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Preface to the First Edition

For several years, the authors taught a short course on flame retardancy under the
auspices of the Business Communications Corp. This course was found useful by
people entering the field of flame retardancy or those who were facing particular
problems of flame retarding plastics. One of us (S.V.L.) presented an introductory
lecture discussing mode of action of main classes of flame retardants and one of us
(E.D.W.) presented a survey of flame retardants in commercial use or in advanced
development, discussing polymer class by polymer class. This book is a much-
extended coverage of flame retardants from the same practical point of view. It is
intended to be of use especially by plastics compounders, textile technologists, and
by R&D workers in this field. Our coverage is mainly chemistry-oriented. “Cook-
book” directions cannot be given although we do suggest starting point formula-
tions in some cases.

We have only briefly touched on flame retardant coatings, “firestops” and fire-barrier
materials, flame retardants for wood or paper, and inherently flame resistant poly-
mers.

We have made an effort to reference much of the information presented, but in the
many cases where references are not cited, it can be assumed that the source is
suppliers’ literature, supplemented by discussions with suppliers where needed.
Each chapter has an independent bibliography; duplications will occur and the
same flame retardant may be discussed in several relevant chapters. We have made
a particular effort to have a thorough index by compound, trade name, supplier,
and application to facilitate convenient access to all mentions of a substance or
topic.
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B Comments on the Second Edition

Since the manuscript of the first edition was completed in late 2008, much has
transpired in flame retardancy up to the completion date (early 2015) of the 2nd
edition manuscript, both in terms of new commercial or serious developmental
products, and in the removal of several major established products. We decided to
indicate withdrawn products but not remove our discussion of these discontinued
materials. In this regard, we have made an effort to indicate plausible replace-
ments or alternative approaches to satisfy the flame retardancy requirements.

References from the first edition were not renumbered although patent application
numbers were replaced by the corresponding issued patent numbers. New refer-
ences were interposed with number-letter designations.



Flame Retardants in
Commercial Use or
Development for Polystyrenes,
Thermoplastic Styrene
Copolymers, and Blends

B 3.1 Introduction

In the present chapter, we will cover each main type of styrenic polymers, foamed,
high impact polystyrene (HIPS), acrylonitrile-butadiene-styrene (ABS), and HIPS-
polyphenylene oxide (PPO). Styrene-butadiene elastomers are discussed in the
chapter on polyolefins and diene elastomers. Other reviews on styrenic flame retar-
dancy published in recent years have encompassed the theory as well as mixing
and test methods, rather than focusing on the flame retardant chemicals [1, 2]. In
a journal article, the present authors have reviewed this topic with inclusion of
theory and academic or noncommercialized industrial work [3].

Since most of the styrenic polymers are not good char-formers and tend to depo-
lymerize to release fuel, the vapor-phase-effective brominated flame retardants
have been predominant. However, due to a few that posed evironmental concerns,
this group of products has seen major changes since the 2009 edition of this book.

The leading brominated additives actually used (or recently being discontinued)
are discussed in the following sections. In replacing brominated flame retardants,
which have been discontinued or have a risk of discontinuance, polymeric or oligo-
meric brominated products are being brought to prominence by the industry. A
concise 2012 overview [3a] shows the toxicological and environmental advantages
of these higher molecular weight brominated flame retardants, without, however,
being specific as to the polymers in which they can be used.
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B 3.2 General Comments on the
Fire Properties of Styrenic Polymers

Polystyrene and its copolymers have the tendency to depolymerize when exposed
to fire temperatures, and the volatile products are materials of high fuel value,
namely styrene monomer, styrene dimers and related hydrocarbons such as
benzene, lower-alkylbenzenes, and a few percent of oxygen-containing related aro-
matics [2]. Polystyrenes by themselves form little or no char [4]. The volatiles burn
with copious soot formation. In the vicinity of a polystyrene fire, visibility can be
nil. Moreover, while depolymerization is taking place, melt flow and drip are also
occurring, and the drips may be capable of igniting other flammable objects. If
flaming drips are allowed by the test standard, as in the UL 94 V2 rating, then the
dripping may actually be useful to meet lenient flame retardancy requirements.

It is possible to retard the vapor phase combustion reaction by means of additives
which reach the flame zone. These will be discussed in more detail next. For many
uses of styrenics, especially electrical equipment, the requirements are to prevent
a small source of ignition, such as a hot or sparking wire, from igniting the item, or
if the polymer is ignited, causing it to self-extinguish quickly. The UL 94 test is the
dominant one in the U.S. and indeed in much of the world, although other small
scale tests are also significant.

Styrenic polymers fall into several main subclasses: polystyrene itself as molding
resin; high impact (rubber modified) styrene copolymers (two main subclasses:
HIPS and ABS), and expandable polystyrene (foam). Two other types of styrenic
polymers, namely, the blends of HIPS with PPO and the blends of ABS with poly-
carbonates (PC), have their own combustion characteristics, mainly because of
the char-forming PPO or PC components. We will discuss the ABS-PC blends in
Chapter 7 because the PC is the larger fraction; the PPO-styrenic blends are
discussed later in the present chapter because the styrenic component typically
predominates in those blends.

B 3.3 Crystal Polystyrene

This is nearly pure polystyrene and is primarily used in food containers, CD boxes,
and miscellaneous housewares where flame retardancy is not required. Where
flame retardancy is required, a soluble bromine compound has been usually used,
typically hexabromocyclododecane. This compound, more commonly used in
expanded polystyrene, is now being discontinued and alternatives are discussed
next. An ICL patent [5] also suggests the use of pentabromobenzyl bromide.
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B 3.4 Expandable Polystyrene and
Extruded Polystyrene Foam

There are two main technologies used to make polystyrene foams. One, expandable
or expanded polystyrene (EPS), involves the preparation of polystyrene beads
containing a blowing agent, typically a lower alkane; the beads are then placed in
a mold or void to be filled, and expanded by heat. The second, extruded polystyrene
foam (XPS), involves the expansion of a melt, containing the blowing agent and any
other desired additives such as a flame retardant, through a slotted die from
whence it expands. The processing temperature is somewhat higher for XPS than
for EPS so that a somewhat higher stability requirement is imposed on the flame
retardant system for XPS. In the EPS process, it is convenient to add the flame
retardant to the styrene before polymerization, but it must not interfere with
polymerization and cause a high concentration of residual styrene, or, in the case
of XPS, it must have enough thermal stability to survive the extrusion process.

Expanded polystyrene foam, both EPS and XPS, is a major material used for insu-
lation of buildings, refrigerators, and the like. The maximum flame spread and
smoke-developed ratings at a maximum 4" (102 mm) thickness and 4.0 lbs./cu.ft.
(64 kg/m?) density are less than 25 and 450, respectively, as measured by the
ASTM E-84 25-ft. tunnel test. This and various other standards allow styrenic foam
to melt and flow when exposed to fire, provided that the drips are not burning, and
melt-flow can be exploited as a mode of flame retardancy. Because some pyrolysis
to monomer and dimer takes place, aside from the flow of molten polymer out of
the fire zone, a vapor-phase flame retardant is usually needed. The patent litera-
ture shows that this retardant is almost always a brominated aliphatic compound,
which can readily release HBr (a vapor-phase flame retardant). A recent study by
Dow [5a] showed that the essential mechanism of flame retardant action is fast
depolymerization of polystyrene by Br- radicals, which leads to easy melting and
retreat of the foam from the flame. At the relatively low processing temperatures
for foamable polystyrenes, these aliphatic bromine compounds are generally stable
enough. And, with fast enough HBr release, a synergist such as antimony trioxide
may not be needed.

3.4.1 Hexabromocyclododecane (HBCD)

This additive has been discontinued for environmental reasons in Europe as of
mid-2015. Although the “sunset date” has not been defined at the time of our writ-
ing, North America will probably follow. We will include HBCD in our discussion
because of “legacy” products still in place containing it, and possible application of
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its formulation information to its replacements. HBCD (Albemarle’s Saytex HP900
powder or granules), HP9OOHG granules, and 9006L ground particles or ICL's FR-
1206 (both powder and granules)), are made by addition of bromine to cyclododec-
atriene, a product of catalyzed trimerization of butadiene. It is a mixture of three
diastereoisomers, with one (the gamma-isomer) comprising 80 % of the technical
product. The structures have been elucidated by NMR and X-ray crystallography
[6]. There are some differences in stability of the isomers [7] and presumably the
manufacturers have tried to optimize the process to favor stability at processing
temperatures. This matter is complicated by the fact that there is a thermal iso-
merization process that interconverts the diastereoisomers [8] and this conversion
occurs during compounding. Generally, HBCD has not been used with antimony
trioxide.

There have been many special grades of hexabromocyclododecane. Saytex HP900SG
and BC-70HS were blended with stabilizers for use in XPS and injection molded
HIPS, and allowed better color stability of the resin. BC-70HS appears to be more
highly stabilized and was targeted for use in HIPS (see next section on HIPS). Some
of the stabilizer systems for HBCD have been disclosed and claimed in patents, for
example, a combination of a dialkyltin dicarboxylate and a barium or cadmium
carboxylate [9]. The use of a zeolite in the range of 0.6-1.2 %, optionally with a zinc
salt of a fatty acid, is also patented as a means for stabilizing a HBCD formulation
[10]. The systematic development of an optimized stabilized HBCD using two stabi-
lizers is described by ICL (former Dead Sea Bromine Group) [11]. Other stabilizers
mentioned [2] are metal hydroxides, metal oxides, and hydrotalcite. The HBCD sta-
bilizers may be applicable to its replacements.

HBCD has shown persistence and bioaccumulation tendencies in the environment
[12-14]. Risk assessments under EU and U.S. EPA auspices showed environmen-
tal issues and have led to the discontinuance of this product as of 2014-2015
[14a]. Prior to this action, the brominated flame retardant industry implemented a
Voluntary Emissions Control Action Program (VECAP) that helped decrease the
emission of HBCD in the environment [15]. However, this did not overcome the
objections to the continued use of HBCD. Research by users and flame retardant
manufacturers has led to satisfactory substitutes (discussed next).

Thermal stabilization of brominated aliphatic or cycloaliphatic flame retardant
additives, such as HBCD for styrenics, is shown to be accomplished by addition of
a thermoplastic acrylate or methacrylate in the 5-10% range relative to the bro-
mine compound. Optionally, hydrotalcite is also added [17].
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3.4.2 Other Bromine Flame Retardants in Expanded Polystyrene

Chloropentabromocyclohexane was made by addition of bromine to chlorobenzene
(Dow 651). This was at one time a leading additive for expanded polystyrene foam,
but has been discontinued. Likewise, discontinued are tetrabromocyclooctane,
Albemarle’s Saytex BC-48, and dibromoethyldibromocyclohexane (Saytex BC-462).
Foam with these additives is likely to be still in place.

Certain other brominated compounds were in use for a time but appear to have
been discontinued, such as cinnamalacetophenone tetrabromide [18]. A few other
bromine compounds have been recommended for this use in patents. The authors
are not aware of the commercial use of these additives. For instance, hexabromo-
hexene [19], 1,2-dibromoalkyl ketones [20], 1,1,2,3,4,4-hexabromo-2-butene [21],
dialkyl tetrabromophthalate [22], bis(2,3-dibromopropyl) tetrabromophthalate [23],
2,4,6-tribromophenyl allyl ether [24] and bis(allyl ether) of tetrabromobisphenol A
[25] are mentioned here because they may be found in “legacy” foam insulation.

A tentative substitute for hexabromocyclododecane, judging from a series of Albe-
marle patent applications, is N-(2,3-dibromopropyl)-4,5-dibromotetrahydrophthal-
imide [26-28].

For a time, tris(2,3-dibromopropyl) phosphate was used, but this compound was
shown to be a mutagen and was discontinued in the mid-1970s.

More recently, it was shown that nonbrominated polystyrene can be blended with
a flame retardant amount of a brominated anionic styrene polymer plus a bis-
(pentabromophenyl) ethane to make extruded flame retarded foam [29]. The use
of a polymeric or oligomeric additive is usually considered more environmentally
benign than the use of migration-capable small molecular weight additives, and
this strategy has led to Dow’s successful development of brominated butadiene-
styrene copolymer, shown next.

As an alternative to HBCD, Dai-Ichi Kogyo Seiyaku (DKS) is marketing 2,2-bis[4-
(2,3-dibromo-2-methylpropoxy)3,5-dibromophenyl]propane [29a] (SR-130) for both
XPS and EPS applications.

Br Br
BI r BI r (|IH3 Br Br
CHz—IC— CH,—O ? O—CH,— (II— CH,
CH; CH; CH;
Br Br

A substantial amount of patent literature exists on the use of combinations of bro-
minated additives in expandable polystyrene. Combinations of the usual bromoali-
phatic flame retardant with a more thermally stable bromine compound with an
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aromatic, vinylic, or neopentyl structure may permit a lower total loading of flame
retardant [30].

3.4.3 Brominated Styrene-Butadiene Polymer

After a major multicompany research effort that assessed many bromine, phos-
phorus, bromine-phosphorus and phosphorus-sulfur compounds, and brominated
vegetable oils, an acceptable replacement was found by Dow [14a, 30a], manu-
factured by them as PolyFR, and licensed to several producers. The structure is as
follows:

Br—CH,
Br Br—CH

Br
«\A{CH—CHZ’—[CHZ-CIH—CIH—CHZHCHZ-CIHJ—(CH—CHZ}w
< y z X

The product of ICL is FP-122P, a white to off-white powder, softening range
120-140°C, bromine content 65 %, and molecular weight in the 100,000 range.
This polymer has no tendency to migrate or penetrate living cells or to bioaccumu-
late, and is environmentally benign. It is a satisfactory replacement for HBCD. For
stabilization of FR-122P in the XPS application, ICL recommends using a bro-
minated epoxy oligomer (F-2200HM), which is also a part of the active flame
retardant [30Db]. It can be further enhanced with hydrotalcite. A similar product is
Chemtura’s (Great Lakes Solutions’) Emerald Innovation 3000, which is reported to
contain 64 % Br and has a molecular weight of 100,000-160,000. Chemtura has
done research leading to a stabilizer package for the foam containing this additive,
which appears to be an optimized combination of a hindered phenol, an organo-
phosphite, and an epoxy cresol novolac [30c]. Albemarle’s corresponding product,
licensed from Dow, is marketed as GreenCrest Polymeric FR Solution.

