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Table 1 Flame retardant effects of DOPO derivative

BEL% 44 2 DOPO fir A= 4 T E Y (wt) LOI % UL-94 Sk
DGEBA/DSOC DSOC 15° 30.9 V-0 [13]
DGEBA/DDM/DOPO-PHM DOPO-PHM 1.7 33.5 / [14]
DGEBA/DDM/P1 5 P2 P1/P2 1.0 36 V-0 [15]
DGEBA/DDM/D-bp D-bp 0.5 39.7 V-0 [13]
DGEBA/DDM/(DP-DDE & DP-DDS) DP-DDE/DP-DDS 0.75/0.73 / V-0 [5]
DGEBA/DDS/CTP-DOPO CTP-DOPO 1.1 36. 6 V-0 [16]
DGEBA/DDS/ Trif-DOPO Trif-DOPO 1.2 36 V-0 [17]
DGEBA/DDS/ TMT-DOPO TMT-DOPO 1 40. 3 V-0 [18, 19]
DGEBA/DDS/HAP-DOPO HAP-DOPO 1.1 31 V-0 [20, 21]
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Figure 1 Chemical structures of DOPO derivatives
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Figure 2 Scanning electron microscopy of APP and MAPP
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Figure 3 Schematic combustion processes of m-SGO/EP nanocomposites
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Figure 4 Schematic illustration of the synthetic route for the preparation of DOPO-rGO

T AR HERR B J5 5% R i AR T . Li SN SE 0 g5 A R K 2-( RS £ 3 = 2 R R R b
(DPPES) £z 5% 31 S0 Ak A7 88 s 2% 11 ok 442 55 S0 1k A 88 065 76 B0 S0M AR 3L 4 v 19 23 R 8 10 %6 (wt) DPPES-
GO HIFE AR IR IR R AT LIGAF] UL-94 V-0 5], LOT A 55 5] 36 % ., e Ab, 78 H-B-( = 2 48 56 ik e
BN EO BB (PBTP)N F R B BE e (PP A 25 bl 2 4% B Bk A 280 1 r ol 45 A 30 S8 W R R R 3
HA 58 I PR .

3 EBE

5 EAPLLL L T AL FE BRI AR LE 9 2R BELAA 700 S A sl 0 A L v 00 PR DR A5 R A AT AR 8 197
RS o AR X B 28 BELASA 50 A 140 B PE APF 9 14 410 3 AR B 22, T JA i R e 20 1Y 5 e ELASR 570 o H i 47
FERYERTTT7 18] o 1A S0 00 5 LA DU 25 3 S0 s RO BER SR AL T — Bh 2 O 1B 4% RIS T ARZ A H IEE.
AN HERE G BOR B 2 1 R SR R R BELA PR S TR 22 Tz B AT B AR 2 b

5% Xk

[1] JinFL, Li X, Park S J. J Ind Eng Chem, 2015, 29;1~11.

20wk, XG% . BUEER. TREMDRN . 2007, (7). 81~84.

[3] Liao S H, Liu P L, Hsiao M C, Teng C C, Wang C A, Ger M D, Chiang C L. Ind Eng Chem Res, 2012, 51(12); 4573~4581.
[47 Liang B, Cao J, Hong X D, Wang CS. J Appl Polym Sci, 2013, 128(5): 2759~2765.

[5] GuLQ, Chen G A, Yao Y W. Polym Degrad Stab, 2014, 108:68~75.

[ 6] Toranosuke S. USP 3,702,878:1972—11—14.

[ 7] Salmeia K A, Gaan S. Polym Degrad Stab, 2015, 113:119~134.

[8] E&. ABEHIREI I AN NG E A MR BERREBE RALIERF 5T, A IC « b E R B AR K 2 601830, 2013,
[9] QianLJ, QiuY, Wang J Y, Xi W. Polymer, 2015, 68:262~269.

[10] Zhang L, Wang Y C, Liu Q, Cai X F. J Therm Anal Calorim, 2016, 123(2): 1343~1350.

[11] Qian X D, Song L, Hu Y, Yuen R K K. Thermochim Acta, 2013, 552:87~97.

[12] Weng Z X, Senthil T, Zhuo D X. Song L J» Wu L X. J Appl Polym Sci, 2016, 133(18); 43367.

[13] Xu W H, Wirasaputra A, Liu SM, Yuan Y C, Zhao ] Q. Polym Degrad Stab, 2015, 122:44~51.

[14] Xie C. Zeng BR, Gao H, Xu Y T. Luo W A, Liu X Y, Dai L Z. Polym Eng Sci, 2014, 54(5): 1192~1200.

[15] Xiao L, Sun D C, Niu T L, Yao Y W. Phosphorus Sulfur, 2014, 189(10); 1564~1571.

[16] XuM]J, Xu G R, Leng Y. Li B. Polym Degrad Stab, 2016, 123:105~114.

[17] Qian L J, Qiu Y, LiuJ, Xin F, Chen Y J. J Appl Polym Sci, 2014, 131(3).

[18] Yang S, Wang J, Huo S Q, Wang M, Wang J P. Polym Degrad Stab, 2015, 121:398~406.

10. 14028/j. cnki. 1003-3726. 2017. 08. 010



5 81 = an ¥ i1} il -

[19] Yang S, Wang J. Huo S Q, Wang M, Cheng L F. Ind Eng Chem Res, 2015, 54(32): 7777~7786.

[20] QianLJ, YeL]J, XuG Z, LiuJ, Guo J Q. Polym Degrad Stab, 2011, 96(6): 1118~1124.

