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Preparation and performance of phosphorus containing bio based flame
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Abstract: To address the challenges of epoxy resins in electrical insulation and flame-retardant applications, a phosphorus-
containing bio-based flame-retardant resin—bis(methacryloyloxy-4-hydroxy-3-methoxyphenyl) phenyl phosphate
(DGEBDB) was synthesized from 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO) and renewable vanillin,
and cured materials were prepared through blending it (0%, 25%, 50%, and 75%) with bisphenol A epoxy resin (DGEBA).
Their flame retardancy, thermal properties, mechnical properties, and electrical properties were analyzed. The results show
that when the mass fraction of DGEBDB is 75%, the limiting oxygen index (LOI) of epoxy bending system increases from
22.6% to 34.2%, and the flame retardant grade achieves V-0 in UL 94 tests. Cone calorimetry reveals that the DGEBDB can
reduce the heat release rate (HRR) and total heat release (THR), showing excellent fire suppression. Electrical properties
tests show that the electrical properties of the cured epoxy maintain good when the mass fraction of DGEBDB is as high as
75%, which ensures the reliability of DGEBDB in electrical application. Mechanical properties indicate that with the
increase of DGEBDB content, the flexural strength and tensile strength increase, indicating an increase in structural integrity
and load bearing capacity of the cured epoxy. Therefore, the addition of DGEBDB significantly enhances the flame
retardantcy of composite, while maintaining the excellent thermal, mechanical, and electrical properties of epoxy resin, and
when the mass fraction of DGEBDB is 25%, the overall performance is the best, which has a better prospect for practical
applications.
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Fig.1 Synthesis path of flame retardant epoxy resin DGEBDB
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Fig.3 Non-isothermal DSC curves of
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Table 1 Curing parameters of DGEBDB/MHHPA system at

four heating rates
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0 98.7 121.8 140.2
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20 129.0 154.3 177.4
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Table 2 Vertical combustion and LOI test results of the

cured epoxy resin
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DGEBDB-0.25 273 28.34+2.8 o m V-1
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Fig.4 Heat release rate curves of the cured epoxy resin
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Fig.6  Flue gas release rate curves of the cured epoxy resin
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Fig.8 Mass loss rate curves of the cured epoxy resin
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Table 3  Test data of cone calorimetry
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Fig.14 Storage modulus of the cured epoxy resin

25 50 75

L6 —e—DGEBA

Lal —a—DGEBDB-025
. 14789°C —=—DGEBDB-0.50
' . —*—DGEBDB-0.75

1.2} 129.87°C
1.0
g 0.8f
0.6
0.4+
0.2f

0
75 100 125 150 175 200 225
i JE/°C
15 FEMAEE LI tand
Fig.15 Tanod of the cured epoxy resin

Hi % 4 7] %1, i % DGEBDB & &= {134 0, JL R
A 2 10 S IBk 8 B 328 T 4 T (5L B AR TSR T 48 DGE-
BA WFE ISR E B . HH R, SRR A R R B AL



84 AR 2025,58(6)
F4 MEWBEHYNEEERS FBLETREN
o -0.028} —e—DGEBA
RREE —&—DGEBDB-0.25
Table 4 Storage modulus, glass transition temperature, and -0.024F ggggggg;g
crosslinking density of the cured epoxy resin = -0.020} 398.27°C 430 38°C
£ LA .
PR E'(30°C)/MPa  v/(x10° mol/m®) 7/C 2 0016k 395.49°C 411.76°C
DGEBA 2199 3.538 157.79 S
g -0.012}
DGEBDB-0.25 2362 2.071 129.87
DGEBDB-0.50 2411 2.466 134.49 -0.008F
DGEBDB-0.75 2543 2.977 147.89 -0.004}
FEAR IR B (T) #1% T 46 DGEBA, {H il % DGEBDB B00 325 350 375 400 425 450 475 500
=i s N | : W Z/°C
SR, T ETE. (E AR (DB _oum .
P, " E17 HEMAERBLR DTG Lk
DGEBDB & & [ 4 i1 1 14 K , L DGEBA () 2 199 , .
) Fig.17 DTG curves of the cured epoxy resin
MPa # fil £| DGEBDB-0.75 [¥J 2 543 MPa, & ]
e e > }\c 58 I JTGA
DGEBDB 1 {1 2 5 Al B 4 35 45 M0 45 B T 4 9 9 ; fj TTG i‘?”ﬁ 'E‘f“;%“ © =
- N able ata of the cured epoxy resin
i A0 47 T P B0 R X S B 5 i R R T DL i o e - -
s T T/ R_/° R.,/%
B g 4] 4 ZRt, T B R W 5% max! max 700
%%jj%ﬂ ~ /Iz PGEBDE %I )\ DGEBAEI/TZIS ? ET T Hel DGEBA 378.83 432.38 0.096 0 4.87
PRI R T ) AR 25 P A £ 2 2 DGEBDB 1 DGEBDB-0.25 34329 41176  0.0173 8.26
B M B A RVROR, 5 BT 1) 28 1 P 4% A DGEBDB-0.50  334.15 39827  0.0164 11.35
X BERA B, AT PG T SRR AR 2R (0 A I EE AN T, DGEBDB-0.75 30097 39549 00167 1512

b&#% DGEBDB 7 & ¥ 3 i, DOPO )% & &1 % ,
RNEEEYIIEIN T 2 AW, I HESD 1 5 )
AW R A8 A8 1k 45 AL AR 45 BE 9 SO , ki 2 v
T IIRAR RSB A T

16 438580 g [ AL 1 TGA #h 28, K117 Ry
WEM AR E LY DTG #i £k, % 5 845 7 A M e
[t 10 0 5% 5 B iR (T B KR B IR E (T,
KR (R, D HILET00°CH FIFE B R (R, o

182 ______ = DGEBA
——4——DGEBDB-0.25
I \ ——e—DGEBDB-050
80f P A\ —=—DGEBDB-0.75
=
S 60f
B
=
= 40t
20F
0

100 200 300 400 500 600 700 800
I /°C
E16 IFEMEELIA TCGA L

Fig.16 TGA curves of the cured epoxy resin
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Fig.18 Water absorption curves of the cured epoxy resin
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Fig.19 Mechanical properties of the cured epoxy resin
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Fig.20 Electrical properties of the cured epoxy resin
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