A thorough review of the development, chemistry, properties, and safety evalua-
tion of this additive has been published by Dow [30d].

3.4.4 The Flammability Effect of the Expanding Agent
The expanding agent is often a flammable hydrocarbon, such as pentanes. Some

combinations of fluoro- or fluorochloroethanes with alkanes have been patented for
this application [31].
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A patent to Hoechst [32] suggests that there may be need for a storage period of
extruded polystyrene foam, depending on dimensions, before it will pass flamma-
bility tests, and they claim shortening this period by use of less than 1.9-3 % of the
propane/butane mixture.

3.4.5 Synergists with Brominated Additives in Polystyrene Foam

For use with the brominated additives, synergists are known, and may be relevant
to both the old and the new formulations. An early example is 0.25-0.75 phr of
an allyl ether, said to aid in the decomposition of the bromine compound during
burning [33]. Various peroxy compounds or other free-radical-forming compounds
having labile C-C, 0-0, or N=N bonds, enhance the action of the brominated flame
retardants and have been used for a long time, following early work of Dow [34-38].
An advantage in efficiency was claimed by applying a radical-generating synergist
to the outside of the polystyrene particles while having the bromine compound
distributed throughout [39]. Peroxides useful in this mode of synergism must not
decompose at processing temperatures, but must decompose at the temperatures
reached by the molten polymer when exposed to flame: examples are dicumyl per-
oxide (), 1,3-bis[2-t-butylperoxy)isopropyl]benzene (Akzo Nobel’s Perkadox® 14),
or 2,5-dimethyl-2,5-di(t-butylperoxy)hexane (Arkema’s Luperox 101). With care to
feed the peroxide so as not to decompose it prematurely, combinations of HBCD
(and presumably its replacements) with di-tert-butyl peroxide (Trigonox® B) or
tert-butyl hydroperoxide (Trigonox® A80) can be used [40].

A nonperoxide synergist that can be used is one that undergoes C-C bond cleavage
to produce tertiary-alkyl radicals, such as 2,3-dimethyl-2,3-diphenylbutane (Akzo
Nobel’s Perkadox® 30).

Another type of synergist to be used along with the usual brominated flame retard-
ant is a waxy material such as a chloroparaffin, melting above the foaming temper-
ature of the EPS, at about 0.1-2% [41].

3.4.6 Phosphorus-Bromine Combinations in Polystyrene Foam

Combinations of HBCD with a wide variety of phosphorus compounds, with exam-
ples showing the use of triphenyl phosphate, were claimed by Dow as flame retard-
ants permitting lower levels of bromine [42]. Although HBCD is being withdrawn,
it is useful to retain our discussion of HBCD combinations for their possible exten-
sion to HBCD replacements.

Combinations of HBCD (or many other Br additives) with triphenyl phosphate or
with encapsulated red phosphorus are disclosed as flame retardants in foamed
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styrene copolymers with specified olefins [43]. In extruded styrenic foam, combi-
nations of a halogenated flame retardant with a phosphorus-nitrogen compound
(such as APP), various tetrazoles and triazines, boron compounds, or phosphoric
esters (such as triphenyl phosphate) are disclosed for the production of flame retard-
ant foam with certain cell dimensions [44, 45].

Achievement of improved flame retardancy of an EPS while reducing the amount of
HBCD to less than 2.5% was made possible by the use of 0.1-4% of a phosphorus
co-additive, exemplified by triphenyl phosphate and various other phosphates,
phosphonates, phosphinates, phosphines, phosphonium compounds, or phosphine
oxides [42].

It will be of practical interest to discover synergists for the newer brominated
styrene-butadiene replacement for HBCD.

3.4.7 Nonbromine Systems in Polystyrene Foam

Alternatives to the bromine additives have been disclosed in the patent literature.
Very high loadings of ATH, such as 150-250 phr, afford a flame retardant foam and
it is surprising that densities lower than 100 g/1 can be thus obtained. Further
addition of phosphorus or brominated flame retardants was recommended to reach
adequate flame retardancy [46].

The use of heat-set flame-resistant carbonaceous fibers derived from polyacryloni-
trile or pitch has been claimed as a flame retardant method for foams, including
polystyrene foams. The fibers appear to collect at and protect the surface [47]. The
use of carbonaceous particles or platelets is similarly disclosed by the same inven-
tors in a later patent [48].

Recently more advanced EPS foams containing small graphite particles were devel-
oped in Europe. Because of its distinct silver gray color, this foam is called “gray
foam” (e.g., the Neopor® line of products from BASF [48a]). Due to the presence of
graphite, better heat reflective properties are achieved. Typically graphite particles
of 1-50 micron size are used, however, presence of graphite require a higher per-
centage of a Br additive to obtain flame retardant EPS foam with density equal or
less than 35 g/1 [49].

Expandable graphite plus a halogenated flame retardant and optionally antimony
oxide are disclosed for flame retarding EPS [50]. A combination of 1-12 % expanded
graphite and a phosphorus flame retardant (exemplified by red phosphorus and/
or triphenyl phosphate) can enable EPS of 20-200 g/1 and a cross-sectional area of
at least 50 cm? to be self-extinguishing [51].

A combination of less than 2% elemental sulfur plus a phosphorus additive (exem-
plified by triphenyl phosphate, triphenylphosphine oxide or sulfide, or hexaphe-
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noxytriphosphazene) afford higher oxygen indices, up to 26, in polystyrene such
as the type used in foam production [52].

A 2008 patent application [53] with many Dow inventors covers a wide range of
thiophosphates and dithiophosphates, most examples having neopentylene rings.

The applications exemplified were in foamed polystyrene, and not commercialized
as far as the present authors know. Later, BASF patented a number of phosphine
sulphides, which further amended with elemental sulfur pass DIN 4102 B-2 rating
in EPS foam at similar loading as HBCD [53a]. Apparently this technology has not
reached commercialization.

Extruded polystyrene foam can be made flame retardant by use of a blend with an
epoxy resin containing reacted-in DOPO (9,10-dihydro-9-oxa-10-phosphaphenan-
threne-10-oxide) and phosphoric acid [54]. Another development which showed
promise is sulphur bridged bis-DOPO-thiophosphinates [54a]. Another means for
increasing flame resistance of EPS is to make a board with a flame-resistant bar-
rier, such as a coating, laminate or foil [55]. Polystyrene foam board with alumi-
num foil facing is widely available and the radiant-heat reflective foil contributes to
the thermal insulation effect.

A novel way of making a flame retardant polystyrene foam is to coat the beads
before expansion with boric acid plus a binder. After expanding, the boric acid
forms a vitreous coating when the foam is exposed to flame [56].

A patent application by Owens-Corning inventors [57] claims that nanoclays such
as sodium montmorillonite in a carrier such as water are useful to improve fire
performance of a foamed polystyrene.

3.4.8 The Recommended Fire-Safe Use of Extruded Polystyrene
Insulation

Ample directions are available from Dow and other manufacturers regarding the
safe use of polystyrene foam insulation.

Some of the key points are:

= Polystyrene foam boards should be separated from the interior of a building by a
code-compliant thermal barrier such as 1/2" thick (12.7 mm) gypsum wall board
applied with code-compliant fasteners. More details as to the various styrene
foam insulation boards and their recommended applications are available from
Dow and ICC [58].

= Expanded polystyrene foam is highly useful for rooftop applications, withstand-
ing foot traffic and weathering. In order to be used directly on steel roof decks,
the proposed configuration must pass UL 1256 or FM 4450. Large scale tests
have been done by Underwriters Laboratories with favorable results [59].
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= At least one application has had an adverse fire experience and is advised
against. The U.S. Coast Guard recommends that foamed polystyrene insulation
not be used in commercial fishing vessels, for example, as engine box covers,
because in this high heat location, the foam could ignite and spread fire rapidly
with dense smoke [60].

B 3.5 High Impact Polystyrene

Polystyrene produced by polymerization, with some grafting, in the presence of
rubber latex particles, is known as “high impact polystyrene” (HIPS). HIPS is used
widely in equipment enclosures such as TV sets, computers, business equipment
housings, and other electrical equipment. The TV set use is possibly the largest
application. In the U.S., this application requires a UL 94 VO rating, whereas in
Europe a typical level of flame retardancy was about in the range of a UL 94 HB
[61]. Publicity about the high rate of fire deaths from TV fires in Europe (contrast-
ing with a low rate in the U. S., where fire standards for TV sets are more stringent)
stimulated major international TV producers to use a higher UL 94 VO level of
flame retardancy in Europe. Flame retardant HIPS has an attractive balance of
mechanical properties, processability, and cost.

3.5.1 Bromine-Containing Flame Retardants for HIPS

Approximately 10 wt% Br in combination with antimony oxide is required to pass
UL94 VO requirements. The exact amount will vary with the rubber content of
the HIPS. HIPS is usually processed at 220-230 °C, so thermally stable bromine
compounds are favored.

Antimony trioxide is normally used as a synergist with bromine- and chlorine-
based based flame retardants. The theoretical ratio would be 3 atoms of halogen to
one atom of antimony, assuming that an antimony trihalide is the desired active
species but the optimum ratio is best determined experimentally. Antimony regu-
latory aspects and antimony replacements are discussed in the Polyolefin chapter.

An antimony replacement by calcium borate on a carrier, specifically for styrenics
(HIPS and ABS exemplified), is disclosed in a 2013 patent to Levchik et al. [61a].
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3.5.1.1 Decabromodiphenyl Oxide (Ether) in HIPS

DBDPO, Albemarle’s Saytex 102, ICL’s FR-1210, and Chemtura’s DE-83 (believed
to be still available from Chinese manufacturers) has been the most widely used
flame retardant for HIPS. In view of an over 10 years long risk assessment study
in Europe and numerous academic publications, DBDPO is also the most studied
flame retardant from human health and environmental points of view [61Db].
Although no significant risk was found DBDPO has still succumbed in Europe and
North America to environmental concerns and is now discontinued, we chose to
keep information about it in this edition because it is still used in the rest of the
world and many surviving plastics contain it. Also, formulation information may
be relevant to substitutes. Its high bromine content (83 %) and low cost made it a
favorite choice. It is a stable solid up to its melting point of 305 °C. It is soluble in
hot molten HIPS and only partly phase-separates on cooling, thus reduces impact
only slightly but lowers HDT somewhat more [62]. It does have a tendency to yel-
low when exposed to ultraviolet light (such as sunlight) and therefore was mainly
used in painted or dark pigmented plastic. DBDPO has typically been used at about
12 % with about 4-5 % antimony trioxide as a synergist. A formulation in HIPS with
6% rubber content with 12% DBDPO and 5% antimony trioxide was reported to
have a LOI of 25.3 and a UL 94 rating of VO, notched impact of 43 kJ/m (without
fire retardant., 85.9) and Vicat softening point of 91.5.

This photosensitivity not only causes discoloration, but interaction of DBDPO (and
in the same way, tetrabromobisphenol A) with wavelengths in the 260-280 and
300 nm range, can also provoke polymer chain degradation to some degree [63].
Light stabilizers can make some improvement; in one extensive study [64], 0.25%
of a chlorobenzotriazole photostabilizer plus 0.25 % of a particular hindered phenol
radical inhibitor were found most effective in preventing darkening, and could be
further boosted by an epoxy cresol novolac, zinc stearate, or tin maleate. A hin-
dered amine photostabilizer also was effective in such combinations.

However, the use of dark pigments was the most effective and economical means.
If this approach was unsuitable, then it was possible to turn to the more expensive
more light-stable brominated additives, such as Albemarle’s ethylenebis(tetrabro-
mophthalimide) (BT-93), to light-stabilized Saytex® 8010, to ICL's tris (2,4,6 tribro-
mophenoxy)triazine (FR-245) or to tribromophenyl end capped brominated epoxy
oligomers discussed next.

3.5.1.2 Decabromodiphenylethane

This compound is the closest replacement for decabromodiphenyl ether which
encountered concerns (65) resulting in manufacturing dicontinuance, a topic dis-
cussed at greater length in Chapter 2.

This compound is Albemarle’s Saytex® 8010, Chemtura’s Firemaster® 2100, and
ICL's FR-1410. It is a high melting solid (melting point 350 °C) that has a use pat-
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tern similar to that of DBDPO. This is useful for customers who wish to have for-
mulations free of DBDPO, but are seeking a “drop in” substitute with a close Br
content (82 % compared to 83 % for DBDPO). It has some other advantages, such as
superior UV resistance relative to DBDPO and low blooming tendency. It is suitable
for HIPS systems where recycling is anticipated. A disadvantage relative to DBDPO
is somewhat poorer impact in HIPS, but this can be corrected for by either adding
an impact modifier or starting with a higher impact grade of HIPS.

3.5.1.3 2, 4, 6-Tris(2, 4, 6-Tribromophenoxy)-1, 3, 5-Triazine

This compound is also a high melting (230 °C) but is a melt-blendable solid with a
pattern of utility rather similar to DBDPE but with advantages of better melt flow,
impact and light stability [67, 68, 68a]. It also allows use of less antimony trioxide
synergist. Some comparative data is shown in Table 3.1.

Br

Table 3.1 VO and V2 Formulations of FR-245 in HIPS (from [66])

Composition (wt%) HIPS, no FR HIPS V2 HIPS VO

HIPS 100 88.4 77.8
FR-245 — 8.9 14.9
Sb,0, — 2.4 4
UV absorber — 0.3 0.3
TiO, — — 3]
Bromine content % — 6 10
FR UL 94 not rated V2 VO
GWT 960C fail pass pass
Melt flow, g/10 min 200 °C 5 kg 5) 8 15
Maximum strength, MPa 19 21 22
Elongation at break,% 61 53 47
Modulus, MPa 1600 1700 1800
Izod notched impact, J/m 130 120 115
HDT (1.82 MPa, annealed) 78 76 76

UV stability, AE 300 hr xenon 8 10 11



3.5 High Impact Polystyrene

A combination of this melt-blendable flame retardant (which aids melt flow) with a
filler-like flame retardant such as Saytex 8010 (which can reduce melt flow) en-
ables molding of large dimension housings of electronic equipment made of HIPS,
without the problems of melt flow and poor impact (Table 3.2).

