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Preparation and properties of PhN-DOPO modified epoxy resin
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Abstract: A long chain flame retardant (PhN-DOPO) was synthesized from p-aminobenzoic acid (PABA),
p-hydroxybenzaldehyde (PHBA) and 9,10-dihydro-9-oxa-10-phosphame-10-oxide (DOPO), and characterized
by FTIR, '"HNMR and ESI-MS. A series of gradient modified epoxy resins (EP1~EP4) with 0, 5%, 10% and
15% addition of PhN-DOPO (based on the mass of epoxy resin, the same below) were then prepared, and
evaluated via DSC, TGA, limit oxygen index (LOI), vertical combustion (UL-94) and peel strength tests for
analyses on their thermal stability, flame retardancy and bond performance. The results showed that the
modified epoxy resin EP3 prepared with 10% PhN-DOPO exhibited the best flame retardancy and good
thermal stability, with the glass transition temperature increased to 177.2 °C, the UL-94 test of V-0 grade,
the LOI of 32.4%, and the peel strength of 2.75 kN/m, 0.28 kN/m higher than pure epoxy resin (EP1).
During the combustion process of the modified epoxy resin, PAN-DOPO improved the flame retardancy of
the epoxy resin through the synergistic effect of condensed phase and gas phase flame retardancy.
Meanwhile, the modified epoxy resin showed better carbon forming ability with higher graphitization
degree, with EP3 displaying the best carbon forming effect.
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LA F . 200 °CHRBE T MERIE ¥4 B4 1Y
500 mL — HEHEHRIMA 19.20 g (0.14 mol)
PABA. 17.10 g (0.14 mol ) PHBA #1300 mL J&/K
CBE, ¥ = DpfE T AR wHE s, s
INPIEAWERE, 75 60 °CF W 3 h, Mot a3
IV R S5 0 A5 B W ( C=N ) 4584 1 [a) 44
SP-PHPA ., W Z5H R HIEE M, ik, HEE
FIKVEEPIIRIG, 60 °CEZS T4 12 h, 1558 ([
14 31.40 g, % F Bt 5 , FREL 29.00 g H ] {& SP-PHPA
1280 mL KB 7K, —IFMAZ] 500 mL — B
(FER L) v, SRR TZEMA 10 mL iRk 5i
R, Wmsehe, B = 5 E TR RE S hi b
W, FE 120 °CTRRRERIEFEMI 1.5 h, 45 R4
MERR, Ko, AAErKRESREREE
WHtE, 60 CH=Z T4 12 h, SRR EY PSP-
PHPA, @&, 25.50 g, &, &5, $ 25.00 ¢
R4 PSP-PHPA Fi17.78 g (0.036 mol ) DOPO /il
AF| 500 mL = HBf (&) H, FAnA 300
mL Jo/K 2%, B = 10 B E T 8GR Stk
i, 60 CCIHV MR 4 h, SO 45 HAE RN I
HARVEH, X =R syt ir g, A&
(f&T 60 mL ) Jo/K LEEPER, 60 CHZS TJ% 12 h,
33K BEBH ) PhN-DOPO, K (L [E 1A, 30.60 g,
13 MHEHREMIER G &

FREL 4 17y E-51 4% 100.00 g, > JH1E I i H i b
A I ERE] 110 °C, 4350 1) PR AR B oA — €
Y PhAN-DOPO, ELZEHiHEIA), s i B
%80 °C, FPAAMIRIRIZREZ 80 °C, H4RHTITHA
JEFRELF ) MPD B A AR g, BEPHR G355,
HEZ 3 min, REHIRAGWEIAC L] ]
80 °CIFh e issn] ( —H 3EREM ) AYRERE A,
TEME R ELZS T4 80 M1 150 °C &1 POk EIfL 2
h, FERHIE PR A SRR N B = A B, A9 3ok
PERE MG . ¥ PhN-DOPO IR 0. 5%. 10%
I 15%H1 2 1 el vE PR I 43 llid A EP1, EP2.,
EP3 1 EP4, YRR BT sk 1 iR,

