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Research progress on the sources and properties

of bio-based benzoxazines
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(College of Materials and Textiles, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Benzoxazine resin, as a new type of thermosetting resin, has attracted great academic and

industrial attention due to its unique properties such as low shrinkage, low dielectric constant, low water

absorption and flexible molecular design. Under the background of gradual depletion of oil resources and

global warming, benzoxazine resins based on natural renewable raw materials have made much progress in

terms of raw material sources and performance improvement. This paper focused on the phenolic sources of

bio-based benzoxazine resins, summarized the research progress of bio-based benzoxazine in recent years by

categorizing the lignin decomposition of phenols, plant extracts of phenols, and biomass-derived phenols,

explored the relevant laws of structure and properties of various bio-based benzoxazines, and looked

forward to the development direction of bio-based benzoxazines in the future.

Key words: bio-based benzoxazine; phenolic sources; synthesis; property

0 35l

FIWEG AR MR LR b A R 8
TUERFEPER G . AR TAR S ER i » T A
SOG4 0 2 P B  FAVER R P T ol D i 2 5
S SR T IR R [ AL A /N T AR
AR DR A2 B [ N A R A B R
KlE. HET AEUER AR Tz M TR A=

T

it

Wk H . 2018—05—28 2% R H 3. 2018—07—02

TRIEFETE ) AR L B e e A4l
UEAEK  BEZE A1 I G IR R Wik o PR 7] 8 H 25
PR s NATIREAF A5 B RN AT R 42 K Ji () b kit SR T
TnIEYI , TR A AN A% L3k o Al 2 bRk A R
BN ARG BN S, H O A — L8 KRR A A
SRS B Tl fe A 7=, iR 2L (PLA) ¥
FARWI R IR (PHAD VBT R T — E£ I8 (PBS)
S, HRIRRER IR AR N — kR S T2

YEF TR BK B (1994 ), 55 WL N WA RIS AR 75 T B 5Y

WEEE . XA, E-mail : liuxd@zstu. edu. cn



30 iR A N S D = S

e CHARBRA RO

2019 4F 45 41 %

() AL PR B -A [R AR 73 A 23 %o LR AR AT P Ao
FER LR BT ORI RE AT 19 R 43 F T
RE SO ORI BT G A R JEOR B 5 A BRI ERE
WE g . RO REGR A R AR ERRL R I —
SR () 4 B T T TR R A v L AR P T R A
L F 222 B A A AR ) 2R IR R 1 (] B, tho X
Un ] RO AR IR X SE RS J TET A T T AR
ARIFVEGRREA JLRD SR, I JCRek Ui | 8
WX LA 3, 4- A -2H-1, 3R R ERR , th—
FE  — AR TR — 2 5T
2% Mannich 45 & T8 5 & A A 45T S TTH L
T BRI O VE R T PR AT . 2R
FFWER A N T ik A R RO R
H Aoy gk L2 5 R 7= R o Tl &
BB - 1A R A P IR T IR A £ B B A
FF A A B W IR A 201 1) SR 22— Ty Y 4R
A R T Bt B 28 38 0 X RS AT S HLE 7790 &
T A AR B R 2D FE A
AEYEFIFRER R ot R, IR SCLAAE
YL AR PR XT I AF R 25 Tl G B A= 1 2R TR
BT i — RG4S P A W SR I ER 19 0 1
SRR RRPERE R SE I, A I il A MR A R
HIE 5 S A Y R T RER R IR It S %

1 EMERFIERE

1.1 KERSBEERFEBE

AR ZR O3 fiff W3 26 46 B 2 — RIVAFAE TR LR
Hh L R I A SR I A S i A — R AT
TR LE R S . AR B3R phy = b e B Ot
T SLIE PR T 75D 368 5 Tl B AR il B AH B 3%
FEIV B BAT = 2 RS54 1 A e 1
ARAFY T ARTTE L 25%, Je tH A 15 A fx
FEMOAYY . IR, G K — R Tl kK
EESRIRZ — B4 1 MR 27 4 100~200 i
K LT FOKF- 1 10 A5 L T 40K K h AR
LR iy 20~25 g/LU PR R X K R
R AT A B TR A R A B B A
R T e B PR 45 A W B 2 BN TR 2 S R an ] 1
JI7R 6