Table 3.2 Melt Flow and Impact Properties of FR-245-Based HIPS

Flame retardant MFI at 200 °C, 5 kg Gardner impact kg-cm

FR-245 10 100
1:1 FR-245/Saytex 8010 8 81
Saytex® 8010 5 62

Another advantageous combination of FR-245, as claimed by Dai Ichi, is with tris-
(2,3-dibromopropoxy) cyanurate [69].

An important feature of FR-245 is that it can be used to reach UL 94 V1 in HIPS
with little or no antimony trioxide, with the assistance of a very small amount of
PTFE to retard drips. For example, 17.9 % of FR-245, 1.5% ATO, and 0.1% PTFE
allows ABS to reach a VO rating [69a]. An overview is available by ICL authors
[69b] on reducing or avoiding the need for ATO by choice of the brominated flame
retardant, especially FR-245.

3.5.1.4 Modified Brominated Epoxy Oligomers and Polymers

These are melt-blendable additives especially suitable for HIPS and ABS. They pro-
vide excellent flow properties with good light stability. However, for demanding
applications with large dimensions, high impact styrenic copolymers flame retarded
with brominated epoxies have rather inadequate impact. Partially replacing bro-
minated epoxy with FR-245 retains the good melt flow but greatly improves the
impact.

A series of tetrabromobisphenol A epoxy oligomers and polymers (the epoxy group
has been reacted out) end capped with 2,4,6-tribromophenoxy groups is available
from ICL as the F-3000 series. One of these, F-3010 with MW 2000, 56 % Br, and
softening range 105-120°C, is preferred for HIPS. It provides a good balance
of processability, thermal, and UV stability, heat distortion, and impact. Dust-free
blends of lower and higher molecular weight, brominated epoxy oligomers have
been optimized by ICL for reaching the VO rating in HIPS with antimony trioxide
synergist, and with good physical properties.
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3.5.1.4.1 Polybrominated Polyphenylene Ethers

This family of additive oligomers has been developed by Chemtura (Great Lakes
Solutions) and marketed under the trade name Emerald® Innovation 1000 as an
environmentally and toxicologically benign product [69c]. It is an off-white pow-
der, average particle size 5-6 um, with 78 % Br. It is thermally stable and loses 5%
weight at 410°C. This additive in HIPS at 11.5% Br can provide a VO rating with
good impact and heat distortion, with some impairment of melt flow.

Combinations of Emerald® Innovation1000 and poly-2,6-dimethylphenylene oxide
in HIPS have been shown to be able to reach UL 94 VO ratings without antimony
trioxide. [69d, 69e, 69f1].

3.5.1.5 Brominated Lower Molecular Weight Polystyrenes

While ring-brominated higher-molecular-weight polystyrenes have been on the
market for decades, these have found use mostly in polyamides and thermoplastic
polyesters, but lack suitable physical properties for use in HIPS. Albemarle has
brought to the market a patented family of ring-brominated low molecular weight
anionically-polymerized styrenes, GreenArmor®, which have good compatibility
with HIPS and other styrenic plastics [69f]. These have the advantage, characteris-
tic of polymers, of environmental safety and absence of toxicity.

3.5.1.6 Tetrabromobisphenol A

TBBA (Albemarle Saytex RB-100 or CP-2000 or ICL’s FR-1524) is a lower melting
solid, often used as a reactant in epoxies or polycarbonates, but also used as an
additive to a limited extent in HIPS and mostly in ABS. Because of its lower melting
point, it melts into the polymer aiding melt flow considerably and allowing impact
to be maintained. Another advantage is low cost. On the negative side, it is poor on
color stability and tends to be used only in dark formulations. It also tends to leach
out of plastics and becomes distributed in the environment. Because of this, flame
retardant producers currently recommend using oligomeric and polymeric flame
retardants instead.

3.5.1.7 Tetrabromobisphenol A Bis(2,3-Dibromopropyl Ether)

This product (Albemarle Saytex HP800OA or the granular version HP800AG, Great
Lakes’ PE-68™ and ICL's FR-720) is a relatively low melting solid, melting point
108-120 °C, rather soluble in HIPS and suitable for reaching UL 94 V2 ratings. It has
minimal effect on impact strength. Probably, its larger uses are in polypropylene.
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3.5.1.8 Light-Stable Bromine Additives: 1, 2-Ethylenebis(tetrabromo-
phthalimide) and Tris(tribromoneopentyl) Phosphate

Ethylenebis(tetrabromophthalimide), Albemarle BT-93, may be used when photo-
discoloration must be minimized. UV stability is its outstanding feature, but it has
a slight yellow color to begin with. A colorless version is a purified grade, BT-93W.
BT-93 has a melting point above the processing temperature of HIPS and is quite
insoluble in HIPS. It acts like an inert filler, and therefore tends not to lower HDT,
but on the other hand, is somewhat detrimental to impact strength [62]. An alter-
native way to achieve good UV stability in a flame retardant styrenic is to use ICL’s
FR-245 or DBDPE with a good UV stabilizer system.

Tris(tribromoneopentyl) phosphate (ICL's FR-370), solid with melting point of
181°C, is recommended for V2 UL 94 rating in styrenics with excellent stability to
visible and ultraviolet light, probably attributable to its totally aliphatic structure.

3.5.1.9 Comparison of Typical Formulations of Brominated Flame Retardants
in HIPS

Table 3.3 shows a comparison of several of the above-discussed bromine-based
flame retardants for HIPS.

Table 3.3 Performance of Some Brominated Flame Retardants in HIPS

Additive Control | BT-93 ethylenebis Saytex 8010 CP-2000
(tetrabromo- Decabromodi- | tetrabromo-
phthalimide) phenylethane bisphenol A

Flame Retardant: 18.0 14.6 20.4
% Antimony trioxide 0.0 4.0 4.0 4.0
% Bromine 0.0 12.1 12.0 12.1
Physical Properties

Izod Impact 3.2 mm, ft-lb/in 3.3 0.6 2.0 1.7
Izod Impact 3.2 mm, J/cm 176 32 107 91
DTUL 3.2 mm°C 79 82 80 68
MFI 230°C/3800 g 5.8 3.8 2.6 14.0
UV Stability

100 hr Xenon arc 7.9 7.3 211 nd (bad)
300 hr Xenon arc 9.2 9.4 25.3 34.3

(from Albemarle)

Various other polybrominated additives are shown in recent patents to be useful in
HIPS, bis(pentabromobenzyl) ether for example [70].
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3.5.1.10 The Dripping Problem and Antidripping Additives

Many thermoplastics, and HIPS is no exception, can have flaming drips. In some
end products, it is acceptable to have drips if they are nonflaming, but flaming
drips can be tolerated only in those products allowed to pass UL 94 with a V2 rat-
ing. The contribution to fire safety of V2 standards is controversial. Where the
stricter V1 or VO standards are required, means must usually be found to prevent
drip. The addition of very small amounts of polytetrafluoroethylene (PTFE) powder,
at loadings generally in the 0.05-0.3 % range, are often effective, probably because
of a rheological effect. Uniform and continuous mixing of such small quantities of
a powder is challenging.

As it was mentioned earlier, use of PTFE is crucial in low antimony trioxide formu-
lations [69b], especially for V1 rating where the allowed burning time is longer
and the risk of producing flaming drips is higher.

3.5.1.11 The Effect of Brominated Flame Retardants and Antimony Oxide
on Mechanical Properties of HIPS

Even though DBDPO is largely discontinued, studies done on it are relevant to
its substitutes. An academic study [72] showed that the impact strength of HIPS
declined gradually and approximately linearly as the loading of DBDPO was in-
creased. Antimony oxide, used as a synergist, did likewise, but it was found that
Sb,0; particles at 0.08 micron size did not reduce impact strength, but in the range
of 0.5-1.2 microns, severe impact strength loss occurred. Surprisingly, at 4-10
microns, no impact strength loss occurred. It was postulated that these larger par-
ticles served as craze terminators.

A study of the effect of particle size using representative solid additives showed
that impact strength of a polystyrene can even be increased by particles several
microns in diameter because of formation of voids, peeling layers, and extension of
crazes [73]. However, some compounders believe it best to have smaller particles,
and in the case of antimony oxide, often the flame retardant effect is improved by
using smaller particles. The detrimental effect of powdered additives on impact
strength can also be at least partially overcome by starting with a “superhigh”
impact plastic or by adding an impact modifier, such as a chlorinated polyethylene
(which also contributes to flame retardancy), a thermoplastic styrene-butadiene-
styrene block polymer, or ethylene-vinyl acetate. Where the use of very fine par-
ticles adversely influences processing characteristics, a surface-modifying agent
(“coupling agent”) may help.

Liquid flame retardants generally do not lessen the impact strength and may, in
fact, often improve it.

A useful study was done at Monsanto addressing the quantitative relationship of
solubility of decabromodiphenyl oxide in HIPS to the impact and processing char-
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acteristics [74]. This might be a clue to the expected behavior of decabromodiphe-
nylethane in HIPS.

Regarding electrical properties, usually the bromine-antimony systems have some-
what decreased loss factor and may be prone to leakage currents and diminished
arc resistance, particularly on aging.

3.5.2 Nonhalogen Flame Retardants for HIPS

This is a challenge because of the need to avoid spoiling impact strength, heat dis-
tortion temperature, and cost, and also because of the poor char-forming propensity
of HIPS. Noting that UL 94 VO can be obtained for PPO-HIPS (discussed further,
next), researchers have studied the use of smaller loadings of PPO plus char-forming
phosphates. This system can also be aided by adding char-forming phenolic novol-
acs [75] or by adding small amounts of “nanoclay” (an exfoliatable layered mont-
morillonite). For example, a formulation of 80 parts by weight of HIPS, 20 parts
PPO, 20 parts of resorcinol bis(diphenyl phosphate), and 3 parts of quaternary
ammonium-treated montmorillonite can give a VO rating [76]. The use of higher PPO
blends with HIPS is an important approach because the PPO provides phosphorus-
catalyzed charring capability. Such alloys, notably GE’s Noryl®, are discussed further
in Section 3.7.

A patent shows the use of expandable graphite plus a phosphorus flame retardant,
such as resorcinol bis(diphenyl phosphate) or triphenyl phosphate, plus a co-addi-
tive, such as 12 wt% of a polycarbonate, to prevent migration of the phosphorus
compound to the surface of HIPS [77].

A U.S. patent application [78] by Israeli inventors shows HIPS flame retarded to
VO by 15 % expandable graphite and 15 % melamine, with no halogen, no antimony
oxide, and no phosphorus.

Where only a UL 94 V2 rating is required, efficient flame retardancy has been
obtained in HIPS with a solid aromatic diphosphate, ICL’s Fyrolflex® Sol-DP. Two
advantages are good melt flow and a dust-free product. A U.S. patent application
[79] by Cheil Industries (Korea) shows HIPS flame retarded by a combination of an
aryl phosphate, such as PX 200® and a phosphonate, such as Amgard® 1045.

A study [79a] recently showed that a synergistic combination of encapsulated red
phosphorus and magnesium hydroxide at a total loading of 50 % gave a strong VO
rating. The study addressed the mechanism of the synergism, which was attrib-
uted to condensed phase charring action. Obviously, physical properties are ques-
tionable at the 50 % loading.
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calcium phosphate inter-
esterification-preventor
151

calcium phosphinate 176

calcium propanephospho-
nate 148

calcium pyrophosphate
130

calcium stearates 29

calcium zinc molybdate
122

calendered vinyls 104

Calfornia Technical Bulletin
17 314

California 217f., 292

California 117 220, 230

California mattress and
bedding standard 294

California standard 133
226

CALTB 17 224,229

CALTB133 225

CAM 129

Canon 209

CAN ULC 135 310

canvas 284

carbodiimide 217

carbonaceous fibers 56

carbonaceous particles or
platelets 56

carbonate oligomer of
tetrabromobisphenol A
162



carbon black 9, 36, 38

carbon dioxide evolution
169

carbon fiber reinfoced
epoxy 256

carbonific 258

carbon monoxide yield
126

carbon nanotubes 31

carboxymethylcellulose
282

carcinogenic 22

carcinogenic effect 87

carpet 20,141, 272, 285,
289

- backing 217

- fiber 285

- radiant panel test 317

- underlay 229

cast resins 230

catalysis of char formation
332

caulks 66, 233

CCDFB-90 285

CD-75PM 281

CD boxes 50

ceilings 318

Celanese 23f., 336

Celanex XFR® 155

Cellobond J2027L® 200

Cellular Technology® 210,
220

cellulose nitrate 99

CEM 247

CEM- 241, 249

ceramifiable material
33

Ceram Polymerik Pty Ltd
33

cerium oxide 130

CFR-25 15,70

16 CFR1633 292

16 CFR Part 1610 313

16 CFR Parts 1630.4 and
1631.4 317

CFR Title 16, Parts 1615
and 1616 313
chain cleavage 67
chain extension 243
Chance & Hunt Ltd 258
char 9,15, 71, 73,1271,
134,142,156, 258, 326
char-clay 328
char former 233
char-inducing catalyst
326
Charmax® 87
charring 65,131
Chartek® VIl 258
charyields 6, 35, 216
Cheil Industries 65, 162,
171,176 f.
chemical resistance 188
Chemische Fabrik Buden-
heim 23,153, 232
Chemtura 16-18, 20-22,
26, 38f., 54, 59f., 62, 67,
86f., 89, 94, 96,100,
102, 109, 119, 121, 148f.,
151,162f.,172,196, 213,
220, 222, 231, 243, 251,
257, 281
Chemtura BA-59P 67
Chemtura FF-680 163
Chemtura PDBS-10 163
Chemtura PHT-4 Diol 213
Chen 1
Chestnut Ridge 230
Chevron 36
children’s sleepwear 265
children’s sleepwear regu-
lation 266
chimney liners 191
chlorendates 189
chlorendic acid 188
chlorendic acid-based
polyester resin 198
chlorendic acid-derived
polyesters 188
Chlorez® 700 14

