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Abstract Although the introduction of flame retardant (FR) additives to epoxy matrices has been a major

strategy to induce flame retardancy, negative impact on mechanical properties and migration of FRs to the materials’

surface remained unresolved issues. Tailoring epoxy chains with chemical bonded reactive flame retardants to epoxy

resins would be the solution to avoid migration of FRs to surface,along with protecting mechanical properties of resin.

With the rapid development of reactive bio-based FRs and epoxy resins, production of flame retardant bio-epoxy with

high biomass content has attracted much interest. The latest progress in bio-epoxy resins with inherent flame retardancy

was reviewed.

Key words bio-based epoxy resin,flame retardancy,thermoset composite,flame retardant

WEM g HA Z M e A ae, wlan e Esd
ZAF T A B B WL BE LT A 2 M RE R o8 B
PE L Horp oyl 20Uy A 46 K H i Bk (DGEBA) 4 g
2y 5 R E A R 90% . DGEBA 2 2
I W A(BPA) 5 3 A SN b (ECHD 78 & H 1k
B S R RN AR RS RV LA S TR AR
e B R T ROALA P AR L 8 LR A% R el A AR R
BT T AR A T R BR R BE 22 A ) 0

H H . B T AE & 8 A KGR 3 B 5% A R4 96
5 A1) 4an A P D 1 A ) B R SR R an oK R

s B #A:2020-02-04 ;1€ B H 8§ : 2021-02-27

RO AR ERY L Bl LT A B AR A
R AL G A DGEBA, MK 5, A W KR
RS P fE 5 B9 DGEBA JLT- A1 6, {H — %t [7]
BEAT 2 0 I AT R S BELAS T B AT A8 3 i B L
SRR 45 A7l A 1 FHE ) L B R, o i o R AR T
B BHBR V< 25— R A KR 08 BE B AR 3R R PR
PREOT 55 S A Ay B VR R Ak 2 B S K B AR
FTR 0 2 B R L E R, A W) 3 IR R g AN
A= ) FE BRI I BF S 7 TR sF AT e S 2B
7N A R R o SR B O F e 2]

ESTR . FERTHEACH SN ZRLTE FHH (este2019jsex-msxmX0050) ; T P17 8 Z Bl 32 5 A BF 5855 H (KJQN201900829) ; # b 5 3 fig
HHLAYF R TH T S S0 I % R 4 (CQCM-2017-02) 3 B R TR K2R 35 H (1952015)
YEZ B 2P (1985-) . 2o, R 208 A, REESE J5 ) O o PR BB SL AR Y IR L D BE & 5 A4 BL . E-mail : 12345ruby@163.com,



% 5 W R4 T A RELIA 1 A 0 5 30 600 i 1) BF .+ 49 -

RN A 1) e B0 S Tl ) i R
1 EBERBE#REEMEREHIE

Miao 25 Ho & T 36 /5 & 4B R — WY IR IiF
(MHHPA) [E b 1) A= 4 5 3 (2-H A B-4- (R &
i-2-FE ) FE R I -2, 5- — R FR ik (EUFU-EP)
Lk DGEBA (#n] #8445 s 8 B 18] CTTD L
PRI (pHRR) M S i (THR) % S 4, 45
WL BT TTIA{EAHF 4, EUFU-EP 1y pHRR
A THR EY R, R ERE R m . X FE
J& T EUFU-EP A7 78 5 1R 25 1 48 1 1 3% 38
AR E(T,) S8R &K E, R EUFU-
EP/MHHPA 1328k % % T DGEBA/MHHPA,
A T EUFU-EP 3= 4% v 77 8 Wk g F1 D5 % 25 1), fift
EUFU-EP/MHHPA LI RE S DLk .

Dai 25 BEGE W], ) 4, 4"- 8 5L K b
(DDMD) [# 1L i % 5 H 90 (DGED) A= 9 3 — 4 K H
THE LG A7l 2 DGEBA G PE 5 &5 . X J& 1 T DGED
SR N RS 7E [ A AR  DGED (9 6 2 1
T DGEBA, itk , DGED/DDM ) # AL M fE
5 T DGEBA/DDM, M AT #AVE () £ 22K F . DGED
FERRBE R T v 2 A 2R TH T AR 7 L DR3P IR )2 T AR
s AEAR/NEY KIE T 3s B AR . B T 3CA AT
HETE i P00 22 2S00 b 78 KA T, 25 18 3] 56 2R AH XF
oA Rk BELJR P B 110 52 T, 30 ¥ L ik R 2% 2R 4 1Y) BELJR 12

