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The Properties of Flame Retardant EP Synergized by DOPO and Curing Agent Containing Phosphorus
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Abstract : The curing agent containing phosphorus (BOPA) was prepared by phenyl dichlorophosphate and ethylenediamine,

and DOPO-epoxy resin was prepared by epoxy resin (E-51) and (DOPO). The structures of the curing agent containing phosphorus

(BOPA) and DOPO-epoxy resin were characterized by Fourier transform infrared spectroscopy (FTIR), the reaction routine of BOPA
and DOPO-epoxy resin was tracked by FTIR, and the results show that it cures completely after heated at 80°C for 2 hours. The LOI
value of EP with the BOPA and DOPO-epoxy resin is 29.5%, and passes UL 94 V-0 test. TGA result reveales that the EP composite
cured with BOPA and DOPO-epoxy resin have lower initial degradation temperature and higher char residue. The char is character-
ized by FTIR and SEM, the results indicate that the EP composite cures with BOPA and DOPO-epoxy resin formed more P=0 and P—
O—C bonds during combustion, and more compact char layer is formed to improved flame retardant properties.

Keywords : epoxy resin ; intrinsic flame retardant ; flame retardant mechanism ; DOPO ; curing agent containing phosphorus

ARG (EP) HATIE R A AL PERE DR 4 PEREAN
J1eEERe, T R T A L B R TR T
ZSFEYU . {H EP SR, ELARBEINE ™ A R ) SR
BR | 1 HAE AR Z AR B . R, TR EP Y
BELRARICHERIF ST LA o B B RS S B2,

6 1 BRI ) LA A s 9 BELAR 003 A L 4 1) 36
PRI, BN SR foc Ay T BRI BRI O (A 2R

9,10- & -9- A% -10- BiZ4+3F -10 & 1L (DOPO)
SE—FEHEERAL A, B TR A BRSO, &
F T4 BRI E B, DOPO 43 F45# iy P—H
A AR = BT P, T DA E A IR B 2 T R
(IR ok [F 16 % . DOPO K HATAY M T HA R
GF M EE R RN RN M RE R H TS 2R BRI ST 1
Poliz— BT S EP By RHAMES BIA R T H

EEWE: ) AEEF TRIHHRMZEIH (2018GKTSCX001), 2020 42872 1%1 (pdjh2020)
BIES DA, Al , -1, E NGRS Y KRR R AUAFSY E-mail : minsonfeng@126.com

Y75 B #A: 2020-04-15

51 A WAL, e, 2, 45 . DOPO I B[ AL R DRI BEAA EP ERE [J]. TREMIEV L 2020,48(7) = 116-120,131.
Huang Jianguang, Jiang Jiali, Nong Yanyan, et al. The properties of flame retardant EP synergized by DOPO and curing agent containing

phosphorus[J]. Engineering Plastics Application, 2020,48(7) : 116-120,131.


杨超


HHEDL, 55 :DOPO RIS BENE 1677 BrIIBELIA EP PERE 117

ATHMEFRAS 125 B AR BR A5 45 (LOIY, HL Al AR e g 0,
KA i AYBHAR ], BEAA b EP [ 1k A BEL
PAVERE, (HJRE — R BRRAR T EP 19 )24 MERE
B SR P B Ry B PR AT ARAIE BELBA b, i/ EP
LA e R R 1Y g B2,

24 % 1 DOPO 5 EP (B L [ 7 , 15 3]
DOPO i 7% EP (DOPO-ES51), [A] i}, 5% i — S Ak
PR AR FI 2 il 2% 2 Wi ) iz B4 (BPOA) 1
i £k 77 5 ¥ i% BPOA H1{k 5 DOPO-E51 2 i il #%
AAERHER EP 5 3l o ff 57 AR 2T S (FTIR) BR
BT EP RYBEALAT M, R LOI A ELRBEITAL T
EP [ 4k iy BHIAMERE , IT R A (TG) A Hr iy
Br T B B REEAEAT A, SR FTIR R4 i 7 2. 6L
5% (SEM) XFER AR HEAT T 04T , BRI T BHAAHLAL
N
1.1 EZRMH