Chlorez® 700-SS 37

Chlorez® 760 69

chlorinated and chloro-
brominated paraffins
284

chlorinated and chloro-
sulfonated polyethylene
35

chlorinated paraffin oil
293

chlorinated paraffins 14,
4

Chlorinated Paraffins
Industry Assoc. 15

chlorinated polyethylene
42, 64, 69, 92, 94

chlorinated PVC 83,108

chlorination conditions
89

chlorine 13

chlorine and bromine-
containing polyols 214

chlorine- and bromine-
containing unsaturated
polyester resins 188

2-chlorobutadiene 35

chloroethyl phosphates
221

chlorofluorocarbon
blowing agents 211

chlorohydrocarbon 70

chloroparaffin 14, 29, 34,
36, 38, 55, 69, 89,135

chloropentabromocyclo-
hexane 53

chloroprene 35

chlorotrifluoroethylene
copolymer 200

chlorowax 42

chopped glass 126

chromium 179

Ciba 29,168,170, 222,
270f1., 278, 286

Ciba-Geigy 277

Ciba Specialties 282



cinnamalacetophenone
tetrabromide 53

citrates 85

Clariant 23, 29f., 72,127,
129, 131-133, 153-155,
1971., 209, 212, 221, 223,
231,234, 249, 271, 279,
286

Clariant 5060 287

Clariant Exolit® AP 422
208

Clariant Exolit® AP 452
231

Clariant Hostavin NOW XP
286

Clariant OP 1312 73

Class1 84

Class A roof 317

Class B2 according to
DIN 4102, Part1 214

Class | and Class Il E84
tunnel ratings 210

clays 8f.,13, 31, 38, 40,
42, 88,110

CI-Br synergism 334

closed-cell foams 206

Clyde and Glasgow tunnels
200

CMHR 2241,

CN-1197 196

Coaker 105

coated fabrics 35, 92,100

coated (microencapsula-
ted) APP 195

coated textiles 99,109

coating with phosphoric
acid 326

cobalt-based cure promo-
tors 195

coefficients of thermal
expansion 249

co-expanded PPO-HIPS-
polystyrene blend 72

cold- and hot-curing poly-
ester 197

cold-cure molded foam
219

Cole and Stephenson 273

colemanite 9, 97

colloidal alumina mono-
hydrate 129

colloidal antimony pento-
xide 189

color change 67

color stability 62

combinations of epoxy and
cyanate resins 257

combustion-modified high
resilience (CMHR)
formulations 219, 225

combustion modified high
resilience flexible PU
foams 225

combustion modifiers
205

combustion products 2,
83

comparative tracking
index 116,127f.,132

compatibility 62

compatibilization 32,122

compatibilizer 10

compatibilizing agents 9,
1

Composites USA 200

computers 171

condensed phase 88

condensed-phase oxygen
scavengers 336

cone calorimeter 9, 74,
310

cone calorimeter correla-
tion to UL 94 31

cone calorimetry 2

connectors 10,19

construction 83

construction materials
241

Consumer Product Safety
Commission 292

continuous smoke 74
controlling step 328
conveyer belt edging 36
conveyer belts 35, 66, 101
Cooperative Research
Centre of Australia 33
Cooper Industries 106
copper 95

- adhesion 247

- clad laminate 241

- oxalate 95

- oxides 95

corespun 295

Corona 291

correlations 206
correlations to char forma-
tion 308

corrosion resistance 191
corundum 8

cost 87, 89f., 95

cotton 278, 283f.
Cotton Council 267
cotton duck 284

Cotton Inc. 296

cotton knit 283
cotton-nylon blends 276f.
cotton-polyester blends
267, 275

coupling agents 32, 64
coupling layer 179

Cox 272

CP-44B 121

CP-2000 62, 67

CPE 90

CPSC CFR1615 284
CR-25 117

CR-733S 173

CR-741 173

crack and craze resistance
192

Crastin 155

cresol novolac epoxy resin
248, 252

cresyl diphenyl phosphate
100, 172



critical radiant flux 134
crosslink density 36
cruise ships 199
crystallinity 6
crystallization 147
CS-91 method 5903 145
C-TEC® 87,95
C-TEC® CT ZB200 96
C-TEC® CT ZB400 96
C-TEC® CT-ZST 97
C-TEC® MC9 12
CTFRZ 22
CTI 116,118,149
CT-ZHS 97
Cullis 5
Curry 194
cushioning 35
cyanamide 270
cyanate 257
cyanoguanidine 270
cyanurate 72
cyanuric acid 125
cyclic methylphosphonate
275f.
cyclic phosphate 99
cyclic phosphonate
Amgard 209
cyclohexanedimethanol
ethylene terephthalate
153
cyclohexylidinebis
(2-methylphenol) 178
cyclopentane 211
Cycovin® 92

D

Dacron® 900 F 145
Daihachi 165,173,177, 249
Daihachi PX-200 174, 255
Dai Ichi 53, 61,148
Dainippon Ink 168, 252
Daiwabo 291
dark (pre-oxidation) zone
336

dashboards 67

DBDPE 17f., 63

DBDPO 16-18, 31, 59, 118
DC 4-7081 32

DCP 15,70

DE-83 59

DEB3R 16, 38

Dead Sea bromine 286
Dean 35

Decabrom 16

decabromodiphenylethane
17, 38, 42, 65, 68f., 119,
151,193, 231, 243, 257,
283

decabromodiphenyl ether
150, 272, 282

decabromodiphenyl ether-
antimony oxide 271

decabromodiphenyl oxide
151., 38, 64, 118,163,193,
257

Dechlorane® 15
Dechlorane Plus® 15f.,
70,131, 134f.

decking 34, 84
Degussa 125

dehydrochlorination 95

dehydrogenation 332
Delacal® 127

Delamin® 127

delamination 253, 328

delamination tests 249

delay in smoke release

91

DEPAL 27

depolymerization 50, 73

depolymerize 115

deposition 165, 179
D.E.R. 542 243

deviations from additivity
308

DG50 89f.

di-2-ethylhexyl 89

dialkylphosphinates 120,
259

dialkylphosphinic acids
131
dialkyl phthalates 85
dialkyl tetrabromoph-
thalate 53
diallyl phthalate 197
diamine 31, 234
diaminodiphenylsulphone
257
1,2-dibromoalkyl ketones
53
2,3-dibromo-2-butene-1,4-
diol 214
dibromoethyldibromo-
cyclohexane 53
dibromoneopentyl glycol
190
dibromostyrene 121,192
dibutyl acid pyrophosphate
210
1,]-dichloroethane 213
dicumyl peroxide 40, 55
dicyandiamide 270
dicyclopentadiene 194
dicyclopentadiene-maleic
anhydride adduct 190
die drool 32
dielectric constant 246
diene elastomers 6, 35
diethyl ethylphosphonate
208, 216f.
diethyl N, N-bis(2-hydro-
xyethyl)aminomethyl
phosphonate 233
diethylphosphinate 132
diglycidyl ester of phenyl-
phosphonic acid 251
diglycidyl ether 191
diglycidyl ether of tetra-
bromobisphenol A 243
diguanidine hydrogen
phosphate 269
9,10-dihydro-9-oxa-10-
phosphaphenanthrene-
10-oxide 251, 289, 329



dihydrooxaphosphaphen-

anthrene oxide 142,197
dihydroxybiphenyl 179
diisodecyl phthalate 85
diisononyl phthalate 85
dimelamine sulfate 156
dimethoxymethane 213
dimethyl 2-hydroxyethyl-

phosphonate 224
2,3-dimethyl-2,3-diphenyl-

butane 5, 20, 55, 285
2,5-dimethyl-2,5-di(t-butyl-

peroxy)hexane 55
dimethylaniline 195
dimethyl ester 277
dimethyl methylphospho-

nate (DMMP) 195,198,

207f., 210, 216, 329
2,6-dimethylphenol 71
dimethyl propylphospho-

nate 196, 208, 216
DIN 4102-1 test 209
DIN 4102 B, B-2, B-3 311
DIN 4102/B-2 217, 286
DIN 54336 146
dioctyl phthalate 85
dioctyl tetrabromophtha-

late 89, 97
dioctyl tetrachlorophtha-

late 89
Diofort® 292
Diolen Industrial Fibers

292
diol phosphonate 208
diols from DOPO and

naphthoquinone 252
Dion® 9300 191
Dion® FR 190
dipentaerythritol 125
diphenylethane 17
1,I-diphenylhydrazine 122
dipheyl isopropylphenyl

phosphate 100
diphenyl octyl phosphate

231

diphenyl phosphates
125

diphosphinic acid 132

diphosphonic acid 197

dipole moment 176

discoloration 59, 63

Disflammol® 100f.

Disflammol® DPK 221

disperse dyes 267

dispersion 6, 37, 40, 86

dissipation factor 246

dissociation enthalpy
325, 336

distribution gradient 295

di-tert-butyl peroxide 55

dithiophosphates 57

di-/tribromostyrene 121

DMDHEU 279

DMMP 207, 216

DOC FF3-71 146

dodecachlorododeca-
hydrodimethanodiben-
zocyclooctene 15

dodecyl! diphenyl phos-
phate 97

Dombrowski 272, 275

DOPO 57,142,197, 2511,,
256f., 289, 329

DOPO-BPA 253

DOPO-modified novolac
253

Dover Chemical
89f.

Dow 10, 51, 54f., 57, 85,
90, 94,190f., 207, 215,
224, 243, 251, 253, 291

Dow 651 53

Dow Corning 32,170

Dow Corning DC-4071
327

DP-45 20, 89

drip 50, 64,134

drip enhancement 69

dripping 13,73

dripping mode 116

37, 69,

drip retarding additives
134

DSM 19, 115,121,127,156,
194, 226

DSM’s Twaron® 289

Dual Guard® 2000 200

ducting 189

DuPont 12, 41,108, 115f.,
1251.,129,133, 144 1., 147,
154-156, 215, 274, 289,
294

DuPont Neoprene 35

DuPont Teijin Films 144

durability 272

Duraver® E-Cu 156 251

dust 86f.

Dyadic Chemical Co. 279

Dylark® 232 or 250 121

DynaSil FR5850N2 88

Dystar® 290

E

E-84 1,84

E-84 Class | 188

E-84 tunnel 66, 311

E-84 tunnel test 209, 212,
31

E-84 with cone calorimeter
31

E 162 radiant panel 187

E-662 NBS smoke
chamber 187

Earl 206

Eastman 153,168

Echomag® Z10 255

Ecopiren 10, 93,128

ECR-742 108

ECR HP-441 108

elastomers 5, 35, 39, 211,
257

electrical and electronic
equipment 172

electrical and electronic
scrap 245



electrical applications
189

electrical conduits 194

electrical connectors 147

electrical equipment 58

electrical equipment
housings 84

electrical failure 248

electrical laminates 241

electrical properties 95

electromagnetic shielding
170

electron beam 179

electronic circuit applica-
tions 121

electronic equipment
enclosures 66

elemental bromine 190
Elkem 228

Elk Technologies 290

elongation at break 8,19,
31

elongation to break 7, 20,
34, 40

Elvaloy® HP 108

Emerald® 2000 251

Emerald® Innovation 1000
21, 62,163

Emerald® Innovation 3000
54

Emerald® Innovation NH-1
220

EMF shielding 210

EMF-shielding gaskets 29

EMS 133

EMS-Griltech 289

EMS-Grivory 115

EN 13823 312, 318

encapsulants 246

encapsulated integrated
circuits 242

encapsulated red phos-
phorus 55, 65, 209

encapsulating 129

encapsulation 241

endothermic 326
endothermic additives 7
endothermic release of
water 90

ENERGY® 3E 216
Engelhard 40
enhanced dripping 124
Enichem 24

Enovate® 3000 212
environmental impact 111
environmental risk 76
EPA 20, 52

EPA risk assessment 87
EPDM 6, 11,15, 20, 27f.,
35, 37-40
epichlorohydrin = 214, 218,
254

epiradiateur test 168
EPON® Resin 5112 and 5114
243

epoxides 257
epoxy-benzoxazine resin
248

epoxy coatings 257

epoxy cresol novolac 59

epoxy oligomers made
from tetrabromobis-
phenol A 162

epoxy stabilizers 177
EPR 6

EPS 51, 55-57

escape time 2

Estane ZHf 232

esterase 99

Ethacure 234

ether 17

ethylenbistetrabromoph-
thalimide 42

ethylene-acrylate-carbon
monoxide copolymers
108

ethylene acrylic elasto-
mers 40,108

ethylenebis(ethylphos-
phinic acid) 253

ethylenebis-stearylamide
125

ethylenebis(tetrabromopht
halimide) 19, 38, 63, 69,
151, 257

ethylene-butene 11

ethylene-butyl acrylate
130

ethylene-butyl acrylate-
glycidyl methacrylate
178

ethylenediamine methyl-
phosphonate 28

ethylenediamine phos-
phate 25, 28

ethylene glycol phosphate
oligomer 200

ethylene-octene copoly-
mer 73, 94

ethylene-propylene copo-
lymer 11, 26

ethylenethiourea (vulcani-
zing agent) 41

ethyleneurea-formal-
dehyde 25

ethylene-vinyl acetate 64

ethyl ethylene glycol
HO-terminated oligomer
234

2-ethylhexyl diphenyl
phosphate 101

2-ethyl-4-methylimidazole
247

ethylphosphinic acid 144

ethyltriphenylphosphonium
243

EU Risk Assessment 67

European Oeko-Tex
environmental standard
278

European Radiant Panel
Test EN ISO 9239-1 286

European standard
EN 45545-2 196

EU SCHER 244



EVA 9,13,17, 26f., 29-31,
33, 39
EVA-LLDPE 32
Ewing 336
Excel Polymers 35
exfoliated mont-
morillonites 134
exfoliation 328
Exolit® 422 231
Exolit® 462 23
Exolit® AP 422 195
Exolit® AP 452 221
Exolit® AP 462 195, 221,
27
Exolit® AP 740 196
Exolit® AP 750 24, 208
Exolit® AP 752 24
Exolit® AP 760 24
Exolit® AP 765 24
Exolit® AP 766 24
Exolit® EP200 253
Exolit® OP 514 224
Exolit® OP 550 200, 223
Exolit® OP 560 234
Exolit® OP 560 212, 223
Exolit® OP 930 198, 249
Exolit® OP 1230 27,131,
196, 259
Exolit® OP 1240 154
Exolit® OP 1260 154
Exolit® OP 1311 131, 232
Exolit® OP 1314 234
Exolit® OP 1400 132
Exolit® RP 129
Exolit® RP 69X 129
Exolit® RP 652 231
Exolit® RP 654 195f.
Exolit® RP 6520 209
Exolit® RP 6580 209
expandable graphite 28,
36, 42, 56, 65, 71,135,
209f., 232-234, 326
expandable polystyrene
50
expanded clay 209

expanded glass 209
expanded polystyrene 51
expanding agent 54
Extem 290

exterior sheathing 194
extruded polystyrene foam
51

extruded profiles 84
extrusion speed 30
exudation 28,172, 286
Exxon-Mobil 105

F

F-2000 68,122,149
F-2001 189, 243

F-2016 68

F-2100 162

F-2200 243

F-2200HM 54
F-2300H 162

F-2400 122,150
F-3000 61, 68,122,150
F-3010 61

F-3100 68,122,150
FAA 306

- aircraft seating require-
ments 225

- report 257

Factory Mutual 200
Factory Mutual corner test
206

fast crystallizing 141

fatty acid 31

fatty amine 276
FCX-210 71

federal apparel test 313
Federal Aviation test FAR
25-853ab 164

federal children’s sleep-
wear test 313
Federal Motor Vehicle
Safety Standard (MVSS)
302 104,17, 316
Federal pill test 141