IRolE NN (SRR L8 NN S B £ 1 3= S/ ]
B BRI B T ARSI G . Wang
AU AR A 1y SR | 22 3R P R SR o TV R U
170 "C R BN 1 ho il 7542 A= Py B2 IR gk (4] 2.
AL 7= H A 9206 [ SORF /e AR B e 1 5

H,CO H,CO

RIS TR

—COOH COOH

M R
Bl 1 ABRE MR IAE

T —F R Y EITERR (] 2, A2) IR B ATR L
BIFIREAL . IF5E R YRR AR T ER 5 1 /e
FIFREGR A IR EE R LU 1+ 2 i, BEREA T3 AR L
R, AT Wang %5038 %K B, UK IR 2 BE 4 25 A IR
WA G ) 3SR AN AT 24 M e X TR R [ AL
PEAVEH] . Wang S50 JE— 158 TR I IE R
B FEALHLEE, & BLES I 5 mol %6 %) T 25t 2 ik fig
FUF) S 08 o DR IR 11 [ T8 S5 R R ik R o {1 L [
PRI , 4R H — 1 [ AL LB K A B %o Y R iR
e AL VE

FRENAE LR R LR TEHER G, JE—
FEZEMEHER. BRTINEET FIET iR
AR, ] AR [T 28 i i 1845, sk B3 Tk A
T AL 2450 5 BRI AH LG, 2R XS - 2 —
ANEESL XK T T A T R W R R 1 B
Sini S5 LA RERE , 22 58 H R RIDRE fie 38 2o T0 v 7 ik
B AR IR IER (] 2, A3) . 1% A I W g [
b5 B e ) B B AL e AR IR R (270 OO LR Y
T 2EVERE BRI . A AL — R oSk
VR AN 1) 55 R BRUA R S 10K 5 73— 00 4 D) 2 g 56 s P 22 4R
AT LR B FtE— 28 e A T AR I 1V B IS8 Bk
It TG-Ms K HIE BH , 12 % - W8 8 75 [ 16 i B
FlN(179~240 ‘O fF —E#t CO, 3”4, Van
S DA B/ AR A 1 — o T 3 T T R 1 2
FRWER , Z AR I SE RE 5 e E— 25 . M
TR L — S A R B2k IR R R A W i B 3R
TS PR VR

B 2 1% X 7 SR 38 % AR TN M TR 254 o b2 1k
AL, Comi 25250 DL B B FR |\ %) & &R FIAR
B T8 B B IR 288 4 331 5 R e / Y R N AR O
W (] 2, Ad—A6) IF5T & B, A8 JLHE A 1 A A
ARITREGER R AR E M 22 . &) 1 [k = il
Ay T (BF 5. Et, O) i1 51 58 AR 8 4k T
J 5 R EHA & 30 1 R R AL A5 TR A 1 i) R I s L
A i B AL A R R 3 U PR T RO B B T
L AE . ML, Froimowicz 25 L 7-%8 %

H,CO

COOH

PRI



%14

R 855« M )RR TR IR A R I M REBI ST 2 31

NN
O N C17H35

O
H.CO Ly

O/\N/\LO) ;
cho\©) Ly H3C0\©/‘
CHO

Al
0N’ :
H,CO
=z =z
COOH COOH
7\
0 A4 A5
N
r
N (0}
(¢}

A7 :n=1; A8 :n=9; A9 :n=10 N

A2
0N C 0N’ :

