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Substituted 3-phenyl-1-silabutanes such as 3-phenyl-1-silabutane (1), 3-(2,5-dimethyiphenyl)-1-silabutane (2), 3-(p-chlo-
rotolyl)-1-silabutane (3), and 3-naphthyl-1-silabutane (4) were prepared in 62-96% yield by reduction of the correspon-
ding substituted 3-phenyl-1,1-dichloro-1-silabutanes with LiAlH,. The dehydrogenative polymerization of the monomer
silanes was carried out with Cp,MCl/Red-Al (M=Ti, Hi) catalyst system. The molecular weight of the polymers
produced ranged from 700 to 1300 {vs polystyrene) with degree of polymerization (DP) of § through 16 and with
polydispersity index (PDI)=11-2.1. The dehydrogenative polymerization of the monomer silanes with Cp,TiCl,/Red-
Al catalyst system occurred at a faster rate and produced somewhat higher molecular weights of polysilane than

that with Cp,HICl./Red-Al catalyst system.

Introduction

Polysilanes have received a considerable amount of atten-
tion as ceramic precursors, third-order NLO materials, deep-
UV photoresists, photoconductors, and photoinitiators.) 3 The
only viable method to get high molecular weight polysilanes
to date has been the Wurtz coupling reaction of dichlorosila-
nes, which has several commercial drawbacks.

A major breakthrough in polyorganosilane synthesis was
Harrod's recent discovery of the group 4 metallocene-cataly-
zed dehydrogenative polymerization* Two mechanisms have
been so far proposed: (1) the oxidative addition/reductive

elimination sequences vz the intermediacy of transition-me-
tal silylene complexes* and (2) the four-center sigma bond
metathesis processes among silicon, hydrogen, and a 4° metal
center vig the intermediacy of transition-metal silyl and hyd-
ride complexes.® The latter mechanism is strongly supported
by many model reactions® and thermochemical results.’

A major disadvantage of the metallocene-catalyzed dehyd-
rogenative coupling method is to produce low molecular wei-
ghts of polysilanes** Copious efforts have been made to inc-
rease the molecular weight of the polysilanes: (1) employ-
ment of multi(silyl)arene as a cross-linking agent,” (2) poly-
merization of sterically less hindered silanes such as SiH,
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and MeSiH;? (3) employment of new catalyst systems,?® and
(4) polymerization under the optimum reaction conditions.!

#Si NMR technique has been useful in analyzing polysi-
lane chain microstructure.! The structures of all polysilanes
so far synthesized vtz dehydrogenative coupling method are
predominantly random atactic although some diastereomeric
selection was observed in the special reaction conditions.'
To date, most of silanes which have been employed in the
literature are arylsilanes. There are few reports on the dehy-
drogenative coupling of alkylsilanes3!

The dehydrogenative coupling route of substituted 3-phe-
nyl-1-silabutanes may provide the possibility of controlling
the molecular weight distribution and stereochemistry of poly-
mer as well as introducing functionality into the polymer.
In this contribution, we report the dehydrogenative coupling
of substituted 3-phenyl-1-silabutanes to poly(substituted 3-
phenyl-1-silabutanes) catalyzed by in situ generated metallo-
cene complexes.

Experimental

All manipulations were performed under an atmosphere
of nitrogen using Schlenk techniques, Dry, oxygen-free sovlents
were employed throughout, Glassware was flame-dried
or oven-dried before use. Elemental analyses were perfor-
med by Advanced Analysis Center of Korea Institute of Sci-
ence and Technology, Seoul, Korea. Infrared spectra were
recorded on a Perkin-Elmer 1600 Series FT-IR or a Nicolet
520P FT-IR spectrometer. Electronic spectra were acquired
using an IBM 9420 UV-vis spectrophotometer. Proton NMR
spectra were recorded on a Varian Gemini 300 spectrometer
using CDCL,/CHCl; as a reference at 7.24 ppm downfield
from TMS. Carbon-13 NMR spectra were obtained using a
Varian Gemini 300 (operating at 75.5 MHz) spectrometer
using CDCl; as a reference at 77.0 ppm. Gas chromatography
(GC) analyses were carried out using Varian 3300 chromato-
graph equipped with a packed column (10% OV-101 on Chro-
mosorb, W/AW-DMCS 15 mX1/8” od) in conjunction with
a flame ionization detector. GC/MS data were obtained using
a Hewlett-Packard 589011 chromatograph (HP-5, 5% phenyl-
methylsiloxane, 0.25 mm idX30.0 m, film thickness 0.25 um)
connected to a Hewlett-Packard 5972A mass selective detec-
tor. Gel permeation chromatography (GPC) was performed
on a Waters Millipore GPC Liquid Chromatograph. The cali-
brant (monodisperse polystyrene) and the sample were dis-
solved in toluene and separately eluted from an Ultrastyragel
GPC column series (sequence 500, 10°, 10* A columns). Mo-
lecular weights were extrapolated from the calibration curve
derived from the polystyrene standard. Data analyses were
carried out using a Waters Data Module 570. Cp,TiCl;, Cp.
HfCl;, Red-Al (3.4 M in toluene), and LiAlH, were purchased
from Aldrich Chemical Co. and were used without further
purification.