FEP 13,107

ferric oxide 70, 95

Ferro Corp 101,120, 258

Ferro Santicizer® 141 39

Ferro Santicizer® 148 39

FF3-71 145

FF-680 70

FG8500 162

fiber combinations 294

fibrillated 164

fibrils 164

FIGRA 318

filament-wound compo-
sites 191

filler 98

fire-blocking 295

Firebrake® 415 96

Firebrake® 500 96

Firebrake® ZB 9,11, 37, 96

Firebrake® ZBXF 96

fire cables 33

fire growth acceleration
parameter P 311

fire hazard 217

Firemaster® 520 213

Firemaster® 550 and 552
222

Firemaster® 600 223

Firemaster® 602 223

Firemaster® 935 148

Firemaster® 2100 17, 60,
119, 151, 231, 257

Firemaster® BZ-54 222

Firemaster® CP-44HF 121,
149

Firemaster® FF-680 67

firemen’s turnout gear
276

Firepel®133 194

Firepel® K120-MTA 196

Firepel® K130 189

fireproof 205

fire risk 76

Firestop Ltd. 29, 279

firestops 23, 233



Fire Testing Technology
310

Flameblok 97

flame chemistry 74
Flamecut 28

flame extinguishants 324
Flamegard® 906 135
Flamegard® CNX 135
Flamegard® FR 908 281

flame poison 86
FlameQuilt 276

flame retardant coatings
258

flame retardants 244

flame retard cotton-poly-
ester blends 276

flame spread 51, 84, 98
- index (FSI) 206, 312
- rates 84

Flamestab® NOR 116 286
Flammentin® FMB 271
Flammex® DS 280

flash fire hazard 289

flashover 2

flashover time 310
Fleming and Green 276

flexible 85

flexible Noryl 72

flooring 101, 110
Floridienne 126,155
Flovan® CGN 270

flow 37

flowability 70

flue gas scrubber 191

fluorinated elastomers 86

fluorine 13

fluorine enrichment 180

fluoroalkylene carbonate
end-groups 180

fluorochloroethanes 54

fluoropolymers 13,106,
109, 257

FM 4450 57, 206, 211
FMC 100,162

FMVSS 302 109

foamed rubber insulation
35

fogging 100, 219

food containers 50
food packaging 30
Fortron polyphenylene
sulfide 292

FP-110 250

FP-122P 54

FP-500 174

FP-700 173
FP-2100JC 26
FP-2200S 26
FP-2400 26

FR-2 249

FR-4 boards 241
FR-7A 274

FR-20 93,128
FR-20-400 128
FR-150 144

FR-245 61, 63, 67, 243,
246

FR-370 20, 63,151, 285
FR-513 214, 223
FR-522 190

FR-720 18, 62
FR-803P 120, 149
FR-1025 123,149,151,177
FR-1120 97,123
FR-1206 19, 52
FR-1210 16f., 38, 59
FR-1410 17, 60, 119, 151,
257

FR-1410 or Chemtura
Firemaster® 2100) 163
FR-1524 62, 67, 243
FR-1808 163

FR-2025 168

FR-8010 246

fragments such as PO
329

FR CROS® 486 23
FR CROS® 486 and 487
271

FR CROS® 487 23

FR CROS® 489 23, 271

FR CROS® C30/C40 23

FR CROS® C60/C70 23

free radical generators 5,
285, 333

free-radical initiator 20

French epiradiateur test
164, 316

French M1 class 214

Freudenberg Nonwovens
295

Friedel-Crafts chemistry
75

Fristrom 74

frits 88, 327

FRP-45 89

Frushour and Knorr 291

FRX Polymers 153,166,
177, 254

FRZ20S 87

FRZ30S 87

FTT 310

2-ft. tunnel 31

Fuji Electronic 249

Fuji Xerox 177

fumed silica 221

functional layer of copper
179

furniture 217, 287

- in public places 226

Furon 108

1% fused silica 308

fused silica 255f.

Fushimi 166, 176, 250

Fyrol® 6 208, 211, 223,
233

Fyrol® 38 222

Fyrol® 51 224, 272, 279

Fyrol® A300TB 219

Fyrol® AZI0 221

Fyrol® Bis-Beta 197

Fyrolflex® RDP (resorcinol
bis(diphenyl phosphate))
71,146, 155,166,170, 173,
231f.



Fyrolflex® Sol-DP 65, 70,
73,174

Fyrol® FR-7 223

Fyrol® HF-4 221, 223

Fyrol® HF-9 220

Fyrol® HF-10 220

Fyrol® P26 28

Fyrol® PCF 206, 210, 213,
219

Fyrol® PMP 254

Fyrol® PNX 220

Fyroltex® HP 224, 279

G

Gabara et al. 289
Galata 85
Gallagher 293
Gallo 66

Gardziella et al. 198
gaseous ammonia 273

gaseous “blanket” 325
Gay-Lussac 266

GE 41, 65, 92, 148f., 151,
167-169, 1781.

GE inventors 180

gel coat formulations
196

Gelest DMS-A15 234
gelling catalysts 217
General Cable 8
General Electric (also see
GE) 156,163,171, 243
General Wearing Apparel
Standard 267

GE Plastics 71

German DIN 4102 210
GETEK 243

Gitto Global 107

glass fabric 290

glass fiber 116,134, 209
glass powder 125

glass reinforcement 200

glass transition tempera-
ture 249

glassy coating 327

Glasteel 192

glowing 242

glowing combustion 96

glow wire 116

glow wire flammability
index 132, 309

glow wire ignition tempe-
rature 25,129,132,
309

glow wire test 125, 128,
132,152,156, 309

glycidyl methacrylate

121

glyoxal resin 278

Goosey 241

GRAFGuard® 28

Graftech® 28

Grand 5

graphite 27, 56

gray foam 56

Great Lakes Chemical 70,
19,121,196, 213, 222,
251, 311

Great Lakes PE-68 62
Great Lakes’ Pyrobloc®
SAP-2/Thermoguard®
FR 287

Great Lakes Solutions 21,
26, 54, 62, 220

green 246

Green and Chung 147
GreenArmor® 62,149
GreenCrest Polymeric FR
Solution 54

GREP 28

Grossman 103

ground gypsum 193

ground tire rubber 36

guanidine phosphate 134,
269, 271

guanylurea 270

GWA, Title 16 CFR part
1610 267

GWFI 309

GWIT 309

GWT 309

gypsum 234, 285
gypsum wall board 57

H

H410 245

Hairston 293

Halar 200

Halguard E59001 26
Hallstar 85
halogen-antimony 13
halogenated dibenzo-
dioxins and dibenzo-
furans 245

Halox FR-1120 97
Hammond 97

hand 268

Handbook of Technical
Textiles 265

hard rubber 35

hard water cations
(Caand Mg) 278
Harwick Chemical 35
Harwick Standard 35
Hauser and Schindler
265

HBCD 51, 55
HCA-HQ 252
HCFC-141b 212

HDPE 25-27

HDT 59,172

health risks 87

heat 310

heat deflection tempera-
tures 133

heat distortion tempera-
ture 65, 67,191
heat of combustion 6
heat release 98
heat-sealed plastics 19
heat sinks 324

heats of combustion 6
heat stability 92



heavy metal 22
HEIM 142f.,145

Heim®1 288

Hercules’ Dicup® R 55
HET® Acid 188

Hetron® 188f.

Hetron® FR 650T-20 189
Hetron® FR992Sb 191
Hetron® FR 1440 190

1,1,2,3,4,4-hexabromo-
2-butene 53
hexabromocyclodecane
276
hexabromocyclododecane
19, 50, 52, 281f.
hexabromohexene 53
hexafluorozirconate 281
hexamethoxymethyl-
melamine 277
hexaphenoxycyclotriphos-
phazene 166
hexaphenoxytricyclophos-
phazene 176, 250
hexaphenoxytriphos-
phazene 56

Hexcel 257

HFC-245fa 212
HFC-365 mfc 212

high acid number 197
high cotton polyester
blends 283

high frequency specialty
laminates 250

high impact 67

high impact polystyrene
49, 58

high loft batting 294
high-temperature anti-
oxidants 336

high temperature polyami-
des 115

high yield of carbonaceous
char 330

Himont 24

hindered amine 29

hindered amine photosta-
bilizer 59

HIPS 49, 58, 61, 64,
67-69, 71
HIPS-polyphenylene oxide
49

Hirschler 2,5, 83, 99, 110,
206, 229, 267, 303, 313,
3171.
Hitachi
255
HM-C9 93

Hoechst 23f., 55,131,
223, 288

home furnishings 265
Honeywell 212

Hooker Chemical Co. 15,
188, 273f.

Hornsby 285

Horrocks 265f., 271f., 278
Horrocks and Roberts 277
hoses 35

Hostavin NOW® XP 29
hot-cure molded flexible
foam 219

hot-molded automotive
seating 220

hot wire index 309
HP-136 222

HP8OOAG 62

HP-900P 19

HP-3010 149

HP-7010 120, 149

H-TEC H® series 93

HTN 115

Huber 8,11, 91-93, 95,
193

huntite 12, 93
huntite-hydromagnesite
12

Huntress 232

Huntsman Textile Effects
234, 254, 271, 282

HVAC ducting 200
HVAC ductwork 195

9,11, 247, 253,

hydrated alkali silicates
233
hydrazine borate 122
hydrazine sulfate 122
hydrochloric acid 93
hydroentangled 294
hydrogenated 276
hydrogenated HIPS 72
hydrogen chloride 84, 98
hydrogen fluoride 13
hydrogen peroxide 274,
275
hydrolytic instability 197
hydrolytic stability 73
hydromagnesite 12, 93
hydroquinone bis(diphenyl
phosphate) 28
hydrotalcite 29, 52, 94,173
hydroxides 7
2-hydroxyethyl P-ethyl-
P-(2-hydroxyethyl)
phosphinate 197
hydroxyethyl terminated
ethyl phosphate oligo-
mer diol 223
hydroxyl number 210
hypophosphites 71
hypophosphite salts 133
hypophosphorous acid
166

IAOIA 22

ICC 57

ICl 194, 283
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52, 54, 59-61, 63, 65,
67,70, 721., 93, 97,100f.,
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149-151,162f.,166, 1721,
177,189f., 206, 208, 211,
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ldemitsu 163,179

IEC 332/1 39

IEC 60695-2-10/13 309

I[EC 60695-2-12 or 13 116

IEC 60695-11-10 304

IEC 60707 304

ignitability 310

illite 128

impact 19, 59-62, 69f.,
172

impact modifiers 64, 69,
84

impact strength  62-66,
149

impact toughness with age
171

improving precision 310

incineration 110, 245

increasing the tolerated
loading of ATH 192

Indura 274, 276

Indura® Ultra Soft fabric
275

industrial launderings
274

Industrial Technology
Research Institute 197

INEOS 167

inert diluent 285

inert filler 308

inflatable structures 92

injection molded products
141

injection molding 24, 67

in-mold primers 199

Innes 98, 161

insulation of buildings 51

Intel 246

interactions 42

interfering with the cure
195

interliners 291, 293

intermingled elastomeric
295

International Antimony
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International Wool Secre-
tariat 281

interphase control agent
256

intumescence 23,75
intumescent 179,196, 272
- additives 24

- char 169

- coatings 25,133, 233,
269

- foam layer 293

- paints and mastics

258

Invista 295

Invista Terate 215
iodine 13

IPC 244

Irgastab 170

lrogran A95P5003DP 232
iron 15, 95
iron-catalyzed decomposi-
tion 162

iron compounds 7

iron oxide 130

irritation 86
is(1-chloro-2-propyl) phos-
phate 231

Isarov 11

SO 1210 304

ISO 5660 310

ISO 9705, NFPA 265 312
isocyanurate 205, 209f.,
215f.

- index 21

- roofing foams 213
isodecy! diphenyl phos-
phate 39, 101f.