EP(E-51) : Tl i, ARSESAFHET M B A BR
NCIF

Rk (D230) : IHIL A 5 61 g/eq, LAk,
IREESLREFA B AT FRA F

DOPO : Tk, | & RHE R AR w5

TR IR « T e KO TR 908 A 5

R Azl N2
1.2 EEERESE

SEM : SU8010 7, H A H 37 A BR /A F] 5

TG 7% : Q500 Y, & TA /A ;

LOI MHAY : HC-3 Y, B 5t VT T A%

LA TE RN . CZF-3 1], B 50V 7 40 %
s

FTIR ¥ Nicolet6700 %Y, 3¢ [El Hh /A 7]

1.3 FMREAREG SR,

(1) ¥ DOPO i EP &1,

1500 mL PO 1B [ fEER AR B L, e
UF e e R A% Gl AU B M R B . SEiE
100 g EP A AZIPY CHBEHH T, 38 A RS R R
#| 120°C, FEZEIE AN A 7.49 g DOPO ¥iA , JFhER:Hi
FEZR, 555 DOPO 4 M il Je 7 1R 2 18 2 71 %) 160
CL4kek R 5 h 153 R 1% B9 S i
(DOPO-E5L), HoA i s = an &l 1 o

(2) FHEE AL (BPOA) A AL

1500 mL PY 1 e i 2 B AE 8 Rl g g L, IF
TE DY EBR F 422 200 mL A9 fE e il =k o v i
B i #E -5 ~5C Z [, Fxim 54.09 g 4 — i Fl

0=P—O0

o
AN H & H
e O Orotd E
H H
O, o )
IL—EZ—E—E%&EZ—&A
3 H
() .

&1 DOPO-ES1 Hy i it
60.71 g — Mg A BB, Pt 200 mL
A[OTMABER T, )5 PR 63.294 g AL
1R R TR 22 18 A B E F s <, IR m A 100 mL 55
7o LABES3%h 30 T Y 3 B2 218 i hn — Sk mi e 48
M, AR 22 W 9 h, 15 2 & g [ 1657 (BPOA). HG
R AN 2 B o

o}

|
HZNHZCHZCHN—IL—NHCHZCH NH;

(CHax N 5

CHEl, 1340

&l 2 5 1L BPOA 14 ik

1.4 EP Elitin el h &

(1) EP [ELHy il 45 o

P EP 5 D230 M3 1R R ILIBA
A1 B A LR 2 g SGE R TR AR, THE R
80°C [k 120 min, 155 EP &1Ly, Fi IR A v il i
FESRHEA T2 T

(2) DOPO BHH# EP [E{LP Y%

# DOPO-E51 il D230 4% M i ey 3+ 1 i
FL il e IR A 35005, BB b 555 25 A B
AR B R T2 80 °C Ik 120 min, 15
DOPO FH#X EP [ k%) (DOPO-EP), & M A7 1 il 1
FESR A T T

(3) BPOA [#]1k DOPO BH#A EP [&E1L4 il £

i Bt DOPO-E51 H 3 %A 4 i 5 BPOA il
D230 [# fk 7 H N—H 4 & [ Fb il £, 5 R
100 : 30.64 : 155, RA A E, B A H
% 2 TR AR v, B2 TR B & 80°C 14k
120 min, 5 %] EP [#4k%) (BPOA-DOPO-EP), #i
B R SRR T 45 T
1.5 PEgemlik 5 AR

LOI % GB /T 2406.1-2008 iz ;

T FTIRBEINR T UL 94 HEAT )R 3.2 mm ;

TG 43 #r: 25Ky 60 mL/ min, f£ < i
HA 40 mL/min, FHEE R R 10°C / min, PUEGE

]
CI—}L—CI
0.+ 2H;CH,CH;NH,


杨超


118 TR R

2020 4F 45 48 ¥ 55 T 1

[l 30 ~ 800°C , #/ift 4.5~5.5 mg ;

SEM FAIE : 5% A i >R PR e [ 7 Ji5 , B4
XTRE A FR AR A TINES , AN 4 W R R 2 KV

FTIR M : FELEVAL BT B L VR AARRE 5, 2R
JFi#E 4000 ~ 400 cm™ Y P EAT IR , R AORE S )
R FRAG BRI 5 e ) 7 XA T4 i
2 ZR5iTE
2.1 FERRIEAREG LS AT