Monomer Synthesis

Substituted 3-phenyl-1,1-dichloro-1-silabutanes were pre-
pared according to the literature procedure.* The following
reduction procedure is representative of the other mono-
mers. (Warning: In the absence of diethyl ether solvent,
AlICl; can catalyze silane redistribution reactions to produce
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SiH, which is an explosive gas upon contact with air. There-
fore, the LiAlH, reduction of the silicon chlorides should
be performed in ether and quenched properly with isopropyl
alcohol solution of HCl and then with water.)

Synthesis of 3-Phenyl-1-silabutane (1). To a diethyl
ether suspension of lithium aluminum hydride (3.07 g 0.08
mol) in 70 mL of diethyl ether in a 250 mL three-necked,
round-bottomed flask equipped with a reflux condenser top-
ped with an inlet/outlet tube was slowly added 3-phenyl-1,1-
dichloro-1-silabutane (10.1 g, 0.04 mol) in 70 mL of diethyl
ether in a pressure equalizing addition funnel. After comple-
tion of addition, the mixture was stirred at room temperature
for 3 h, The reaction mixture was filtered, cooled to 0 T,
slowly quenched with an isopropyl alcohol (150 mL) solution
of HCI (20 ml), and then poured into ice water. The resul-
ting slurry was extracted with diethyl ether. The combined
ether phases were washed twice with water, dried over anhy-
drous MgS0,, and concentrated on rotary vacuum evapora-
tor. The solution was then fractionally distrilled at 74-76 € /
20 mmHg to yield 1 (3.70 g, 62%). Anal. Calcd for SiCoH,q:
C, 7192; H, 931. Found: C, 71.72; H, 942. IR (neat, KBr,
cm~ ) 2155 s (vSiH), 910 s (8SiH). 'H NMR (5, CDCl;, 300
MHz): 1.14-1.20 (m, 2H, CH,), 1.36 (d, /=35 Hz, 3H, CHy),
292 (sextet, /=36 Hz, 1H, CH), 343 (t, /=39 Hz, 3H, SiH),
7.19-7.35 (m, 5H, ArH). “C{'H} NMR (8, CDCl,;, 75.5 MHz):
16.16 (SiCHy), 24.54 (CHa), 37.77 (CH), 126.13, 126.55, 128.43,
148.26 (ArC), GC/MS, m/e (relative intensity): 150 (23) (M*),
135 (18), 119 (5), 109 (4), 108 (17), 107 (66), 105 (100), 91
16), 79 (12}, 77 (18), 72 (13), 65 (4), 51 (8).

Synthesis of 3-(2,5-Dimethylphenyl)-1-silabutane
(2). 96% vield, bp 62-65 T /0.6 mmHg. Anal. Caled for SiC
uHys: C, 74.08; H, 10.17. Found: C, 74.21; H, 10.22. IR (neat,
KBr, cm™%): 2150 s (vSiH), 905 s (§SiH). '"H NMR (8, CDCl,,
300 MHz): 1.11-1.16 {m, 2H, CH,), 1.29 (d, J=70 Hz, 3H,
CHy), 2.29, 232 (s, 3H, CHy), 3.13 (sextet, J=7.0 Hz, 1H,
CH), 344 (t, /=35 Hz, 3H, SiH), 6.89-7.04 (m, 3H, ArH)
(isomer ratio=3:2). *C{'H} NMR (5, CDC), 755 MHz):
15.35 (SiCHp), 19.35, 21.26, 23.77 (CH,), 3244 (CH), 125.72,
126.50, 130.13, 131.92, 135.96, 146.15 (ArC). GC/MS, m/e (re-
lative intensity): 178 (22) (M™*), 163 (10), 136 (31), 135 (55),
133 (100), 131 (20), 119 (15), 117 (18), 115 (22), 105 (38),
91 (27), 77 (14).

