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Interactions between Phosphorus- and Nitrogen-Containing Flame Retardants
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ABSTRACT:

A halogen-free, flame-retardant polystyrene containing polyphenylene ether (PPL) with excellent mell flow,

impact resistance. and heat resistance can be obtained through concurrent use of hydroxyphenyl-containing phosphale (resorcinyl
diphenyl phosphate: triphenyl phosphate (TPPY OH) as phosphorus-conlaining lame retardant and melamine cyanurate (MC)
as nitrogen-containing flame retardant. Investigation of interactions between these two flame retardants showed that an
intumescent process, which invalves the formation of char that swells and [oams. oceurs upon the burning of this resin
composition and lowers the burning surlace lemperature by 130°C compared with the resin composition without MC., in which
the intumescent process docs not occur. The resin composition containing TPP OH/MC has higher impact resistance than
that containing TPP/MC (TPP: contains noe hvdroxyl group). Viscoelastic measurement indicated significant intcractions
between TPP-OH and M, including particularly hydrogen bonding between their hydroxyl and amino groups, which suggests

that TPP-OH acts as u compatibilizer of MC.
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The use of a hydroxyphenyl-containing phosphate.
which is a flow modilier as well as lame retardant, pro-
vides a halogen-free, lame-retardunt polystyrene excel-
lent in flowability, flame retardance, heat resistance, and
impact resistance.! %

Phosphorus-containing and nitrogen-containing flame
retardants, when used together, exhibit synergistic flame
retardation effects. The use of conventional phosphate
as the phosphorus-containing lame retardant in this case,
however, adversely affects the impact resistance, though
it enhances lame retardance, thus making it unsuitable
for practical use. It is through the usc of a hydroxy-
phenyl-containing phosphate that the utiization of the
above synergistic effects has been made possible. so as
to attain an enhanced level of (lame retardance combined
with excellent [lowability and hcat resistance without
sacrificing impact resistance.” 8

This paper describes our work to elucidate the mech-
anisms of this flame retardance enhancement and im-
pact resistance retention, in terms of interactions be-
tween the phosphorus-containing Hame retardant and
the nitrogen-containing flame retardant,

EXPERIMENTAL

Matrerials

We used a polybutadiene (PB) modified polystyrene
(PS) (PS:PB=288:12 by wcight) as high impact poly-
styrene (HIPS); poly(oxy-2,6-dimcthyl-1.4-phenylenc)
as polyphenylene ether {PPE). These resing arc manu-
factured and sold by Asahi Chemical Industry Co., Ltd.,
Japan. Triphenyl phosphate (TPP) manufactured by
Daihachi Chemical Industry Co., Ltd., Japan, was used
as the phosphate containing no hydroxyphenyl group;
melamine cvanurate (MC) manufactured by Nissan
Chemical Industry Co., Ltd., Japan, was used as the ni-
trogen-contlaining {lame retardant,

Resorcinyl diphenyl phosphate (TPP OH) was pre-
pared as follows:

A Nask was charged with 122.7 puarts of phenol and
0.87 part of aluminum chloride, and 100 parts of
phosphorus oxychloride were added dropwise at 90°C
over | h {phenol:aluminum chloride: phosphorus oxy-
chloride molar ratio=2.0:0.01:1.0). To the interme-
diatc product thus formed were added 71.7 parts (mo-
lar ratio: 1.0) of resorcinol to further continue reac-
tion. The reaction mixture was gradually heated to
180°C Lo complete esterification. The reaction product
was cooled and washed with water. The catalyst and
chlorine were removed to obtain a phosphoric cster
mixture (designated FR-1). As a result of gel-permea-
tion chromatography (GPC), the mixture was found to
comprise resorcinyl dipheny! phosphate, TPP, and
resorcinol bis(diphenyl phosphate) in a ratio of
54.2:18.3:27.5. The mixture (I'R-1) was distilled, and
then fractionated by GPC to obtain resorcinyl diphenyl
phosphate,

GPC measurement conditions: GPC (available rom
Tosoh Co., Ltd. of Japan; chromatography apparatus
(cquipped with RT refractive index detector), HL.C-8020;
column; available from Tosoh Co., Ltd., GIO00HXL (2
sets used); mobile phase: tctrahydrofuran; flow rate:
0.8 mlmin~1; pressure: 60 kgfcm™2; temperature: 35°C
{inlet), 40°C {oven), 35°C (RI); sample loop: 100ml: in-
jected amount ot sample: 0.08 g/20 ml).

