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Tab. 1 Formulation design of flame-retardant EP composites

Mass fraction of DOPS in

Samples m(EP)/g m(DDS)/g m(DOPS)/g m(MSB)/g composite flame retardants /%
EP 100 31.6 0
EP/MSB 100 31.6 0 14.62 0
EP/MSB/DOPS-20% 100 31.6 2.92 11.70 20
EP/MSB/DOPS-40% 100 31.6 5.85 8.77 40
EP/MSB/DOPS-60% 100 31.6 8.77 5.85 60
EP/MSB/DOPS-80% 100 31.6 11.70 2.92 80
EP/DOPS 100 31.6 14.62 0 100
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Fig. 2 (a) TG and (b) DTG curves of EP and EP composites in N,
Tab. 2 LOI and UL-94 test results of EP and EP composites
UL-94
Samples LOI/%
t/s t/s Dripping Igniting Rating
EP 22.2 no no N.R.
EP/MSB 27.7 no no N.R.
EP/MSB/DOPS-20% 26.8 9.15 12.19 no no V-1
EP/MSB/DOPS-40% 28.1 8.41 11.37 no no V-1
EP/MSB/DOPS-60% 29.7 1.83 6.71 no no V-0
EP/MSB/DOPS-80% 28.3 10.12 16.34 no no V-1
EP/DOPS 30.6 2.44 9.08 no no V-1
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Tab.3 TG and DTG data of EP and EP composites in N

Samples Ts/°C 1,/°C Rl (%-°C") Char residue at 600 °C/%
EP 377.0 411.0 2.07 13.87
EP/MSB 339.6 403.5 1.18 17.70
EP/MSB/DOPS-60% 317.4 371.6 1.13 22.94
EP/DOPS 324.5 368.8 1.10 22.34
Tab. 4 CONE test data of EP and EP composites
Samples TTI THR B PHRRV2 z:w—Heri2 av—CO\f av—COz}{' MLRI MARH];E
/s /MJ-m?*)  /(kW-m?) /(kW-m?) /kg-kg") Akgkg) Ag'sT)  AkW-m?)
EP 75 116.49 1235.15 189.98 0.42 4.39 11.71 396.66
EP/MSB 70 113.56 603.62 129.23 0.48 2.95 6.75 328.64
EP/MSB/DOPS-60% 65 82.74 378.56 117.03 0.33 2.45 4.53 212.86
EP/DOPS 56 89.72 490.12 130.16 0.53 3.80 4.68 247.59
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Fig. 4 Digital photographs and SEM images with magnification of 500 times of char residues: (a;,a;,a;) EP; (by,b,
b;) EP/MSB; (c1,¢2,¢5) EP/MSB/DOPS-60%; (di,d;,d;) EP/DOPS

Tab. 5 EDS data of char residues from EP and EP composites

Samples w(C)/% w(0)/% w(P)/% w(S)/%
EP 78.78 20.97 0.25
EP/MSB 83.55 15.48 0.50
EP/MSB/DOPS-60% 74.27 17.82 4.46 3.45
EP/DOPS 75.81 17.22 5.50 1.46
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Fig. 5 2D TG-IR curves and 3D graphs of (a, a’) EP and (b, b’) EP/MSB/DOPS-60% in N,

em’ F2& 7K B Wi , 2973 em A13058 em! & C—H AL
AW 48 R BRI, 2322~2366 cm™' Ry CO, I E;
HE IR IS UG 5 1714~1730 em'' Dy C=0 f W UL U4 , 1607
em’, 1513 em A1 1339 em™ J& 75 & AL &40 1 I i i
1373 cm™ /& S=0 AW I , 1176~1246 cm™ & C—O
45 PR B , 898 em! & & B L A ) (P—O—C,
P—O—Ph Z5) [ IS U4 , 686~822 cm! /& Co—H )25
AR S 1S, M Fig.5(a)% H , 46 EP £E 405 °CIt}
SIS AR i , T EP/MSB/DOPS £ 300 °CI 5t &)
2 LT R X 1B 5 4E EP AR EL , 52 &4 KL EP/
MSB/DOPS #& /i 4 fi#t . %I Lb 4l EP A1 EP/MSB/DOPS
H CO, [ W AL U4 i1 i % )L, EP/MSB/DOPS (1) CO, W
g g 5 755 K, ELAE 300 °C A2 A5 ik HE B T W lig g, 2
4 EP 7£ 413 °CHy A H L T CO. M I , CO. A 1]
DAR R A 355 Hh R S SRS, T B COL i i E T
e . BeAh, I X b4l EP 5 EP/MSB/DOPS
1E 1734 cm™ &b 1) C=0 Wi i & & 31 , EP/MSB/DOPS