Synthesis of 3-(p-Chlorotolyl)-1-silabutane (3). 93%
yield, bp 50-52 € /06 mmHg. Anal. Caled for SiCiH;sCl:
C, 6042; H, 7.61. Found: C, 60.70; H, 7.89. IR (neat, KBr,
cm™Y): 2160 s (vSiH), 910 s (8SiH). 'H NMR (5, CDCl,, 300
MHz): 1.10-1.17 (m, 2H, CH,), 1.33 (1.31) (d, j/=7.0 Hz, 3H.
CHy), 2.34 (2.31) (s, 3H, CH;), 344 (3.13) (sextet, /=70 Hz,
1H, CH), 348 (i, /=4.0 Hz, 3H, SiH), 6.93-7.27 (m, 3H, ArH)
(isomer ratio=4:1). *C{'H} NMR (5, CDCl. 755 MHz):
14.86 (15.23) (SiCH>), 22.10 (18.90) (CHy), 22.79 (22.52) (CH3),
33.05 (32.56) (CH), 12529, 125.72, 127,51, 127.84, 129.16, 130.16,
131.51, 133.10, 136.66, 144.90, 148.36 (ArC). GC/MS, m/e (re-
lative intensity): 198 (26) (M ™), 157 (27), 156 (16), 155 (100),
154 (11), 153 (93), 145 (12), 121 (18), 119 (18), 117 (34), 116
(18), 115 (64), 105 (10), 93 (10), 92 (10), 91 (51), 89 (11),
77 (14), 65 (21), 63 (29).

Synthesis of 3-Naphthyl-1-silabutane {4). 66% yield,
bp 72-75 € /0.6 mmHg. Anal. Calcd for SiC,Hys: C, 77.93;
H, 798, Found: C, 77.83; H, 7.99. IR (neat, KBr, cm™): 2145
s (vSiH), 918 s (6SiH). 'H NMR (5, CDCl;, 300 MHz): 1.26
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-145 (m, 2H, CHz), 1.58 (1.52 ) (d, /=3.5 Hz, 3H, CHy), 361
(3.56) (t, /=39 Hz, 3H, SiH), 391 (3.17) (sextet, /=39 Hz,
1H, CH), 741-8.18 (m, 7H, ArH) (isomer ratio=3: 1). “C{'H}
NMR (8, CDCl;, 755 MHz): 1564 (16.10) (SiCH,), 2355
(24.63) (CHy), 31.75 (37.99) (CH), 122.57, 123.21, 124.67, 125.36,
12546, 125.70, 12594, 126.04, 126.71, 127.75, 12823, 129.16,
131.32, 13242, 133.75, 134.12, 144.35, 145.75 (ArC). GC/MS,
m/e (relative intensity): 200 (37) (M*), 185 (7), 183 (6), 169
(5), 158 (30), 157 (41), 156 (16), 155 (100), 153 (27), 152 (20),
141 (8), 129 (9), 128 (18), 115 (7), 63 (2). 53 ().

Polymerization Catalyzed by CpTiCl;/Red-Al

Polymerization of 1. The following procedure is repre-
sentative of the polymerization reactions. To a Schlenk flask
charged with Cp,TiCl, (0.20 g, 0.80 mmol} and Red-Al (24
mL, 0.80 mmol} was added slowly 1 (120 g 8.00 mmol).
The reaction immediately turned dark green, and the reac-
tion medium became rapidly viscous with strong gas evolu-
tion. The mixture was stirred under a stream of nitrogen
for 24 h and then heated at 90 C until the mixture became
rigid. The catalyst was allowed to oxidize by exposure to
the air for a few second, and the solution was then passed
rapidly through a Silica gel column (70-230 mesh, 20 cmX2
cm). The column was rinsed with 200 mL of toluene. The
removal of volatiles at reduced pressure yielded 1.00 g (83%
yield) of off-white tacky product. IR (neat, KBr, cm~Y): 2150
s (vSiH). 'H NMR (8, CDCl,;, 300 MHz): 0.68-1.96 (m, 5H,
SiCH,, CHy), 256-3.10 (m, 1H, CH), 3.10-3.85 (m, 2H, SiH),
6.88-747 (m, SH, ArH). GPC: M, =821; M,=455; M./M,=1.78.

