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Abstract: To enhance the flame retardancy and smoke suppression performance of EP-CE composites, a

novel flame retardant was synthesized using DOPO and BPS as raw materials. The flame-retardant DOPO-
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BPS/OSEP/EP-CE composites were fabricated by the solution casting method, where DOPO-BPS and
OSEP were jointly introduced into EP-CE matrix. Based on Fourier transform infrared spectroscopy
(FTIR) analysis, nuclear magnetic resonance ( NMR) analysis, thermogravimetric analysis ( TGA ),
limiting oxygen index (LOI) test, UL-94 vertical burning test, and cone calorimeter analysis, the effects
of different ratios of DOPO-BPS and OSEP on the flame retardancy and smoke suppression properties of
EP-CE composite materials were studied. The results show that the phosphaphenanthrene ring structure of
DOPO-BPS could form a stable carbon layer and block the transfer of heat and oxygen. The synergistic
effect with OSEP significantly improves the flame retardant effect and smoke suppression performance.
When the flame retardant DOPO-BPS and OSEP are added to EP-CE at a mass fraction of 9:1, the flame
retardant performance and smoke suppression performance are the best, the flame retardant performance

reaches V-0 level, and the LOI increases to 31. 4%. Compared with EP-CE, the peak heat release rate,
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total heat release and total smoke production decrease by 29. 7%, 32.2% and 32. 7%, respectively.

Keywords : epoxy resin ( EP); cyanate ester resin
phosphaphenanthrene 10-oxide (DOPO) ;
(OSEP); flame retardancy;
0 5| 5

1A M B ( Epoxy Resin, EP ) F17%5 /2 s A Bg
(Cyanate Ester resin, CE) 1E } = YERE W E M R &
Yy, 0 2 BT A R R A T T AR A
Tl G, AL S AU RE AT PR RE AR 2
PR B Tl A A Bk ) 2 R o, SR
1M, EP-CE &5 FRHE 72 B 1 BE 22 F0 A= 0 5 Y
Ira) 0, B 7 LR Y R 4 et

AT 2 PR 2 412 s A1 1 5 5 W BELAR P
Hi@feZ— B0 . LIN Chinghsuan'?! 3 125 5 5 7Y
BRI S CE #:4%, 15 EP IR, U7 TIR &
PIRYPHIATE . HO Tsunghan %076 EP FN T &
ERELIAH , (115 UL-94 T ki BeIKIAH] T V-0 55
P, M09, 10- A -9-%8 Z=-10-% 4% FE-10-E 4L ¥ (9,
10-Dihydro-9-Oxa-10-Phosphaphenan-Threne-10-Oxide ,
DOPO) VE Ry —F H il 28 BELIA SR, R LA A0 2R
IGERREA AL THHIAR 5 EP 1 CE S5 544 (1A
e IR R S W IR Bt R b TEBERAH FIE ik
2, T G TRAWANRTE, BE I 2 A
AR i A 13k, DT ARG mT A | 12 o 6 v
PERERHIA S BRI T3 3R o A B s —og
FRBEMGR A A R BHIATT R PR BN DTG R R
ZICE DRI FHLIR W, an K 4200 JR 3 %7 EP-
CE (KRR A AUTR)G , HBHMABCR RYf 4,4~
TFRFE T ORI (Bisphenol Sulfone , BPS) VE R BHAER B Ht
il g i R A E R, BERETE T4 A rh R iR e
(B TC 2, 2 10742 w2 ARG BERRE 017 o TV v A

( CE); 9, 10-dihydro-9-oxa-10-
bisphenol sulfone (BPS) ;

organic sepiolite

composite materials

(Sepiolite ,SEP ) JiURF 1 2 HEIRZE A FfiE AL VERE , AT A
RUBH ARG SN 0 2, 803t 52 B PRI P00 1
(A EAGE , 5 EP-CE WA 22, K3 U R B
SR Z A T T A L

BT, & & 5] A BPS, A AL SEP
( Organic Sepiolite, OSEP ) 5 % & FH4#% 77 DOPO, 14
R Z TR DM F PR R E S R E AR
G e | BHL A FIRA B8 55 PR BB, ¥R 11 DOPO-BPS/
OSEP/EP-CE BH#RSE G AR AH A HIHLH

1 MBMRESHERFF

1.1 FEFEREESMNE

R 32 284 EP .CE . DOPO | = ZJH DU
Atk . BPS y—4i 7K H i ik 28 8 3 — B A B A e L —
P BE oy HE = SR SRR RE  y - T RV T 4R
By = U RESE (KHS60) (SEP JE7K 2 4k
MR BT OK, Yol