& 3 J& DOPO-E51 il #& & # S [ ¥ 5 ™
Y FTIR 1% &, 1 & 37 LI F i, DOPO )
21 4 W Wi fl 2% b B T —OH (3358.3 cm™),
Ar—H (3061.1 cm™), P—H (2436.3 cm™),
B B 4% (1504.8,1478.3 cm™ FI 14285 cm™).
P=0 (1234.9 cm™) #l P—OH (1145 cm™). Ar
—O—P (903.5 cm™) %5 HEfF W, EP /Y 5 fF  fE
Ko H w45 Ar—H (3056.0 cm™), CH, #ll
CH,(2927.9,2872.2 cm™). & ¥ & %2 (1607.8,
1509.8 cm™ fl 1455.7 cm™), CH, (1375 cm™), ¥}
A J (9153 em™), A—0O—C (1247.0 em™);
DOPO-E51 1) FTIR Mt ith £ nl LIA 4, DOPO 5
EP J i) tH B T EE#2 4 (3362.6 em™) Al'C—P—0
(1382.9 cm™) BYHFAFE UL I, 1fif P—H (2435 cm™)
WIS 4 P91 H AT U, EP 5 DOPO & AE TR i
531 DOPO M EP (DOPO-E51).

DOPO

OPO-E51

4000 3000 2000 1600
W/ et

%3 DOPO-E5L ffil s B s i 5 =41 FTIR 1Al

[ 4 J& BPOA il % it 72 =2 b 91 5 7= W 1y
FTIR 3 K. fh & 4 w0, — S AL W FR G 1Y FTIR
it & h fF 78 Ar—H (3065.9 cm™), 2 ¥ 42
(1588.2 cm™,1488.2 cm™), P=0 (1233.9 cm™),
Ar—O—P (1155.8 cm™ #i1 912.5 cm™), P—
Cl (725.8 cm™)., <& — Ji¢ FTIR i &  N—
H (3356.5 cm™), —CH,(2939.1 cm™),C—
C (1599.7 cm™), C—N (933.2 cm™)., BPOA
FTIR i & + 7F 7E N—H (3360.2 cm™), Ar—H
(3063.8 cm™), —CH, (2931.0 cm™). % ¥ & 4
(1591.8 cm™,1489.4 cm™), P=0 (1224.8 cm™). C

—N (1071.8 cm™), P—N (1067.9 cm™), Ar—O-P
(926.1 cm™), BPOA rfHi# C—N (1071.8 cm™). P
—N (1067.9 cm™), ifii P—CI (725.8 cm™) MUl
&R T ZAABERRER 5 & M kAR SRR ALR
7, 25 T HCL M AT WL, BPOA B4 il

W\/\/

PPD

4600 3600 2600 1600
YL/ omi”!
5 4 BPOA ffil i Fe M5 79 ) FTIR 1Al

2.2 EP BE4AT A8 FTIR 5 #7

% 5 J& BPOA-DOPO-EP 7t [ 1k i #¢ H #Y
FTIR 35 &l . wTLLF W A [k S b sl [E) 4%, N
—H (3296.9 cm7) FIFREIEM] (915.3 cm™) BRAE
WACOEE AR X SR B TR, 7F BOC AR F AL 2 h s,
FRAEME Wl hy 3296.9 em™ SE4iH Jc. AT L,
%312 h iy[E 4k, BPOA-DOPO —EP £ £ fE[F {k5¢
£

60min
%
4000 3000 2000 1000

PEE / em!
%5 BPOA-DOPO-EP 7E[# fkid #2H i FTIR %A

2.3 EP PR RE 8 AT

102 EP M BHAAMERE M k25 SR, mE 1]
PAE H, R IEAT BRI M %) EP B L¥ 14 LOI M hy
21.9%, 1 AR BE A B8 8 AT AT I 2 31, B AR
K. *H DOPO J5ifvi gk P J5 , DOPO-E51 5 D230
[ 1 5 45 30 [ Ak Py s 5 &4 0.75%, LOI iA %]
28.0%), LU AR e EP A7 B B 4 &, (H R B 35 2]
UL 94 BHA 5. 4>k F BPOA Fil D230 B & fE
AT, AR EP AL A & 5 BTk 3.09%,
LOI {Eik F] 29.5%, nf LUBF]E i UL 94 V-0 4, Ff:
FLIRFES SRR . P b AT DL, SR P 75 W e 28 61 1R 751
BOPA 7] LA 5 EP BYPHIAVERE , JUHZ T AR
fE  RBERT ) b 25 R, TR0 4 e 31 V-0 44,