TPP-OH was identified by I'T-IR spectroscopy and
GC-mass spectrometry (MS) as follows;

e FT-IR spectroscopic data (cm 1)

v (OH) 3311.2 »(CH) 3074.0

v (C-C)  1600.7, 1591.0, 1488.8, 14579

v (P=0) 1296.0, 1274.7

v (POC) 1186.0, 1162.9, 1134.0, 1072.2

o (CH) 1012.5, 970.0

v (C=C) 6.4, 7733

4 (C--C) 756.0
e GC-MS data
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Preparation of Specimens

The components of each resin composition shown in
the ables hercin were mechanically mixed at the
compoeunding ratio indicated. and the mixture was melted
in a Laboplastomill batch mixer manulactured by Tovo
Sciki Seisakusho. The resulting resin composition was
compression molded to prepare specimens.

Measurements

Izod Impact Strength. Measured in accordance with
ASTM D256 at 23°C, using a V-noiched, 1/8-inch-thick
specimen,

Heat  Resistance {(Vicai  Softening  Temperature).
Measured in accordance with ASTM 21525,

Melt Flow Rate ( MFR). Determined in accordance
with IS0 R1133 by measuring the extrusion rate at 200°C
under a load of Skg and converting the value obtained
mnte grams per 14 min,

Flame Retardance. Evaluated by a vertical burning
(VB) test in accordance with UL-94. A 1/8-inch-thick
specimen was used.,

Thermogravimetric Analysis (TG A). The resin composi-
tion was heated at a rate of 40°C min~! in a stream of
nitrogen by means of Type DT-40 thermal analyzer from
Shimadzu Corp. of Japan, Carbonous residue at 550°C
was taken as a measure of char lormation,

Average Heat Release Rate. Mcasured with Cone

Calorimeter 1T from ATLAS Electric Devices Co. of

Table 1.

Resin compositon

{wcight ratio)
No, e mmmmeee -
Resin Phosphate Triszine
TPP OH TPP MC
1 { 0 0
2 HIPS/PPE 19 0 0
3 =T4/26 0 19 0
4 19 0 R
5 1] 19 b

*No UL-9%4 V-0, V-1, or V-2.
164

U.S.A., in accordance with ASTM EI354. The mea-
surement was conducted at a radiant heat flux of
S0kW m~2 with the sample placed horizontally, The
area of the sample was 0.006 m?.

Burning Surfuce Temperature. Measured by placing a
thermocouple in contact with the burning surface of the
specimen,

Viscoelastic Behavior (tand). Mcasurcd with rheo-
metrics mechanica!l spectrometer. The test was carried
out from —150°C to 100°C and frequency of 5Hz.

RESULTS AND DISCUSSION

Impact Resistance and Interaction between Flame Re-
tardants

Table I shows the effects of MC addition on the flame
retardance, MFR, Izod impact strength, and Vicat soft-
ening temperature of specimens molded from HIPS/
PPE resin compositions with and without phosphate
(TPP-OH or TPP). The addition of MC in the pres-
ence of TPP lowers impact strength to a sigmificant
degree but the decline is less in the presence ol TPP
OH instead of TPP. From this, it may be speculated
that the hydroxyl group in TPP—OH exhibits interac-
tions, such as hydrogen bonding, with the amino group
in MC and thereby improves the MC compatibility with
and dispersibility in the resin.

Figure | shows the viscoelastic behavior of specimens
molded from the resin compositions comprising HIPS/
PPE/TPP and TITIPS/PPE;TPP-OH shown in Table 1.
with and without MC addition. These curves indicate
the following: all compositions containing TPP show
similar behavior regardless of the presence or absence of
MC; in the specimens made from compositions con-
taining TPP-OH, the peak around ~ 30°C, derived from
TPP-OH, shifts toward higher temperatures when MC
is present. This suggests significant interaction between
TPP-OH and MC,

Figure 2 shows FT-IR spectroscopic data of specimens
from the resin compositions comprising HIPS/PPE/
TPP/MC and HIPS/PPE/TPP-OH/MC shown in Ta-
ble L.

