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Abstract ;| Halophenyldichloro phosphates were obtained from the 1. 1 mol reaction of halophenols
with phosphorus oxychloride. Hydrolysis of the halophenyldichloro phosphates resulted in flame reta-
rdant monomers containing phosphorus and halogen components. Polymeric flame retardants were
also prepared by the urethane reaction of the monomers with toluene-2,4-diisocyanate. The structu-
res of the monomers and polymers were characterized by IR and 'H-NMR spectroscopy. All the pre-
pared flame retardants were evaluated by the physical properties such as solubility, thermal stability,
and moisture absorbability, etc. The results were as follows. 1. The polymers which were soluble only
in DMF and DMSO were extremely solvent-resistant, whereas the monomers showed good solubili-
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ties in most of organic solvents. 2. In TGA, all the prepared flame retardants began its weight loss

from decomposition above 162T. The thermal stabilities of the monomers compared to the polymers

in the initial decomposition temperature were relatively good, but those of the monomers compared

to the polymers in the critical area of 180~540C were bad. And the combustion of the polymers

brought about great increases in char content. 3. The moisture-resistant properties of the polvmers

were better than those of the monomers. Also, the moisture absorptions in all of them increased with

increasing halogen contents.
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Table 1. Distillation Condition of Halophenyldichloro
Phosphates

.. Distillation

Run Distillate Condition

Phenyldichloro phosphaste 104C/2torr

4-Nitrophenyldichloro phosphate 1497C/2torr

4-Chlorophenyldichloro 118C/2torr
phosphate

4 2,4-Dichlorophenyldichloro 135C/2torr
phosphate

5 2,4,6-Trichlorophenyldichloro 158 /2torr
phosphate

4-Bromophenyldichloro phosphate 122C /2torr

7 2.4-Dibromophenyldichloro 175C/2torr
phosphate

8 2.4,6-Tribromophenyldichloro 198C/2torr

phosphate
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Table 2. Preparation of Flame Retardant Monomers

R Raw Materials Product
un
_ [POCls] tion .. [POCl;] .
Rx Yield MP
on /[Rx- Time" oo /Rx- ey
OH] (hn) °} OH®
1 Ry 1.20/1 4 445 /1 90~93
2 R, 1.14/1 4 313 1/1 127
3 R; 1.10/1 4 40.1 1/71  105~107
4 R, 1.15/1 4 36.8 1/1 121~123
5 Rs 20 /1 22 17.7 /1 198~202
6 Rs 1.20/1 3 61.1 1/1 126
7 R; 20 /1 10 28.6 /1 132~135

8 Ry 3071 26 98 1/1  208~211

* Reaction was carried out in bulk at 105T.

" A ratio was calculated by EA.
¢ A value was measured by capillary method.
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Table 3. Solubility Data of Flame Retardant Mono-
mers

RxP Toluene DCE Bz CHChL MEK THF iso- DMSO DMF

PrOH
1 X A X X O O O O O
2 O & A X O O O O O
3 A A A X OO O O O
4 O o A X O O O O O
5 O & X X O O O O O
6 A A X X O O O O O
7T A8 A A X O O O O O
8 A A~ X X O O O O O
O : soluble A ! partially soluble X : insoluble
195



AAE ol - kel

N,

3 ;i 165C ol ol o)F HE R
1 g = G4 g dA o) v)&)] 27
227 10C A% WA vebdr}, o= C—Br
A7 = (65Kcal/mol) 7} C—Cl2] A= (81
Kcal/mol) Bt} ¢}317] wj&ol A Bajde= Rog
Aba "ok £ 5238 dE7E dolue 7187]¢
A 25+ 180T o]AoZ vnA QrA3 Ho|
i, 50% F#F &4o] v HEdAME YEZ7Y
gazlo] Fol XY 2 HA ¥ €& Je
WlaL, 700CeA] Chare] gdze JeEZ7|7} §
T8 oA w7 i Hoez gt

e 2EA AR

vl nEa AFZ = Fig, 5914 B ulebgo] A

2 2 r-{rz

e

110

701

1 Weight( %)

301

L

—10 r . ,
—100 300 700 1100

Temperature(C)
Fig. 4. TGA data of flame retardant monomers in nit-
rogen ; heating rate 10C/min; A:R,P, B:R,P, C:
R, D RP, E:RP F:RP, G:RP and H: RP.