杨超


HHEDL, 55 :DOPO RIS BENE 1677 BrIIBELIA EP PERE 119

®1 HEREEXYRIBERERE

A -

e WEP)/% LOI/% t/s B UL94 %4
EP 0 219 >30 B &
DOPO-EP 0.75 28.0 45w TEYR

BPOA-DOPO-EP 3.09 29.5
i W(P) SHBAA A ik, t Rk ]
2.4 EP® TG 57
[ 6 J& EP M BH#A EP ) TG M DTG Hhk. 45
R 2,

0 i V-0

%60 200 300 400 500 600 700 800
W/ C
«—EP; «—DOPO-EP; +—BPOA-DOPO-EP

7. 25t

&

o201

S

~ 15}

B |

10} = =

* T X

K 05) |

iz Lo N

£= il VIO
00 300 400 500 600 /00" 800

WS/ C
=—FEP; o—DOPO-EP; »~—BPOA-DOPO-EP
(b)
a—TG ; b—DTG
%16 EP MFHEK EP Y TG 1 DTG i<k
Fz 2 PAMIRERAER) TG STER

E] EP DOPO-EP BPOA-DOPO-EP
T/ C 155 161 158
Toe/ C 308 283 285
Tuoe/ C 341 309 310
Toos/ C 378 354 355
Wi /% 2.1 57 6.2
Wi / % 0.9 28 25

BE Tl%» Ts%, Tlo% *n T5o% y‘jbj—*’l’%i 1%»5%, 10% 5FEI 50% ETJ‘E/‘J
TR, Wego Hl Wege 27 600°C 1 800 °CHTFY5R St %

M 6 ATLUE Y, EP B0 30 1T K
X, Herp BEAR PR RS () EP [ 1k 4 £ 222 51 B
FESE—RE X, Kk EP Efky b EP (45—
YA H X AR 350 ~ 450°C , 45 — [ B4 J X ) 2
450 ~ 600°C ; 2411 A DOPO L) & DOPO #1 BOPA Ji7
FHAK EP [ 4k4 A9 55 — 25 J1 Xt BLAE 300 ~ 400°C.,
W14 LR 2Pk EP 211, W1 16 53 i IR FE (Toy,) T B
T 5 — X 4k 5 BRAE 450 ~ 600°C, 5 AR B i EP

FHIT o 2 B A5 — DXHR A H B0 A 322 JA PR 2 1 e B
SORFAVRN I 1A1 ik T AV, B A3 I SO 15 6
2, B AAHBEER A PR BP0 8 AKX
TR — B B R AR ik K A it — 25 0
DOPO-EP 7l BOPA-DOPO-EP 7E 600 °C it 1) 5% /¢
439K 5.7% F1 6.2% , 7t 17T EP 19 2.1%, i HHAN
BELIATR S , 5 0 ) AR e PEARI 4 o8, 58 B B R
fEA T GE . WLV EZREILT , Sk &Y
I3 AR BRIR , SR EP [ AL W A B , T B
W R R e Bk e B0
2.5 EP BEtbihpik ik EMobr

K7 J& EP [ 1k ¥ 5% 7k 19 FTIR 3% K. A
70l LLE H L3 A B i Y 1B R A #E 1601.8
~1635.3 cm™ [ B IF #& C=C W i i%,1429.8 ~
1446.8 cm™ &y C=N Ay IS4 ; 177 43 318 il DOPO
L} DOPO # BPOA 1) EP [E4L4 HBE 138 iy e i
e, 4 HIJE: 1256 cm* Ol P=0 Wi 1%, 998.9 cm™
1 P—O0—C H'P—O WM il ; A&, &4 BOPA
() BHIE 5 P=0 Fll P—O—C it W 1A I 558 J3F B
Ko HHE AT UL, EP ABE IS TE N T R I5 5% %, [nl
i5F, 7 i BPOA Al DOPO Ji, FH#A EP JE AL T 7% P—
O—C Ml P=0 WAk % J2 , 35 T 2 1Y 3 JE , 42
= 1 EP [EfL A BHAA M BE

