with domestic or industrial waste that will
be incinerated without facilities to handle acidic combustion products. Environmental

30 Small quantity generators of less than 100 kilograms per month are conditionally exempt from RCRA,
but they are still subject to certain minimum standards.
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staff should make sure that funnels, bungs, and level indicators used with containers
are kept separate by function and decontaminated before being used elsewhere or for a
different purpose. Packages that are rinsed prior to disposal, recycling, or reuse should
be emptied in accordance with RCRA requirements, and the rinsate or liquid filtrate
residue should be discharged to a wastewater treatment system in accordance with
applicable permits and/or agreements with publicly owned treatment works. Rinsate or
residue that is removed from an “empty” container must be handled as a hazardous
waste under RCRA if the residue exhibits any of the hazardous characteristics if
discharge to a wastewater treatment system is not feasible or permitted.
EPA has set limits on the length of time generators can keep hazardous packaging
waste on-site before shipping it. Large quantity generators can keep hazardous waste
on-site for 90 days. Generally, small-quantity generators (less than 100 kg/month) can
do so for 180 days.1/ Stored hazardous waste must be inspected weekly and
inspections must be documented.
Hazardous packaging should be handled in a manner that avoids ruptures and releases
and should be periodically inspected against leaking or spilling. To constitute a
hazardous waste spill or leak, the container itself does not have to be leaking material
on the floor of the storage facility. For example, regulators will consider any waste
running down the side of a drum a leak.
Management should delegate overall responsibility for a hazardous waste compliance
program -- including container management -- to an employee well versed in federal
and state waste management requirements. Other responsible individuals may also
need training in waste management so they will be qualified to recognize problems and
conduct periodic spot-checking.

LIABILITY ISSUES
Even if disposal was proper, generators may be strictly, jointly, and severally liable
under the Superfund law for the cleanup of a hazardous waste site at which the
discarded, hazardous PTFE resin package waste is found. In other words, each party
may be held individually liable for the entire amount of the clean up, regardless of
whether or not they caused the entire contamination episode. There need be no strict
causal connection between the disposal of any particular waste and the subsequent
release of the same type of waste from a facility for a company to be liable. The
generator does not have to specifically select the disposal site to be liable. Companies
may try to limit their liability, but the burden is on them to prove they should pay only
part of the cost.
To address these concerns in the packaging area, some manufacturers have eliminated
undesirable additives that may pose a problem during disposal when a less toxic
substitute is available. For example, many manufacturers have reformulated color
concentrates to replace those containing heavy metals. Processors should also be
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aware that allowing employees to take home a PTFE resin container which would
otherwise be treated as a hazardous waste will likely be viewed by regulators as a
violation of federal and state disposal rules. Companies should conduct a hazardous
waste determination as an initial matter once the package is considered for discard, and
only those containers which are determined to be nonhazardous should be reused in
this manner.
For liability reasons, when non-hazardous packaging is sold, given away, or otherwise
discarded, labels should be removed. If the empty container is later used for hazardous
materials, the label identifying the processor or the manufacturer may result in liability
for improper disposal of those materials. Removal of labels and other identifying
information once the container is empty and determined not to contain hazardous
materials is the only way to assure that processors and manufacturers do not encounter
such unfounded liability.

OTHER FEDERAL REQUIREMENTS AFFECTING PACKAGING
There are other regulatory restrictions which may affect packaging disposition, including
rule 41 of Uniform Freight Classification, Food and Drug Administration (FDA)
regulations, and DOT's Hazardous Materials (HazMat) Regulations. In reviewing
packaging additive petitions for clearance, FDA will look at disposal methods for the
additive with the concern that it is not going to replace a product that is being recycled.
DOT regulates all shipments of hazardous wastes. Consequently, once packaging
becomes a waste, and is identified as a hazardous waste under RCRA, DOT's HazMat
requirements are triggered. The company shipping the material is responsible for
properly classifying the material and complying with DOT's regulations. For shipping
purposes, a material's hazardous classification is determined by consulting the listings
of the Hazardous Materials Table at 49 C.F.R. ' 172.101, or if it meets a definition of a
known hazard. 31
Generally, shippers of empty packaging that contains hazardous material residue must
comply with DOT's HazMat regulations unless the package meets strict DOT
requirements for ensuring that it is sufficiently cleaned to remove the potential hazard or
is reused in a manner that no longer poses a hazard. Most empty packaging containing
hazardous residue will need to be shipped in compliance with DOT's regulations. 32

31 DOT regulates materials meeting the definition of at least one of the following hazards: explosives
(class 1); gases (class 2 (includes poisonous and flammable)); flammable liquids (class 3); flammable
solids (class 4); oxidizer (class 5.1); organic peroxides (class 5.2); poisons (class 6.1); infectious
substances (class 6.2); radioactive materials (class 7); corrosives (class 8); and miscellaneous (class 9).
32 DOT does not follow the RCRA "one-inch" rule for empty containers (described on page 5 of this
guide); with limited exceptions, HazMat regulations will apply to shipments of RCRA "empty" containers
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Once DOT's regulations are triggered by the offering of hazardous materials for
transportation, the shipper is subject to DOT hazard identification, training, emergency
response and packaging requirements. For further information on DOT’s requirements,
please contact your supplier’s representative or SPI.