Isola 243, 250
isophthaloyl chloride 179
isopropylated triphenyl
phosphate 39
isopropylphenyl dipheny!
phosphate 208, 220

isopropylphenyl diphenyl
phosphate /triphenyl
phosphate 222

isopropylphenyl phenyl
phosphates 100

isopropylphenyl phosphate
222

Israel Chemical Ltd 16

itaconate 197

itaconic diester 142
ltalmatch 27, 71, 88, 130,
133, 152f., 166, 209, 231,
248

ITEQ 247

Ixol 214

Ixol B251 214

Ixol M125 214

J

Jain 248

Janssens 311

Jeffamine D-2000/T-5000
234

JJI Technologies 25

Johns Manville 216

Jones Fiber Products 293,
296

juicing 165,172

K

Kanacaron modacrylic
295

Kandola 272

Kanecaron 294

Kaneka 294

kaolin 287

Kemgard® 911C 94
Kemgard® 981 94
Kemgard® HPSS 94f.
Kemgard® MZM 94
Kemira 291

Kenrich Chemical Co. 67
Kenrich Petrochemical 32



Kermel 289f.

ketone thermoplastic resin
258

Kevlar 289, 294

Kirk-Othmer Encyclopedia
265

Kisuma 10, 93,128

Koch Industries 145

Kolon Industries 144

KoSa® 143,145,197

KoSa® Type 209 polyester
292

KoSa® Type 254 Celbond
292

K-Resin 36

Kronitex® 50 100

Kronitex® 100 100

Kroushl 109

Kyowa 10, 93,128

L

L620 227

[-5740 227

L5750 227

Lambiotte 213
laminates 179

Land 295

Landry 206

Lanxess 89,100f.,128,
148, 153f., 167,196, 206,
208, 211, 221, 224, 233
Lanxess Levagard® 4090N
208

Lanxess Levagard® TPP
208

laptops 171
Laropal® A81 258

laser marking 149

laser printing formulations
151

Latamid® 6B 133

latex 285, 293

latex backing 135
laundry sour 270

layered clays 327

layered double hydroxides
31

layered polymer 33

LCAB Minerals 93

LDPE 17, 26f.

lead-free soldering 131

leakage currents 65

LeBlanc 274

Le Bras 23

LED lights 166

Leggett & Platt 294

Lehmann & Voss 197

lenses 166

Lenzing AG 287

Levagard® 4090N 211

Levagard® DMPP 196,
208

Levagard® PP 206

Levagard® TP LXS 51053
224

Levchik 58

Lewin and Weil 74

Lewis acid catalysis 128

Lewis acids 97

Lexan 161

Lexan®105B 163

LG 87

LG Chem 165, 243

life-cycle study 76

life safety benefits 310

life-saving benefits 76

light fixtures 67

light sockets 19

light stability 69,190

Limitedwear 289

limiting oxygen index, LOI
6, 307

Lindol XP Plus 100

linear alkyl diphenyl phos-
phate 101

linear silicones 170

Link 295

liquid flame retardants
64

lithium perfluorobutanesul-
fonate 168

lithopone 87, 98

Little 266

LKAB 12

LLDPE 10, 27

LOI 307

Lonza 257

low density polyethylene
17

low fogging 220f.

low heat release rate 310

low melting glass 165

low molecular weight poly-
styrene 120

low smoke 40

low-smoke polyester
resins 193

low-smoke, unsaturated
acrylate oligourethane
resins 194

low vapor pressure 67
LS series 95

LSZ4A 102

Lubrizol 232

Luvoguard® HF 70 R 197
Luzenac 96

Lycra® 295

Lyon and Hughes 308
Lyons 266

M

3M 168

magadiite 31

magnesium aluminum
carbonate 94

magnesium calcium carbo-
nate 93

magnesium dihydroxide,
MDH 10

magnesium hydroxide 10,
21, 28f1., 38, 40, 42, 65,
72, 87,93f.,104,123,
125,127,133,173,177, 285



magnesium hydroxide-

carbonate 107
magnesium oxide 93, 232
magnesium salt 291
magnesium salt of diphe-

nyl phosphoric acid 170
magnesium silicate 13
magnesium stearate 12
magnesium zinc hydroxide

255
Magnifin® 10, 93, 128
MagShield® 10, 93
maleated 31
maleic anhydride 9
maleic-grafted poly-

ethylene 33
Mannich polyols 212, 214
marine decking 194
marine fire safety codes

199
market research forecast

2
Markezich 15
Marquette University 36,

234
Marshall Additive Techno-

logies H-TEC 90
Marshall Additive Techno-

logies 22, 87,93,

95-97,189
Marshall Additive Techno-

logies C-TEC® LSZ4A
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Marshall Additive Techno-

logies CT ZB800 11
Marshall Additive Techno-

logies ZB200 38
Martinal 92
Martinal® OL 192
Martinal® TS-610, or

TS-601 247
Martin Marietta
Martinswerk 93
mass loss 310
mass transfer barrier 12

10, 93

mass transit 189, 199
mass transit applications
196
masterbatches 27,129
Masteret® 15460 B2XF
27
Masteret® 20450 130
Masteret® 21450 27
Masteret® 40470 39
Masureel 291
Matchmaster Dyeing and
Finishing Co 277
mattresses 230, 287,
290, 292, 296
mattress ticking 293
MC5 192
MCA Technologies 25
McFadyen 318
McKinnon-Land 295
MC-XL 125
MDH 9, 27, 29f., 33, 39
MDH in polypropylene 12
mechanism review 74
medical 180
Megafac F-114P 168
Megafac F-114S 168
melam 127
melamine 65, 125f., 155,
198, 218, 225, 229, 231,
255, 258, 271, 273, 3241.,
329
melamine borate 198
melamine combination
293
melamine cyanurate 19,
71.,119,1241.,128,130,
133-135, 147, 152-154,
156, 196, 231, 254, 272
melamine fibers 290
melamine-formaldehyde
23f., 271
melamine-formaldehyde
resin 268, 279
melamine formaldehyde
resin coated 23

melamine hydrobromide
28

melamine methylphospho-
nate 28

melamine octamolybdate
95

melamine phosphate 12,
25f.,198

melamine polyphosphate
25, 27,127,130, 149,
153f.,198, 232

melamine (pyro- or poly-)
phosphates 134

melamine pyrophosphate
26,72,126,147,196

melamine resin 278

melamine with ATH 198

melam polyphosphate 127

Melapur 132

Melapur® 200 25, 126f.,
130

Melapur® MC 130

melem 155

melt-blendable additives
61

melt drip 20, 143

melt flow 8, 50, 61f., 67,
73,122,125,149, 286,
308, 327

melt-flow-drip mode 5,
333

melting or shrinking away
333

melt spinning 285

melt-spun fiber 19

melt-spun polypropylene
20

meta-aramids 289

metal dialkylphosphinates
131

metal smelters 245

methacrylate 52,194

methacrylate-butadiene-
styrene terpolymer 178

methacrylic 8



methacrylic acid 191

methenamine pill test
135, 285, 317

methylal 213

methylated tetra- or penta-
methylolmelamine or
trimethylolmelamine
278

2-methyl-2,5-dioxo-1-oxa-2-
phospholan 197

methyl methacrylate 192,
193

methyl methacrylate-phen-
oxyethyl methacrylate
copolymer 177

methylphosphinate 143

methylphosphonate 200,
223, 276

methylphosphonate carbo-
nate bisphenol A copoly-
mer 177

methylphosphonate copo-
lymer with terephthalate
153

methylphosphonate-phos-
phate 279

methylphosphonic acid
223, 270

MgO 173

Mg(OH)2 31, 247

mica 177

micaceous clay 128

mica-silicone combina-
tions 33

microfibrillated 134

migrating 165

migration 65

Milex® XL 225 255

military aircraft 257

military protective garment
289

Milliken & Co 277, 295

MIL-STD-2031 234

Minelco 12,93

mineral fillers 7, 73, 256

mines 200

Mirex 15

Mischutin 282
Mitsubishi 127
Mitsubishi Engineering
Plastics 119,169
Mo-based catalysts 331
Mobay 224

modacrylic 276, 294f.
modacrylic fibers 291,
294

modacrylics 291
Modar® 194

mode of action 308
modified PPE 71
moisture uptake 7, 249
mold corrosion 118, 120,
199

mold deposits 120
molecular sieve 31
molybdate 38
molybdenum 88
molybdenum carbonyl 95
molybdenum compounds
87, 94f.

molybdenum oxide 95
molybdenum trioxide 92,
95,127

Momentive Performance
Materials 70, 191, 228,
243
mono-/di-(4-hydroxyphe-
nyl)phenylphosphine
oxides 251
monoguanidine dihydro-
gen phosphates 269
Monsanto 64,101,134
Montedison 23-25
montmorillonite 27, 30,
65,101,132, 148, 154, 209
Morgan 311

Morley 94

Motorola 255

Mount Vernon Mills 275
Moy 173

m-phenylene isophthala-
mide 116

multiaromatic group 256

multifilament yarn 292

multivariate experiments
42

mutagen 53, 207

MVSS 302 1,162, 219f.,
286

N

N-(2,3-dibromopropyl)-4,5-
dibromotetrahydroph-
thalimide 53

NA11 170

Nabaltec 7, 9,128

Nair 273, 277

nanoclay 12, 57, 65,130,
134,176, 328

nanocomposites 30

Nanocor 30

nanofibers 31

NanoMax® masterbatches
30

nanomers 30

nanoparticle catalysts
332

Nantong Eutec Chemical
144

Nan Ya 92

naphthoquinone 252

Nass and Heiberger 83

5-Na-sulfoisophthalic acid
168

National Electrical Code
318

National Fire Protection
Association 265

National Institute of Stan-
dards and Technology
295

Natural Fire Resistant High
Loft 294

natural rubber 5, 35, 38



Nazare 265

NBR 39

NBS smoke chamber 313

NEC Corp 170, 254f.

Nelson 2

neopentylene rings 57

neopentyl glycol-isoph-
thalic bulk molding
compound 193

Neopor 56

Neoprene® 41, 295

NES 714 307

Nexylon® FR 289

NFP 92-501 214, 316

NFP 92-501 M-1, M-3, and
M-4 311

NFPA 256 317

NFPA 262 tunnel test 105

NFPA 271 310

NFPA 286 312, 317

NFPA 701 145f., 265, 286,
314

NFPA’s Hazard Risk
Category 2 276

NH-1197 196

NHP 220

NIAX® [-631

nickel 9

nightwear 266

NIST 310

nitrile rubbers 36

nitrous oxide 308

N-methylol dialkyl phos-
phonopropionamide
278

N-methylol dimethyl phos-
phonopropionamide
277

N, N'-diphenyl-p-phenyle-
nediamine 41

Nofia FRX 231

Nofia OL 254

Noflan 279

Nomex® 116, 289

Nomex® aramid 274

228

nonblooming 19, 21,123,
149f.

nonburning drips 124

nondripping mode 116

nonflame combustion
242

nonflaming drip 333

nonflammable plasticizers
86

nonhalogen FR-4 PWB
246

nonhalogen non-ATH intu-
mescent resin 196

nonhalogen printed circuit
boards 246

nonwovens 275

NOR® 116 5, 28f.

Noryl 65

novolac 155, 247

NR-25 209

N-stearylerucamide 125

nucleating agent 170

nylon 27, 275f., 286

nylon carpets 272

o)

o-cresol novolac epoxy
247

octyl diphenyl phosphate
89

Oertel 205

offering brominated 148

OH-functional methylphos-
phonate methyl phos-
phate oligomer 224

Ohio State University rate-
of-heat-release calori-
meter 306

Ol (oxygen index) 307

oil-plasticized polyolefin
8

OL-104C 92

OL107C 92

olefin copolymers 5f.

Olex Australia 33
oligomeric 85
oligomeric ethyl ethylene
phosphate 220
oligomeric OH-terminated
bisphenol A methylphos-
phonates 254
oligomeric or polymeric
methylphosphonates
231

oligomeric phosphates
180

oligomeric sulfonylbisphe-
nol phenylphosphonate
142

oligomer-linked N-alkoxy-
2,2,6,6-tetramethyl-
4-substituted-piperidine
286

oligourethane unsaturated
resins 194

Omya 87

Ongard® 2 89, 94,104
Ongard® 5 94

OP 935 249

OP 1240 131

open flame test 217, 292,
314

optical cables 115
organoclays 173
organophosphates 99
organophosphate salts
170

organophosphine 274
organosilicon 88
organotins 29
orthoesters 173

0S| 227f.

Otsuka 176, 250
Owens-Corning 57
oxalic acid 270

oxazine 255

oxazoline 255
oxetanes 173

Oxid 215



oxidative dehydrogenation
332

oxidative polymerization
19

oxidized polyacrylonitrile
fibers 292, 294f.