1 PRI EA R A YR B

Table 1 Reactant ratio of modified epoxy resin
BUPEER Bikt/g

WA E-51 PhN-DOPO MPD

EP1 100.00 0 13.78

EP2 100.00 5.00 12.98

EP3 100.00 10.00 12.19

EP4 100.00 15.00 11.39

1.4 SZHMRIESHEENK
FTIR MR : R KBr JE R, HEEREHE

4000~500 cm ™', "HNMR 3 ;. PAjRAR &4l (CDCls)
SRy, IR 600 MHz, i (MS) T
PLZNE iR, SR BSI &5, ARy
Ei, m/Z K:FEE 100~2000, XPS k. Al4E,
K B, TAEHRIE 15KV, fig2 k. R 523 nm
MO REE M E B OE IR, 8 IEH 100~
3500 cm ', SEM MK SRR T ST 05 4, MK
JE 2.00 kV, JCRAEEL 500 £% .

DSC M N, <5, FHEHE 10 °C/min, ik
JEVEH 30~300 °C. TGA M. N, <4, ik
50 mL/min, FHEEZ 10 °C/min, 3 G H
30~600 °C. LOT MAE : kel £ S Hamk 7y i 5 R
GB/T 2406.2—2009 #47, R 130.0 mmx
6.5 mmx3.0 mm, FEALE (UL-94 ) K. 8066
Y T HR )7 122 18 GB/T 2408—2021 #E47, ikkE
) 125 mmx13 mmx3 mm. 2550 B R
HIVE B MRy 2 R GB/T 2791—1995 #47, i
FE R IR B bEAT R v IR SR IR R R, etk
MBS 200.0 mmx25.0 mmx0.7 mm, LR S
200.0 mmx25.0 mmx1.5 mm, HRZ%iF )2 EE
0.1 mm, F7fH#2% 100 mm/min, RS )) 5 kN,

2 SRS
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Fig. 1 FTIR spectra of SP-PHPA, PSP-PHPA and PhN-DOPO
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Fig. 3 ESI-MS spectraof SP-PHPA (a), PSP-PHPA (b) and
PhN-DOPO (c)
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PIZE4 T 3b. ¢ XF PSP-PHPA #l PAN-DOPO E 41
BLHEAT M. WK 3b iR, 1SR R g m/Z = 663
SR m/Z=611 2R 52, J&TAEN G
WERHIED, H miZ=663 Nk, 8081k
FERN], BT LA % PSP-PHPA % /& m/Z = 663 Ky
AFEFIE, WITHE1S%] PSP-PHPA BEE4 N 3,
FIE AT ) PSP-PHPA 5 DOPO J v I 58 4 Bt
£, W4 B PhN-DOPO H i A % 4% F it =
1336, @I XT LA 3¢ B g m/Z = 1395, KRILM#H
2N 4%, FH] PSP-PHPA B4 5% AH AT,
REERN 3,
22 PEEMSH

¥l 4 Jy EP1. EP2. EP3 il EP4 [¥) DSC iK%
R, BAREE LR 2,

Qg —m—Ep|

€ ., ~—°EP2

= 1.0 —apps

® o121 —v—Eps
_14 1 1 1 1 1 1
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HEE/C

& 4 EP1. EP2. EP3 #i1 EP4 ) DSC i1k
Fig. 4 DSC curves of EP1, EP2, EP3 and EP4
%2 EP1. EP2. EP3 fl EP4 [ DSC ¥¥E
Table 2 DSC data of EP1, EP2, EP3 and EP4

O R AR R Ty/°C Ty/°C T,/°C
EP1 143.4 151.2 146.9
EP2 179.7 194.0 176.7
EP3 165.4 186.7 177.2
EP4 176.8 194.6 185.4

T Ty APIEFAEVIRIRE, C; Tp AP AL
SR, °C; TN MBS (LR, °C.