Table 4. TGA Data of Flame Retardant Monomers in
Nitrogen : Heating Rate 107 /min

Interception

1% Weight 50% Weight Char %
RxP Loss( %g) Degroaf dztaif)ln("c) Loss("C% at 700C
1 171.9 196.9 3199 1.10
2 151.3 202.6 231.6 5.52
3 174.1 179.8 294.3 1.75
4 174.1 179.8 260.1 1.21
5 174.1 186.0 2829 1.62
6 165.6 1884 305.7 1.96
7 168.4 185.5 237.3 1.37
8 166.4 191.2 282.9 1.72
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Table 5. Preparation of Polymeric Flame Retardants

B v IR} Qg1 gx

Raw Materials Reaction Product
n [RxP]/[TDI] Time'hr) Yield [RxP]/  Flame Retardant Element (wt%)
(wt%) [TDIT" Br Cl Mn? Mw/Mn*
theor. calc® theor. calce theor. calc’
1 1/1 12 11.8 089/1 090 7.86 — - ~ - 6300 130
2 1/1 48 523 0.89/1 788 697 — - - — 6400 131
3 111 12 164 090/1 810 7.39 - - 928 847 8300 131
4 1/1 48 575 085/1 743 691 - - 17.02 1583 5600 1.15
5 1/1 48 454 086/1 687 645 — - 2359 2216 6400 134
6 1/1 12 237 087/1 726 683 1874 17.63 - — 6300 130
7 1/1 12 197 089/1 613 589 3162 3039 — - 9000 149
8 1/1 72 845 082/1 530 4.80 4102 3733 - — 4400 1.16

" Reaction was carried out in DMF at 90TC.
" A ratio was calculated by EA.

A ratio was calculated by Colorimetry.
““Each value was determined by GPC.

(A

(B)

4000 1000 400

2000
Wavenumber(cm ™)

Fig. 6. IR spectrum of polymeric flame retardant

(B) : (A) : RP, (B) : PUT-6.
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Fig. 7. H-NMR spectrum of PUT-6.
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Table 6. Solubility Data of Polymeric Flame Retar-
dants

SEE
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Table 7. TGA Data of Polymeric Flame Retardants in
Nitrogen : Heating Rate 10C/min

PET Toluene DCE Bz CHCl, MEK THF P'ng DMSO DMF PUT 1% Weight I“tsfrclffsttion 50% Weight Char %
n > X X X x X X 0 O -X  Loss(%) Degradation(c) Loss(C) at 700C
2 X X X X X X X O O 1 1714 2384 745.6 52.2
3 % X X X X X X O 0O 2 165.8 2473 8242 55.7
4 X X X X X X X O O 3 1673 2312 4952 457
5 X X X X X X X O O 4 163.2 218.2 477.6 50.4
6 X X X X X X X O O 5 165.2 232.0 376.0 389
7 X X X X X X X O O 6 166.4 2374 536.1 44.5
8 X X X X X X X O O 7 1609 223.2 4536 409
O soluble X - insoluble 8 1624 2284 398.6 575
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Table 8. Water Absorption Data of Flame Retardant
Monomers and Polymeric Flame Retardants

Water Absorption’ (Wt %)

X RxP PUT-X
1 372 273 ’
2 434 3.98
3 434 3.36
4 4.80 4.18
5 11.69 7.86
6 3.72 3.10
7 7.60 6.60
8 18.29 850

" A value was obtained from weight increase of sam-
ple under air condition saturated by water vapor for
24hrs at 16~18T
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