Oxychem 15,70

oxygen concentration
measurements 310

oxygen index 307f.

ozone-depleting action
21

P

PA 66/6 blend 289

pallets 21, 85

Panasonic 253

Papa 205

paraffin feedstocks 89

Parén and Vapaaoksa 291

particle size 7

particle size distribution
1

passenger aircraft 256

passenger rail 188

PBDS-80 149

PBS-64 121

PBS-64HW 121,163

PBT 141f., 150

PC-ABS 162,170, 174,177

PC-ABS blends 173

PC-PBT 172,178

PC-PLA 178

PC-polysiloxane 163

PC-polysiloxane-ABS blend
170

PC-silicone copolymers
177

PC-silicone rubber blends
165

PDBS-80 121,149,163

PE-68 18

peak rate of heat release
2

PE/EVA blends 31
Pekoflam ECO 279
Pekoflam SYN 279
pelletized mixtures 87
Pennwalt 131
pentabromobenzyl acry-
late polymer 151,177,
284, 286
pentabromobenzyl bro-
mide 50
pentabromodiphenyl ether
222,244
pentabromodiphenyl oxide
16

pentaerythritol 42,125,
134,196, 208, 258, 271,
293, 332
pentaerythritol
bis(benzylphosphonates)
249

pentaerythritol spirobis
(benzylphosphonate) 71
pentaerythritol spirobis
(chlorophosphate) 24
pentaerythritol spirobis
(methylphosphonate)
28

pentaerythritol tetrastea-
rate 156

1,1,1,3,3-pentafluoropro-
pane 212
pentamethyldiethylenetria-
mine 217

pentane 211f.

pentane blowing agent
207

PEPA-melamine phosphate
27

Perachem 280
Perbunan 36
perfluoroalkylsulfonic
acids 167
perfluorobutanesulfonate
168

Perkadox®14 55

Perkadox® 30 55, 285

Perkalite 31

Peroxid-Chemie 285

peroxides 55

persistence 2, 52

persistent organic pollu-
tants 19

Perstorp 102

PET 141f., 147, 286

PET films 144

petroleum oil 40

Pevalen 102

PHD® polyols 224

phenolformaldehyde 247

phenolformaldehyde
novolac 128

phenolic composites 198

phenolic glass laminate
199

phenolic laminates 199

phenolic novolac 65, 71

phenolic paper boards
242

phenolic piping 200

phenolic resin based GRP
moldings 199

phenolic resin coating 191

phenolics 187

phenoxyphosphazenes
176

phenyl methyl siloxane
166

phenylphosphinic acid
155

phenylphosphonate oligo-
mer 143

phenyl-substituted siloxa-
nes 171

PhireGuard TCPP 206

Phos-Chek® P40 23

Phos-Chek® P42 23

Phosflex® 31L 39,100

Phosflex® 71B 72, 101

Phosflex® 362 39, 231

Phosflex® 362 and 390 101



Phosflex® 390 39
Phosflex® 418 39, 101
Phosflex® T-BEP 231
Phosgard® PF-100 135
Phoslite® 27
Phoslite® A 133
Phoslite® B85AX 28
Phoslite® B361C 27
Phoslite® IP-A 27,153
Phoslite® IP-C 27,153
phosphaphenanthrene ring
structure 252
phosphate ester plastici-
zers 41
phosphate esters 39
phosphate plasticizers 86
phosphazenes 166, 176
phosphinate diester 142
phosphinate unit 135
phosphine 129f.,152
phosphine oxide 134, 274
phosphine sulphides 57
phosphite stabilizer 122
phospholane oxide cata-
lyst 217
phosphonic acid (3-[hydro-
xymethyllamino)-3-oxo-
propyl) 277
phosphoric acid 269
phosphorous acid 22,168
phosphorus 39, 273
phosphorus additives 22
phosphorus compounds
22
phosphorus-melamine
combinations in unsatu-
rated polyester resins
198
phosphorus oxychloride
218
phosphorus reactives in
unsaturated polyester
resins 197
phosphorylation 269
phosphotungstic 126

photochemical stability
70
photodecomposition 284
photoinstability 67
photosensitivity 59
photostabilizer 59
PHT-4 Diol® LV 213, 233
phthalimidine ring 180
physical vapor phase
action 230
pigmentation effect 86
pigments 59,73
pill test 317
PIPA 224
piperazine polyphosphate
26
piperazine pyrophosphate
26,72
pipes 66, 84
Pirelli Cable 39
Pittchar 258
plastisol 101
plastisol fusion rates 100
plate-out 69, 73
PlayStation2 256
plenum 33, 89, 94,101,
105-107,109
Pliobrak® CDP, TCP and
TXP 100
PO64P 119
poly(1,3-propanediyl)
terephthalate or
poly(trimethylene)
terephthala 141
poly(2,6-dimethyl-1,4-
phenylene ether; PPO)
32
poly(2,6-dimethylphenol)
71
poly-2,6-dimethylpheny-
lene oxide 62
poly(2,6-dimethylpheny-
lene) oxide 332
polyacrylonitrile 131, 292
polyamide 6 115

polyamide 11 126
polyamide 12 126
polyamide 46 115,121,127
polyamide 66 115, 129f.
polyamide carpets 135
polyamide imide 257
polyamide imide Kermel
276
polyamides 115
polyamides 11 and 12 125
polyaryl ester carbonates
179
polyaryl esters 179
POLYBOND 10
polybrominated epoxy
resins 172
polybrominated polysty-
rene 163
polybutadiene 35, 73
polybutenes 5
polybutylene terephthalate
141,147
polybutylene terephthalate/
polycarbonate blends
151
polycaprolactone 94,
108
polycarbonate 65,162f.,
166
polycarbonate-ABS blends
17
polycarbonate-polydime-
thylsiloxane 165
polycarbonate-polyester
blends 177
polycarbonate-polysiloxane
copolymers 178
polycarbonates 161
polychloroparaffins 13
polychloroprene 38, 41
polycyclic aromatic hydro-
carbons 76
poly(cyclohexanedi-
methanol terephthalate
14



poly(dibromostyrene) 163

polydimethyl- and polydi-
phenylsiloxane 71

polydimethylsiloxanes 26,
32,228, 232

polyester 284

polyester-cotton blends
283

polyester polyol based
foams 227

polyetherimide 257, 290

polyether-polyimides 178

polyether polysiloxanes
227

polyethylene 5f., 9

polyethylene film 28

polyethylene glycol mono-
methyl ether 176

polyethyleneimine 271,
282

polyethylene terephthalate
141

PolyFR 207

polyimide fibers 290

polyimides 257, 290

poly isocyanate poly addi-
tion 224

polylactic acid 178

Polylite 680-191 nonhalo-
gen orthophthalate poly-
ester 193

Polymer Dynamix 88

polymeric bisphenol A
methylphosphonate
153

polymeric dibromopheny-
lene oxide 119

polymeric polyesters 85

poly-m-phenylenediamine
isophthalamide 289f.

polyolefins 5, 13,120

polyols with polyacryloni-
trile grafts 224

polyol XZ 1101 225

PolyOne 178

poly(pentabromobenzyl)
acrylate 21,123,149
polyphenylene ether oligo-
mers 168
polyphenylene ether (PPE)
122,132, 243
polyphenylene ether-silo-
xane copolymer 122
polyphenylene oxide 41
polyphenylene sulfide
fibers 257, 292
polyphenyl methyl siloxane
167
polyphosphate 25, 42
polyphosphoric acid 75,
326
polyplastics 155
poly-p-phenylenediamine
terephthalamide 289
polypropylene 5f., 20
polypropylene films 28
polysilicic acid 291
polysiloxane blocks 178
polysiloxanes 247
polystyrenes 49
polystyrenesulfonates 168
Polytechnic University
198, 230
polytetrafluoroethylene
(PTFE) 64,134,164
poly(tetrafluoroethylene)
(Teflon) 13
polyureas 233
polyurethane 295
polyurethane elastomers
230
polyurethane-polychloro-
prene foams 230
polyurethanes 205
polyvinyl chloride 83,135
polyvinylidene fluoride-
PVC blends 109
polyvinylpyrrolidone 122
POP 19
potassium carbonate 12

potassium nitrate 134

potassium octoate 217

potassium perfluorobu-
tanesulfonate 167-169,
180

potassium perfluorosulfo-
nate 169

potassium salt of dipheny!
sulfone mono- and disul-
fonate (KSS) 167

pour-in-place foams 211

power loss 40f.

power plant stacks 191

PPE/cyanate ester/epoxy
243

PPE/HIPS 7

PPG 258

p-phenylene terephthala-
mide 116

PPM Triazine HF 25

PPO 49, 65, 71,142,178

PPO-HIPS blends 65, 72,
173

PPO-polystyrene SEBS
blend 72

PPO-SEBS blend 72f.

PPO/SEBS/HDPE 72

Preached 279

pre-complexed cobalt
cations 195

predictive value 303

predictor for the E 84 test
3n

preignition stage 230

prereacted 273

prereacted with multifunc-
tional epoxies 252

prereaction with DOPO
252

pressure cooker test 249,
253

primary insulation 10

printed wiring boards
241

printers 171



print paste 282

print pigments 145
Proban 273f., 276, 278
processability 31
processing aids 32, 84,
123

propane/butane mixture
55

Proposition 65 218
propylene copolymers
24

propylene oxide 210
propylphosphonic acid
251

protective clothing 290
protective coatings 241
protective colloid 282
protective garments 276,
289

protective glass 327
provides a glow wire igni-
tion temperature 133
Prysmian Cavi 10

PTFE 30, 61, 71,107,120,
150, 155, 164, 167,169,
173

PTT 141, 286

public occupancies 315
public transport vehicles
194

pultruded parts 194
pultrusion 193
pultrusion profiles 196
punking 242

PVC 83

PX-200 65,147,165, 174,
177, 249, 256

Pyrapex 286
Pyrochek® 68PB 120, 149
Pyro-Gon® 294
Pyro-Gon® batts 292
Pyroguard SR-460B 148
Pyron 292, 294

pyrophosphate 25
Pyrovatex® CP  277f.

Pyrovatex® CP and CP-LF
278
Pyrovatim® PBS 271

Q

quaternary ammonium
compound 101

quaternary ammonium
modified clay 133

quinoneimines 222

R

R40 22,87

R46 207

R50/53 245

Rabitle® FB110 176

Rabitle® FP100 166

radiant-heat reflective foil
57

radical-generating syner-
gist 55

railway passenger coach
wiring 89

railway vehicles 196

rate of char formation
309

rate of charring 330

rate of flame spread 218

RB-79 213, 216

RB 9130 213

RDP 71f.,155,165f,,
175-178

reaction of DOPO with
various imines 253

reaction of epoxy resins
with phosphonic esters
251

reaction-to-fire classifica-
tion 318

reactive diol 210

reactive flame retardants
210

rebonded foam 229

recombination sites 328

recyclability 120, 151

red iron oxide 117

red phosphorus 27, 29,
36, 39, 56, 71,126, 128,
130, 152, 195, 208f., 231,
248

reduction or elimination of
antimony trioxide 172

reflectivity 32

refrigerators 51, 211

Reichhold 190f.,193

Reofos® 50, 65, and 95
100

Reofos® 95 39

Reogard® 1000 and 2000
26

reprecipitated ATH 7

reproducible 307

residential carpet 317

resistance to mildew 284

resistivity 8

Resolution Performance
Products 249

resorcinol bis(2,6-xylenyl
phosphate) 177

resorcinol bis(diphenyl
phosphate 155

resorcinol bis(diphenyl
phosphate) 65, 71f.,
146,152,154, 165f., 173,
176, 2311.

retardant textile coating
284

rheological effect 64

Rhodia 72,133, 210, 251,
280

Rhodia, Solvay Division
273

Rhone-Poulenc 289

rigid foams 206

rigid integral skin foams
208

rigid polyurethane foams
206



Rimar salt 167

ring-opened epoxy
oligomer 189

Rio Tinto 9,11, 37, 96,126

risk assessment 244

R.J. Marshall 12,128

R.J. Marshall Company’s
MaxFil ATH 192

roofing 29, 37,109, 317

- laminate 207

- membranes 35

- spray foam 208

room-corner test 317

rosin acid 31

Ross and Hagan 206

Royal Aerospace Establish-
ment 257

rubbers 5

Rubinate 9009 234

Russian Chemical Mining
Co. 10

S

SABIC 72,122,133, 149,
163,168, 170, 176, 178, 180
Sachtleben 98
Sachtolith 98
Safire® 200 126, 155
Safire® 400 126,155
Safire® 600 126,155
Safire® 3000 126
SaFRon® 5371 285
SaFRon® 6600 214
SaFRon® 9010 283
SaFRon® 9020 283
SaFRon® 9025 283
Saint-Gobain 129
Sakamoto Yakuhin Kogyo
150
salts and esters of phos-
phorus acids 331
Samsung 87
SAN 171
Sancor 290

Sandel 290

Sandler 131

Sandoz 287

Sanko 252

Sanko HCA-NQ 252
Santicizer® 148 101
Santicizer® 2148 39, 101
Sanyo Chemical Industries
144

Saran 291

Sateri Fibers 291

Sato 166

Saytex® 213
Saytex®102 59
Saytex® 102E 16, 38
Saytex® 120 17
Saytex® 7010 149
Saytex® 7980 213
Saytex® 8010 17, 60f., 119,
151,163, 243, 257
Saytex® BC-48 53
Saytex® BC-462 53
Saytex® BT-93 19, 42,151,
257

Saytex® BT-93W 19, 151
Saytex® HP-800 18
Saytex® HP900 52
Saytex® HP900SG 52
Saytex® HP-3010 120
Saytex® HP-7010 120
Saytex® HP-7010P 149
Saytex® PBT 620 149
Saytex® RB-79 213, 216,
233

Saytex® XP-4020 216
SBI 318

SBl test 214

SBR 38f., 66

SBS 70,17

scavenge the hydrogen
atoms 328

Schartel 165,179, 330
Schill & Seilacher 144f.,
197

Schreiber 306

Schultz 35

Scientific Committee on
Health and Environ-
mental Risks 244

scorch 221

scratch resistance 174

scratch-resistant 177

SDI 312

sealants 233

Seal Sands Ltd.

sebacates 85

SEBS (styrene-ethylene-
butanediyl-styrene block
polymer) 72f.

selenium 87

semi-aromatic polyamide
133

semidurable 271

semidurable treatments
for cotton 269

semirigid 85

Serono 144

Serta 296

sewing lubricants 145

SFR-100 70

shags 135

shelf life 211

shelf life of a premix 207

Shell 153

Shen 35, 83,115

Sherwin Williams 95

Shin-Etsu 170, 255

shock resistance 191

Sidistar 228

Siemens 250

silanation 9

silane-coated 257

silanes 8, 40

silane surface-reacted 23

silane-treated APP 196

silica 12, 29, 32, 38, 40,
66,173,192, 228, 242f.,
247,252, 286

silicaceous barrier layer
228

167



silicaceous surface barrier
32

silicate 97
silicic-acid-modified vis-
cose rayon 294
silicone 165

silicone acrylate 165
silicone-acrylate blends
179

silicone glycol copolymer
228

silicone-modified polyi-
mides 257

silicone oligomer 247
silicones 32
silicone-silicate 70
silicone spinning lubri-
cants 145

silicone synergists 32
silicotungstic acid 126
siloxane 169

siloxane oligomers 93
silver 130

single burning item 210,
318

sintering 96

Si0, 179

sizes 145

sizing 134

skirtboard 36

slabstock foams 225

slate 209

Small 294

smelters 111

smoke 2,15, 70, 74, 83,
86f., 89, 97,117,178, 187~
189,192f., 208, 221, 282
- density 126

- developed index 85,
312

- obscuration 85

- release rate 310

- suppressing additives
75

- suppression 40, 83, 91

smoldering 96, 229, 242
smoldering cigarette test
314

sodium antimonate 287
sodium borate 269
sodium cellulose phos-
phate 270

sodium montmorillonite
57,176

sodium perfluorobutane-
sulfonate 168

sodium salt of a cyclic
methylene bis[2,4-di-tert-
butylphenyl] phosphate
170

sodium silicate 31, 291
sodium toluenesulfonate
168f.