A3

COOH

©£J©LXJ©£}©

A10 : X=—CH, ; All : X=—C(CH,),.
0

|y

K2 RECR ISR AL F RURIFIEE 745

T LR UG A B 2R IE R , 76 [ Ak i iR
SEN TR AL TR 3 2 55 T 7% 35 A TR A A8 B s i —
AP R ORI ER AR i 1) 22 6 %% B L I 25 B i AR 1Y
PF2E M. Trejomachin %55 JRfEAR K iR 5 AN ) 43
Fi(n=1,400,2000) i) & ZBEER AL IE L — ot
1y, K — e SR I 22 3R P s Il A — e Rt
WER (F 2, AT—A9), MR BTk,
AFNE 2R TR LA 0 s S TR B A1, AT 2 I B A2
FEAN K5 Y0 I TR BE (T 5o EVA B T, 4k
SR o LI A 2 A IR B 3 A KT S AR
Bt oAl o BRI . X AT 45 2 AR B T
T AR VE R 2R B IR ST SR BA — B 4

AR B 28 KOW Yy AL FRUR G R
BEALEEASIRE (T ) K 5 Y A I (T gso) ANIEL 3
Fs X FEEE 2 o ATV A2 Fi A7T— A9 (42N,
AT RE L L, oy F et h S A KR &M+
BB, [ AR S 2R I RE R 23 R 3 i 1) 2 v
REARA I () B3R A0 7 A R B, (At TR Wi FI 23R &
TR AR A PR E R MRS A R AR SR B
PRIFH R AR T CF S ISR B 28 R R e
FED . LA 2 H A4 T AS KA 3 2RI
JE , H AR 3 A7 R AR AS 52 0 A i 181 A B ) 52 B 23
FEFN Gy F- A5 NIE S R e 2 A AR T, (1
FAEE A 5280 pro LA IR IR [ WL 1 2R
T7 Bl FET RS T TR R 45 He ) IS E I, =
A4 SRR L AS AR, 25 A A5,
A6 fb22 85, T A6 45K AT 5 R iR 3L 48 XX

G XE L 2 BRIR o O S LI & AR R R
. EAR A5 5 A6 B MM T, (B M 221
KORFHETF 80 C),

400
L o o
#30 o Al A3
° Q
A9 A8 A» o
L o
© 300 @ Al0 All
3 A6
& )
250 F A7
QA5
200 - QA4
1 L 1 n 1 n 1 I 1 n 1 n 1 n J
=50 0 50 100 150 200 250 300

T)C
B3 AT RSN B XU AL F AR
BRI RE (T ) B 5 YRR (T
1.2 EYRENEERHIEE
TP I SR AR TEA Y h Bl ST AR Y A RT 7%
TR AR AT R R S U B B 3L B W, AR
1. T A RS, e TR LA s 4 R,

157731

OH AN NN CH
NN
R N .
2 NN
AN RN
TESR N CHy
H,CO, OH
HOD—/: HO’%O@O\OOH Ho~©—/:
4o OH
TR AR IR

B4 YR B 2 45



2L

L
S

32 o M Tk s

e CHARBRA RO

2019 4F 45 41 %

JE AR W 2 — b B BRI 2, LI 20 S5 (] 7 B Pl
TRLRITE AN [) (R o FE B T IO, o SR 1 32 A7 A T
ST A AR A T R AT A B — R A Y
AT - WS R L T SR 18 5O W T 2-FR L5 0 1
2 HrP SRR |5 75 %0 LA 0T R A i
%ﬁnnlﬂﬂﬁﬁﬁﬁfz%vTﬁ'ﬁ"ﬁzfﬁﬁﬁﬂxﬁﬁﬂ@o
D] M SR P2 H AT AR B AR ™ B e K B )™ 1Y
PR SE ., Calo 80V RN NE SR 5 20K 1Y
TS PR 0 TSR I 11 P ok AR - I R ([T 4,
BL) . HHF AR WEGE 73 b & A7 K a7 R
AL FAL G A IR ORIy /2R - BB ZEA XA
(A T 14k (DSC B IR B 243 °C) . BREKSL,
TSR S 2R e ) TR | B A B Ho A 5
Bl L Mg 5 e S A BN AR R O E R,
Zhang ZEUTREGE KB AL G B RS B ME B AL S 2RO
WE R A 0 25 i O R T ISR b &5 A 3K 9 g
D%, AES 3 — 2 1) PN 3 B A RS #3802 . Zhang
DS B SR B 1 O b o ) L X R AR 4,47
FETORWBE A B AR T RE R IR R W 2R 17 v, 15 2]
) 2R I W I 75 AT 7 700 St R AR i A2 3 A5 4 i
BT 2505 2 IR a5 ARG DD L AL R R IR BAT R 47
AT 2E P RE AN B TR A i R . Y AR I 11 5 |
AWAAAI AT B B IE s B =
Tk N RRAA . I K — R e A e O LA R
BTN . Patil 25090 DUJE Sy = 30 £, 3 DU B
MZ PSR oA TFIERR (B 5,B5) , B 58
FEWER SRS [R] BE R FU B 3-4 /K H v ik 8 TN 2