STATE REGULATION ISSUES
The responsibility for enforcement of hazardous waste regulations usually lies with the
states which have been authorized by EPA to implement the RCRA hazardous waste
program. Regulation of discarded packaging may be more comprehensive than the
federal rules in many states. Examples of the types of state regulation that may impact
PTFE packaging include: (1) prohibiting of such packaging in landfills or incinerators;
(2) reuse or recycling requirements; (3) recycled content and source reduction
standards; (4) municipal solid waste management standards; (5) bans on heavy metals
for use in packaging; and (6) coding requirements.
Some states regulate both hazardous and non-hazardous wastes. They are called
variously “special,” “residual” or “industrial” wastes. States may use other terms to
describe the regulated materials. Consult your state regulations.
For non-hazardous wastes, this classification imposes additional requirements for the
handling and disposal. Special or industrial waste regulations usually address wastes
that are liquids, sludges, wastes from industrial processes and other sources specified
by the state. Typically, the regulations will specify the type of landfill or disposal facility
that can be used for these wastes. These regulations typically also require a
transportation manifest for all special waste shipments. In some states, wastes from
industrial processes are presumed to be special wastes unless the generator can
demonstrate through testing or other method that the waste can be handled in a less
restrictive manner. Processors must be familiar with the state regulations that apply to
them.
The U.S. EPA maintains a list of state agencies with links to their websites. As of the
date of publication of this edition of this Guideline, the EPA state waste website was at
http://www.epa.gov/epaoswer/osw/stateweb.htm.

RECOMMENDED DISPOSAL ALTERNATIVES
SCOPE
This portion of the Guide delineates the proper disposal method alternatives for plastic,
steel and fibre drums used to contain PTFE materials. These options include disposal,
recycling, or reconditioning and reuse.
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GENERAL INFORMATION
All procedures described below should be carried out only by a person qualified to
perform the described operations. There are a number of directories in circulation that
describe reconditioner networks in the United States and Canada. The selection of a
reconditioning service should be preceded by an on-site inspection of their premises
and inspection of the applicable permits, to assure that all requirements can be met,
and that there is documentation that the person is performing his function as he
describes it being done and in a lawful manner. Contact your supplier for assistance in
finding a suitable disposal or recycling contractor.
The following suggested methods for preparing drums and for pre-qualifying a company
to dispose, recycle or recondition drums are typical procedures that can be used
regardless of the type of drum used or the method of disposal. They are based on the
collective experience of members of the industry, but are not intended to be exhaustive,
nor is it claimed to satisfy all current legal requirements related to control of these
operations. Specific procedures for the different types of drums follow the generic
procedures immediately following.
All procedures described below should be carried out in accordance with all applicable
OSHA, EPA, and DOT regulations as they pertain to the safe handling and disposal of
packaging containing PTFE materials.
GENERAL GUIDELINES FOR CONTAINER DISPOSAL CONTRACTOR SELECTION
The most effective way to ensure that a container disposal contractor will comply with all
federal, state, and local laws and regulations is to enter agreements with competent
contractors and insert as a condition of performance of the agreement the requirement
that the contractor will comply with all applicable laws and regulations.
Several selection criteria should be applied to contractors. The person responsible for
the hiring of a contractor should require each prospective contractor to supply sufficient
evidence of:
1. At least three to five references of persons presently using the services of the
contractor. The references should include the name of the customer contact. The
person reviewing the qualifications should contact at least half of the references
supplied.
2. Copies of all pertinent licenses and permits, including ordinary business licenses;
the reviewer should confirm that the licenses are current and valid. A phone call to the
appropriate licensing agency is normally adequate to verify the contractor's license
validity.
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3. A copy of the contractor's insurance certificate so that the reviewer may examine the
amount and type of coverage carried by the contractor. The certificate should be
examined to ascertain the basis of the coverage, the policy limits, any exclusions, and
the scope of coverage. Finally, determine that the insurance company is qualified to do
business in the state where the contractor is located.
4. If hazardous waste disposal is contemplated, the project coordinator should consider
visiting the site to evaluate the contractor. Factors to consider when deciding whether
to visit the site include the amount and type of waste the contractor will handle, the size
of the contractor, the type and number of any violations, and status of the contractor's
licenses and insurance.
5. A list of any legal actions related to regulatory compliance, including citations,
notices, consent decrees, and/or penalties received in the previous five years, from any
federal, state, or local agency. The contractor should list all inspections by EPA, OSHA,
and local agencies for the same period. This should not be used as a tool to eliminate
contractors on the basis that any violation disqualifies them. It is virtually impossible for
a company to avoid a citation from a determined inspector, and even good companies
are susceptible to citation in most situations. It is much more important to know that the
contractor has been honest in disclosing the existence of these legal entanglements
and in taking action to comply with the rules. Since the citations are public information,
a simple telephone call to the appropriate agency can often verify the information. The
reviewer should also consider the kinds of violations that were found, and the
contractor's efforts at correcting the deficiencies.
6. A statement by the contractor certifying that the contractor has a health and safety
program, including hazardous waste operations, hazard communication, medical
surveillance, respiratory protection, and other appropriate written programs. Copies of
the programs should be reviewed during the site visit.