H12 2 1] 41, EP2 \EP3 Fll EP4 ) T, 534 176.7
177.2., 185.4 °C, ¥jm T4 & Mg (EP1) 1Y T,
(146.9 °C), HetM:HAMIGH T, Fi PhN-DOPO
IR R inni R, B PhN-DOPO 2/ T H A
BRI E M. JRIEAE T, PhN-DOPO 5 %M
g %A KR, H PhN-DOPO 15 h R4 ¥ R A 3 A
TR N R T B G M A, (AR PR R o)
THE DR T 20 TRE, HOR T AR SCHR
B, BRI THAERIE S FiEg; FER, BTEIA
T K DOPO XK HA —E e 45 HE A, 76—
FERRBE B3N T IR R K R AR S R AR E

P, FESFEEZ A ZZIEREAL, BTLL, FE
PhN-DOPO S B934, etk 2R M A 1Y T, 2838
T

¥ 5 13 3 iy EP1. EP2. EP3 #il EP4 ff) TGA .
DTG Mk S AH B .

BRE AR 2/%

1 1 1 1 1
100 200 300 400 500 600

HE/C
)
¥
&
# —a—EP1
20| EP2
—a—EP3
—v— EP4
25 200 300 400 500 600
MREE/C
E'5 EP1. EP2. EP3 Ml EP4 ) TGA (a) 1 DTG (b)
HE2S
Fig. 5 TGA (a) and DTG (b) curves of EP1, EP2, EP3 and
EP4

%3 EP1, EP2, EP3 fl EP4 ] TGA %(i
Table 3 TGA data of EP1, EP2, EP3 and EP4

WOPEER E R A Tsy,/°C Tsou/°C Toax/°C - YCo00/%
EP1 361.0 389.5 379.0 14.6
EP2 2554 383.4 371.9 18.7
EP3 329.3 385.5 371.5 17.3
EP4 330.7 388.3 369.8 25.1

W Tswn Tsoven Toax 785BI TR 5% . 50%F12K 1 3 %
e R XTI , °C5 YCeoo M 600 °CHFMIFE R T, %,

& 5a FlIFE 3 AT, EP2. EP3 il EP4 4K
By iR YT EPL, EZJREHIZE, PhN-DOPO
IS R AR T IR EW R, MR T A 2 — e
F£, PhN-DOPO 5o, EPEIAE R A5 L mT
IR, 2 3 AT, FE 600 °CHY, EP2. EP3
Al EP4 HyFksc =t EPL 5 4.1%. 2.7%A
10.5%. 454 5b 9 DTG £k nT LI & 3K, EP2. EP3
Al EP4 {2k B R IMCF EPL, RIEMAETHE S 2
H1, PhN-DOPO A& #E IR &M g LA, B#AIK G 2235
SR BRI i R



E RN i R, % PhN-DOPO Bk 38 0 JIG b il £5 B Mk fig © 2527+
2.3 PEBAERE R KK ST a Cls :gi
%% 4y EP1. EP2. EP3 1 EP4 1 LOI F1 UL-94 :ggi

W32 ) BEAA A BE BEAY 25 S . UL-94 AR & A0
K 6 fror o

%4 EP1. EP2. EP3 F1 EP4 () LOI F1 UL-94 X B4R
Table 4 LOI and UL-94 test data of EP1, EP2, EP3 and EP4

UL-94 i {45

HEHEMAE  LOI% — —
(t/t)1s HH =TS
EP1 21.0 —/- Te A P
EP2 28.9 14/21 V-1 e
EP3 32.4 5/5 V-0 Ea
EP4 31.5 22/16 V-1 e

T 0/t AL — RAIA W E) /58 R AT ] 5 —/—
TR JIETM e, IR E, RRE A AR

Kl 6 UL-94 kit # EP1 (a), EP2 (b), EP3 (¢) Al
EP4 (d) HyHLAAR Al
Fig. 6 Video screenshots of EP1 (a), EP2 (b), EP3 (c¢) and
EP4 (d) during UL-94 test

