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A New low Smoke Intumescent Flame Retardant

for Thermoset Composites

ABSTRACT

The use of a pew low smoke inlumescent flame reardam for thermoset
compasites {8 described. “Thiz materini, CN-H9T Mame rewsrdant, is &
phosphoroug-based compound which 18 very effective in promoting an in-
umescant char on the polymer surface during fameability tests,

CMN-197 fame refardant allows fabrication of compogites with axcaflant
physical property retention, The utility of CN-1197 is braad, sspeciatly in
unsaturated polyesters, vinyl esters, and epoxies.

Composites formidated with CN-H97 received very low smoke values,
Far txample, Class T reinforced pulyester systems with smoka development
values less than 100 are achieved with u 10=20 weight percant loading,

This paper reports recent siudies to broaden the uiility of CMN-11F7 in
thermoset applications. Specifically, formulation information is presented,
covering Aammability and physical property performance, and processing
eonsiderations.

INTRODUCTION

Pubiic: gwarmness about risk and hazard assessment during fire
situations, and technical limitations of flame retardant addi-
tives warrant a need for new flame retardant products, In particu-
lar, the thermosel campasite industry needs a Bame retardant that
passes flammability standards with low smoke and cormbustion by-
product formation, zad does not detract {rom overall polymer per-
formance.

Several approaches are nsed to reduce the flammability of plastic
materials, One method involves reactive or additive halogenated

wotganteagents- Gther-methods-employ-either-inargante-fitlerg o

spevial formulations bused on phosphorous and ammenivm salis.
Although these approaches work well in reducing the Rammebility
of plastics, each misses the goal of producing a plastie compositian
with 2 satisfaetory batance of physieal propertics and low smoke
generation.

Inorganic additives, such as ajurning trihydrate, zine borate and
magnesivm bydrexide, are useful in producing low smoke therma-
set composites. However, thesc additives are used at very high load
levels (as much as 50-30 percent in sorne cases) to achiove
moderate flame retardant performance. ‘

Not surprisingly, the high load Jevel of inorganic frllers neces-
sary for effective flame retardant performance has @ profoundly
regative impact on polymer processing, Ernd users of this wehnol-
ogy complain about poor polymer perforranes,

Recently, a novel flamne retardant additive for thermaset compas-
itcs was introdeced by Great Lakes Chemical Corporation {1]. This
material, CN-UY7 flame retardant, is a phosphorous-based com-

*Graal bakes Chamical Corpomtion, West lalayette, Indiana 47508,

pound whick is very effective in promoting an intumeseent char on
the polymer surface during flammability tests, Composites formu-
lated with CN-1197 received very low smoke values, and had ax-
cailent physical propertics.

This paper deseribes new studies 1o broaden the utility of ON-
197 in thermoset applications. Specifically, formulation informa-
tion for mecting low smoke ASTM E-84 Class | flammability
retuirements s presented for orthephthalic and tgophthalic un-
satprated polyesters, vinyl esters and epoxy resin systems,

EXPERIMENTAL
Preparation of Unsaturated Polyesters and Viny! Bster Systems

Unsaturated polyesiers (USPE) and vinyl ester (VE) thermosets
were prepared by standard hand lay-up procedures. Uncured tesin
was promoted with coball napthanate, blended with fllers, addi-
lives, andt chopped stratid fiberglass reinforcement. The mixture
was degassed in a vacunm oven, treaied with methyl ethy! kelone
peroxide catalyst, and cured at room temperature for 12 Tours fiol-
lowad by 1 hour at 100°C.

USPE Formulationg
Component ' PEW

Koppers Dion 8101 (Isophthalic Resind varied
Flame Retardant yaried
Chopped Steand Glass 20
TiO, i
MEK Peroxide 1
Cobalt Naphthanate 0.5
Alphg Altek 7-750 (Orthophthalic Resin) varied
Flame Retardant varied
Chopped Steand Glass 20
Ti0y, 1
MEK Peroxide ‘ 1
Cobalt Naphthanate 0.5

YE Formmulation

Component PBW

Dow Derakane 411-45 (VE Resin) varied
Flame Retardant varied
Chopped Strand Glass 23
Tiy !
MEK Peraxide 1
Cobalt Naphthanate 0.5
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Freparation of Epoxy Resin Systems

Epoxy thormoseis were prepared with a bisphenol A based
resin, using procedures similar to thoss of the USPE composites,
except that tristhylee etramine was incorporated as the catalyst.

Epoxy Formulation

Componeant PRW
Ciba Geigy Araldite (6010 Resin) varied
Flame Retardant varicd
Triethylene Tetramine 10

Flammabitity Test Procedures

Flammability and physical property testing were performed on
each resin system. Relevany s protocols were selected based on
the particular resin under study. The following methods were used
throughout the study,

Test Method Description

Four Foot Tunnel Test Apparatus to measure flame
sprea¢] and smoke develap-
ment in aceordsnce  with
ASTM-E-84 test procedures.
Low values indicate better

flame retardaney.

ASTM D-2363 Limiting
Onypan Tndex

Measurement of the rnini-
MUt DXYEEN necesgary o
sustain burning of a vertically
supported sample for three
minutes. High values indicate
improved resistance to burn-
ing-

A test method which ranks
specimen based on time fo ex-
tinguish 2 fame after igni-
tipn. The highest rating ¢(best
flame retardant) is 100,

HLT-15 Vertieal Flame Test

REFULTS AND DISCUSSHON
Deseription of CN-1197

displayed significant physical proparty improvemsants over the
composites contaming inorganic additives.