QUALITY CONTROL
The company who obtains a contractor specifically for the disposal, recycling, or
reconditioning of its drums should do all of the following:
1. As appropriate, inspect and certify the premises and operations of reconditioners,
recyclers, and disposal facilities before first use and periodically thereafter.
2. If drums are destined for disposal or recycling, assure that the qualified company
has adequate equipment to destroy the drums or arrangements with a company that
actually shreds or grinds the drum after required cleaning.
3. Obtain and retain copies of Certificates of Destruction or Reuse for five years.
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4. If purchasing reconditioned drums, have an incoming inspection program in place; a
statistically validated program, for example, as specified in certain government
procurement standards, may be necessary. Drums should be inspected for:
a.
b.
c
d.
e.

Satisfactory and snug fit of all components
Overall cleanliness
Structural integrity
Good appearance
Absence of objectionable odors

5. Review and document performance of reconditioners on a regular basis.
6. For disposal, inquire and approve of method of final disposal.

PREPARATION OF DRUMS FOR DISPOSAL, RECONDITIONING OR RECYCLING
1. Empty drums of all residual materials after use. Check with the vendor who will
receive the container as to the maximum acceptable residue they will allow. Fibre
drums should be triple-rinsed, drip-dried, and should be stored upside down; outside
storage is allowed if drums are protected from direct contact with rain or standing water.
No extraneous material, such as production residues, trash, labels, or scrap is permitted
on the drum. Dispose of cleaning residue properly.
2. Reassemble the drum with intact cover and lockband in place and secure for
shipment.
3. Do not nest drums inside one another for handling or shipment unless instructed to
do so by the drum recipient; this will result in double charges for cleaning.
4. Stack drums on pallet three high and stretch wrap for stability.
5. Manifest drums for shipment showing that the drums previously contained PTFE (or
other material as applicable).
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A. Plastic Drums
IMPLEMENTATION
1. To arrange shipment, contact a previously qualified company who will clean and
prepare the drum for further disposal, recycling, or reuse.
2. Include a requirement for a Certificate of Destruction or a Certificate of Reuse in
your Purchase Order in the case of disposal and reconditioning.
3. Inspect the company's premises and operations before first use and periodically
thereafter.
4. Ship the drum to the company's acceptance point in accord with their instructions.

PROCEDURES FOR CONTRACTORS
Companies contracted to handle disposal, recycling or reuse should do all of the
following:
A1.

Document receipt of drums from shipper and verify their quantity and uniformity.

A2. Visually inspect drums for cleanliness and residual content before accepting
shipment. Return drums to the shipper that do not meet cleanliness requirements of
this Guide. Assure that drums previously contained only PTFE and associated
materials.
A3.

Remove lockbands and covers and segregate into individual holding bins.

A4. Place drums right side up on a conveyor belt, according to the specific process.
Spray with a prewash solution to clean off residual dirt from outside surface. Steam if
necessary to assure removal of labels and residuals.
A5. Invert drum and spray inside with high pressure water or caustic solution.
Dispose of residue from cleaning properly.
A6.

Submerge the drum in a mild surfactant solution for up to five minutes.

A7.

Rinse the drum, inside and outside, with a fresh water solution.

A8.

Visually inspect the drum to determine if all residues have been removed.

A9.

