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ABSTRACT: The effects of bromine containing fire retardants on the polymerization of
styrene have been studied.

With the addition of fire retardant, rate of polymerization was not affected but molecular
weight of polystyrene was decreased considerably. Since these results were considered on
account of chain transfer to fire retardant molecules, the chain transfer constant of each
fire retardant was determined on the styrene polymerization initiated by 2, 2'-azobisisobuty-
ronitrile at 60C°.

Thechain transfer constants obtained are as follows; 4, 4'-isopropylidenebis (2, 6-dibromo-
phenol): 129.0x1074, hexabromodiphenyl oxide: 61.3X1074, octabromodiphenyl oxide:
127.7X107%, 2,4, 6-tribromophenyl 1, 3-dibramoisobutyl ether: 55.1x107* hexabromocy-
clodcdecane: 21.5X1074, bis (2, 3-dibromopropyl) dichloropropyl phosphate: 18.6x 1074,
tris(2, 3-dibromopropyl) phosphate: 11.9X1074

These values were compared with each other and the reactivity of fire retardants was

discussed on the view of their molecular structure.
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Table ]. Fire Retardants
] Formu- | Melting [Bromine | Recrystal.
Fire Retardants lar . Range |Cont. Manufacturer Solveynt
Weight (°C) (%)

4, 4’-Isopropylidene bis(2, 6~dibremophencl) 543. 9]179~181 58. 8] Gret Lakes(U.S. A) : Methanol
Hexabromodiphenyl Oxide 643. 6110~130 74. 0| Nippo(Japan) | Benzene
Octabromodiphenyl Oxide 801. 4} 75~125 79. 8 Great Lakes(U. S. A) Benzene
Decabromodiphenyl Oxide 959. 2290~306 83. 3| Great Lakes(U. S. A\‘ Benzene
2, 4, 6~ Tribromophenyl 1, 3-dibromoisobutyl Ether 544.7| 178 70 | Daiichi(Japan) ‘ Benzene
Hexabromocyclododecane 641. 7170~180 74. 7| Great Lakes(U. S. A\‘ Benzene
Bis(2, 3-dibromopropyl) dichloropropyl Phosphate 608.7| -4 o) ﬁ g Daihachi(Japan)
Tris(2, 3-dibromopropyl) Phosphate 697.6f —3 68. 7| Daihachi(Japan) l‘
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Table . The Amount of Fire Retardants Added to Polymerization of Styrene.
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Figure 1. Time-conversion curve for polymerization Figure 2. Time-conversion curve for polymerization
of styrene initiated by AIBN at 60°C in the of styrene at 60°C in the presence of various
presence of FR-3. fire retardants.
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Table 1. Molecular Weight of Polystyrene Produced
in the Presence of Fire Retardant.
(AIBN): 5x107%mol/I, Temp.: 60°C

Added
Fire retardant| amount n M. W. 10™¢
(phm)
Blank 0 0. 850 23.1
FR-1 10 0. 653 16.0
FR-2 10 0.733 18.8
FR-3 | 10 0. 680 17.0
FR-5 5 0. 802 21.3
FR-6 5 0. 766 20.0
FR-7 5 0.824 22.1
FR-8 5 0. 832 22.4
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Figure 4. The effect of various fire retardants on the
degree of polymerization of styrene at 60°C.
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Table V. Chain Transfer Constants of Various Fire
Retardants in Pclymerization of Styrene at

60°C.
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nyl oxide: 61.3%107%, octabromodiphenyl oxi-
de: 127.7%107%, 2, 4, 6-tribromophenyl-1, 3-
dibromoisobutyl ether: 55.1X 1074, hexabromo-
cyclododecane: 21.5x107%, bis (2, 3-dibromo-
propyl) dichloropropyl phosphate: 18.6X1074,
tris (2, 3-dibromopropyl) phosphate: 11.9X107*
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