R

Q)ﬁ CUO /@U@ CQNwNNNwN

=W R R RE e PEAT IR R . SRR et e R
FEWEVER IR A TR A D5 Ao it R il A
T 7 70 . Ma 5000 A0 A B BELIA M i1 3 1 4
FEEGE R, R R A B — TP 22 S A B G
AIFRERAE A AL PN A A [R] A5 F REE 2R 3 24
S 388 5 TR 5 14 1 s R 5 BRI R PR BE A

BURIRLIE (65 °C) . JCHF T I3 A% b A IR el
MR . FEVR N 300 BREE IR AN I - TR B IS I U
RETE 28 T [T B 2 R EAT AR w8 B4 s 52 2 T
SCPEE  [F A — 1 R BELIA P R4 B 30200 AR
T (RS BE o ARSI . Zeng S50 1B RR T 422 4
B GEARIFNEGEA 5 o A 5 A SO0 5 A e ot
LERLGES S {EEJ@E'E?FMEEJFW%%H“E’JHE%@% IR
AL B B A 7 it B AR (3% 1, B1—B5) .
X’ﬁiuiﬂﬁjf’ﬁﬁw}iaﬁﬂé’ﬂﬁiﬂﬁgﬁ?o BT A
K O e/ BEER 5 B R IR (151 5, B6) 55 XU
A RIRREIE SR , RS IIn—E B ARk T R il 44
YIS AR, 107 1L RER R AR A BB AL 5 A8
JE (R 1.B6) ELPRHE A i s 19 AR 138 1 (83 widd),
Puchot 551 DU Wy | 7 B E RN 2 — JHie 2 2R T I

J]]l

5 A 5 D 1 B — R AR R FR A AR BT
WE(P 5.B7) . %77 ik se ik 1l ML I TR AfE LAY

ST 25 BB IR BAT B S A A AR TR (3R
1.B7) B S R o [R] it 58 230 M T T R
AT FIER AR AL AR A FlORG B2 A D05 O T
Ol i 5 [ AR R 8 22 {8 3k 126 °C, {8 T4 g fim T
RIS

k

Bl B2 ! X=—CH, ; B3 ! X=—0-; B4 : X=—S(0), BS
OCH,
o R O H,CO o—\N : N,—o OCH,

iog Neoy

R

B9

B7
00— —0
N N
/; ?\

LR/ e SR S aE S o)