If all residues have not been removed, begin the process at Step 4 again.
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A10. When inspection reveals that all residues have been removed, place drum in an
air blast and allow drums to air dry. Remove all product and warning labels.
A11. Process covers and lockbands in a similar manner. Lockbands should be
accumulated and sold to a scrap yard.
RECONDITIONING
In addition to steps A1 - A11 above, the reconditioner should do all of the following:
A12. Inspect drums for suitability of reuse. Carefully determine if the drums have been
punctured, overstressed (as evidenced by "whitening"), if the top chime area is
damaged in any way, if the drum body is cut, gouged, or otherwise damaged in any
manner likely to affect the structural integrity of the drum. If such any conditions exist,
reject the drum for reuse and grind up or otherwise destroy.
A13. Inspect the lockband for damage or rust. Do not attempt to straighten lockband if
it is bent. If rusted, sandblast and repaint if it is desired to reuse the lockband. Inspect
the latch mechanism for damage. If lockbands are damaged, bent, or is not desired for
reuse due to rusting, dispose of them at a scrap yard.
A14. If drum or cover is scuffed, flame treat to restore finish. Assure that the
temperature of the plastic materials does not exceed 160 degrees F.
A15. Assemble drums for shipment assuring that covers fit and lockbands lock up
securely. If cover or lockbands doe not fit, do not reuse and instead dispose of
properly.
A16. Assemble drums on pallet and shrink wrap for shipment.
A17. Provide source shipper with a Certificate of Reuse for drums returned to service.
Provide source shipper with a Certificate of Destruction for drums that are not suitable
for reuse and dispose of consistent with this Guide.
RECYCLING
In addition to steps A1 - A11 above, the recycler should do all of the following:
A18. After all residues have been removed from the drums, convey drums to shredder
or granulator. If drums will not fit the throat of the shredder, cut drums into pieces with a
properly protected band saw or sabre saw. Shred or granulate drums in a machine with
a maximum 3/8 inch screen.
A19. Process covers and lockbands in a similar manner. Covers can be likewise
ground.
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A20. Pack pieces of drum and cover into suitable container.
A21. Recycle as appropriate.
A22. Lockbands should be accumulated and sold to a scrap yard
A23. Provide shipper with a Certificate of Destruction for the drums so destroyed.
DISPOSAL
In addition to steps A1 - A11 above, the disposal company should do all of the following:
A24. After all residues have been removed from the drums, convey drums to shredder
or granulator. If drums will not fit the throat of the shredder, cut drums into pieces with a
properly protected band saw or sabre saw. Shred or granulate drums in a machine with
a maximum 3/8 inch screen.
A25. Process covers and lockbands in a similar manner. Covers can be likewise
ground.
A26. Pack pieces of drum and cover into suitable container.
A27. Incinerate or dispose of in landfill as appropriate.
A28. Lockbands should be accumulated and sold to a scrap yard
A29. Provide shipper with a Certificate of Destruction for the drums so destroyed.
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B. Steel Drums
IMPLEMENTATION
1. To arrange shipment, contact a previously qualified company who will clean and
prepare the drum for further disposal, recycling or reuse.
2. Include a requirement for a Certificate of Destruction or a Certificate of Reuse in
your purchase order, as appropriate.
3. As appropriate, inspect the company's premises and operations before and
periodically thereafter.
4. Ship the drum to the company's acceptance point in accord with their instructions.
PROCEDURES FOR CONTRACTORS
B1.

Document receipt of drums from shipper and verify their quantity and uniformity.

B2. Visually inspect drums for cleanliness and residual content before accepting
shipment. Return drums to the shipper that do not meet cleanliness requirements of
this Guide. Assure that drums previously contained only PTFE and associated
materials.
B3.

Remove lockbands and covers and segregate into individual holding bins.

B4. Burn interiors of drums and covers inside to the base metal to completely remove
all previous contents. After burning, all burn residue must be completely removed from
the interior of the drum. Burn the drum until all residues are removed.
B5.
Visually inspect the drum to determine if all residues have been removed.
Remove all product and warning labels.
B6.

If all residues have not been removed, begin the process at Step 4 again.

RECONDITIONING
In addition to steps B1 - B6 above, the reconditioner should do all of the following:
B7.
No STP drums (single trip containers) are legally eligible for reconditioning.
Drums must be minimum 18/20 construction (18 gauge bottom and cover with a 20
gauge body).
B8.
Shot blast drums and lids to remove all rust scale on interior and exterior areas.
All shot residue and blast debris must be completely removed from the drum interior.
Copyright 1992, 1995, 1998, 2005 The Society of the Platics Industry, Inc.
- 108 -