JIT P i AN 25 3 S 45 P g AL L R A
WE g TEMOK B 5 PSS TR R
RGN HRAE S T8 B A 3 AR R A | B
T i A A B i 21 40 5 3% 42 ( Fourier Transform
Infrared Spectroscopy, FTIR ) | # % 3t & ( Nuclear
Magnetic Resonance, NMR ) ¥ 3% 1%, 1 i H 5%
( Scanning Electron Microscope , SEM) X 5k fiT 5%
NI ( Thermogravimetric , TG ) 1,
L2 #mil&
1.2.1 DOPO $TEMRIHIE

B 17.28 ¢ 1 DOPO 3 T S, INA 12. 00 g



424

XI| B8 4 . DOPO-BPS/OSEP/EP-CE BHIA & A A1kl 4 B v fig - 113 -

) BPS.9.70 ¢ A9 = & R4 $1 )5, I n 1 & fk fik
14.76 ¢, W 12 h, J=PIE 2 PR DR 2510, 15
FFL {5 DOPO-BPS [,

1.2.2 OSEP By%I&

W R R PR VS W R 1k SEP , B 4¥ 12 h e e .
FHEAEMR P SEP ¥ & ( Acid-modified SEP, A-SEP) ;
BERELEM BE 57 KHS60 7E £ BE P /K ff, 5 A-SEP R
B GRETEAYEIUS  AE 85 C N 4 hy PR 40k 4% .
80 °C HLZ5 T4 12 h, WFEE 3 07 I PR AF A5 B Rk Joe A K
ek OSEP
1.2.3 DOPO-BPS/0OSEP/EP-CE BYHI&

6 : 4 FiE LI EP 5 CE Wi, Jehinii EP =
80 °CJi , IARIA EL i) DOPO-BPS 5§, OSEP, fif $f
1 h, FHIA CE,FFTHEZE 100 °C, 3 HHE 1 h, Fk
TR W5 1 3 PR Hob ) 43 S HE 150, 180 AN
200 C FEAL 2 h, 58] 6 RS, LR 1,

®1 BEMESHHES
Table 1 Flame retardant composites formula ¢

DOPO-
S EP E EP
i C BPS 0S

EP-CE 60.0 | 40.0 0.0 0.0
7DOPO-BPS/30SEP/EP-CE | 54.0 | 36.0 7.0 3.0
8DOPO-BPS/20SEP/EP-CE | 54.0 | 36.0 8.0 2.0
9DOPO-BPS/10SEP/EP-CE | 54.0 | 36.0 9.0 1.0

30SEP/EP-CE 58.2 | 38.8 0.0 3.0
10DOPO-BPS/EP-CE 54.0 | 36.0 | 10.0 | 0.0
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%2 EP-CE REES&#HEH TGA $iE
Table 2 TGA data of EP-CE and its composites

sk f’if‘iﬁ et

- wr | O
tsq/C o/ D %

EP-CE 356.7 385.7 15.2

9DOPO-BPS/10SEP/EP-CE
8DOPO-BPS/20SEP/EP-CE

323.6 395.1 18.0
329.6 395.1 16.5

7DOPO-BPS/30SEP/EP-CE | 345.6 396. 6 16.3
10DOPO-BPS/EP-CE 353.8 394.8 18.9
30SEP/EP-CE 363.4 401. 4 16.0
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ik 12 °C, X # B DOPO-BPS Fil OSEP H:[w] 458 T
EP-CE f# R 1

ML 3a TR 2 1, 1472 18 5 55 BHGR ) A9 B EE
FYJML, B DOPO-BPS &8/ Fl OSEP &
SR, e, RIS, FTREH T SEP RN E
W TR A W4 FaE AR E 1N I 9DOPO-BPS/
10SEP/EP-CE 1 1, i, ;5% 323. 6 C, % EP-CE
FEET 331 °C, F I BHBRFAH EAE FIE BB A
YnT e st AAR e Pk . AN, BT 245 A RHE A
fife it R R F B B, BRI BRI 5 I A
FFARME EP-CE HYEEAIA ML, A1, 7275
BN T FEE OSEP & B4 hn , 7% 7% 5
b 0 1%O0SEP 5 & #HEHE 800 °C F 5% 7k
A EP-CE ¥4 2. 8% , R W 3G 5L ¥ N OSEP A7 B
THREE AR ERE!

2.3 PEBKIEBRES TR

EP-CE & &A1 RH % B %045 %4 ( Limiting Oxygen

Index,LOT) Fl UL-94 e ELRAREIRIRZE R L3R 3,

105_ A N1 A

—-o-EP-CE
—-=-9DOPO-BPS/10SEP/EP-CE

S Y% -o-8DOPO-BPS/20SEP/EP-CE
S —e-7DOPO-BPS/30SEP/EP-CE
= 6ok - 10DOPO-BPSEP-CE
"g -~ 3DOPO/EP-CE
] 45l
&4
®
30

AAAAA

0 100 200 300 400 500 600 700 800 900
HE/C
(a) TG %R

0100 200 300 400 500 600 700 800 900
B/ C
(b) DTGHIZ
3 EP-CE REE&H#EM TG #n DTG #iZk
Fig.3 TG and DTG curves of EP-CE and

