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Abstract—Aminophosphazene derivatives were prepared from hexachlorocyclotriphosphazene and used

for the curing agents of epoxy resins. The effect of the curing agent on the dynamic viscoelastic

properties, flame proofing, and heat resistance of the cured epoxy resins were investigated and

compared with those for the epoxy resins cured with aliphatic and aromatic amines. The epoxy resin

cured by 1,1-diamino-3,3,5,5-tetrachlorocyclotriphosphazene showed the highest storage modulus and

glass transition temperature when cured at 190°C for 6 hours.

The epoxy resins cured with phosphazene derivatives showed superior flame proofing to those

with aliphatic amine and aromatic amine. Particularly it is an effective curing agent for epoxy resins

to enhance the storage modulus, flame proofing and resistance to heat.
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Fig. 1 Molecular strucrure of epoxy prepolymer.

A3 1,1-diamino-3,3,5,5-tetrachlo—
rocyclotriphosphazene(ACP), 1,1-diamino-3,35,5-
tetra(phenoxy)cyclotriphosphazene(APP),
1,3,5-trichloro-1,3,5-tridimethvlaminocyclotri-
1,1-Diamino-3,3,5,5-tetra-(p-
chlorophenoxy)cyclotriphosphazene(ACPP),

phosphazene(CI3),
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HEZAZ FA3o ALt h(Fig. 2)

HzN )Hz
N/ AN

Cl_ 1?/cn

/P\ N Na

ACP
L L
1/P\ N/P\N
O-ou F/0-©) BOron.! | _o-0rr
O'O/P\ / \o—© B—0ro” P\N/ No-O-8r
APP ABPP
HiN\ / Nty Cl\ .~ NMe,
<
E’ Me;N~ L ﬁ;,a
CP—@'O/\ / \o-@>-c1 C/ \N/ \NMez
ACPP Ci3

Fig. 2 Curing agents prepared from hexachl-
orocyclotriphosphazene.
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Table 1. The results of elemental analysis of phosphazene derivatives

Calculated Found
H C H N
ACP 0 1.29 22.65 0 131 2230
APP 5343 445 12.99 5355 427 12.96
ACPP 4257 298 10.34 42.87 2.86 1057
ABPP 3372 235 819 - 34.43 2.40 811
Ci3 19.28 4382 2249 19.04 4.89 2262
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Fig. § Effect of postcure time on the storage
modulus and loss tangent of E154/ACP
system measured by DMTA (Postcure
temperature ; 180, Stoichiometric ratio ;
1:1).
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Fig. 6 Effect of postcure time on the storage
modulus and loss tangent of E154/ACP
system measured by DMTA (Postcure
temperature ; 190°C, Stoichiometric ratio ;
1:1).
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Table 2. Compounding ratio and curing

conditions

Precure Postoure

Curing agent | Phr' | Temp.| Time | Temp.| Time
{1 {{Hrs]| [T} {{Hrs]

E88/MHMDA™ | 155 80 | 05 {120 | 2

E 8%/EDA™ 80} 8 {05130 6
E8RMPDA™ | 143{ 80 | 2 | 160 | 1
E 828/ACP 205¢ 140 10 { 190 4
E 828/C13 6671120} 14 | 140 | 4

E 82%/APP 7001120 8 {160 10
E 828/ACPP N4 180 2 | 200 8
E 828/ABPP 1381160 2 | 190{ 2
E 154/HMDA 16 80 | 0512 10

E 1I54/EDA 841 8 | 05| 130} 12
E 154/MPDA 1511 8 2 110} 4
E 134/ACP 2161 140 | 10 | 190 | 6
E 154/C13 65| 1201 14 | 140 { 5

E 154/APP BHT IO 10 200 10
E 154/ACPP M6 160 | 3 | 190 4
E 154/ABPP 1194 160 | 3 | 190 | 4

* Phr: Parts per hundred of resin
** HMDA @ Hexamethylene diamine
xxx EDA : Ethylene diamine

s+ MPDA @ m-phenylene diamine
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Table 3. Limit oxygen index of epoxy resin cured with various curing agents

Curing agent HMDA | EDA | MPDA | ACP | CI3 | APP | ACPP | ABPP
E 88 1:1 195 | 203 | 220 | 271 | 260 | 231 | 262 | 318
1:08 - - - 26.0 - 239 - 33

E154 107 215 | 230 | 285 | 311 | 264 | 240 | 267 | 36
| 1:15 - | - - | 324 - 247 - 355

* Stoichiometric ratiolepoxy resin: curing agent)
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