(1) C=0 W Wi U 58 & IK T 44 EP, 31X & R Dy BH 1% 771
MSB/DOPS 4 73 75 77 J2& i 2 25 A0 & W [ 5 75 4t
EA A HIE] T EP ) 4 fi# . 38 T Fig.5(a) Al Fig.5(b)
%} Ee , EP/MSB/DOPS 7 890 cm fff it Hi 8L 1 4 #f
0B 10 R AT U, T B B 2% SE 2 T 0 SRR O
T +PO, *HPO,, *PO, 55 [ HJk , X &8 [ phy Skl 1 4l 42
INEE )« H AT« OH 28V B B R AR T i B
Ko, w7 R R R R, R T SR BRI AE
2 TR, 2 & B EP/MSB/DOPS-60%i# i [ i3t
PR MR, ESAHP RE THREM.

2.6 NFEMEES

JI5VE e SR S A R} SR R 1 B AR AR . X
EP R K G A MR AT 7 2 il R A ANk 1 s
TRI6 , AH S i 28 K %5 UL Fig.6 Al Tab.6. FH Tab.6 1J
WL, BEBRFAINE BP (1) 7724 MR B A R o A8 s —
BH %77 DOPS B MSB Ji& , # K ) 1 B ¥4 A , 1



(a) [ Bending strength

i [ Tensile strength
S 120t 120
=
2
f& ::
0 80F 180
=
2 40} 140
)
=
O
B0

EP/MSB EP/MSB EP/DOPS 0
/DOPS-60 %

EP

Tensile strength/MPa

= 8 (b)
=
on
=)
= T
172) 6F T
5~ |
&g
£ o4

-
|
ino)
B 2
S
o
£ %

EP EP/MSB EP/MSB EP/DOPS

/DOPS-60 %

Fig. 6 (a) Bending and tensile strength and (b) notched izod impact strength of EP and EP composites

Tab. 6 Mechanical properties of EP and EP composites

Samples Notched izod imgact Bending strength Tensile strength Elastic modulus Elongation
strength/(kJ-m?) /MPa /MPa /MPa at break/%
EP 5.73 112.91 75.83 233.64 3.77
EP/MSB 2.85 80.73 51.92 384.11 2.09
EP/MSB/DOPS-60% 6.54 128.34 59.66 464.83 1.60
EP/DOPS 5.03 89.47 48.26 285.32 2.64

MSB #1 DOPS & it A F| T-#& = EP H1 1 %1t fe. 5
2l EP A kb , EP/MSB F) i [y a5 58 5 (2.85 kJ/m®) [#
iK1 50.26% , T S FEAK 1 5 K o] 52 2 FHLEA 77 MSB
HEMMAHAERZE  fEAR RPAAER RIS, S
BH) 1R B — E R . T 7E EP RN 2 &
BH2%77) MSB/DOPS J& , EP/MSB/DOPS-60% 1) it [+
o B RS i o B S 5, LR Al EP o Bl e T
14.13%F1 13.67% , 3% 7] G A2 K N 51 N 1 19 44 HE 5 [4]
HE AR RET ERIET 5 ERNILFEERH
T HEEE T R K TP nom B[R] AH BAE
FHU. A, 3 Bl EP 5 G b Rk ) 1 B B 3 e T 4l
EP, L v EP/MSB/DOPS (1) 5 P4 1% & {H /& 1% 464.83
MPa, tL 4l EP 12 5 1 49.74% , ¥ — 5 Ui W] & Bt J 44
FFEA 5w AW X AT 8 2 RO BRI S
NI () 8 R RO R 1) = MR B 45 40, 38 58 1 40 1 (R 1)
YER 77 IRl R 4 7 Hoor ki 3l , o 23
o e, SO P K R K. 1 EP/MSB/
DOPS-60% ) iz {1 5i & bb 4 EP A, 7] fig /& RN AT &