Wan 25003 55 3% $2 A4S A oty 3 A R R Ak i T
Bl 31K & WA W) 3 W s (DEU-EP) , 4 7 i
— B ELAT AR e AR R e O A BGR 7000
Y. & YE H DDM B4R R . A A {8 ] JC e 7 45
AT EEWT IS T A Wy A S8 S 04 [ 1k 3 ) “E LB
IF R B FEE i T A By A3 DA e AT B HE )
75 2% DEU-EP/DDM 9 [& 1k 3o # 47 1R K 52 i, AJ
& e FLALBME BE | T e Ak BB ) RN PE . i A iR
il Fx, DEU-EP/DDM # g 7£ 800°C B 5% 4 38 %0 Y
7. JLF /& DGEBA/DDM %% 84 &8 19 W £ . It 4h,
DEU-EP 1 pHRR(201kW/m*) #il THR(16. 3k]/m?)
AL F DGEBA, 35 % #,DEU-EP 7 10s N A
JE L XER A B B A B, KT % DEU-EP
REWEER A R4 T 1T 8 R0 . 78
114°C B3 B B AL IR 2 T . DEU-EP 9 i e A5 1 58
SR, Ja ok A1 i — 20k T T 4 By 1) LT
REER M s (TPEU-EP) L JiURR B 42 5% 5 1 15 28 It 7
HW m oy PR, R 5 Rk DGEBA #H Ib,
TPEU-EP 1 52 Bk %5 F 8K, AH AL A M B 3 5 L 3

HHF TPEU-EP 3515 454 .
2 FEBMFIERUEEYMEINERE

2.1 SRR

REAL G W AT 4 R AR B B B L 2 e T AE
R P BT AR Y. L A SO R A A
L Lt RO IR R T A AR W B O R
(EPEU) 5 BA KRR K B Ak 2 45 0 1 & ke AF i
¥ RSO DGEBA M L, U5 i % 19 & ik 242 91 36
S 1 T R A ) S M, R M b B 4R 8K
B (LODIAF] 31% .8 DGEBA(22. 8 %) A 4 & .
XA T AR R ER AL DL K Si—O 8 R T . B
BT — 2 pe iz DA Bk G TR AORT R R 2 0B I e
2. BRAN Bl R RGeS, T A Y RE R
P B S5 B 1) 28 B AR, DA I 0 22 T A SRR g Y [
B
2.2 ZWERELAT

KT WAL A W B RLR . © A K 1 iF 5%
TAE, B 26 T /E & 215 25 T B R M W R ok 1B
FAES# 0 Ménard 4850 DLt AR 48 7K H i 3 g
P[] 2R = 3 >y 2 17 78 ELJR 7)o JFG pl = 4 /K H ik 6 )
IR = (P3EP) i ] P A 9 U5 1] 2R = AT A= 1 ok
SR Ik A PIEP H i 5 BH A 7 23 BEAIC ER A
i 1 AR A e (R B P i A 4 v

Ma S5 0B T — i B A W B U i (EADD
HPIA FE R (TA) F 9, 10-— %-9-% 2410 24 3F-
1046 (DOPO) Ay J5 KL, 7T FH/E DGEBA {4 %
M A=) B BHLBR ). 25 SR R W], DGEBA/EADI & &
[ 7 2 P g A R 5 DGEBA IR R AR, 7€ LOL,
JRE A O S RIUBR 58 I ) 45y T ) 0 S AR o T AR W AR
R BHRAPERE .

Lligadas 2559 & i T 9 R0 A [6] 19 2R 48 Ak B4
10~ —ffc M Bk 2L H il — 2 F (UDTGE) 1 3,4,5-=
(10~ — e BBk 40 25O 28 H 2 H i (UDBME) . 42 5
BH AV BE , 43 31 7 20 S A5 25 44 P oim A 10-[2",5'-
XLCO-FR 4R & ot - T I A0 3D R L ]9, 10- & -9
Z=-10-# 22 3E-10-E 4k ¥ (DOPO- I ) F1 X (7] & Jk
) TS 4R AL B (BAMPO) B Sy BELJK 50 1% 4k 75
ZERL KW, T UDBME [k 24 25 4 v & 45 o5 2
A KBy 3 b % A5 B w5 T UDTGE, SR, in A &
WA BELAR R0 5 o HG S TR 4% R oo {1 DA T -5 B0 30 4 A 3 72
TR EE RS . MRTHRME ) A R & A & #5119 DO-
PO-I #1 BAMPO #] DL = LOTL Fl s fb 5% B 9 .
(L L 5 2 AT O of A 0 ] 5 A 03K A RE 4 1w o0 A



« 50 o

& T BB OB

%49 %

KRG KIATT A TERE
3 %iE

FI R T P A B2 R A 7 0 AR O R I A
DGEBA Wy &%t 8 A8 . s LA M A B b g i &
XA IR B A 5 R DGEBA YR PERE. SR,
AW BB SR R Y AT BR PR T 3 — ) AT G R
1 A BELRA 00 50 B2 R 77 22 100 2 ) 34 SR B

T4 N 1k XF A2 W) B0 SER i B T AR 1Y BE ST S
2, — AR A ) R SRR R AR 2R A B M A 22 L T
B Sy — L ORIE TR AR £
1y 2 30 I Sy BEL MR A 4 A 0 A SR g 1) ) A B 8 T T
RE (AW ABEIE. Flan Qi %5 43 5 H o7 IR
(TA) M Z R (His) 1 2y [ 4k 7] A1 42 2F 77 > [ 1k
WAL K G (ESO), ESO F1 TA 2z & (1) [ 4k 2
o FE T 0 AH R AR AN His AT L 2 b 45 g [ 1k
., ESO/TA B i 0 # A28 Y47 (H R X R Gk
YAAT R i R T

2% Uk

[1] Shibata M, Ohkita T. Fully biobased epoxy resin systems
composed of a vanillin-derived epoxy resin and renewable phe-
nolic hardeners[J].Eur Polym J,2017,92:165-173.

