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ABSTRACT

A new series of Sb-halogen based flame retardants
for polypropylene, viz,, triphenylstibinedibromide and
triphenylantimony(V) derivatives of tribromo-, trichloro-
and pentachlorophenols, and of bisphenols viz., 2,2-bis(4-
hydroxyphenyl)propane and &4,4-dihydroxydiphenyl sulfone
were synthesized and charactefized by elemental analysis,
solution conductance, molecular weight, infrared and'
profon magnetic resonance spectroscopy, and thermal studies,
Besides these organoantimony compounds, the perforﬁance
of conventional fléme retardants, SbZO3 and SbPOh Qas also
investigated after silanation with vinyltriethoxysilane
and Y —~aminopropyltriethoxysilane, in order to achieve
better dispersion and adhesion of the filler in polymer

matrix.

The flame retardancy of the filled polypropylene
was evaluated by measuring limiting oxygen index (LoI1),
vertical flame test (UL-94), and smoke density. The
pre-ignition interactions in the filled system were examined
through thermograQimetric»analysis, and the mechanism
of flame retardation was proﬁosed.by analyz%ng the char
obtained by isothermal treatment‘of flame retardant
filled polypropylene at 450 and 500°C, Other properties
studied were melt rheology, melting and crystallization
‘behavior (by DTA), structural behavior (by XRD) and mechanical
properties which included'fensile, impact and flexural
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strength, Attempt was also made to study the fracture

mechanism with the help of scanning electron microscopy.

In géneral, the melt viscosity of the organo-
antimony compounds filled polypropylene system was less
than that of the virgin polypropylene, with a maximum
drop in the (20 phr) bentachloro phenol derivative of
triphenylantimony(V) filled polypropylene. On the other
hand, addition of SbZO3 and SbPOa_increased the melt viscoéity
of filled polypropylene, but, the silanation of these
fillers brought down the melt viscosity at 220°C, depending
on the silane—fiiler interaction.‘ The{silane coupliﬁg
agents improve the dispersion of filler in polymer
matrix, which was confirmed by scanhing electron

microscopy.

The unit cell dimensions of polypropylene were not
disturbed by the addition of these flame retardants,
although-~the rate of crystallization and the percent
crystallinity were affected, as evidenced by‘X-ray

diffraction, and differential thermal analysis.

The mechanical properties of these systems were

not much impaired even at 20 phr flame retardant loadings.

The LOI of filled polypropylene was increased to
some extent by the addition of SbyO; and StPO,. The
silanation of Sb203 and SbPO,, resulted in a slight décrease
in LOI of filled system irrespective of the silane-filler
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combination. In contrast to Sb,05/SbPO, filled system,

the organoantimony compounds were found to be very efficient
flame retardant for polypropylene even at low additive
levels, i.e., the 5 phr of these organocantimony compounds
increased the LOI of polypropylene to 23.0 or above and gave
V-2 rating in UL-94 flame test.

i

Among the various flame retardant systems studied,
the triphenylstibinedibromide at 10 phr additive level
was found to be the best flame retardant for polypropylene,
showing LOI of 31.5 with a V-2 rating in UL-94 test.
However, for a V-0 rating a loading of 20 phr of these

organoantimony compounds was required.,

These halogenated organcantimony compounds seem to
be vapor phase active as only very little amount of
antimony was detected in the residue obtained by the
isothermal treatment of filled polypropylene at 450°C
for 1/2 hour. The basic mechanism of thermo-oxidative
degradation of polypropylene was not changed by the
addition of these flame retardants, although delayed.

In the last phase, ammonium polyphosphate and
alumina trihydrate were used as flame retardants in
conjunction with triphenylstibinedibromide, so as to
explore the interactive behavior of Sbh-halogen-phosphorus
and Sb-~halogen-aluminium systems., The ammonium |
polyphosphate at both 10 and 20 phr loading decreased the
LOI of triphenylstibinedibromide (10 phr) filled

polypropylene to 29.2 and 30.2 respectively. Whereas,
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the alumina trihydrate at 20 phr loading increased the LOI

of polypropylene filled with 10 phr of triphenylstibinedibromide
to 32.3. Besides flame retardant action, ammonium
polyphosphate and aluminé were found to be smoke suppressant.
The maximum effect was observed in the presence of

alumina trihydrate, which decreased the smoke density of
triphenylstibinedibromide (10 phr) filled polypropylene

from 24,0 to 16.0.

~

1 The best performance of these systems is related
to their dual phase activity, viz., triphenylstibinedi-
bromide being active in the vapor phase, while ammonium
polyphosphate and alumina trihydrate acts in the condensed

phase,
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vi
CODES USED FOR VARICUS POLYPRCPYLENE FCRIMULATIONS IN
THIS DISSERTATION

(A) 5b,05/5bP0,, Filled Polypropylene

. - ——— — G- . " — o> D G euw WP T WA G T M . S NS it A GEY S A NN G Sue e D ATVS e Gvet man W M S D e WD S GID O PIB m a S W

Additives, phr Code
- - PP before extrusion PO
- - PP after extrusion P1

SbZOB-‘VTES(6) P5

Sb,05~ Y -APS(6) Py,

SbPOa(6) P6

SbPO,,~ Y -APS(6) : P,

SbPOQ- V TES(6) P8

-
SbZOB(o) + PVC(19) + CaCOB(’lO), Pg
SbZOB-‘VTES(6) + PVC(19) + CaC03(1O) P1O

PP, Polypropylene; VTES, Vinyltriethoxysilane; Y -APS,

~aminopropyltriethoxysilane; PVC, polyvinylchloride,



vii

(B) Organoantimony Compounds filled Polypropylene
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Additives, (phr) Code
- PP unextruded Py
- PP extruded ' P%
PhySbBr,(5) | | P,
" (10) | Pis
" (15) Py
" (20 o 1y
Ph,Sb(thp) ,(5) / ' Py
" (10) P22
" (15), | P
" (20) P,y
Ph3Sb(tep),(5) P
ne (10) ‘ P32
" (15) Pz3
" (20) P34
Ph3Sb(pep),(5) Py
" (10) P
" (15) » Py3
N Py
PhESbBPZ, triphenylstibinedibromide; PhBSb(tbp)2

PhBSb(tcp)2 and Ph3Sb(pcp)2, derivatives of triphenyl-
antimony(v) with tribromo-, trichloro- and pentachloro

phenols, respectively,
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(C) PhBSbBrZ/Ammonium Polyphosphate/Alumina trihydrate

i
t
T

filled Polypropylene,

- S - ——— V" — VT W~ ———— — o _—y - - " S — ————— N —— . " - G T S > s S

Additives, (phr) Code
- unextruded PP | Py
- extruded PP : P%
PhBSbBr2(1O) | AP1
APP(10) . AP2
APP(ZO) . AP3
PhBSbBr2(1O) + APP(10) | .AP4
PhBSbBrz(TO) + APP(ZO) AP5
ATH(10) : AP¢
ATH(ZO) AP7
Ph,SbBr,(10) + ATH(10) | APg
Ph,SbBr, (10) + ATH(20) - AP

PhBSbBrz, triphenylstibinedibromide; APP, ammonium

polyphosphate; ATH, alumina trihydrate,



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

