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Fuel, oxygen, and hear suificient to raise the material to
its ignition tem*aeratuve must he presented to produce a
flame. The effect the fire-retardant svstem will have on
each of these con’iponents must be considered during the
development of effective fire-retardant polymer formulu-
tions.

There are iwo pencral approsciies to imparting fire
retardance to plastic materials — namely reactive and
additive. For the purpose of this paper, a reactive fire-
retardant chemical is defined as one which enters into
the chemical reaction and becomes an integral part of the
polymer structure. An additive tire-retardant chemical is
defired as one which can be physically dispersed in a
polymer, but does not becorme part of the polymer
structure.

Over the years many chemical compositions have been
evaluated as fireretardant candidates, but only those
compounds containing one or mere of the following
elements - a halogen (usually chlorine or bromine),
phosphorus, and nitrogen - have been found to be
effective. This does not imply, however, that all chemica!
compositions containing one or more of these elements can
qualify as a desirable fire-retardant material. The list of
effective firesretardants is much smaller,

Recently certain hydrated inorganic materials have been
found to provide fire-retardancy for specitic applications.
Typical is hydrated alumina.

Reactive Fire-Retardants

Reactive fire-retardant intermediates are normally used in
the manufacture of fire-retardant grades of unsaturated
polyesters, epoxies, and of polyurethane foams.

Polyesters. Simply stated. a polyester resin is the reaction
product of a polybasic acid and a polyhydric alcohol. For
unsaturated polyesters, a cross-linking agent such as styrene
is incorporated into the formulation. Fire-retardant pro-
perties can be incorporated into the polyester by selecting
certain polybasic acids or polyhyvdric alecohals. Some of the
reactive fire-retardant intermediates used to produce fire-
retardant polyesters are (1) chlorendic anhydride,
{2) chlorendic acid. (3) tetraz;himoph:SmIic anhydride,
{4) tetrabromophthalic  anhydride, {5} brominated bis-
phenol compounds, and (o) brominated neopentyl glycols.
s find application in

Firereturdant unsaturated polye
building ™

i

whi, boat hulls, ventilation duct work, eic.
Three to ﬁve percent antimony {rioxide cun be incur-
porated into the formulation as an additive to enhance the
fre-retavdunt proportisg,

Lpoxy Reshis, A typical epoxy resin intermediate is ihe

reaction product of epichlorohydrin and -‘\isphenol-m

Curing of the epoxy resin intermediate involves a reaction
with a hardening agent such as diamines or dibasic
anhydrides. Fire-retardant properties can be incorporated
intoc the cpoxy resin either wia the hardener, sich
chlorendic anhydride, or via reactive interniediates, such
biomidnuted  bisphenol  compounds.  Reactive m::os;t}/
modifiers such as alky! phosphates or aromatic pims;phitcs
de impart some degree of fire retardance to the cured
epoxy formulation.

Fire-retardant epoxy formulations find wide use in
electrical and electronic fields.

Paolyurethane Foams. A polyurethane foam is the reaction
product of an isocyanate and a polyol which has a chemical
or mechanical blowing agent incorporated into the forula
tion. Fire-retardant properties can be 1mpart«‘d 1o pol
tharze foams by replacing part of the conventio
with. {1) halegenated polyols, (2)nal%matou nhosphorus-
containing polyols, and (3) phosphorus-containing polyuls.
The degree of fire retardunce will depend primarily upon
the zmount of the fire-retardant reactive pelyol used 0 the
finat formulatios.

Tvpicul applications for fire-retardant polyurethane
foams are in insulation and upholstery materiais,
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Additive Fire-Retardants

The majority of the commercially available non-plasii-
cizing fire-retardant additives are halogen-based, and utilize
antimony  trioxide as a syneigist (o oblain oonidiman
fireretardant properties. There are boih pesiiive and
negative factors associated with halogen-, phocphofus and
nitrogen-type fire-retardant additives:

Chloring-Based Additives. There ate three broad siruc-
tural catagories in this area -- namely aliphatic, cyelosliphs-
tic, and arormaatic.

The aliphatic-type materials, such as chlorinaied parat-
fins, sre efficient fire-retardant additives where processing
temperatures are below 400°F and dripping properties are
acceptable. The aliphatic chlorine materials have found
wide atility in fire-retardant polyethylene formulation. for
wire and cable aspplications. These materials enioy the
largest share of the total fire-retardant additive market.