Appendix G

Packaging Disposal

B9.
Invert and impact blasted drums to remove all shot material. Shot removal will
be done following expansion (reforming) and prior to chime sealing.
B10. All drums will be rerolled or expanded to remove dents and reshape rolling
hoops.
B11. All chimes will be recurled to assure good closure when ring is applied. Top
chimes that are dented or otherwise deformed after recurling will be recycled and not
reused.
B12. All seams and crimps will be inspected to assure that there are no gaps, tears,
irregularities, sharp edges, rust pockets, residual contaminants, or shear points. Drums
so found may not be reused. Drums that are rusted, punctured, or shot-blasted through
will be recycled and not reused.
B13. Covers will be inspected for malformation or other evidence of abuse. Severely
dented and abused covers will be recycled and not reused. Gaskets will be installed
after lining material is applied.
B14. Lockbands will be inspected for deformation and integrity of the latch
mechanism. Bent or broken lockbands will not be reused. Rusted areas will be shotblasted and repainted.
B15. Drums and covers will be coated with a food grade phenolic coating, covering all
interior surfaces and extending several inches over the curl in the case of the drum.
Phenolic coating will be performed prior to exterior painting. Drums and lids will be
properly oven cured, turning the drums periodically to assure that no blisters develop.
No scratches are permitted.
B16. An exterior enamel coating will be applied evenly and uniformly, and properly
dried before handling.
B17. Drums will be carefully inspected after the painting process and before shipping
to assure that the surfaces are not defective and that there are no pockets or sharp
edges in evidence.
B18. Drums will be stacked and shrink wrapped on pallets. Delivery of reconditioned
drums will be made in clean vehicles, free of contaminants. Clean reconditioned drums
will not be carried with unclean containers.
RECYCLING
In addition to steps B1 - B6 above, the recycler should do all of the following:
B19. Convey drums to crusher or shredder. Crush or shred drums and package
appropriately.
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B20. Process covers and lockbands in a similar manner. All materials should be
accumulated and sold to a scrap yard or other recycler.
B21. Provide shipper with a Certificate of Destruction for the drums so destroyed.
DISPOSAL
In addition to steps B1 - B6 above, the disposer should do all of the following:
B22. Drums, covers, and lockbands should be accumulated and sold to a scrap yard
or other recycler.
B23. Provide shipper with a Certificate of Destruction for the drums so destroyed.
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C. Fibre Drums
IMPLEMENTATION
1. To arrange shipment, contact a previously qualified company who will clean and
prepare the drum for further disposal, recycling or reuse.
2. Include a requirement for a Certificate of Destruction or a Certificate of Reuse in
your purchase order, as appropriate.
3. As appropriate, inspect the company's premises and operations before and
periodically thereafter.
4. Ship the drum to the company's acceptance point in accord with their instructions.
5. Drum service scheduled with a fibre drum recycler.
6. Drums inspected by recycling service employee.
7. Drums can be recycled on site using a service such as the Mobile Express
Recycling Vehicle (MERV), or other commercial fiber drum recycling services.
a. Metal chimes are separated from sidewall and placed in metal compartment on
vehicle along with metal cover and lockbands.
b. The fibre sidewall is cut into small strips and loaded into the fire compartment.
c. Plastic covers and plastic lockbands are placed in separate compartments.
8. On-site process time is around 100-200 drums per hour depending on drum size and
extent of drum preparation.
PROCEDURES FOR CONTRACTORS
Companies contracted to handle disposal, recycling or reuse should do all of the
following:
C1.

Document receipt of drums from shipper and verify their quantity and uniformity.

C2. Visually inspect drums for cleanliness and residual content before accepting
shipment. Return drums to the shipper that does not meet cleanliness requirements of
this Guide. Assure that drums previously contained only PTFE and associated
materials.
C3.

Remove lockbands and covers and segregate into individual holding bins.
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C4. Fiber drums cannot be cleaned with water. Residue must be removed as
completely as possible before reuse.
C5.
C6.

Visually inspect the drum to determine if all residues have been removed.
If all residues have not been removed, begin the process at Step 4 again.

C7. When inspection reveals that all residues have been removed, remove all
product and warning labels and place drum in storage.
C8. Process covers and lockbands in a similar manner. Lockbands should be
accumulated and sold to a scrap yard.
RECONDITIONING
In addition to steps C1 - C8 above, the reconditioner should do all of the following:
C9. Inspect drums for suitability of reuse. Carefully determine if the drums have been
punctured, overstressed (as evidenced by "whitening"), if the top chime area is
damaged in any way, if the drum body is cut, gouged, or otherwise damaged in any
manner likely to affect the structural integrity of the drum. If such any conditions exist,
reject the drum for reuse and grind up or otherwise destroy.
C10. Inspect the lockband for damage or rust. Do not attempt to straighten lockband if
it is bent. Inspect the latch mechanism for damage. If lockbands are damaged, bent, or
is not desired for reuse due to rusting, dispose of them at a scrap yard.
C11

If drum or cover is scuffed, treat to restore finish.