[ 2] Kumar S,Krishnan S.Mohanty S, et al.Synthesis and charac-
terization of petroleum and biobased epoxy resins:a review
[I].Polym Int,2018,67(7):815-839.

[ 3] Huang Y,Wong C,Zheng J,et al.Bisphenol a (BPA) in Chi-
na:a review of sources, environmental levels, and potential
human health impacts[ ] ].Environ Int,2012,42:91-99.

[4] Valentino R,D’Esposito V,Ariemma F, et al. Bisphenol a en-
vironmental exposure and the detrimental effects on human
meta-bolic health:is it necessary to revise the risk assessment
in vulnerable population? [JJ].] Endocrinol Inves, 2016, 39
(3):259-263.

[ 5] Corrales J,Kristofco L. A,Steele W B, et al.Global assessment
of bisphenol a in the environment: review and analysis of its
occurrence and bioaccumulation[ ] . Dose-Response, 2015, 13
(3):15593258-15598308.

[ 6] Das G.Karak N, Vegetable oil-based flameretardant epoxy/
clay nanocomposites[ J ]. Polym Degrad Stab, 2009, 94 (11):
1948-1954.

[ 7] Jin F L,Park S J.Thermomechanical behavior of epoxy resins
modified with epoxidized vegetable oils[ J].Polym Int, 2008,
57(4) :577-583.

[ 8] Malutan T,Nicu R,Popa V 1.Lignin modification by epoxida-
tion[ ] ]. BioResources,2008,3:1371-13767.

[9] Atta A M, Mansour R, Abdou M I, et al. Epoxy resins from

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

rosin acids: synthesis and characterization [ J ]. Polym Adv
Technol,2004,15(9) :514-522.

Benyahya S, Aouf C, Caillol S, et al. Functionalized green tea
tannins as phenolic prepolymers for bio-based epoxy resins
[J].Ind Crops Prod,2014,53:296-307.

Kanehashi S, Yokoyama K, Masuda R, et al. Preparation and
characterization of cardanol-based epoxy resin for coating at
room temperature curing[ J].J Appl Polym Sci,2013,130(4) ;
2468-2478.

Ma S. Liu X, Jiang Y. et al.Bio-based epoxy resin from ita-
conic acid and its thermosets cured with anhydride and com-
onomers[ J].Green Chem,2013,15(1) :245-254.

Vahabi H,Saeb M R,Formela K, et al.Flame retardant epox-
y/halloysite nanotubes nanocomposite coatings: exploring
low-concentration threshold for flammability compared to ex-
pandable graphite as superior fire retardant [ ] ]. Prog Org
Coat,2018,119:8-14.

Vahabi H,Jouyandeh M,Cochez M, et al.Short-lasting fire in
partially and completely cured epoxy coatings containing ex-
pandable graphite and halloysite nanotube additives[ ] ].Prog
Org Coat,2018,123:160-167.

Rakotomalala M, Wagner S, Doring M, Recent developments
in halogen free flame retardants for epoxy resins for electrical
and electronic applications [ J ]. Materials, 2010, 3 (8) : 4300-
4327.

Perret B, Schartel B, StoBK, et al. Novel DOPO-based flame
retardants in high-performance carbon fibre epoxy composites
for aviation[J].Eur Polym J,2011,47(5):1081-1089.

Wang X.Hu Y.Song L,et al.Flame retardancy and thermal
degradation mechanism of epoxy resin composites based on a
dopo substituted organophosphorus oligomer [ J ]. Polymer,
2010,51:2435-2445.

Meénard R, Negrell C, Ferry L, et al. Synthesis of biobasedp-
hos-phorus-containing flame retardants for epoxy thermosets
comparison of additive and reactive approaches[ J].Polym De-
grad Stab,2015,120.:300-312.

Costes L, Laoutid F, Brohez S, et al.Bio-based flame retard-
ants:when nature meets fire protection[ ] ]. Mater Sci Eng: R
Rep,2017,117:1-25.

Ménard R, Negrell C,Fache M, et al. From a bio-based phos-
phorus-containing epoxy monomer to fully bio-based flame-
retardant thermosets [ J ]. RSC Adv, 2015, 5 (87): 70856-
70867.

Mauldin T C,Zammarano M,Gilman J] W,et al.Synthesis and
characterization of isosorbide-based polyphosphonates as
biobased flame-retardants [ ] ]. Polym Chem, 2014, 5 (17):
5139-5146.

Marosi G, Szolnoki B, Bocz K, et al. Fire-retardant recyclable
and biobased polymer composites, novel fire retardant poly-
mers and composite materials[ M ].Elsevier,2017:117-146.
Liang S,Neisius N M, Gaan S.Recent developments in flame
retardant polymeric coatings [ ] ]. Prog Org Coat, 2013, 76
(11):1642-1665.

(T#% 55 )