The cycloaliphatic chlorine additives, hased v *pf’m hexa-
chloro-cy ciopentadiens, are somewhat less efficient than
the aliphatic chiorine materials, but have greater thermz-;l

stability which permits higher processing {emperatures.
Non-drip  fireretardant polymer formuladons oan be

achieved with cycloaliphatic Chiorine additives. Those mate-

riads hove found widespresd application in polvpronyiene
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and in other polymers roguiring processing temperatures in
the order of 4347300 |,

Interest in the aromatic chiforine pisaducts, such as the
chlorinated biphenyls, has almost disappeared because of
ecology problems. However. for the record. they are Jess
effective o 0 EEETERY R FA NN
cyclualiphatie chlorine  materials,  bul  nave  exooifond
thermal stability Compounds of this type can be procassed
upward to 600 F with long residence times.

Bromine Additives. There are two general classes of
bromine compounds used as fire-retardant additives -
aliphatic and aromatic. Aliphatic bromine additives are very
effective as {ire vetardants. However. these materials have
been Limited in their use by low processing temperatures
and drip characteristics.

Brominated aromatic additives are somewhat less effec-
tive than the aliphatic bromine additives. but can be
processed at elevaied temperatures without thermal de-
gradation. In the past, brominated aromatics did not receive
wide acceptance because of their high vapor pressures,
resulting in poor heat aging characteristics. This disadvan-
tage has been overcome recently by the introduction of a
new generation of aromatic bromine compounds, such as
the brominated biphenyls.

Phosphorus-Type Additives. To our knowledge there are
few commercial fire-retardant additives available which are
based sclely upon phosphorus. There are phosphorus-
containing additives incorporating phosphorus, bromine,
and nitrogen, such as the phosphonium bromide maierials.
These phosphonium bromide-type additives have not
achieved widespread acceptance as yet, but are effective
additives for a wide range of polymers. Fire-retardant
properties can be achieved with these materials without the
use of antimony oxide.

Nitrogen-Type Additives. Ammonium fluoroborate is a
nitrogen-type additive which has utility in polyolefins.
Antimony trioxide is used in conjunction with ammonium
fluoroborate to impart optimum fire-retardant properties.

Typica! Formulations. The following formulations illus-
trate the utility of these materials as fire-retardant addi-
tives. The fire-retardant classification for each formulation
is included.

i

e aliphatic or®

Polyethylene (%) 82
Aliphatic Chlorine Source (%) 12
Antimony Trioxide (%) 6
Fire-Retardant Classification Self-extinguishing;
dripping
Polypropylene (%) 60
Cycloaliphatic Chlorine Source {%) 32
Antimony Trioxide (7} 8

Fire-Retardant Classification Self-ex tinguishing;

non-dripping

Nvlon {%) 30
Cycloaliphatic Chiorine Source (%) 12
Antimony Trioxide {7 3
Zinc Oxide (4%} 3
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Fire-Reiardant Classification Self-extingnishing:

penedrig i

Polvproplone (030 90
Aliphatic Brouine Source (%) 7
Antimony Trioxide (%) 3
Fire-Retardant Classification Self-extinguishing;
dripping
ABS (%) 80
Aromatic Bromine Source (%) 15
Antimony Trioxide (%) 5
Fire-Retardant Classification Self-extinguishing;

non-dripping

Polystyrene (%) 80
Cycloaliphatic Chlorine Source (%) 15
Antimony Trioxide (%) ‘ 5

Fire-Retardant Classification Sclf-extinguishing;

non-dripping

Polypropylene (%) 80
Phosphonium Bromine-Type, 20
Additive {%)
Fire-Retardant Classification Self-extinguishing;
dripping
High-Impact Polystyrene (%) 75
Phosphonium Bromine-Type, 25

Additive (%)
Fire-Retardant Classification: Self-extinguishing;

non-dripping

Polypropylene {%) ' 80
Ammonium Fluoroborate (%) 15
Antimony Trioxide (%) 5

Fire-Retardant Classification: Self-extinguishing;

dripping

Fire-Retardant Plasticizers

Among the plastics, polyvinyl chloride (PVC) is a special
case with regard to fire retardancy. Rigid PVC is inherently
fire rtetardant because of the chlorine in the polymer
structure. Antimony trioxide may be added to improve its
fire-retardant properties. )

The addition of plasticizers, such as dioctyl phthalate, to
rigid PVC lowers the chlorine content of the formulation,
resulting in a more combustibie material. A fire-retardant
flexible PVC formulation can be achieved by replacing a
portion of the conventional plasticizer with a fire-retardant
plasticizer. Scme of the commonly used fire-retardant
plasticizers are (1} tricresyl phosphate, (2) tris (2, 3-dibrom-
opropyl) phosphate, (3) triphenyl phosphate, (4) cresyl
diphenyl phosphate, and (5) methylpentachloro stearate.
These plasticizers may be used with antimony trioxide it
required.