[21] QianLJ, YeL]J, QiuY, QuS R. Polymer, 2011, 52(24) . 5486~5493.

[22] QuHQ, WuW H, Hao ] W, Sun J H, Xu J Z. ] Macromol Sci Part B, 2014, 53(2): 278~295.

[23] Sonnier R, Dumazert L., Livi S, Nguyen T K L, Duchet-Rumeau J, Vahabi H, Laheurte P. Polym Degrad Stab, 2016, 134:186~193.
[24] ChenM]J, Lin Y C, Wang X N. Zhong L. Li Q L, Liu Z G. Ind Eng Chem Res. 2015, 54(51). 12705~12713.

[25] Zhang SD, Liu F, Peng H Q, Peng X F, Jiang S H, Wang J S. Ind Eng Chem Res, 2015, 54(48); 11944~11952.

[26] Chen X L, Liu L, Zhuo J L, Jiao C M, Qian Y. High Perform Polym, 2015, 27(2); 233~246.

[27] Liu L, Zhang Y A, Li L, Wang Z Z. Polym Adv Technol, 2011, 22(12): 2403~2408.

[28] Zhang K, Shen M M, Wu K. Liu HF, Zhang Y K. J Polym Res, 2011, 18(6): 2061~2070.

[29] Tang Q B, Wang B B. Shi Y Q. Song L., Hu Y. Ind Eng Chem Res, 2013, 52(16): 5640~5647.

[30] Wu K, Zhang Y K, Zhang K, Shen M M, Hu Y. ] Anal Appl Pyrolysis, 2012, 94:196~201.

[31] QuHQ.WuW H. Hao ] W, Wang C Z, Xu J Z. Fire Mater., 2014, 38(3): 312~322.

[32] Tan Y. Shao Z B, Yu L X, Long ] W. Qi M, Chen L, Wang Y Z. Polym Chem. 2016, 7(17): 3003~3012.

[33] Wang X, Hu Y. Song L. Xing W Y. Lu H D. Polym Adv Technol, 2012, 23(2). 190~197.

[34] Zhao W, Liu ] P, Zhang Y. Ban D M. Rsc Adv. 2015, 5(98): 80415~80423.

[35] Yang S, Wang J, Huo S Q, Wang J P, Tang Y S. Polym Degrad Stab, 2016, 126:9~16.

[36] LvQ, Huang J Q, Chen M J, Zhao J, Tan Y, Chen L., Wang Y Z. Ind Eng Chem Res, 2013, 52(27): 9397 ~9404.

[37] Bai ZM., Song L, HuY, Yuen R K K. Ind Eng Chem Res. 2013, 52(36): 12855~12864.

[38] Bai Y W, Wang X D, Wu D Z. Ind Eng Chem Res. 2012, 51(46): 15064~15074.

[39] Tian X J, Wang Z W. Yu Q. Wu Q Y. Gao J. Chem Res Chin U, 2014, 30(5). 868~873.

[40] Hauk A, Sklorz M, Bergmann G, Hutzinger O. J Anal Appl Pyroly, 1995, 31:141~156.

[41] Wang R. Zhuo D X, Weng Z X. Wu L X, Cheng X Y. Zhou Y, Wang J L., Xuan B W. ] Mater Chem A, 2015, 3(18): 9826~9836.
[42] Liu S, Yan H. Fang Z. Guo Z., Wang H. RSC Adv. 2014, 4(36): 18652~18659.

[437] LiuY, Babu H V, Zhao J, Goni-Urtiaga A, Sainz R, Ferritto R, Pita M, Wang D-Y. Compos Part B: Eng, 2016, 89:108~116.
[44] Luo F, Wu K, Guo H, Zhao Q. Lu M. Compos Sci Technol. 2016, 132:1~8.

[45] Liao S H, Liu P L, Hsiao M C, Teng C C, Wang C A, Ger M D. Chiang C L. Ind Eng Chem Res, 2012, 51(12): 4573~4581.
[46] LiKY, Kuan C F, Kuan H C, Chen C H, Shen M Y, Yang J M, Chiang C L. Mater Chem Phys, 2014, 146(3): 354~362.
[47] Wang Z H, Wei P, Qian Y, Liu J P. Compos Part B-Eng, 2014, 60;:341~349.

[48] Wang X, Xing W Y, Feng X M. Yu B, Song L. Hu Y. Polym Chem, 2014, 5(4): 1145~1154.

Recent Advances on Phosphorus-containing and
Graphene Flame-retardant Epoxy Resin

XIAO Fei'?, FENG Wu-tong'*, ZANG Xiao-ling'*
(1. University of Chinese Academy of Sciences, Beijing 100049, China;
2. Guangzhou Institute of Chemistry, The Chinese Academy of Science, Guangzhou 510650, China;
3. Technical Institute of Physics And Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Epoxy resin (EP), as an excellent matrix resin. has been widely utilized in a variety of fields. But due to the
flammability of EP, it’s needs to conduct flame retardant treatment. In this review, recent advances on flame-retardant
epoxy resin based on phosphorus-containing compound and graphene have been summarized. The emphases were focused on
the intermediate of flame retardant of 9, 10-dihydro-9-oxa-10-phosphaphenanthrene 10-oxide (DOPOQO) and its derivatives,
and ammonium polyphosphate ( APP) when discussing phosphorus-containing compound. Meanwhile, the research
progresses of flame-retardant epoxy resin containing graphene and its derivatives have also been introduced.
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