Tekle 2 shows the performance highlights of blends of CN-1197
and [norgare ame retardant in isophthalic polyester Gaperally,
ten percent substitition of these inorganic sdditives cquates to a
5% Inading of CN-1197.

Indeor light stabifity testing was conductod in 3 xenon are
weatherometer for 1000 hours. The CN 1157 composile exhibited
the lowest E-color value and change in Yellowness Tndex (Y1) of
the formulations tested,

Feriormance in Orthophthalic Unsaturated Polyesters

Table 3 shows the effeet of CN-1197 load leve] on flammability
and phystcal praperty performance in an orthophthalic unsaturated
polyester resin. As little as 15 paresnt CN-1197 is sufficicnt to
achieva a Class T rating in thesc composites.

Catalyst Selection and Effcet om Gelation Time

The effect of CN-1197 on gelation time in unsaturated polysster
systerns is shown in Table 4. CN-1197 has litile effect on the gela-
tion tivne of benzoy] peroxide systems promaoted with dismethyl sni-
line. In gygterns promoted with cobalt naphthanate, prolonged gela.
tion times were observed. Gelation times in coball naphthanate
promoted mesins may be decreased by raising the level of pro-
moting agent.

Performanae fu Vinyl Ester Resin

CN-1197 was cvaluated in a vinyl sster resin composite. Thble 5
shews 3 comparison of CN-H97 with ammonium polyphosphatc,
alumina trihydrale, magnesium hydroxide, zine borate, and decs-
bromaodipbenyl ether.

Viny! ester composites are extrernely difficult to get low smoke,
flame retardant performance, OF the flame retardants tested, only
CN-197 gave Class | prrformance in the four foot tunnel test.

Tensile and Aeavral strength properties ware preserved with CN-
1197 formulations. CN-1197 showed comparable physical perfors
mance to decabromodiphenyloxide and ammonism polyphos-
phate.

The.flame.-retardant-used-in-this-siudy-is-a-new-develnpmental
preduct from Great Lakes Chemical Corporation. This product,
CN-1197, is a white crystalline material, characterized as having 17
pereent phospheraus, a specific gravity of 1.6, and & melting range
of 210-212°C. A thermogravimetric analysis of CN-1197 shows a
five percent weight lose ap 290°C.

Perfarsarnee in Isophthalic Unsatursted Polyesters

CN-1197 was evaluated in an isophthalic unsaturated polyester
resin, Table 1 shows a comparison of CN-1197 with ammonium
polyphosphate, alemina tribydmle, magnesinm hydeoxide, zine
borate, and decabromodipheny! ether.

Flammability test results on the CN-197 composits revealed ex-
cellent fire retardant properties. In four faot 1urnel testing the CN-
1197 formulation displayed Class 1 flame spread ratings with very
low smoke evolution.

Incorporating CN-1197 in the isophthalic pelyester had a mini-
mal effect og physical preperties, Formulations containing CN-197
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Performance in Epoxy Resin

CN-1197 was gvaluated in an epoxy résin composite, Table 6
shows a comparison of CiN-1197 with ammonium polyphosphate,
dluriing Uribydrate, magnesium hydroxide, rine borate, and deca-
bromaodiphenyl ether,

Ag in the unsaturated polyesters and vinyl ester résin systems,
CN-1197 showsd the best low smoke flame retardant performance
in epoxy resin,

CONCLUSTONS

Great Lakes CN-U197 flame retardant is a very effeative intumes.
cent flame retardant for thermoset compositas. A thermally stable
phosphate ester, ON-1197 Bame retardant allows fabrication of low
smoke composites with excellent physical proparty retetition, The
utility of CN-1197 is broad, especially in unsaturated polyesters,
vinyl esters, and epoxies,




A summary of performance highlights of CN-1197 {lame rctar-
dani is5 given helow,

* In isophihalic unsalumted polyesier resin, a 20 percent [oad
level gives Class T fammabilify performance with smoke devel-
opmenl values under 100

s In orthophthalic wasatgrated polysster resin, & 25 percent boagd
level pives Class 1 flammability performanes wrder 50,

& ON-1197 is compatible with conventional inorganic flame retar-
dants, such as slumina trihydrate, magnesivm hydroxide and
zinc borate. When CN-1197 is used with thess additives, -
tumescent behavier is maintained without detracting from over-
all polymer performance,

* [n vinyl cster and epoxy resin systems, 2 20 percent load level

yieids Class [ flammability performance with smoke develop-
ment valuas under 200,
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TABLE 2. Interaction of CN-1197 with Conventional tnorganig
Flame Retardants in [sophthalic Unsalutated Polyester,
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TABLE 3. The Effeet of CN-1197 Load Lavel on Flammobility
and Physical Praperty Performance in Orthophthalic

Unsaturated Palyester,
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TABLE 4. The Effect of Peroxida Catalyst anel Prometing Agents on
Gel Times for Unsaturotad Polyesters [1).

TABLE 3. Comparison of CN-1197 with Other Helogenated and
Men-Halogenaoted Flame Retardant Additives in Vinyl Ester.
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