C12. Assemble drums for shipment assuring that covers fit and lockbands lock up
securely. If cover or lockbands doe not fit, do not reuse and instead dispose of
properly.
C13. Assemble drums on pallet and shrink wrap for shipment.
C14. Provide source shipper with a Certificate of Reuse for drums returned to service.
Provide source shipper with a Certificate of Destruction for drums that are not suitable
for reuse and dispose of consistent with this Guide.
RECYCLING
In addition to steps C1 - C8 above, the recycler should do all of the following:
C15. After all residues have been removed from the drums, convey drums to shredder
or granulator. If drums will not fit the throat of the shredder, cut drums into pieces with a
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properly protected band saw or sabre saw. Shred or granulate drums in a machine with
a maximum 3/8 inch screen.
C16. Process covers and lockbands in a similar manner. Covers can be likewise
ground.
C17. Pack pieces of drum and cover into suitable container.
C18. Recycle as appropriate.
C19. Lockbands should be accumulated and sold to a scrap yard.
C20. Provide shipper with a Certificate of Destruction for the drums so destroyed.
DISPOSAL
In addition to steps C1 - C8 above, the disposal company should do all of the following:
C21. After all residues have been removed from the drums, convey drums to shredder
or granulator. If drums will not fit the throat of the shredder, cut drums into pieces with a
properly protected band saw or sabre saw. Shred or granulate drums in a machine with
a maximum 3/8 inch screen.
C22. Process covers and lockbands in a similar manner. Covers can be likewise
ground.
C23. Pack pieces of drum and cover into suitable container.
C24. Incinerate or dispose of in landfill as appropriate.
C25. Lockbands should be accumulated and sold to a scrap yard
C26

Provide shipper with a Certificate of Destruction for the drums so destroyed.
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APPENDIX H: TFE IN FLUOROPOLYMERS

At the Fluoropolymer Division Fall 1996 Conference, a series of presentations was
made discussing the results of the National Toxicology Program's (NTP) animal study of
the effects of exposure to tetrafluoroethylene (TFE) gas. This brief written summary is
based on the presentations given at that meeting.
As noted in Chapter 1, TFE is a monomer used to make certain fluoropolymers. Even
though it is a gas, a minute quantity of TFE may remain in the resin. There is also the
potential that some TFE may be formed during heat processing or overheating of
fluoropolymers of all kinds. Tests performed by resin manufacturers show that small
amounts TFE may be evolved during processing of fluoropolymer resins.
The Formation of TFE from heating PTFE has been studied. Experimental data on the
formation of TFE during the decomposition of PTFE at temperatures from about 500752oF (260-400oC) are shown in FIGURE 1. PTFE was heated in a stream of air or
inert gas (helium) and the TFE was trapped out and then analyzed. The data plotted in
Figure 1 suggest that TFE is formed at a rate of about 1-30 ppm (microgram TFE/gram
polymer processed)/hour. Ventilation of processing operations to prevent exposure to
TFE other acute toxicants as described in Chapter 3 is required.
TABLE 1 shows that TFE has not been found in articles, manufactured using standard
recommended processing conditions. The method of analysis had detection limits
generally down to about 0.01 ppm weight/weight.
TABLE 1 - TFE CONCENTRATION IN POLYMER

Powder

Aqueous

Sintered

ppm (w/w)

ppm (w/w)

ppm (w/w)

Data Source
TNO 1979

value
Lod
PIRA 1987
value
Lod
TNO 1994
value
Lod
Producers 1996 Value
Lod
Lod = Limit of Detection
nd = Not Detected

nd
0.01
nd
0.01
nd
0.3
nd
0.01-1.00

nd
0.01
nd
0.01
0.24
0.2-0.7

nd
0.01

TFE formation in processing PTFE has been studied at and above the maximum
continuous recommended service temperature of 500oF (260oC). TFE is first detectable
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at temperatures of 608oF (320oC) when PTFE was heated in air, being found in one of
two runs at that temperature.
Figure 1 - TFE FORMATION FROM PTFE

TFE monomer was tested for its
carcinogenicity by researchers at the
National Toxicology Program using
standard techniques for the types of
animal studies performed. The study
results were interpreted by the NTP
peer reviewers as showing "clear
evidence of carcinogenic activity” in
both rats and mice.
Levels of TFE monomer in resins are
low; resin manufacturers can provide
information on sampling techniques and
laboratory methods of analysis to allow
measurement of occupational exposure
in processing.
®