its composites

% 3 EP-CE REES&###H LOI #1 UL-94 MK #1117
Table 3 LOI and UL-94 test data of EP-CE and

its composites

, Lor |, o | AMIRBE

FE i % R | K L s

EP-CE 24.4 | NR | & >250
7DOPO-BPS/30SEP/EP-CE| 29.8 | V-1 | #& | 134.5
8DOPO-BPS/20SEP/EP-CE| 30.6 | V-1 | & 98.5
9DOPO-BPS/10SEP/EP-CE| 31.4 | V-0 | & 47.5
10DOPO-BPS/EP-CE 30.9 | V-0 | T 46.5
3%O0SEP/EP-CE 24.6 | NR | J& >250

M 3 T %0 DOPO-BPS FHAAF By In Al 5 &
MRHBRE S HN NR #2712 V-0, AP rEREIA
Mg, I HAERENIRA LH T, 2 & B
9DOPO-BPS/10SEP (1) BH #K 4 2R L T 2 — FH 4% 55
DOPO-BPS #l OSEP, iX #H] DOPO-BPS Fl OSEP 7F
BEIE EP B HLAT D[R] 55007, BE 6% A7 250 b 2 T A ki
FELBATERE ., JF H DOPO-BPS FH A A4 m A% 42 T
EP-CE B &M B LOT {EH 2] T 8 & W/EH, 45
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Fig.4 HRR and THR curves of EP-CE and
its composites

KA T EP-CE K 5 5 AR U {5 4
K (Peak of Heat Release Rate, PHRR) FlLEL &
(Total Heat Release, THR) , 5 EP-CE At , & & #1
HHE FELARRIOCR 42 T 2. %, Hoh 9DOPO-BPS/10SEP
A1 PHRR A THR BRI EZ ik, 705108 29. 7%
F132.2%,

% 4 EP-CE REES & HAMRBEM4SFEEE
Table 4 Heat release characteristics data of EP-CE

and its composites

v o PHRR/ THR/
FE L o
(kW +m™) (MJ - m™)
EP-CE 581. 1 100. 8
10DOPO-BPS/EP-CE 458. 1 73.3
30SEP/EP-CE 557.7 86.7
9DOPO-BPS/10SEP/EP-CE 408. 5 68.3
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Fig.5 SPR and TSP curves of EP-CE and its composites



bR R e B o

- 116 - China  Safety

Science

$35%
20254F

Journal

CE 4351 M\ 0.235 B T 8. 5% F1 32. 7%, iX F W]
OSEP [ 4S5k 76 i T 22k 5 JZ T8 B, H 248k
SEFAA R ATAR SGR 4 T BEATE RE I 0 b
TR RS R, X BRI 55 B AT SR S
2.4.3 YESSHDH

EP-CE KA A BIAM BB M CO A CO,
) A G R 2 SR an & 6 Frow . AT LLE ), 7ERE
BRI B B & 4 Ak 10% B, 9DOPO-BPS/
10SEP/EP-CE & & M BBy CO Az jii 1 3 6 {1 42
10DOPO-BPS/EP-CE &K T 17.2% , % 8] OSEP i
FWOT CO BAEA, HZ OSEP i A K B i
B R et 8, CO A Bl R I (H AL Y [R1 B, €O,
A BRI T, X UH R T SEP 4 25 44 W jff
1k CO A CO,, Wik, SEP 5 DOPO-BPS & & fiff
FAALBE B AR B A PE B, i Wk 2D CO 7= A I A2
i CO 7] CO, Ak, X 46 R K e b A
ER A

0.035¢ —e—EP-CE
—=—9DOPO-BPS/10SEP/EP-CE
0.030F —a—10DOPO-BPS/EP-CE
_ —v—30SEP/EP-CE
T, 0.025¢
)
¥ 0020
g
0.015}
H
o)
O o0o010F
0.005|
0.000}
_0005 L L 1 1 1 ]
0 100 200 300 400 500
B[ /s
(a) CO4E: i 2
0.45
—e—EP-CE
0.40} —=—9DOPO-BPS/1 OSEP/EP-CE
—a—10DOPO-BPS/EP-CE
~ 035 —+—30SEP/EP-CE
& 030
5 0.25}
g )
0.20+
ﬂ-‘m
o' 0.15
Q
0.10
0.05}
0.00}-
_005 1 1 1 1 1 1
0 100 200 300 400 500
i 8]/s
(b) CO,E k2

6 EP-CE REEE#HIE CO F1 CO, 4 iHE K #h 2k
Fig.6 CO and CO, generation rate curves of EP-CE

and its composites
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Fig.7 SEM spectra of EP-CE, 10DOPO-BPS/EP-CE
and 9DOPO-BPS/10SEP/EP-CE
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