Some of the factors which must be taken into considera-
tion when selecting a fire-retardant plasticizer for flexible
PVC applications are (1) fogging, (2) low-teraperature flex.
(3) aging properties affected by computibility and vapor
pressure, and (4) the degree of fire retardance required for
the end use.



Selection Of Fire-Retardant Systems

There are many et o S sl oday .
Sefection of iho cus Sl e od o gped

application must be based on many factors. Soinc of these
factors to be considered in selecting a fire-retardant system
follow:

Fire-Retardant Requirements, The first step in choosing a
fire-retardant systemn is to define the five-retardant require-
ments and flame test as dictated by the end-use application.
Fire-retardant test methods are reviewed later in the article.

ified end-use

Thermal Stability. The thermal stability requirements of
the fireretardant additive are dictated primarily hy the
processing chaacteristics of the base polymer. An additive
decomposing at or below the processing temmperature of the
base polymer cannot be used effectively. Usually discolora-
tion or streaking of the molded or extruded object is 5 good
indication of thermal insiapility. Excess thermal stability
may not be desirable either, since the efficiency of the
additive is usually inversely proportional to the thermal
stability. Ideally, the fire-retardant additive should de-
compose near the flame temperature of the polymer
composition.

Effect on Physical Properties. The addition of an additive
to a thermoplastic polymer will have some effect on the
physical properties of the polymer. The selection of the
best-suited fire-retardant additive is made on the basis of its
effect on the most critical physical property requirements.
An accurate prediction of the effect an additive will have
on any one of the physical properties of a polymer cannot
be made without an actual evaluation. Propervties of the
fire-retardant additive which change the physical properties
of the polymer are (1)particle size of the additive,
(2) melting point of the additive. (3) compatibility of
additive with polymer system, (4} solubility of additive in
polymer at processing temperatures as well as room
temperature, (5) physical state of additive (liquid or solid),
and (6) effective loading level.

Effect on Electrical Properties. For electrical applications,
the base polymer is picked because of its electrical
properties. Thercfore, the fire-retardant polymer musi
retain the electrical properties of the base polymer. Factors
which adversely affect the electrical properties of the base
polymer are (1) water sensitivity of the fire-returdant
system, (2) characteristics of the char upon burning,
(3) electrical conductivity of the fire-retardant additive, and
(4) void formation during processing.

Compatibility. Compatibility of the fire-retardant addi-
tive in a polymer formulation cannot be accurately mea-
sured. Blooming is usually evidence of the lack of com-
patibility of the additive with the polymer system. Bloom-
ing, over an extended period of time, can reducc the
fire-retardant property. Blooming may be a function of the
vapor pressure of the additive or its tendency to undergo
sublimation.

Aging Characteristi~s. There are two types of aging tests
— heat aging and water aging. The conditions for both heat
aging and water aging are dictated by end-use applications.
Factors which lead to high weight loss upon heat aging are
(i) high. vapor pressure of the tire-retardant system,

(2) poor mmpmh;ht\' of 'he additive in a polymer systent,
SURIURNE be additive, and (4) melting

\\3 L

polnt of the additive.

The water aging test measures either weight loss or weight
gain. A weight loss indicates the additive is moisture-
sensitive and may be leached upon exposure to atmospheric
moisture. Weight gain measures the uptake of water by the
additive in the polymer system. Either weight gain or
weicht loss suggests the additive will have an adverse effect
upoen the electrical properties of the base polymer.

Price/Performance Relationship. This factor is perhaps
the most important, and one which may be the most
ditficult to resolve. So often the choice of an additive is
made on price alone, rather than the properties it imparts
to the polymer system. To obtain a true price/performance
relationship, a great deal of testing and formulation opti-
mization must be carried out.