DOPO-EP

Ve

EP

BPOA-DOPO-EP

4600 3600 2600 1600
PR/ e

7 EP [Efkd5k sy FTIR %A

2.6 EP By ik a7 o
K 8 & EP, DOPO-EP, BPOA-DOPO-EP fE

500 °C 1Y 5 #f 4 Fh4Bebe 5 min J5 195 )2 SEM IR A
M 8 AT LLE i, ARk bER EP R fiRifR £, A
#; A DOPO 7, BRI IH 2% , 5k o S AR, R TH
AARZ A0/ INFLIR , AT I, 3% 0 9 5k 2o BEL B 1k AN it 5
MR R4 BPOA 1 K [ 465 5 , OPA-DOPO-EP
H I S 26 1 LU, A AR Z2 i AR, Ik =3 3
B AR A R T BH RS P AN s S AR, A AT
BRIpE A HE & SR ] XOJA D 1, NN =5 EP B4
Y BELRATERE -



杨超


120 TARIRLRH]

2020 4F 45 48 45,55 7 11

a—EP(x 500) ; b—DOPO-EP( x 500), c—BPOA-DOPO-EP( x 500) ;
d—EP(x 5000) ; e—DOPO-EP( x 5000) ;
f—BPOA-DOPO-EP( x 5000)

/8 EP,DOPO-EP, BPOA-DOPO-EP 551 SEM [ )5
3 #ig

(1) >R H FTIR X} EP il BOPA 47 45 #4) 43 ¥,
it 5 AL S R S SRR A

(2) K FTIR BREZBHIA EP [ 1k i 72, 15116 Ik
J& 0 80°C, AL A2 2 h AEIAF|5E 4w fk

(3) 2% Ffl DOPO it EP, 343K i BOPA Jy [
PR, A 1 i 5 1 35 1) 3.09% I, LOIAE 35 3
29.5%, JiiAliE i UL94 V-0 Zillia.

(4) TG 73 #r 45 & n] L & Hy, ¥ 71l DOPQO Al
BOPA Ji, EP [ 1LY BOWIUG Mt it B I Bk Ax i
Py BRI R REHE 5

(5) FTIR il SEM 43 7 45 5% 3 W, ¥ il DOPO
1 BOPA Jii, EP [E 16 ¥ 19 5% ¢ T A= 1l 1T B 2 1Y
P=0 Il P—O—C W41y, IF HIL Wl T EU# =,
T T BHAATERE

S & 3k

[1] JA%, sk, Z2 857 .DOPO A7 M4 1L S B FHIFFE IR
[3]. #1FHF4 , 2019, 33(3):901-906.
Zhou Ying, Zhang Daohai, Qin Shuhao. Synthesis and flame
retardant applications of DOPO derivatives:an overview[J].
Materials Reports, 2019, 33(3):901-906.

[2] ABECY, B, A, A . JG e SRR R SRR AT 0k 1 [9]. A4
13417, 2019, 37(1):97-102.
Zou Zhengping, Xiao Xiao, Tian Jie, et al. Research progress of
halogen-free flame-retardant epoxy resins[J]. Materials Reports,
2019,37(1):97-102

[8] ZEAA,ZFEMR, X/NE, 45 . DOPO T BRI FH BEAA TR 14
55 [3]. K 4i4EL, 2015, 32(7):789-793.
Li Gucai, Li Guilin, Liu Xiaojuan, et al. Synthesis and application
of DOPO type flame retardants for epoxy resin[J]. Fine Chemicals,
2015,32(7):789-793.

[4] PEE L PhEA . DOPO $NELE AEfL LDH Ayl & A FRHAA TR 4

RHETERE [9]. ThiEA kL, 2019,50(10):10 20810 213.

Luo Qingin, Sun Yulin. Preparation of DOPO-based sodium
salt functionalized LDH and its application in flame retarding
epoxy resins[J]. Journal of Functional Materials,2019,
50(10):10 208-1 0213.

[B] WG EAE, BREMAE, IR, 55 MRRAN R ik S b A R 2K G W B

TR B ISV B RS B[00 T 2 T AR R 2 5 TR, 2019,
35(6):1-9.
Zeng Birong, Chen Jinmei, Hu Rong, et al. Synthesis of
Oligosilsesquioxane-based iron complex flame retardant and its
modified epoxy resin[J]. Polymer Materials Science & Engineering,
2019, 35(6):1-9.

[6] TEAER,F0, M UL, 5 . 520 TR0k DOPO JERLIARIN ATt i
[3]. " E¥EkL, 2018, 32(8): 7-13.

