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Synthesis of Phosphorus-Containing Epoxy Resins and Evaluation of

Their Thermal and Flame Retardant Properties
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Fig. 1 Molecular structures of CPHO, that is mixture of
two isomers.
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Scheme 1 Preparation of phosphorus-containing epoxy resins.

Table 1 Reaction conditions and EEW.

Resin name Epoxy resin  CPHO TPPO P cont. EEWY /g0eq.?
/9 /9 /mg /Wt% Cal. Found

CPHO-CN¥J 3.00 120.0 22.72 47.0 30 3130 311.2
CPHO-PNPJ 1.50 570 4,68 245 15 2124 2135
CPHO-PNI 3.00J 30.45 6.08 23.8 30 275.9 281.6
CPHO-PNI 5.00J 40.80 13.65 36.0 5.0 395.1 406.9
CPHO-PNI 7.00J 37.55 2348 56.2 7.0 979.6 1000.6

a) CN : o-cresol novolac epoxy b) PN : phenol novolac epoxy c¢) triphenyl phosphine
d) EEW(epoxy equivalet weight) was determined by JIS K 7236-2001
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Fig. 2 %P NMR spectrum of CPHO.
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Fig. 3 3P NMR spectrum of CPHO-containing epoxy resin.
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Scheme 2 Two possible products by reaction of CPHO
with oxirane ring.
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Fig. 4 IR spectrum of CPHO-containing epoxy resin.
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Fig. 5 DSC thermograms of o-cresol novolac epoxy
resin-curing agent compositions. Heating rate
was 100 / min.
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Fig. 6 DSC thermograms of phenol novolac epoxy
resin-curing agent compositions. Heating rate
was 100 / min.
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Fig. 7 DSC thermograms of o-cresol novolac epoxy
resin-curing agent compositions using accelerator.
Heating rate was 100 / min.

CPHO-CNI 3.0/ PR, -------- CN/PR.




Table 2 Thermal characteristics of epoxy resin - curing agent compositions.

Composition name

Onset temperature

Peak top temperature

/0
CPHO-CNI 3.0¥ DICY 167.1 189.0
CN/DICY 196.8 204.7
CPHO-PNJ 3.0/ DICY 148.2 176.3
CPHO-PNI 70¥ DICY 150.1 171.2
PN/DICY 184.2 194.7
CPHO-CNI 3.0/ PR - 153.1
CN/PR 156.9
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Fig. 8 Compounds exhibiting the same electron withdrawing effect as CPHO.
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Table 3 Curing cycles of several epoxy systems.

Compositions Curing Curing time Postcure Postcure
temperature /min temperature time
/0 /0 /h
Neat resin system
PN/DICY 180 30 190 5
CN/DICY 190 30 200 5
CN/PR® 150 30 160 5
Modified resin system
CPHO-PNI 15V DICY 150 30 180 5
CPHO-PNI 3.0V DICY 150 30 180 5
CPHO-PNI 5.0/ DICY 150 30 180 5
CPHO-PNI 7.0/ DICY 150 30 180 5
CPHO-CNJ 3.0/ DICY 160 30 190 5
CPHO-CNI 3.0/ PR 150 30 160 5

a) PR : phenol novolac resin

O
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Fig. 9 IR spectra of CPHO-CNI 3.0/ DICY before curing (upper line) and after curing (lower line).
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Fig. 10 IR spectrum of CPHO-CNI 3.0/ PR after curing.
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Table 4 Tg data of cured epoxy reins.

Compositions Tg/0O
Neat resin system
PN/DICY 182.0
CN/DICY 184.0
CN/PR 169.2
Modified resin system
CPHO-PNIJ 15[V DICY 175.7
CPHO-PNIJ 3.0V DICY 1533
CPHO-PNI 5.0V DICY 1205
CPHO-PNI 7.0¥ DICY 100.9
CPHO-CNJ 3.0/ DICY 166.8
CPHO-CNJ 30/ PR 1111

Endo. 4——p Exo.

80.0 100.0 120.0 140.0

160. 0 180.0 200.0 220.0

Temp. °C

Fig. 11 DSC thermograms of cured epoxy resins containing CPHO. Heating rate was 100 / min.

-------- CPHO-PNI 1.5/ DICY,
————— CPHO-PNI 7.0/ DICY.

CPHO-PNO 3.0/ DICY, ——— CPHO-PNI 5.0[ DICY,
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Fig. 12 Correlation between Tg and 1 / EEW.

Table 5 Thermal property of cured epoxy resins.

Compositions 1/EEW /eq.g?t P cont./ % Tg/0O
CPHO-PNI 15[/ DICY 468 x 1073 15 1757
CPHO-PNI 3.0/ DICY 355 x 103 30 153.3
CPHO-PNI 5.0/ DICY 245 x 103 5.0 1205
CPHO-PNI 7.0/ DICY 099 x 103 7.0 100.9
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Fig. 14 TG thermograms of cured epoxy resins under
air. Heating rate was 100 / min.
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Table 6 Thermogravimetric data of cured epoxy resins under air.

Compositions Ta1s Tys Ta10 Ty2®  Char yield /%
/0 /0 /0 /0 60001 7000
Neat resin system
CN/DICY 303.2 360.0 384.7 4112 10 0
PN /DICY 2545 355.6 396.6 425.2 15 0
CN/PR 312.6 380.9 404.3 4233 02 0
Modified resin system
CPHO-CNJ 3.0/ DICY 1812 316.0 3721 3995 228 37
CPHO-PNJ 3.0/ DICY 278.2 355.2 3930 4170 14.8 36
TPP-CNJ 3.0/ DICY 184.6 264.9 3126 348.9 355 254
CPHO-CNU 3.0/ PR 2111 369.9 395.3 4116 258 34

a) Tq.0 : temperature at weight loss of 20 %.
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Table 7 LOI value of cured epoxy resins.

Compositions LOI Value?
Neat resin system
CN/DICY 24
PN/DICY 26
CN/PR 24
Modified resin system
CPHO-CNJ 30¥ DICY 34
CPHO-PND 15[/ DICY 30
CPHO-PND 3.0 DICY 34
CPHO-PNI 5.0¥ DICY 34
CPHO-PNO 7.0¥ DICY 34
TPP-CNIJ 15[/ DICY 26
TPP-CNJ 30/ DICY 28
TPP-CNI 5.0/ DICY 28
CPHO-CNI 3.0/ PR 34
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Fig. 16 Relationship between LOI value and phosphorus
content of cured epoxy resins.
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Abstract

Novel phosphorus-containing epoxy resins (150 7.0 phosphorus content) were synthesized by the reaction of the

mixture of 1,4-cyclooctylene phosphine oxide and 1,5-cyclooctylene phosphine oxide (CPHO) with o-cresol novolac

epoxy and phenol novolac epoxy. Epoxy equivalent weight titration, 3®P NMR spectroscopy, and FT-IR were used to

characterize the CPHO-containing epoxy resins, and then they were cured with dicyandiamide or phenol novolac

resin. The thermal stability and flame retardancy of the cured epoxy resins were evaluated by differential scanning

calorimetry, thermal gravimetric analysis, and limiting oxygen index. A relation between these properties (reactivity

with the curing agents, glass transition temperature, and flame retardancy) and the phosphorus content were

recognized.
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