Fire-Retardant Test Methods

There is much confusion in selecting a reliable tlame-test
method. Many test methods are available with varying
degrees of reproducibility. Therefore, it is advisable to use
more than one flame-test method fur evaluation purposes.
The following tests represent a cross-section of the types of
flame-test methods presently being used. These test me-
thods are (1) Underwriters” Laboratories 94 (UL-94),
(2) ASTM D-635, (3) Department of Transportatica (DOT)
302. {4y Limited Oxvgen Index (LOI), and (5) Pill Test.

UL-94. This test was developed by Underwriters’ Labora-
tories for materials used in electrical applications. 1t can be
used to measure both vertical and horizontal flame charac-
teristics; however, the vertical test is more severe and more
widelv used. This test can be used to measure flamieoul,
afterglow, and dripping characteristics. Flame-retardant
ratings are given in accordance with the thickness of the
test specimen. Generally speaking, the thicker the test
specimen the better the fire-retardant rating.

ASTM D-635. The ASTM D-635 horizontal test method is
a lshoratory tool in determining relative flammability of
rigid plastic over 0.03 inches in thickness. Ratings, based
upon ten . individual specimens tested, as non-burping,
seif-extinguishing. and burning are given by this test. This
test also distinguished between drlppmg and non-dripping
formulation.

DOT 302. The DOT 302 horizontal test method was
developed to measure the flammability of interior com-
ponents of automobile and truck passenger compartments.
This standard, effective September 1, 1972, establishes a 4
inches per minute horizontal burn rate.

101, The LOI test method is a vertical test. However,
unlike the UL-94 test, the flame is at the top of the
specimen. This test is becoming widely accepted as a very
reproducible test which can be duplicated from laboratory
to faharatory. The LOT test method measures the amount
of exygen required to support combustion and is highly
recommended as a screening test. Dripping formulations
terd to distort the LO! vajues.

Pill Test. The pill 25t is a horizontal flame test method
designed  to measurs the Tlammabiity of carpets. The
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methanimine pill

is the constant fuel source for the test.

The rvating obtained from the pill test is either pass or no

1

v flame-spread rating developed.

Other test methods which are widely accepted for specific

end-use applications are the UL-83 (wire and cable test »

method), UL-E84 tunnel test, and the NBS chamber test

for carpets.

Test specimen conditioning dictated by the fire-retardant

test method must be followed.

Compounding of Fire-Retardant Formulations

Uniform dispersion of the fire-retardant system in the
polymer formulation is mandatory to obtain consistent

fire-retardant properties.

Factors to be considered in

compounding fire-retardant polymer formulations are
{1} particle size of the fire-retardant additive, (2) density of
the fire-retardant additive, {3) melting point of the fire-re-
tardant additive, (4) loading level required. (5) solubility of
the additive in the system, (6) processing temperatures of
the base polymer and the thermal stability of the additive,
{7y melt index of the base polymer, (8) type of blending
equipment — dry blend vs. melt blend, and (9) other fillers
used in the formulation.

To insure obtaining good commercial fire-retardant poly-
mer compositions consistently, it is necessary at some point
in the processing for good melt blending to occur. Melt
blending can be achieved in batch or continuous melt blend
equipment or in a properly designed compounding ex-
truder.

The listings that follow were devel-
oped trom responses to two waves of
questionnaires  sent  to companies
kaown to make and thovaht w make

products in the

PRIOPIAle Categortes.

Ampacet Corg

Carhorundum C"srp.

Calanase Plastics Div.

n Chamical Corp.

Eastiman Chemical Products, Inc.
Enjay Chzmical Co.

Padeil Industries tnc.,
Ased Plasties Corn.
US. Horax & Chamicais Corp.

Other {Incl. fillers and reinforcemants}

A& S Carp. lammonium suifamate)

Aluminum £o. of Amernica {hydrated alu-
minal

. Engelhard Minerzis & Chemicals Carp

Halggen-based ¢ y !

They include sl companies who res-
ponded s time, and no others.

Thermosetting resins or compounds
which are self-extinguishing or flame
resistant or retardant

Allied Chemical Corp., Piastics Div.
BASF Wyandatte Corp.

Bacon Industries, Inc.

Cincinnati Developmant & Mig. Co.
Cosmic Plastics inc. ’
Diamond Shamrock Chemicat Co.
Dow Chemical Co.

Dow Lorming Corp.

Burez Oiv., Hooker Chemical Corp.
Et Monte Chemicat Ca.

Fiberit Qiv., Dart industries
Fiberite Carp.

General Elecuric Plastics (Pitistizig}
General Electric Plasiics (Waterford)
Glastic Corp.

