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Preparation and properties of DOPO/MXene synergistic flame-retardant epoxy resin composites
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Abstract : To overcome the high flammability and poor char-forming performance of epoxy resin (EP), flame-retardant EP

composites were fabricated via physical blending with 9, 10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO) and Ti,C,T,

(MXene). The thermal stability, combustion behavior and flame-retardant mechanism of the prepared EP composites were systemati-

cally investigated. The results reveal that the initial decomposition temperature of EP/DOPO,, /MXene,,, reaches 367.00 °C, which

is 20.85 °C higher than that of EP/DOPO,,, and the char residue rate at 700 °C increases to 19.63%. It is demonstrated that the syner-
gistic combination of MXene and DOPO effectively improves the thermal stability of EP composites. Combustion characterization

indicates that all DOPO/MXene modified EP composites achieve a UL 94 V-0 rating. Notably, EP/DOPO, ,,,/MXene, ,,, exhibits a

15%
high limit oxygen index (LOI) of 35.8%. Meanwhile, the smoke production rate and carbon monoxide production rate are reduced to
0.33 m’/s and 0.072 g/s, respectively. These results confirm that the binary hybrid system could efficiently restrain heat release,
smoke emission and toxic gas generation, thereby reducing overall fire hazards. Based on the thermal degradation behavior and resid-
ual char analysis, the compositions and structures of gaseous and condensed-phase products were explored. The synergistic effect
between DOPO and MXene contributes to gas-phase radical quenching, inert gas dilution and condensed-phase catalytic carboniza-
tion. A dense and intumescent char layer with increased thickness and graphitization degree is consequently formed. Furthermore,

titanium oxides derived from the thermal decomposition of MXene are enriched in the residual char, which further strengthens the
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physical barrier and inhibits heat to transfer. Therefore, the combination of DOPO and MXene exerts outstanding synergistic flame-

retardant effects in epoxy composites.

Keywords : epoxy resin ; 9, 10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide ;

synergistic mechanism
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Tab.1 Formulations of EP composites

Samples DOPO : Mxene(mass ratio) EP/g DDM/g DOPO/g MXene/g
EP/DOPO,,, 5:0 80 20 5.25
EP/DOPO, ,, /MXene,,, 4.5:0.5 80 20 4.74 0.51
EP/DOPO,,/MXene,,, 4:1 80 20 421 1.04
EP/DOPO, ,, /MXene, ,, 3.5:1.5 80 20 3.68 1.57
EP/DOPO,, /MXene,,, 3:2 80 20 3.15 2.10
1.4 mX5 A4 (ARG R N 5 LT 2 600 °C, FES LA 5~10 mg.

TG 3 #r : ffi ] TG 43 B A AE A ST LA
10 °C/min (1A EE 2878 5 6 58 700 °CHY 3 [ Py 2
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Fig. 1 TG and TGA curves of EP composites
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Tab.2 Analysis data of TG and TGA of EP composites

T /°C Residual at

Samples Tod™C Sagel Swmge2  700°CI%
EP/DOPO,,, 346.15 268.86 39564 1725
EP/DOPO, , /MXene,,, 360.14 27298 39394 1931
EP/DOPO,, MXene,,  361.61 269.88 39499 1828
EP/DOPO,  /MXene, ,, 36583 26612 39522 1901
EP/DOPO, /MXene,,  367.00 267.54 395.14  19.63

Notes: T, is temperature at 5% mass loss; 7, is temperature at the

maximum mass loss rate.
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| p I B
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/MXene, .
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2 UL 943 B R BeI i8R i
Fig. 2 Digital photo during UL 94 vertical burn test
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Tab.3 Vertical burning and LOI tests results of EP composites

Vertical burning test

0
Samples i/s t/s Dripping [rjaLtlzzgt LOI/%
EP/DOPO,, 729 471 No V-1 31.6£0.1

EP/DOPO, ,,/MXene,,, 2.81 152  No V-0 34.240.2

EP/DOPO , /MXene,, 342 227  No V-0 34.4x0.1

EP/DOPO ,,,/MXene,,,, 279 334  No V-0  35840.1

EP/DOPO ,, /MXene,, 3.10 421  No V-0 352+0.1

Notes: ¢, is the first ignition time;t, is the second ignition time.
3%), BLIAZE 475 L UL 94 V-1 42T+ % V-0 2%, LOI
(ERTE 7T
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Fig. 3 Comparison of THR,HRR, TSP and COP of different samples
55 CO, A= Wi K (CO,P) 43 1) 47 0.108 g/s 110.34 gs,
EP/DOPO, ,,/MXene, ,, ] COP 5 CO,P [ ik 2 0.072
g/s F10.35 g/s, COP [#AI% 33.3%, % B MXene 15| A
T CO IR, MXene P 5 A BHAA RN 1 fiE
FER R T AT AR” . SR, S A TCHL =4
B, MXene WWAAFEHERUR S5 A HLER G ) 5L 5L
A 22 B B 5, AR EP Y BOIR SR 22, 2D 40
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KAPRH AT % AR " 850 B A 15 BARGF AR L 5
F COP 5 COPHI&A b E AL, 5 XF 4] EP/
DOPO,, # It , EP/DOPO, ,,/MXene, ., 7£ COP I SPR

fabn LRI E AL, EP BLAM BHABc i HR AL
BEH .

%4 EPEE##H CONE #iF
Tab.4 CONE test data of EP composites

Samples TTl/s THR/MJ'm?)  pHRR/(kW-'m?)  SPR/(m :s) TSP/m? CO,P/(g"s) COP/(g*s)
EP/DOPO,,, 30 101.58 591.89 0.55 74.33 0.34 0.108
EP/DOPO, ,,/MXene, , 25 122.19 566.59 0.41 81.97 0.31 0.081
EP/DOPO,, /MXene,,, 27 102.07 606.43 0.41 65.31 0.36 0.087
EP/DOPO, ,,/MXene, 27 119.98 619.65 0.33 72.23 0.35 0.072
EP/DOPO,,/MXene,,, 25 131.97 752.16 0.46 77.35 0.44 0.090

Notes: TTI is time to ignition; THR is total heat release; pHRR is peak heat release rate; SPR is smoke production rate; TSP is total smoke produc-

tion; CO,P is CO, production rate; COP is CO production rate.
2.3 AARFMBRAER
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