2 4 FIE 6 nJHl, 2L M (EP1) HA
EATBAE, LOI fUH 21.0%, EP1 7E UL-94 i
FReepkbe, JFAeibeid BE50 33 s MBI S, K
ik UL-94 Pk (& 6a). PhN-DOPO A ER
ARAERY LOL B i &, O S S hn 5 BRI A a4
H 2 M T B I SR i 2 35 0 R B R B A T
UL-94 P45 Rt 0], BoPE3R S0 g Y7 — s it
EEEANAE, EARREEHIS, BAERRW
B ME . o, 4FHRF PhN-DOPO ¥R i hy
10%FH, EP3 1 UL-94 M3~ V-0 44, LOI i5 3|
32.4%, MR BESAYERE Sy, el R p
PR,

&l 7 F1Z< 5 & EP1. EP2. EP3 I EP4 #hEs)5
TR XPS i E Xt C. O, N, P ILEM

800 600 400
GtV

b Cls

284.2 eV

285.0 eV-

1 1 1 1 1
290 288 286 284 282 280
Gia eV

¢ P2p

142 140 138 136 134 132 130 128 126
g5 REleV

a—XPS 423 ; b—EP3 1) C s =40 ¥¢ XPS 1%&l; c—EP3 [ P2p
=5 XPS &
¥l 7 EP1. EP2. EP3 Fll EP4 #REE/5 5k /% 1Y XPS 3% K
Fig. 7 XPS spectra of burning residual carbon of EP1, EP2,
EP3 and EP4

%5 EPl. EP2. EP3 fl EP4 &+ C. O, N HI P L&
1) [t 4K
Table 5 Mass fraction of C, O, N and P elements in residual
carbon of EP1, EP2, EP3 and EP4

YR A T 3B %
W B c 0 N P
EP1 83.90 12.95 3.15 0
EP2 83.74 12.33 3.36 0.57
EP3 83.40 12.71 3.60 0.29
EP4 83.37 11.96 4.05 0.62

& 7a f13E 5 A[H, EP1 A& P LXK, HKE
7b AIHI, 284.2 eV AbAYUEXT N C—C #E, 285.0 eV
Ab By U I C—O A, Hip C—O i 2 24776 F PhN-
DOPO Ky 3 A1 K ¥—COOH 1, HE#H PhN-DOPO
R S5 T RZMIER. hE 7c nT%,
133.0 Fil 134.0 eV &bFyug 554 FE P—C #F1 O=P
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—O M, R P TR AEEERA P ISR A 3L
FERAFAE . XU SEPRgE R W, %454 ] {2 i 30 45
WA A I K A Ak, AT ) 55 ¢ J2 1Y
FH# 5 A[, EP2. EP3 Fll EP4 1 P 1Y it 78U
Pela B REAL, XEZRHT P uRBRS H5EREM

P(T;II;IIZ{PO;
H,0 C (3)2

PhN-DOPO: ——

W WAL, WAy P LR L& #E A h LR
PR R = Ao, WIEFR AT A A RS (oH)
MIRRFE [ H3E («OH ) B3, HIE 2 S AHBHIA A/
& 8 firz, PhN-DOPO BHEAHLH A9 & FEIK SR 5ER
AR A BELAA A B TR 4 FH o

MBI ——

K8 BHAAHLE R B IA

Fig. 8 Schematic diagram of flame retardancy mechanism

&l 9 3 EP1. EP2. EP3 I EP4 %I )i 5% % [ s
SEiERE

— EP1

—ER2
D Gie —EP3
—EP4

I,/I=0.83
I,/1=0.83
Iy/15=0.73
Iy/16=0.79
1 1 Il
500 1000 1500 2000 2500

hrgfi/om™

9 EP1. EP2. EP3 fll EP4 JAKE/5 R AL 2t ik
Fig. 9 Raman spectra of carbon residue after combustion
of EP1, EP2, EP3 and EP4

& 9 AT, 5 EP1 AHLEL, %H0 PhN-DOPO J&
EP2 F& AR XTI ) D AN G 5% B HU(E( In/16 )5 EP1
A4, EP3 F EP4 5RO Y In/l FAXT TR, Bk
P E BERR B8 r= 0 ik I 7 S R T, B fk
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