Wang Yazhen, Sun Yu, Xiao Tianyuan, et al. Research progress
in DOPO-based flame retardants for polymers[J]. China Plastics,
2018,32(8):7-13.

[7]  SAE25, W SCks, 5 RAR % . DOPO HIJG I FILARER UM R 1A R 1Y
TEREDISY [0 EARIEELN ], 2014, 42(2):25-29.

Wu' Chuanfen, Chen Wenjing, Wu Dongsen , et al. Properties of
DOPO type halogen-free flame retardant epoxy resin system[J].
Engineering Plastics Application, 2014 ,42(2):25-29.

[8] JLRESC, FHRME, 78 ik, 45 . 35 = B iF -DOPO K 43+ BH I 511

R I B BEL AR B SR B T BB (] A 2 R 2 2 3, 2019,
40(12):2615-2622.
Jiang Minwen, Yin Chenhui, Li Sheng, et al. Synthesis of DOPO-
based cyclotriphosphazene macromolecule flame retardant and its
performance in flame-retarded epoxy resin[J]. Chemical Journal of
Chinese Universities, 2019,40(12):2 615-2 622.

[91 JSHRII, BRICHE , B4 B, 457/ .DOPOMPC-APP-MWCNTSs H3[fl
FEAAPR AR IR B 25 [3]. S2-A bl 44z, 2015, 32(1):101-107.

Lu Lingang, Chen Yinghui, Zhao Jin, et al. Preparation of
DOPOMPC-APP-MWCNTSs intumescent flame-retardant epoxy
resin[J]. Acta Materiae Compositae Sinica,2015,32(1):101-107.

[10] ERSHE, 3, Xtk . BB PiP-DOPO My # M X B4
BB EIRERA [3]. =20 AP 5 TR, 2018, 34(8):149-153.
Wang Zhiguo, Liang Bing, Liu Xuyue. Preparation of phosphorus-
nitrogen flame retardant piP-DOPO and its flame retarded epoxy
resin[J]. Polymer Materials Science & Engineering, 2018,
34(8):149-153.

[11]  EEE, A, X0 . B %08 % 71l PDAB-DOPO #Y il 5 &
REL KA 1 6004 i 52 5 A4 RHPE R BT 5T [3]. fk 087 2 44 K, 2018,
46(12):68-72.

Wang Zhiguo, Liang Bing, Liu Xuyue. Preparation of phosphorus-
nitrogen PDAB-DOPO and its flame retardant epoxy resin[J].New
Chemical Materials,2018,46(12):68-72.

[12] BEER, ERAA, BRI, 45 PR i e 2 [ Ak 0 i F 7 0 e (3],

AL T BRI, 2014, 42(8):12-15. (#8131 1T)


杨超


MRS , 55 (PA6 / {1 80 B G RH 25 S ik g

131

PEWERE, A0 8506 5 70 B T 0.03% I, 7382,
MR MO T 0.03% HIAIR A
(3) 4 £1 28 M Jot & 73 %y 0.03% B, 37 1 5
JEE 0 W7 2L A AR B Rk, 23 0 Oy 116.26 MPa F
333.34%, 540 PAG Al L, Firfilii i 1T 24 i< %4
LR T 25% Fi1 30.68%.
S % 3k

[1] %UNE, EREH . R 6 LR SR H iR [3]. & R g K

#},2000,17(1):58-59.

He Xiaohua, Wang Xiayu. Recent advances in blending modification

of polycaprolactam[J]. China Synthetic Resin and Plastics,2000,

17(1):58-59.
[21 WM. m iR AT e a5 H SR ET [D]. dbat @ db st e
B¢, 2012.

Yang Chao. Relationship between structure and properties of
high tenacity polyamide 6[J]. Beijing:Beijing Institute of Fashion
Technology,2012.

[3] B, WA, 1M SO, 55 . PAG / A1 SR IR ANK A MBI WF I 4 i
[3]. #8811l , 2018, 46(10):1-6.
Huang Huan, Chen Lin, Xiao Wengiang, et al. Research progress
on PA6 / graphene nanocomposites[J]. China Plastics Industry,
2018,46(10):1-6.

