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Fig. 1  Synthesis of DOPO-M by a one—pot procedure at

room temperature
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1 DOPO
Table 1 Synthesis of DODO-doped epoxy resins
DDM/DOPO P/wt%
EPO(m 1) 10:0 0
EPd(m 1) 9:1 0.6
EP2(m 1) 8:2 1.1
EP3(m 1) 7:3 1.6
EP4(m 1) 6:4 2.1
EPS(m 1) 5:5 2.5
‘m DOPO-M it DOPO-T
30 mm x 10 mm X2 mmo 1 Hz
2 °C *min "' 25 ~250 °C

o

(4) TGA Netzsch Thermische Analyse

10 °C *min " 25 ~
700 C o
(5) ( LOI) LOI N,-
0,
100 mm x 6 mm x4 mm HC=2
2
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DOPO-M 10
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P 24 o
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Fig. 4 FTIR spectra of the pure ES1 and the epoxy
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Fig. 5 Storage modulus and tan § curves of DOPO-M cured epoxy systems and DOPO-T cured epoxy systems
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Fig. 6 TGA plots curves of DOPO-M cured epoxy systems and DOPO-T cured epoxy systems under

nitrogen and air conditions
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2 DOPO-M
Table 2 Thermogravimetric data for
the DOPO-M cured epoxy systems

P T,/C Char*/wt%  Tq/C Char®/wi%
EPO m 0 346 21 286 0
EPd m 0.6 330 25 288 3
EP2 m 1.1 322 26 290 7
EP3 m 1.6 313 30 280 14
EP4 m 2.1 309 32 279 16
EP-5 m 2.5 305 37 278 17
a 700 °C .
3 DOPOT

Table 3 Thermogravimetric data for

the DOPO-T cured epoxy systems

Plw T,/°C Char® /wt% T,/C Char® /wt%
EP-O(t) 0 346 21 286 0
EPd t 0.6 332 22 284 3
EP2 t 1.1 314 24 282 5
EP3 t 1.6 311 26 285 10
EP4 t 2.1 310 28 286 12
EPS5 t 2.5 306 33 286 13
DOPO P.N
DOPO
DOPO-M > DOPO-T
o DOPO-M
DOPO-T E51 DO-
PO-M DOPO-T
2.5
4 5 LOI DOPO
DOPO P.N
4 DOPO-M

Table 4 LOI values for the DOPO-M cured epoxy systems

EPO m 24.4
EP4 m 31.4
EP2 m 32.9
EP3 m 34.9
EP4 m 35.9
EPS5 m 37.4

5 DOPO-T
Table 5 LOI values for the DOPO-T cured epoxy systems

EPO t 24. 4
EPd t 30.4
EP2 t 31.4
EP3 t 32.9
EP4 t 34.9
EP5 t 36.4
DOPO
LOI DOPO-M >
DOPO-T 0 DOPO-M
DOPO-T E51
DOPO-M DOPO-T DOPO-M
DOPO-T
3
(1) DOPO DO-
PO-M  DOPO-T P/N
(2) DOPO-M  DOPOT
T, P
(3) DOPO
E5S1 o
700 °C
DOPO
DOPO-M  DOPO-T o
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Room-temperature Synthesis of Two Kinds of DOPO-based Curing Agents and
Properties of Flame Retardant Epoxy Resins

XIE Cong' > ZHOU Wen—rong' ZHANG Guang—xue'

( Hubei Collaboration Innovative Center for Non-Power Nuclear Technology Hubei University of Science and
Technology'  Xianning 437100 China; Fujian Provincial Key Laboratory of Fire Retardant Materials
College of Materials Xiamen University> Xiamen 361005 China)

Abstract Halogen-ree reactive multi-element synergistic flame—etardant means is the research focus to im—
prove flame retardant properties of epoxy resins. Two kinds of DOPO derivatives that behaves as described above
DOPO-M and DOPO-T were synthesized by one-step method at room temperature. To control the contents of flame
retardant elements of the epoxy system two DOPO curing agents and one common curing agent 4 4°-diamino di—
phenyl methane were mixed respectively and then cast into molds with stoichiometric E51. NMR spectra proved
DOPO derivatives structures correct and the curing processes were tracked by infrared spectra ( FTIR) . The influ—
ence of the molecular introduction and structural difference of DOPO derivatives on the dynamic mechanical thermal
properties thermal properties and flame retardancy of the flame retarded epoxy resin were studied. The results
showed that: (Dall flame-retardant epoxy systems were homogeneous systems; the thermal and flame retardant
properties of all flame retarded epoxy systems were improved remarkably; 3)DOPO-M performed better than DOPO—
T in improving the thermal and flame retardant properties of the flame retarded epoxy system.

Key words  reactive type flame retardant DOPO derivatives epoxy resins room-temperature synthe—

sis of curing agent



