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Abstract : To prepare flame retardant acrylonitrile(AN) copolymers, AN was radically co-
polymerized with 2,4,6-tribromophenyl acrylate (TBPhA) and bis(8-chloroethyl)vinyl
phosphonate(CEVP) in benzene and the copolymerization reactivity ratios were determined.
Thermal stabilities were measured by thermogravimetric analysis(TGA) and it was found
that the increase of the comonomer contents decreased the thermal stabilities of the copolymers.
In limit oxygen index(L.OI) measurements the copolymers showed selfextinguishability when
their TBPhA or CEVP content reached 32wt, % or 47wt, %, respectively. When the contributjons
to the LOI of the flame retarding elements in CEVP, phosphorus and chlorine, a synergistic
effect between the two elements could be detected.
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Fig. 1. IR spectrum of copolymer of AN with TBPhA,

(KBr).

1of 49% 2}‘: f%ﬂ% g
23l 35 w3AHE ALY 938k Kelen-
Tudos W& H&3 Zi= Table 20 A3k
Q. dol wkEAdH] 3k yan=1.77, YBrna=2.
970tk

oz7lAl2 ANT CEVPSe] 233 z4dn

Z3tA| 24 & Table 39 e 132 Kelen-Tuddos

HFL Tabledol] Bt Pz k& yan=3.75
2 yeeve =0.0580t}. Table 3914l &8 =
He Ak ggel o8 7@ Aolth AFFE =
Bgor} olo os FEFA AL T8 B A
3 A2eP woh oAt gud RS BEE
AZFe AFFgo] AHoE Hi HEI QAL F
Hoz wAgs] Weel ArEAuNT B

s

fé

2

o

£

4000 2800 2000 1600 1200 800 400

Wavenumberi{cm™!)

Fig. 2. IR spectrum of copolymer of AN with CEVP,
[NacCt).

Table 1. Copolymerization® of Acrylonitrile (AN : M,) and 2,4,6-Tribromophenyl Acrylate (TBPhA : M,)

Exp. No. 1 2 3 4 5 6

wt, of M,(g) 0.100 0.380 0.730 1.030 2,100 3.360

Feed wt, of M,(g) 5.900 5.670 5.270 4970 3.900 2.680
M,/ M/ 8.1376 2.0580 0.9956 0.6655 0.2561 0.1100

Conversion{ wt. %) 4.70 5.45 5.17 2.08 5.50 4.60
Copolyme N content(wt. %) 0.17 0.96 2.20 3.87 10.85 16.41
opolymer m./ m® 21.2691 36529 15163 0.8024 0.1975 0.0838

a) Copolymerization in benzene(15wt./ vol. %)at 60°C using 0.5wt. % AIBN as initiator.

b) M,/ M, : mole ratio of M, and M, in feed.

¢) m,/ m, : mole ratio of M, and M, in the copolymer.
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Table 2. Copolymerization of Acrylonitrile(AN : M.
and 2,4,6-Tribromophenyl Acrylate (TBPhA

M,), Kelen-Tiidos Treatment of the Data*

Exp. 1 2 3 4 5 6
No

Y= [01220 04859 10044 15026 39047 9.0909
M, / M,

Y= 100470 02738 06595 1.2462 50637 119273

F 03214 08623 15297 1.8118 3.0110 6.9290
G -24920 -1.2888 -0.5186 0.2969 3.1336 83237
3 01772 03662 05062 05483 0.6686 0.8228
7 -1.3740 -0.5474 -0.1716 0.0899 0.6958 0.9890
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Fig. 3. Instantaneous composition of copolymer as

a function of monomer composition.
(O) ; poly(AN-co-TBPhA)
(®) : poly(AN-co~-CEVP)

Table 3. Copolymerization® of Acrylonitrile (AN : M,) and Bis(/8-chloroethyl) vinyl Phosphonate

(CEVP: M,)

Exp. No. 1 2 3 4 5

wt. of My(g) 1.140 1.530 2.86 3.38 403

Feed wt. of My(g) 4.880 4470 3.14 262 1.97
M,/ MP 0.9747 0.6652 0.2500 0.1765 01113

Conversion(wt. %) 1.66 1.50 1.30 2.00 4.30

N content(wt. %) 1291 17.38 21.00 21.89 2344
Copolymer m./ m® 0.2377 0.1180 0.0584 0.0468 0.0286

a) Copolymerization in benzene(15wt. / vol. %)at 60°C using 0.5wt. % AIBN as initiator.

b) M,/ M, : mole ratio of M, and M, in feed.

¢) m,/ m, : mole ratio of M, and M, in the copolymer.
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Table 4. Copolymerization of Acrylonitrile (AN: M,)
and Bis(3-chloroethyl) vinyl Phosphonate
(CEVP : M,)Kelen-Tiidos Treatment of

the Data®*
Exp. No, 1 2 3 4 5
Y=M, / M} 1.0260 1.5033  4.0000 5.6657 8.9847
Y=m,/ m,| 42076 8.4762 17.1262  21.3865  34.9529
F 02502  0.2666  0.9342 1.5010 2.3095
G 0.7822 1.3259  3.7664 5.4008 8.7276
3 0.2476  0.259 05513 0.6638 0.7524
7 0.7741 1.2913  2.2229 2.3885 2.8431
%=3.75, 7.=0.05
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Fig. 4. TGA thermogram of PAN and poly(AN-co-
TBPhA).
Heating rate : 10C / min in air atmosphere
(1) 100% PAN
(2) 100% poly(TBPhA)
(3) copolymer(95% AN+5% TBPhA)
(4) copolymer(90 % AN+10% TBPhA)
(5) copolymer(80 % AN+20% TBPhA)
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Fig. 5. TGA thermogram of PAN and poly(AN-co-
CEVP).
Heating rate : 10C / min. in air atmosphere
(1) 10% PAN
(2) copolymer(90% AN+10% CEVP)
(3) copolymer(80% AN+20% CEVP)
(4) copolymer(49% AN-+51% CEVP)
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