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NEW PHOSPHORUS-CONTAINING FLAME RETARDANTS FOR POLY-
URETHANES AND POLYESTERS,

GUEORGUI BORISSOV, HRISTO SIVRIEV, KOLJO TROEV,
Bulgarian Academy of Sciences, Central Laboratory

for Polymers, 1040 Sofia, Bulgaria.

Abstract New phosphorus - containing monomers and
oligomers from tetrakis (hydroxvmetyl) phosphonium
chloride and dialkylphosphites are synthesized. On
the basis of new products phosphorus-containing po-
lyesters,polyurethanes and polyuretanesemicazbazides
with improved fire resistance are obtained. The de-
pendence of fire resistance of the polymers on the
structure of the use flame retardants is investigated.

INTRODUCTION
The phosphorus-containing active and inactive additives,

are some of the best-known flame retardants and they are
being produced in already considerable quantities.The in-
troduction of new phosphorus-containing retardants is con
fined by the relatively low availability of the raw mate-
rials, With the viewof broadening the flame retardants,
assortment and improving their quality,our researchacti-
city has been aimed at synthesizing new flame retardants
from the industrially produced tetrakis(hydroxymethyl)
phosphonium chloride and dialkylphosphites.

RAW MATERIALS-TETRAKHSHYDROXYMETHYLPHOSPHONIUM CHLORIDE

Tetracis(hydroxymethyl)phosphonium cloride and its deri-
vatives are convenient starting compounds for the synthe-

sis of monomers and polymers,containing C-P bonds, Kaba-
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chinik and Tsvetkov have shown that under certain condi-
tions tris(chloromethyl)phosphine undergoes the so cal-
led"pseudoallyl rearrangment'and is transformed into bis
(chlormethyl)methylphosphine oxide:

0
Naot HCL oy, B
(C1chy) 4pcl a0 pecp,cl) HEL cHgPecH 1),

Bifunctional compounds,suitable for polycondensation
processes have been obtained by substituting with diffe-

rent functional groups the cloride atoms in bis(chlorome-

g ]
C1CHy~P-CHC1+2Ma0~¢ )R —=R-¢)-0CH~P-CHo0- )R
CHs CH
3 3

where R = COOH, COOCHz, COCl, OH

The possibility for using the synthesizid monomers

thyl)methylphosphosphine oxide:

as reactive flame retardants for increasing the fire resi-
stance of polycondensation polymers has been dcmonstrated
and special attention has been paid tomodification of the
properties of well-known and industrially produced poly -
mers such as polyethyleneterephthalate,nylon 6,6 etc.1
Phosphorus -and nitrogen-containing polyols have been
synthesized and they have been used for the modification

of rigid polyurethane foams and linear polyurethanes2

(HOCHy) 5P + HHRjRy —= (HOCH,) oPCHoNR{R, + Ho0

0

2
(HOCH2) 2PCHANR Ry —== (HOCH) P CHaR 1Ry

_ ¢
where 'NRlRZ—"N(CH2CH20H)2; -[:l/ \I:JCH2P(CH20H)2
Cho-CHsy
Some of the typical properties of the modified poly-
urethanes have been investigated. A special attention
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has been paid towards examining the dependence of the fire
resistance of the polymers on structure of the polyols.
It has been shown that the synthesized polyols are suitable

flame retardants for rigid polyurethane foams.

RAW MATERIALS - DIALKYLPHOSPHITES
The investigation on the reactivity of dialkylphosphites,

carried on by us,showed that the reactions typical for the-
se diesters - trans esterification and addition,allowed
for the synthesis of different in structure and compo-
sition products.

For example,polyethylene terephthalate has been modi-
fied with the sodium salt of diethylphosphite and the di-
sodium salt of 1,2-dicarbomethoxyethanephosphonic acid:

0 0
i [t
CoH50-P-0CoH  CH30CCHH-CH-COCHs
OMa 0=P(Na),

Organophosphorus compounds,obtained from dialkyl-
phosphites, have been used for improving the fire resi-
stence of polyurethanesemicarbazide ionomers.

The dihydrazide of the 2-diethylphosphonylbutanedi-
carboxilic acid has been used as a modificator for poly -

urethanesemicarbazides and polyurethanesemicarbazide io-

nomerss’ .
) 2 ¢ 2 HeCl O
#CHH-Ar -KHC (OR) , OCNH-Ar-HHEOCH, CHNCH,CHOCHH-Ar -
o 90 0 Chis
—NHC—NH[‘JHC—(;H—CHZCNHNH/n

0=P(OR),

It has been established that the inclusion of phos-
phorus in the polymer chain of the ionomer does not influen-

ce substrantially its physicomechanical properties but does
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improve considerably its fire resistance.

The high effectivenes of the flame retardants is pro-
bably due also to the structure of the ionomer and main-
ly to the existing electrostatic interactions.

As flame retardants for polyurethanesemicarbazide
ionomers have also been used the dihydrazides of N,N-
diethylaminomethylphosphonic and N-morpholinylmethyl-
phosphonic acid. The phosphorus atom in this case 1is in-

cluded in the main polymer chain4:
2 poo 2 8
ACNH-A r—NHC(OR)XOCNH—Ar—l‘IHC-NHNH-IID-NiiNH%n
CHoXH.C1™

CHACH

X = -N(CoHe)r, =N 27 2vq,
252 \ /
CHL,CH;

The modified ionomers possess good physicomechanical
propertiers and high fire resistance. The limiting oxy-
gen index has been determined to be 34% 0,.
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