The TLV is 2 parts per million (ppm) of
TFE based on an eight-hour time
weighted average.
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Processors should evaluate their operations to determine if their employees have the
potential for exposure to TFE, as well as other chemicals that may be encountered in
processing fluoropolymers and, if so, to provide training under the Occupational Safety
and Health Administration (OSHA) Hazard Communication Standard (HCS).
Exposure to TFE should not be confused with the exposure to the degradation products
that cause polymer fume fever (PFF). PFF is a condition that sometimes results when
persons are exposed to the fumes that are generated when PTFE and other
fluoropolymer resins are overheated or “burned off.” Although it is theoretically possible
that some TFE may be produced in the effluent generated, other substances, including
hydrogen fluoride, perfluoroisobutylene, fine particulates, and carbonyl fluoride, are
known to be produced and are present in quantities that may be hazardous. Current
data suggests that PFF may be attributable to heated ultra-fine particles of polymers.
There is no known relationship between PFF and the carcinogenic response in rodents
exposed to TFE. Processors should review the information about PFF in Chapter 2 Potential Health Effects and Chapter 4 – Industrial Occupational Hygiene with their
employees and make sure they use appropriate controls, such as enclosures and
ventilation, to limit potential employee exposure.
TFE is listed under the California “The Safe Drinking Water and Toxic Enforcement Act
of 1986 (Proposition 65)” as a chemical known to the State to cause cancer.
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A3 rating: ACGIH® animal carcinogen rating. Confirmed animal carcinogen with
unknown relevance to humans: The agent is carcinogenic in experimental animals at a
relatively high dose, by routes of administration at sites, of histologic types, or by
mechanisms that may not be relevant to worker exposure. Available epidemiologic
studies do not confirm an increased risk of cancer to exposed humans. Available
evidence does not suggest that the agent is likely to cause cancer in humans except
under uncommon or unlikely routes or levels of exposure. Source: current edition,
ACGIH Threshold Limit Values (TLV®s) for Chemical Substances and Physical Agents
and Biological Exposure Indices (BEI®s).
Algistatic: An agent that is active against algae, but does not necessarily destroy algae
(i.e. not algicidal).
American Conference of Governmental Industrial Hygienists (ACGIH): A professional
organization devoted to the administrative and technical aspects of occupational and
environmental health. ACGIH is not a government entity. For additional information
refer to the current ACGIH TLVs® and BEIs® book or see www.acgih.org.
Ammonium Perfluorooctanoate (APFO): Ammonium perfluorooctanoate, or APFO, is
the ammonia salt of perfluorooctanoic acid, having the chemical formula C7F15- CO2NH4+. APFO is a commonly used FPA. This perfluorochemical is a powerful surfactant
used to emulsify and stabilize fluoropolymer dispersions.
APME: Association of Platics Manufacturers in Europe. Now known as Plastics Europe
(PE)
FEP: FEP resin is a polymer of tetrafluoroethylene and hexafluoropropylene with the
formula [(CF(CF3)-CF2)x(CF2-CF2)y]n. It has a melting point range of 473°-563oF (245280oC) and is melt processible. It is supplied in the form of translucent pellets, powder,
or as an aqueous dispersion.
Fluoropolymer dispersions: Fluoropolymer dispersions are an aqueous form of
fluoropolymer consisting of finely divided fluoropolymer particles suspended in water.
They are frequently used as ingredients for coating compositions applied to metal
surfaces or fiberglass cloth to create durable, nonstick surfaces.
Fluoropolymer Polymerization Aid (FPA): FPAs are members of a class of commercially
available perfluoroalkyl carboxylate surfactants (e.g., ammonium and sodium perfluorooctanoate). FPAs are used to suspend and emulsify some fluoropolymers during
manufacture or industrial use and are typically used in concentrations less than 0.5%.
Micellar solutions: Surfactants in water can pack together to form aggregates called micelles.
These aggregates usually have oil soluble surfactant tails bunched together in their interiors,
and polar surfactant heads facing the water phase.
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Mutagenic: A mutagen interferes with the proper replication of genetic material
(chromosome strands) in exposed cells. If germ cells are involved, the effect may be
inherited and become part of the genetic pool passed onto after generations.
Nanopowders: Nanopowders consist of particles which range in size from 1 to 100
nanometers (nm) (10-9 meter). Particles this small are also known as ultrafine particles.
NIOSH: The National Institute for Occupational Safety and Health is a federal agency.
It conducts research on health and safety concerns, tests, certifies respirators, and
trains occupational health and safety professionals
OSHA: U. S. Occupational Safety and Health Administration.
Perfluoro octanoic acid (PFOA): Perfluoro octanoic acid or PFOA has the chemical
formula of C7F15- CO2H
Permissible Exposure Limit (PEL): A term used by OSHA. Unless noted otherwise,
OSHA PELs are TWA concentrations that must not be exceeded during any eight-hour
work shift of a forty-hour workweek. These PELs are expressed as eight-hour TWA.
Additional information can be found on the OSHA web site, www.osha.gov.
Personal Protective Equipment (PPE): PPE is used to reduce exposures to hazards
when engineering and administrative controls are not feasible or effective in reducing
these exposures to acceptable levels.
PFA: PFA resin is a polymer of tetrafluoroethylene and a perfluorinated vinyl ether
having the formula [(CF(ORf)–CF2)x(CF2-CF2)y]n where ORf represents a perfluoroalkoxy
group. PFA melts at 572oF (300oC) minimum and is melt processible. It is available in