sodium trichlorobenzene-
sulfonate (STB-FR) 167
softening temperature 84
soldering-temperature re-
sistance 247

solder reflow 122

Sol-DP 174

solid bisphosphate 174

solid surface 8

solubility parameter 142

Solutia 135

Solvay 133, 146f.,153,
209, 212, 214, 273

solvent resistance 66

Sony 87,169, 256

soot 98

sorbitan 133

sorbitol 215

sound-deadening 10

Southwest Research Insti-
tute (SwRI) 2, 245

soy-oil-based polyol 215

SPB-100 176, 250

Specflex 224

Special Materials 15, 70

specimen restraints 310

Spinflam® MF80 25

Spinflam® MF82 24
spiro-structure 196
spray foams 211f., 214
spray polyureas 234
Springs 272

spumific 75, 258

SR-T 150

SSM 276

stabilizer package 54, 89
stabilizer systems 52
stadium dome 211
stannate 38,152
Stanyl® 115,121,127
Star Chemical 281
Starnes 95

statistical design 42
statistical design tool

307

Stauffer Chemical 197, 279
STB 167

STB-FR 168

stearate 69

stearic acid 8,10, 33, 98
stearyl stearate 125
Steiner (25-ft.) tunnel test
1, 84, 312
stitch-bonded nonwoven
293
stitching 293
stress cracking 161,178
stress cracking resistance
172
structural columns 318
Stuetz 308, 336
styrene 5,187, 191f.
styrene-butadiene 66
styrene-butadiene rubber
285
styrene-butadiene-styrene
block polymer 64
styrene copolymers 49
styrene dimers 50
styrene-ethylene-propyl-
ene-styrene block
polymer 72



styrene-maleic anhydride
copolymer 67

styrenic block copolymer
32

styrenic-butadiene copoly-
mer elastomers 35

styrenics 120

submicron 86

Std-Chemie 30

sulfonated ABS 169

sulfonated benzotriazolyl-
phenols 168

sulfonated styrene-acrylo-
nitrile copolymer 169

sulfonated triazinylamino-
stilbenes 168

sulfonate salt 166, 234

sulfonimides 168

sulfonylbisphenol phenyl-
phosphonate oligomer
288

sulfur 56f.

sulfuric anhydride 169

sulfur-phosphorus combi-
nations 268
Sumitomo Bakelite 255f.
Sumitomo Dow 165

superphosphoric acid

198

surface area 7

surface oxidation 325

surface-treated grades of
ATH 192

surface treatment 9

surfactant loading 227
Swedish fire research
institute 306

SwWRI 245

Sybert 163

Sybron 281

syndiotactic polystyrene
72

synergistic 167

synergism 39, 91, 93,
308, 334

synergists 9, 55
Szycher 205

T

Taiwan 254

talc 8,12f., 26, 29, 38,
42,74,118,173,176f., 287

tallow alkylamine 276

tarpaulins 92,101,109

TBBA 18, 62, 243f.

TCEP 207, 216

TCPP 206, 209, 211-214,
216, 218f1., 225

TDCP 207

TDCPP 226

tear strength 92

Technical Bulletin 603
292

Teflon® 70

Teijin Chemicals 71,162,
169, 249

Teknor Apex 26, 94,102,
106, 109

television enclosures 70
television sets 2
tensile 18, 92

tensile strength 8, 16, 31
tent fabric 266

TEP 208f., 212

Terate® 216
terephthaloyl chloride
179

Terol® 256 215

Terol® 708 215
tert-butylated triphenyl
phosphate 71
tert-butyl hydroperoxide
55

tert-butylphenyl diphenyl
phosphate 72,172,175
tertiary-butylphenyl phenyl
phosphate 100
tetrabromobenzoate ester
222

tetrabromobisphenol A
18, 67, 70,145,163,
188-190, 243f., 246
tetrabromobisphenol A
bis(2, 3-dibromopropy!
ether) 18
tetrabromobisphenol A/
bisphenol A polycarbo-
nate 167
tetrabromobisphenol A
polycarbonate 148, 151
tetrabromobisphenol A
polycarbonate oligomers
180
tetrabromobisphenol A
(TBBA) 67
tetrabromocyclooctane
53
tetrabromophthalate
88f., 99,102
tetrabromophthalic 282
tetrabromophthalic anhyd-
ride 188
tetrachlorophthalic anhyd-
ride 190
tetradecabromodiphenoxy-
benzene 17
tetrafluoroethane 212
tetrafluoroethylene 148
tetraglycidyldiaminodiphe-
nylmethane 257
tetrahalophthalate plasti-
cizers 86
tetrahydrophthalic anhy-
dride 190
tetrakis(2,6-dimethyl-
phenyl) 1,3-phenylene
diphosphate 174, 256
tetrakis(2,6-dimethylphe-
nyl) resorcinol diphos-
phate 165, 249
tetrakis(2,6-xylyl) m-pheny-
lene diphosphate 147
tetrakis(hydroxymethyl)
phosphonium salts 273



tetrakis(hydroxymethyl)
phosphonium sulfate
with ammonia 287

2,2,6,6-tetramethylpiperi-
dine 29

tetraphenyl bisphenol A
diphosphate 32

tetraphenyl resorcinol
diphosphate 32, 286

TexFRon® 3000 281

TexFRon® 9001 283

TexFRon® 9020 283

TexFRon® 9025 283

TexFRon® P and P+ 284

textile test 314

Textron 258

T, 247

theme parks 194,199

thermal aging 21

thermal barrier 57

thermal coefficient of
expansion 242

thermal insulation 57

thermal stability 247

thermal stabilization 52

thermoformed containers
84

Thermoguard® CPA 22,
87

Thermoguard® L 86

thermooxidative stability
101

thermoplastic acrylate
52

thermoplastic elastomers
107

thermoplastics 257

thermosol 146, 281

thiophosphates 57

thiourea-formaldehyde
oligomer precondensate
281

thiourea-formaldehyde
resin 135

third body 328

Thor 24, 272, 275, 278,
280

Thor Specialties 271

THPC 273

THPOH-NH; process 274

THPS 273

THPS-urea 276

THPX 277

ticking 293

Ticona 131,153,155

time to escape 310

tin 22, 88, 95

tin chloride 97

tin dioxide 97

tin maleate 59

TiO, 176

titanate 40

titanate coupling agent
LICA 44 67

titanates 32

titanium 88

titanium dioxide 26

titanium pyrophosphate
26

toluene diisocyanate 230

toluenesulfonic acid 169

topcoat 110

Toray Industries 147, 257

Toshiba 248

Tosoh 28

total smoke 74

TOTM 92

toughness improvers 257

toxicology 2

toxicology of smoke 313

Toyobo 142, 251, 288

TPP 71,176

tracking resistance 130

Trainer 318

trans-1,2-dichloroethylene
213

transesterification 148,
166

transesterification inhibitor
148

Translink® 30 40
translucency 28
translucent composite
192
transparency 28,177
transparent coating 284
transparent vinyl 86
transportation 217
Trevira CS 288
triallyl cyanurate 40
triallyl isocyanurate 152,
243
triaryl phosphates 39,
220, 242
triazine 255
triazine-modified cresol
novolacs 255
triazine-modified phenolic
novolac LA 7054 252
triazine-piperazine-
morpholine 25
tribromoneopentyl alcohol
214
tribromophenol 119
tribromophenol-end-
capped 68
2,4,6-tribromophenyl allyl
ether 53
tributyl phosphate 272
tricresyl phosphate 39,
99,172, 208
triethyl phosphate 195,
198, 208, 216
Trigonox® A8B0 55
Trigonox® B 55
trimellitates 85
trimethoxymethylmelamine
277
trimethylene terephthalate
154
trimethylolmelamine 279
triphenyl phosphate 55,
56, 65,155, 165f., 172,
175, 208f., 249, 329
triphenylphosphine 243



triphenylphosphine oxide
152,156
triphenylphosphine oxide
or sulfide 56
triphenylphosphine-
quinone adduct 255
triphenylphosphine sulfide
156
triphosphonate 286
tris(1,3-dichloro-2-propyl)
phosphate 231
tris(1,3-dichloro-2-propyl)
phosphate (TDCP) 218,
230
tris(1-chloro-2-propyl)
phosphate (TCPP) 206,
218, 225
tris(2,3-dibromopropoxy)
cyanurate 61
tris(2,3-dibromopropyl)
phosphate 53
tris(2-chloroethyl) phos-
phate 195
tris(2-chloroisopropyl)
phosphate 195
tris(2-hydroxyethyl)isocya-
nurate 332
tris(butoxyethyl) phos-
phate 223, 231
tris(chloroethyl phosphate)
207
tris(chloroisopropyl) phos-
phate 206, 214
tris(dibromopropyl) phos-
phate 280
tris(dichloroisopropyl)
phosphate 207, 258,
325
tris(hydroxyethyl)isocya-
nurate 24, 28
tris(tribromoneopentyl)
phosphate 20, 63, 151,
285
tris(tribromophenoxy)cya-
nurate 67

2,4,6-tris(2,4,6-tribromo-
phenoxy)-1,3,5-triazine
67

1,3,5-tris(2,4,6-tribromo-
phenoxy)triazine 243
trixylenyl phosphates 100,
172

Troitzsch 6, 73, 206, 303,
317f.

Trovotech 125

Tu 310

tufting 272

tunnel test 51
turbostratic 326

TV fires 58

TV sets 2, 58, 245

type 003 226

Tyrin® 90, 94

u

UKk 217

Ukanol® FP50 144

UL 746A/1EC 60112 116

UL 94 6, 50,116

UL 94 5V 169

UL 94 5V A 131

UL94 HB 58

UL 94 VO rating 116, 171,
247

UL 94 V1 61

UL94V2 65

UL 723 195, 312

UL 746C 309

UL 746C/IEC 60695-2 116

UL 790 317

UL 910 Steiner tunnel test
107

UL 1256 57

UL 1581 VW-1 26

UL1694 242

UL 1709 318

UL 2335 Idle test 85

UL-HF1 227

Ultracarb 12, 33, 93

Ultradur® B4400 152

Ultramid 130

Ultrasoft® 274

ultraviolet 59

UL VW1 (part of UL 1685)
319

Underwriters Laboratories
57

Underwriters Laboratories
UL 94 Test 304

Union Carbide 227

Uniplex 89

Uniplex® FRP-45 20

Uniplex FRP-64P 148

Unitex 20, 25, 89,148

University of Georgia 279

University of Turin 222

University of Ulster 154

unsaturated phosphorus
monomers 197

unsaturated polyester 8,
187

Urbas 310

urea 146, 268, 270, 273,
279

urea cyanurate 154

urea-formaldehyde 24

urea salt of phosphorous
acid 280

U.S. Borax 96, 293

U.S. Coast Guard 58,199

USDA 274, 277

USDA-SRRL 273

U.S. Department of Agri-
culture Southern Regio-
nal Research Laboratory
266, 273

UV stability 19, 63, 67

\'

VO 305
V1 305
V2 305
V2UL 94 63



5VA 305

vacuum infusion 199

vanadate or vanadium
pentoxide 195

Vandersall 258

Vantico 253

vapor-phase flame retar-
dancy 252

5VB 305

VECAP 119

vegetable oils 85

vehicle interiors 41

veil 292

VersaShield® TB 129 290

Vertex® 100 11,93

vertical cable tray test UL
1685 105

vinyl chloride 291

vinyl coating 109

vinyl ester resins  190f,,
197

vinyl esters 187

vinylidene chloride/acrylic
latex 272

vinylidene dichloride 291

vinylphosphonate 197

vinylsilane 11, 33

vinylsilane surface treated
silicaceous fillers 173

vinyl tile 110

Vipel KO10-TB 192

Vipel K022-AC 191

Vipel K190 188

Vircol® 82 210

viscose 291

viscose rayon 276, 287

viscosity 8

Visil 295

Visil-type rayon 294

Vita Fibers Ltd 294

VLDPE 9

VW-1 42

w

wall covering 104

walls 318

water contact angles 180

water-releasing 326

weathering resistance
123

WEEE Directive 245

Weil 25, 258

Wellchem 272

Wellman 146, 287

Western Nonwovens 295

Westex 274-276

wet spinning 291

white phosphorus 131

wick 125, 267, 327

wick-like action 229

Wickson 94,103

Wickstrom 6

Wilkie 5

Williams 212

windshield fogging 219

wire 72

wire and cable insulation
33, 83

wollastonite 11,174

wood-plastic composites
85

wood-polyolefin blends
34

Woojin 150

wool 281, 294

wool/nylon blends 281

wool/polyester 281

work clothes 274

Wypych 103

X

Xiameter 32
XPS 51

Y
Yoke 206

z

/B223 96

zeolite 4A 39

zeolites 88,173,176

Zhang 197

Zhang and Horrocks 285

Zhu 309

zinc 88

zinc alkali phosphate 327

zinc and calcium molyb-
dates 94

zinc borate 9,16, 22, 26,
40f., 72, 89f., 92, 96,
103f., 117-120, 122,126 f.,
129-134, 152, 154-156,
166, 177,189,198, 208,
327

zinc diethylphosphinate
153, 286

zinc diethylphosphinate
Exolit OP 950 154

zinc hydroxide carbonate
132

zinc hydroxystannate 8f.,
97,189

zinc metaborate 38, 96

zinc molybdate 95, 118

zinc molybdate-magne-
sium hydroxide complex
94

zinc molybdate on magne-
sium hydroxide 95

zinc molybdate on talc
94, 254

zinc oxide 29,70, 72, 87,
117,127,130, 132, 152,
156,198

zinc phosphate 154

zinc phosphate-zinc oxide
94



zinc stannate 9, 97,122, zinc sulfide 22,72, 87,98, Zschimmer & Schwarz

189 156 280
zinc stannate-ammonium zirconates 32 Zytel 115
octamolybdate combina-  zirconium 88

tions 97 Zirpro 281
zinc stannate/zinc borate  Zirpro and tetrabromoph-

mixture 117 thalate 282

zinc stearate 59 Zoltek Corp 292, 294
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