Hatby Chamical Co., inc.

Hardman Ing.

Haysite Div., Synthane Taytor Carp.
Isochem Resins Co.

{nterplastic Corp,, Commercial Resing Div.
Marplex, a Hitto Co.

Pacific Resins & Chemicals, Inc.
Piasties Engineering Co.

Pramix, Inc.

The Pultrusions Corp.

Raychem Corp.

Ran Plastics, tac.

Rogers Corp.

Rohm and Haas Ca.

Symplastics, Inc.

Tra-Con, lac.

Thermoplastic resins or comgounds
which are seif-extinguishing or flame
resistant or flame retardant

A Produsts and Chemicals, Ing., Plastics
O,

Altion Chemicas Cain | Plastics Qiv.

Ay Shemicats Carp., Plastics O
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Fibert! Qiv., Dart tndustries
Gaparal Electric Plastics (Pittsheld)
General Elactric Plastics (Selkirk)
B.F. Goodrich Chemical Co

Haity Chemical To., Inc.

Horauiss tncorporared

LNP Corp.

Marban Div., Barg Warner Corp.
Monsanta Polymers & Petrochemicals Co
Neville Chemical Co.

Novamont Gorp.

Pennwalit Corp., Indchem Div.
Philtips Petroieum Co.

Polymer Matevials Inc,

K.J. Guinn & Go., Ins.

Raychem Corp.

Rohm and Heas Co.

Swift Chemical Co.

1.8, Industrial Chemicals Ca.
Wellman, Inc.

Flame Retardants—Additive Types

Antimony-basad

Americhem, Inc.
Andersen Develupaent Co.
Chemetron Carp., Chemicals Group
Dover Chemical Coro.
East Coast Cheriicals
Harshaw Chemiza! Co.
Haoker Chamical Corp,
Humphrey Chemical Corp.
Isachem Resins Co.
M & T Chemirals, inc.
Nichem Carp.
Novamaont Corp.
Pacific Resins & Chemicals, !nc.
Prdei! Industries o,

. Reed Plastics Coep.

Joron-tasad

Aadersan Devetopinent Go.
:uknmr‘ fah

2
J
kel
-
-

dorson Davelapment Co
wan Laboratones, inc.
Caaacisn industries Ltd.

Tizmond Shamrock Chemical Co
Sover Chemical Corp.

Sowe Chemical Co.

East Uoast Chemicals Co.

€ine Grganics, inc.

BAF Corp.~ Chemicais Div,
Great Lakes Chemicel Corp.

#3aker Chemical Corp.
Humpirzy Chamicat Corp.

s Petrgizam Co.
m Gorp.
Reed Piastics Corp.

Uriversal Qi P
Yeiniogl Chermica! Coip.
Weite Chemical Corp.

Phasphorous-based

Anderson Development Co.
Butkman
Easz Coast Cnemlca!s !30

pernicals Ca.

15 Co.- Chemicals Div.

Humohsay Chemigal Caro.

Mireral Products Div., GLFS Co. [Sydrated
alumina)

Moasanta Industrial Chemicats Co.

N.L. Industries, ine.- Pament & Chemicals
Civ.
irava Silica Co. {silica sand & Hourd

Phillips Petroieum Lo,

Rahm & Haas Ua. {plasticizers)

El Sandman C3. {(fillers & rasnforcemants)

Flame Retardants - Reactive Types

Halogen-cantaining

BASF Wyendotte Corp.
Bow Cremical Co.

£ast Coast Chamicels Lo,
GAF Corp. - Lhemica)
Great Lakes Chemicals Corp.
Hooker Chemtcal Coip.
lsuche'n Re<

W!Imm‘r f'ne i
Monszanta Industeial Chemicals Co.

Nevil'e Chemicat Co.

Nichem Corp.

Stauffer Chemical Cu., Specwity Chemicals
Swift Chemical Co.

Universat Ol Preducts Co. - Chemisal D,
Velsicol Chemical Corp.

White Chamicai Corp.

Phosphorous-containing

BASF-Wyandotte Corp.
East Coast Chemicals Co.
Great Lakes Chemical Corp
Hoorer Chemeat Carp

i hamical Corp.
ieal Lo,

MNichem Carp.

Paiel! Industries incs

Switt Chemical T2

Stauifer Chemical Co., Specialty Cher

Weston Chenmezal, Inc.

White Chemical Corp.