Polymerization of 2. 79% yield. IR (neat, KBr, cm™"):
2105 s (vSiH). 'H NMR (8, CDCl;, 300 MHz): 0.80-1.50 (m,
SH, SiCH,, CHj), 2.10-240 (m, 6H, Ar-CHj), 2.92-326 (m,
1H, CH), 3.26-3.72 (m, 2H, SiH), 6.77-7.40 (m, 3H, ArH). GPC:
M,=1292; M,=1162; M, /M,=111.

Polymerization of 3. 81% vield. IR (neat, KBr, cm™!):
2108 s (vSiH). 'H NMR (5, CDCl;, 300 MHz): 0.78-1.49 (m,
5H, SiCH,, CH3), 2.09-2.49 (m, 3H, ArCH,), 3.31-343 (m, 1H,
CH), 343-362 (m, 2H, SiH), 6.78-7.38 (m, 3H, ArH). GPC:
M,=851; M,=715; M, /M.=119,

Polymerization of 4. 83% yield. IR (neat, KBr, cm™"):
2106 s (vSiH). 'H NMR (6, CDCl;, 300 MHz): 0.79-1.73 (m,
5H, SiCHz CH;), 2.71-3.08 (m, 1H, CH), 3.08-3.80 (m, 2H,
SiH), 7.00-824 (m, 7H, ArH). GPC: M,=831; M,=699;
M./M,=1.19. UV-vis (hexane): Ac—c*=290 (¢=2800).

Polymerization Catalyzed by Cp;HiCl;/Red-Al
Polymerization of 1. The following procedure is repre-
sentative of the polymerization reactions. 1 (0.14 g 092
mmol) was slowly added to a Schilenk flask charged with
Cp:HICl, (24 mg, 0.06 mmol) and Red-Al (18 pL, 0.06 mmol).
The reaction immediately turned light yellow, and the reac-
tion medium became slowly viscous with moderate gas evo-
lution. The mixture was stitred under a stream of nitrogen
for 30 min and then heated at 90 T wuntil the mixture be-
came rigid. The catalyst was inactivated by exposure to the
air for a few second, and the solution was then passed rapi-
dly through a Silica gel column (70-230 mesh, 20 cm X2 cm).
The column was rinsed with 200 mL of toluene. The removal
of volatiles at reduced pressure yielded 0.043 g (31% yield)
of off-white tacky product. IR (neat, KBr, cm~1): 2150 s (vSiH).
'H NMR B, CDCl, 300 MHz): 1.01-148 (m, 5H, SiCH.
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Table 1. Physical Characteristics of Monomer Silanes

Monomer  Yield (%) 'H NMR? (Si-H, ppm) IRgy {cm™?)
1 62 343 2155
2 96 344 2150
3 93 348 2160
4 66 3.61 2145

*All measurements were carried out in CDCly solvent.

CHy), 2.70-290 (m, 1H, CH), 3.15-3,56 (m, 2H, SiH), 7.08-7.39
(m, 5H, ArH). GPC: M,=807; M,=410; M./M,=197.

Polymerization of 2. 46% vield. IR (neat, KBr, cm™Y);
2105 s (vSiH). 'H NMR (8, CDCl;, 300 MHz): 1.01-1.36 (m,
5H, SiCH, CHy), 2.17-2.36 (m, 6H, Ar-CH:), 2.98-3.19 (m,
1H, CH), 3.32-3.54 (m, 2H, SiH), 6.83-7.14 (m, 3H, ArH). GPC:
M,=948; M,=488; M, /M,=194.

Polymerization of 3. 67% yield. IR (neat, KBr cm™!):
2108 s (vSiH). 'H NMR (8, CDCl;, 300 MHz): 0.78-149 (m,
5H, SiCH; CH,), 2.09-249 (m, 3H, Ar-CH), 2.92-3.15 (m,
1H, CH), 3.20-3.70 (m, 2H, SiH), 6.78-7.38 {m, 3H, ArH). GPC:
M.=900; M,=428; M,./M,=2.10.

Polymerization of 4. 84% yield. IR (neat, KBr, cm™):
2106 s (vSiH). 'H NMR (5, CDCl,, 300 Mhz): 0.97-159 (m,
SH, SiCH;, CH;), 2.89-3.06 (m, 1H, CH), 3.27-3.79 (m, 2H,
SiH), 7.16-821 {(m, 7H, ArH). GPC: M,=738; M.=400;
M./M.=185.