the form of pellets, powder, and as an aqueous dispersion.
PFOA: see Perfluoro octanoic acid
Polymer Fume Fever: A type of inhalation fever associated with the inhalation of
fluoropolymer decomposition products (exhaust effluents, fumes, and gases). It is
characterized by temporary flu-like symptoms, which may include fever, chills, and / or,
cough. Symptoms may be delayed approximately 4-24 hours following exposure. The
severity of effects depends on the extent of overheating and the quantity inhaled.
Decomposition products may produce progressive breathing difficulty and later develop
into severe pulmonary edema. Edema may be delayed and unlike polymer fume fever,
requires medical intervention.
PTFE: PTFE is a polymer consisting of recurring tetrafluoroethylene monomer units
whose formula is [CF2-CF2]n. PTFE does not melt to form a liquid and cannot be melt
extruded. On heating the virgin resin, it forms a clear coalescable gel at 630oF±20o
(332oC±10o). Once processed, the gel point (often referred to as the melting point) is
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20oF (10oC) lower than that of the virgin resin. It is sold as a granular powder, a fine
powder, or an aqueous dispersion.
PVDF: PVDF is a homopolymer of vinylidene fluoride having the formula [CH2-CF2]n or
a copolymer of vinylidene fluoride and hexafluoropropene having the formula [(CF(CF3)CF2)x(CH2-CF2)y]n or a copolymer of vinylidene fluoride and chlorotrifluoro ethylene
having the formula [(CFClCF2)x(CH2-CF2)y]n PVDF polymers melt at 273 - 352oF (134 178oC) is melt processible, and is supplied in the form of powder, pellets, or as an
aqueous dispersion.
RCRA/US EPA WASTE INFORMATION: The Resource Conservation and Recovery Act
enacted by Congress in 1976. RCRA's primary goals are to protect human health and the
environment from the potential hazards of waste disposal, to conserve energy and natural
resources, to reduce the amount of waste generated, and to ensure that wastes are
managed in an environmentally sound manner. Enabling legislation is U.S.C. title 42,
chapter 82, subsections 6901 et seq. Additional information available from the US EPA
Office of Solid Waste, or via the URL: http://www.epa.gov/epaoswer/general/orientat/.
Skin notation: Substances listed with designation "Skin" refer to the potential significant
contribution to the overall exposure by the cutaneous route, including mucous
membranes and the eyes, either by contact with vapors or, of probable greater
significance, by direct skin contact with the substance. Vehicles present in solutions or
mixtures can also significantly enhance potential skin absorption. It should be noted that
while some materials are capable of causing irritation, dermatitis, and sensitization in
workers, these properties are not considered relevant when assigning a skin notation. It
should be noted, however, that the development of a dermatological condition could
significantly affect the potential for dermal absorption.
Use of the skin designation is intended to alert the reader that air sampling alone is
insufficient to accurately quantitate exposure and that measures to prevent significant
cutaneous absorption may be required.
For additional information refer to the current ACGIH TLVs ® and BEIs ® book or see
www.acgih.org.
Systemic: Systemic effect refers to an adverse health effect that takes place at a
location distant from the body's initial point of contact and presupposes absorption has
taken place.
Teratogenic: A teratogen (embryotoxic or fetotoxic agent) is an agent that interferes
with normal embryonic development without causing a lethal effect to the fetus or
damage to the mother. Effects are not inherited. –This contrasts with a local effect that
refers to an adverse health effect that takes place at the point or area of contact. The
site may be skin, mucous membranes, the respiratory tract, gastrointestinal system,
eyes, etc. Absorption does not necessarily occur.
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Threshold Limit Value (TLV®) Threshold Limit Values (TLVs®) refer to airborne
concentrations of substances and represent conditions under which it is believed that nearly
all workers may be repeatedly exposed day after day without adverse health effects.
Because of wide variation in individual susceptibility, however, a small percentage of workers
may experience discomfort from some substances at concentrations at or below the
threshold limit; a smaller percentage may be affected more seriously by aggravation of a preexisting condition or by development of an occupational illness. Smoking of tobacco is
harmful for several reasons. Smoking may act to enhance the biological effects of chemicals
encountered in the workplace and may reduce the body's defense mechanisms against toxic
substances. The amount and nature of the information available for establishing a TLV®
varies from substance to substance; consequently, the precision of the estimated TLV® is
also subject to variation and the latest TLV® Documentation should be consulted in order to
assess the extent of the data available for a given substance.
THV: THV is a copolymer of tetrafluoroethylene, hexafluoropropylene, and vinylidene
fluoride. THV is melt processible with melting points ranging from 240° to 356°F (115°
to 235°C) depending on grade. It is available in pellet, agglomerate or as an aqueous
dispersion.
Threshold Limit Value / Time Weighted Average (TLV®-TWA): The THA concentration
for a conventional 8-hour workday and a 40-hour workweek, to which it is believed that
nearly all workers may be repeatedly exposed, day after day, without adverse effect.
Tumorigenic: Tumors (benign and cancerous) are formed as swellings or abnormal
growth of tissues. The probability that tumors will occur depends on the species, sex,
strain, and age of the animal, as well as the dose, route and length of exposures to a
substance.
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