[4] e, skl XKV . A5/ RE WA MBS E R [J].
BAMBE], 2013, 30(1):14-21,
Fan Wei, Zhang Chao, Liu Tianxi. Recent progress in graphene /
polymer composites[J]. Acta Materiae-:Compositae Sinica,2013,
30(1):14-21.

[] JREFET, AR A E 2L A A BRI E A MR ST
[J]. TR R ., 2017, 14(3):10-18.
Qi Mengyu, Li Shuhui, Du Yuzhi, et al. Research progress of
the graphene-based nano-composites[J]. Functional Materials
Information,2017,14(3):10-18.

[6] XSG  ABAERS , WFH , 45 A1 SRR e SRS 4T i i 1 0],
TARIBRIN T, 2019,47(12):139-144.
Deng Zhipeng, Hao Yaming, Chen Danging, et al. Application of

[71

(8l

[9]

[10]

[11]

[12]

[13]

[14]

graphene in the fieldof plastics modification[J]. Engineering Plastics
Application,2019,47(12):139-144.
EAAE B / BREWAUKIZ SRR 8 7 12 S HEREF T ik
& 0], B bR A0 5 R, 2017 , 46(3):104-107.
Wang Donghua. Research progress of preparation technology and
properties on polymer / graphene nanocomposite[J]. Synthetic
Materials Aging and Application,2017,46(3):104-107.
AREIT, PN SRERE, A5 e / A BRI S PRI ST I 9]
TRESRH T, 2017 ,45(4):140-145.
Li Aiyuan, Sun Xiangdong, Zhang Huibo, et al. Research
advances on nylon / graphene composites[J]. Engineering Plastics
Application, 2017 ,45(4):140-145.
AR, R A MRRKIE 45 . Wi G 22 IR 6 / 3 TR E &
S i £ ANVERERITSE [9]. #8520 T 4Tt , 2017(12):39-44.
Tian Yincai, Liang Qiangian, Lin Qiuhu, et al. Preparation and
study of polyamide 6 / ionic liquids composite membrane by
electrospinning[J]. Chinese Polymer Bulletin, 2017(12):39-44.
A AT A /e T 6 A BRI R Bl MO BT
FE (DS M - fEE B TRk, 2019,
Wen Jian. Crystallization kinetics and toughening modification of
graphene oxide /nylon 6 composites[D]. Guangzhou:South China
University of Technology, 2019.
Tian Yincai, Qin Huilin, Chi Changlong, et al. Influence of lonic
Liquids on the structure of polyamide 6[J]. Materials Letters,
2016,180:200-202.
Lin L, Argon A S. Deformation resistance in oriented nylon 6[J].
Macromolecules,1992,25:4 011-4 015.
Sreekanth M S, Panwar A S, Bhattacharyya A R, et al. Influence
of hybrid nano-filler on the crystallization behavior and interfacial
interaction in polyamide 6 based hybrid nano-composites[J].
Physical Chemistry Chemical Physics,2015,17:9410-9419.
Wu Tzongming, Chen Erhchiang, Liao Chienshiun. Polymorphic
behavior of nylon 6 / seponite and nylon 6 / montmorillonite
nanocomposites[J]. Polymer Engineering Science,2002,
42:1141-1149.

(k&% 1207)

Hong Zhen, Wang Changsong, Liang Bing, et al. Research and
development of amine curing agents for epoxy resin[J]. New
Chemical Materials,2014,42(8):12-15.

P I RS, B s , Bt . BELATR I A U R 11 A 70 e R 7 0k
JE [J]. K%, 2011(5):73-76.

Bai Xiangge, Chen Lianxi, Huang Shishuai. Recent developments

[13]

on flame retarded amines curing agents of epoxy resin[J].
Adhesion, 2011(5):73-76.

[14] Jirasutsakul |, Paosawatyanyong B , Bhanthumnavin W.Aromatic

[15]

phosphorodiamidate curing agent for epoxy resin coating with
flame-retarding properties[J]. Progress in Organic Coatings, 2013,
76(1):1738-1746.

D2l , BrrAT, Jebe . TR R AR — SR R AL ) 45 1L
e [3]. BARSRHIN T R A, 2020, 32(1):8-11.

Li Anxin, Mao Pingli, Liang Bing.Synthesis and application
of phosphorus-nitrogen flame retardant curing agent for epoxy
resin[J]. Modern Plastics Processing and Applications, 2020,

32(1):8-11.


杨超