RO AZ Ik s R ot LA A SR P 7 28 T R

3 g
25 ST AE BHBR 9 0 5 B 10% I, 38 3 o A

DOPS 7t MSB/DOPS 1 [¥] Jfi & 43 %1 , 5 DOPS Al
MSB & B A T EP w1, il % 1 2 & # Kl EP/MSB/
DOPS,, I 128 3 BH A M RE L R 78 3003 Bl [7] FH BR300
o ARCEE TR A BRFI R, R #
LNy T ER R NP R e T Y

(1) 4 DOPS 7£ & & FH #4771 MSB/DOPS H 1] Ji1
B0 80N 60%IN , EP/MSB/DOPS B A # i F BRI PE
e, 153 V-0 2%, H LOI{E 5 29.7% ; 3 PHRR #l THR
183 93] P AR 2 378.56 kW/m® F1 82.74 MJ/m?, FH:BH#X
PEBE AL T B in DOPS Bk MSB, B i 2% JE Al = 15
BRI 2 18] EL A R 4 P W 5] BELRA 58, 7E — 8 2 1
ESRAN T B — BRI A 2

(2)SEM 45 1 & W] , EP/MSB/DOPS-60%1A 5% J5
TE R I o 2 B A 1R e 1 i AR B A1 S ok Pk
AE B2 5 s TG-IR 45 AR W i i | | 2 KA
i B AE F SE R E SO R #EBHBEAE FH . B EP/MSB/
DOPS-60%7E 5 AHF A=A 7 B[R] BEA R

SE R
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Synergistic Flame Retardancy of MSB/DOPS in Epoxy Resin

Xuanying Huan, Shikai Ma, Qiu Xu, Xiaolin Ye, Yongfei Huang, Dongmei Bao, Haijun Du
Zhu Wen , Yupeng Zhang, Xueqing Hou
(School of Chemical Engineering, Guizhou Minzu University, Guiyang 550025, China)

ABSTRACT: The flame retardant effect of single phosphaphenanthrene and triazine in epoxy resin (EP) is
limited. In order to improve the flame retardant properties of EP, under the condition that the total mass fraction of
flame retardant was 10% , 2,4,6- tris- (4- hydroxyphenylimino)triazine (MSB) and 9,10- dihydro- 9- oxa- 10-
phosphaphenanthrene- 10- sulfide (DOPS) were compounded at different ratios, the melt blending method was
applied to prepare EP composites and the flame retardant properties was measured to investigate the synergistic
flame retardant law. The results demonstrate that the limiting oxygen index (LOI) is 27.7% and 30.6% when MSB
or DOPS were added separately, and the vertical combustion (UL-94) grade is no rating and V-1, respectively.
When the total mass fraction of flame retardant is 10% and the mass fraction of DOPS in the composite flame
retardant MSB/DOPS is 60%, the LOI value of the composite EP/MSB/DOPS is 29.7%, reaching UL-94 V-0 level.
Compared with pure EP, the peak heat release rate (PHRR) and total heat release (THR) are reduced to 378.56 kW/
m’ and 82.74 MJ/m’, respectively, dense and expanded char layer is formed after combustion, and the char residue
content rising to 22.94%. The flame retardant performance of EP/MSB/DOPS-60% is superior to EP/DOPS or EP/
MSB. It is shown that there is a good synergic flame retardant effect between phosphaphenanthrene and triazine
flame retardant, which effectively improves the flame retardant performance of EP.

Keywords: 9,10-dihydro-9-oxa- 10-phosphaphenanthrene- 10-sulfide; 2,4,6-tris-(4-hydroxyphenylimino) triazine;

compound; epoxy resin; synergistic effect