Results

Monomer Synthesis. Substituted 3-phenyl-1,1-dichloro-
1-silabutanes were prepared by Friedel-Crafts reaction of all-
yldichlorosilane with substituted aryl compounds in the pre-
sence of AICk as a catalyst.” The monomer silanes, substitu-
ted 3-phenyl-1-silabutanes, were prepared in 62-96% vyield
by reduction of the corresponding substituted 3-phenyl-1,1-
dichloro-1-silabutanes with LiAlH, (Eq. 1).

SiCl,H
I CH,=CHCH,SiCI,H LiAlH,
—_— —_—
\ AICI, (cat.) \ E,0
X X
SiH, )
\ X = H (1); CH;,CHj (2); CH,,C1 (3); c(CH), (4)
X

The monomer silanes such as 3-phenyl-1-silabutane (1), 3-
(2.5-dimethylphenyl)-1-silabutane (2), 3-(p-chlorotolyl)-1-sila-
butane (3), and 3-naphthyl-1-silabutane (4) were purified by
fractional distillation. The physical data of the monomer sila-
nes are summarized in Table 1.

Polymerization of Monomer Silanes. Polymerization
of the monomer silanes with Cp,TiCl,/Red-Al catalyst system
commenced immediately, as evidenced by the immediate re-
lease of hydrogen gas, and the reaction medium became ra-
pidly viscous (Eq. 2).
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Table 2. Polymerization of Monomer Sitanes with Cp,TiCl/Red-
AP

mol wt
Monomer  Yied (%)
M, M, FDI
1 83 821 455 L.78
2 79 1292 1162 111
3 81 851 715 119
4 83 831 699 119

°[Til/{Si)=0.10. *GPC #s polystyrene.

Table 3. Polymerization of Monomer Sitanes with Cp.HfCl,/Red-

AF
mol wt*
Monomer  Yied (%)

M, M, PDI
I 31 807 410 197
2 46 948 488 194
3 67 900 428 2.10
4 84 738 400 1.85

*[Hf)/[Si1=0.065. *GPC us polystyrene.

. N
SiH3 SiH
-H; Fon
\I CpMO/Red Al \‘ H
" (M =Ti, Hf - 2)

To drive the reaction toward completion, the mixture was
stitred at room temperature for 24 h and then heated at
90 T until the mixture became rigid. The polymers were
isolated after workup including column chromatography as
off-white tacky materials which are soluble in most organic
solvents. The polymrization results are shown in Table 2.

Polymerization of the monomer silanes with Cp,HiCly/
Red-Al catalyst system initiated slowly, as noticed by the
moderate release of hydrogen gas, and the reaction medium
became slowly viscous. To drive the reaction toward comple-
tion, the mixture was stirred at room temperature for 30
min and then heated at 90 T until the mixture became
rigid. The polymers were obtained after workup including
column chromatography as off-white tacky materials which
are soluble in most organic solvents. The polymerization re-
sults are given in Table 3.

Discussion

The chemical shifts and coupling constants associated with
the protons of the Si-H bonds in the 'H NMR spectra of
the monomer silanes are in the ranges of 3.4-3.6 ppm and
3540 Hz, respectively. The Si-H stretching bands in the
IR spectra of the silanes are in the 2145-2160 ¢cm™' range.
The spectra data were in good agreement with similar pro-
ducts reported in the literature,

While the molecular weights of polysilanes produced by
the dehydrogenative coupling reaction are lower than those
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produced vig Wurtz coupling of dichlorosilanes, this method
is more tolerant of functional groups. The Wurtz coupling
method cannot be used to polymerize chlorine-substituted
arylsilanes due to cross-linking.! Although Cp;ZrMe;,* Cp,Zt
[(SiMes);IMe® and Cp,ZrCly/n-BuLi® are the active cataly-
sts for the dehydrogenative polymerization of primary sila-
nes, we wanted to employ a new catalyst system, Cp;MCl;
/Red-Al (M=Ti, HP® which was recently found to give pre-
dominantly linear, higher molecular weight of polysilanes
than any other catalyst system, because the present mono-
mer silanes, substituted 3-phenyl-1-silabutanes, are sterically
hindered. Sterically hindered silanes were known to be very
slow to polymerize and to give low molecular weights of
oligositanes® Thus, in order to accelerate the rate of polyme-
rization, higher catalyst concentration {ie., 10 mol% for Ti
and 6.5 mol% for Hf) than usual concentration range of 0.5
-1.0 mol% and heating to 90 T were employed in the poly-
merization. As anticipated from steric ground, the present
monomer silanes dehydrogenatively polymerize slower than
less hindered silane {¢.g., benzylsilane). However, substitution
on the pheny} ring results in similar rates for both the me-
thyl and chloro substituents. These results suggest that steric
effect influences the rate of polymerization more than elect-
ronic effect in the present dehydrogenative polymerization.
We cannot rationalize for the moment why 2 dehydropoly-
merizes to give somewhat higher molecular weight of poly-
mer than the others in spite of similar rate of polymerization.