At 3392¢m ! of NH, stretching in MC, the ab-
sorbance of the resin composition containing TPP-OH
shifts 3cm ™! to a lower wave number than that of the
resin containing TPP and exhibits a broad band.

This suggests significant interaciions between TPP
OH and MC, including hydrogen bonding between the
hydroxyl and amino group.

Effects of melamine cyanurale (MC) on resin properties

Tzod Vicat

? lame mpait MFR soltening
retardance strength 010 min lemp
LIL-94 =
kgremem ™’ “C
HB* 14.4 0.4 1244
V-1 14.3 85 102.0
V-1 14.0 8.7 84.0
V-0 11.2 5.0 1028

V-0 7.2 8.2 84.6
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Figure 1. Effect of phosphate/MC inleraction on viscoelastic behavior of HIPS;PPE resin.

Flame Retardance and Interaction between Flame Re-
tardants

As shown in Table [, MC enhances flame retardance,
regardless of the used phosphate, whether TPP OH or
TPP.

The effect of flame retardation assistance by triazine
skeleton-containing compounds such as MC may be
attributed to two mechanisms. In one, the simultane-
ous addition of a phosphale and a (riazine skelelon-
conlaining compound leads to formation of phosphor-
amide, which shows a higher phosphorylating efliciency
than phosphoric or polyphosphoric acids.®

The other is an intumescent fire retardance process,
which involves the formation of char that swells and
foams to produce a thermally insulative burrier with
continued combustion. ' This layer of char is crcated by
interactions among the three compounds in which PPE
serves as 4 “carbonific”, phosphate as a “catalyst™, and

Polym. I., Vol. 3. No. 3, 1998

MC as a “spumilic”,

Figure 3 shows SEM photographs of the burnced
surface of specimens prepared from HIPS/PPE;TPP OH
compositions with and without MC. The many pores in
the specimen obtained from the MC-containing composi-
tion suggest insulative foam barrier,

Figure 4 shows specimen burning surface tempera-
tures, as measurcd by thermocouple, for the same resin
compaositions as in Figure 3, with and without MC. The
inturnescent process thus occurs upon the burning of this
MC-containing resin composition and lowers the burning
surface temperature by 130°C as comparcd with the resin
composition without MC, in which the intumescent
process does not occur.

Table TI shows the burning behavior of the speci-
mens made from the resin compositions, and Figure §
illustrates heat release rates. The presence of MC
promotes char formation, and lowers the burning surface
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Figure 2. Effects of phosphate/MC interactions on FT-1R spectro- Figure 4. Burning surlace temperalures ol specimens (HIPS; TPP
OH with and without M}, as measured by thermocouple.

scopy of HIPS/PPE resin,

HIFS/PPE/TPP-OH HIPS/PPE/TPP-O11
Without MC With MC
335°C

Burning surface temperature 485°C

Figure 3. SEM photographs ol burned specimen surfaces.
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Table 11. Elfects of MC on specimen burning behavior

. .. Average Maximum
Resin composilion ) ) o
(weight ratio) Flame heal burning surface
Mo relardance release rate temp
e e, UL.94 o
Resin TPP-OH Triazine MC kW m™? “C %
1 0 0 HB* 686 1
2 HIPS/PPE 19 ¢ V-1 28K 465 3
3 7426 19 8 V-0 273 335 9

1000 A \

800 - \

Average beat release rate, kW/im?

1400 - ﬂ.@
1200 4 \L

Base resin

HIPS { PPE

74

26

HIPSPPEMPP-CGH

600+ without MC
400 A
200 4 HIPS/FPFPE/TPP-(H
with MC
8
0 4 T —
o] 50 100 1530 200 280 00
Timu, s
Figure 5. Eflecis of MC on average heat relcasc rate.

temperature and heat release rate.*?

The results of this study, show thal hydrogen-bonding
and intumescence-promoling inleractions occur between
TPP-OH and MC in flame-retardant HIPS/PPE for-
mulations, thus making possible a halogen-Itee, {lame-
retardant polyslyrene possessing outstandingly high
flame rclardance (UL-94 V-0) with excellent fowability,
hcal resistance, and impact resistance.
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