As expected from the reactivity of d° metallocene hydrides
toward silanes, the monomer silanes with Cp,TiCl,/Red-Al
catalyst system dehydrogenatively polymerize faster than
with Cp,HfCl,/Red-Al catalyst system. The polymers reported
here apparently show no sign of cross-linking due to coupling
of the substituted chlorine and of the backbone Si-H bonds
of polymer chains, evidenced by 'H NMR, IR, and GPC. UV-
vis spectrum in hexane of poly(3-naphthyl-1-silabutane)
showed A,-,-=290 (¢=2800) which is in the normal range
of polysilane.!

Although the molecular weights determined by GPC (vs
polystyrene standard) are not directly comparable for various
substituted polysilanes,! it appears that the polymers of pre-
sent substituted 3-phenyi-1-silabutanes are lower degree of
polymerization than those obtained from phenylsilane, but
are approximately of the similar degree of polymerization
as those obtained from benzylsilane® or n-butylsilane.!® As
seen in Table 2 and Table 3, the polymers with degree of
polymerization (DP) of 5 through 16 were obtained. Cp.TiCl,
/Red-Al system produced higher molecular weights of polysi-
lane than Cp.HfCl,/Red-Al system, opposite trend to the
polymerization of phenylsilane with Cp,MCL/RLi system.?®
In comparison, the dehydrogenative polymerization of the
monomer silanes with Cp.MCl; (M=Ti, Hf)/n-BuLi catalyst
system is currently underway. We are not presently certain
of the percentage of cyclic and linear oligomers in the poly-
mers. We expect some degree of diastereomeric selection
in the polymerization due to the presence of 2-methyl group
of the substituted 3-phenyl-l-silabutanes. To find out the
percentage of cyclic and linear oligomers in the polymers
and the degree of diastereomeric selection in the polymeri-
zation is currently in progress and will be the subject of
a future paper.
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Conclusion

Our work describes the preparation and the dehydrogena-
tive polymerization of new alkylsilanes, substituted 3-phenyl-
1-silabutanes, catalyzed by Cp.MCl, (M=Ti, Hf)/Red-Al com-
bined system. The polymers with degree of polymerization
(DP) of 5 through 16 were obtained. The dehydrogenative
polymerization of the monomer silanes with Cp,TiCl;/Red-Al
catalyst system occurred at a faster rate and produced higher
molecular weights of polysilane than that with Cp,HfCl,/Red-
Al catalyst system, opposite trend to the polymerization of
phenylsilane with Cp.MCI/RLi system.
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A Potential Flame-retardant by Intumescence. Melaminium
2,6,7-trioxa-1-phosphabicyclo[2.2.2 octane-4-methoxy-sulfates
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New compounds of melaminium 2,6,7-trioxa-1-phosphabicyclo[2.2.2]octane-4-methoxy-sulfate have been synthesized
and characterized by means of chemical analysis, 'H, “C, and *P NMR, and IR spectroscopies. When the compounds
are subjected to an open flame, they foam without melting to produce a light char with about 50 times volume
of the initial compounds. The evaluation of these flame-retardants proves to be efficient for polypropylene. Thermogra-
vimetric analysis discloses that the compounds are also thermally stable for compounding into polypropylene without

decomposition.

Introduction

In recent years, the use of some traditional halogenated
flame-retardants is limited on account of the possible forma-

tion of extremely toxic halogenated dioxines or dibenzofu-
rans? Among alternative candidates intumescent materials
have a considerable aitention because they provide fire pro-
tection with minimum of overall fire hazard? Since the first