/ \

B8

ey Ood>

HO OH



%14

R 855« M )RR TR IR A R I M REBI ST 2 33

R BEWMRBEIEEFAIEEE T, 30 T
BEfh Bl B2 B4 B5 B6 B7 B3 BY BIO Bl

T,/C 36 — — — 60 129 50 120 325 190

Tey/C — 373 358 285 300 373 220 300 413 —

TSR] B AT AR AR ) A U
RIRIRIE, B —FEENEH S HEE. 5
AR A L, T I A 2= 554 b i R R R
IRXHSr AT W P VAL (el A T 0 9ol 1 1) 8 ) AR O g
WA AR fL A PE . Dumas &L T F L1,
AT HE SR L Iu X PR OR I RERR (] 5, B8) , %K
FFWEREI T 7 1k e 45 2% 76 BRI B2 X (210 ~ 260
Oyt kA . MR T &b LR h T
RELAICNE AR PEAR B RE i AR T | R RN 5 A - TRVETE
BARIREE T R G AR SR T A TFRER C 64>
it FLIEAL S AR TN R T 2SI 2 BE AR AT, RE A%
fAE S . At AR 238 S S 0 AN [ L 49 3
SRRV 755 5 i N BRI IR E (160 °C) TR
LB PR T2 OR I W R AR R [ Ak I 9 AR
(] s 2 B it 5 R o P IV e 4 I B A5 8 1« 2R
WG (%) 5 IO 175 PR RAAPR o [T AUk B i vy o E PR Pk
AN 5 o (11 S5 A0 S 3 5 Tb 2 A0 R R L T (2 1
Fo FE— U 0.5 wtY) BRI I, HiBk
B AR R R 60 °C, fE bR SCHRIERE B
Dumas 04 T F il /2R B AR R S 1,4-—
RHRIRN R — W il 25 & A = AR [ oo
IFEEAIRASY (K 5,89, it EHIE L, v] 345
— ZRBNAS[R) 3 35 A e A ek B NI AS  ME AN [R] g 2R -
WERBAE . A B AY 2, I8 & Dumas 5515 5 MU
RETEW S 1, 42 F 28 N 64 1Y A 4 3R
JEmEGE (B 5, B10) . H A M im0y R e M (& 1,
B10)  iZ AR I WEEAE P AL IR BE (240 °C) Fl S 22 M
PR AR (290 O T AN B MM E, H
) S B g T e 7 U P T [ A i B AN [ 7 — 2 Y
IN AT #5484k (200~350 °C), 5 iR T & I e
WRAH LE o SHAR Jo S 7 FH AU, AL I SR I
e [ AL B T 22 S A s HOR T 3R 5 () A I I
EHAE 20 FHE B AT Re, &) TN EE R A
MAERG . AT TE— @ N, A S 2
X4 g AT = 7 A R )

REIL AT & —Fh A M BE SR i 2R IR Sk 9 R AR
T2 s Fh T ELAT ) R €8 25 A Bl kb B R 6 3R 050
BUWER . Z Tt Al Dumas 457 FHRESR
T SHRME 2 5 W O R0 Ik A Bl A SR 1 2R R

(K 5.B11), BTz EmERL s BR . EH
RS FRAE K T SO AR TER BT A LA R A
T AR SR B K PR SRR T T N T . BRI
AN T REREVE D 2R T R A A v s R T
HPh A AR IR =ik 190 °C (% 1,B1D), bl
ACHR A P 18 o X 7K it R T R AR, B E 58 4
NS
1.3 EYRTEMERHER

A=W ST A T 2SR 4R — e A Y P AN A, (H ]
AR SRR A 2 E TR A R B . i
REAT YRR, PR A Bl A R R
EpSEERY/E S Siii N

FL b UL R 2 foe A AR Rk I — AR W S AT A
153 B L BBE TR TR 5 7R B o I il 6 o 1T L T T TR = 3
TEVERY R 7 4 3R JFUR TR K A AR (A
6Ca)), WEYER 5 WLy A A H LAY 1k % 254,
Zaniga SFHOTKE B R, WU IR Y R LA BRI A 4y
115 2 g I I il % A I TR (/] 7, CL—C2) IR 4T
Feds, WFFE & B XU R S AL iR F 16 2 O Ik e
XUy A ZRTFRE G ELA T g (1Y) B B A e AR R B (5% 2,
C1—C2), X/ T R R K WU iR HH T A I I g
FE b i R & A TR A 8 B8 4 S el A5 151 Ak 38
R 280 4Rt v L v 0Ly 1 Y i A O W R 0 B A 7 A
RPN (270 °C), B fag W E MM R . Yan
DO 2T U R S F 5 | ABERR LA, Hohl &%
R - R L Pl X7 i o XS i Y T - )
A TR F5 0 BELR M RN AR M BHA B R 35 81 VO
9. AR ECk 33.5%,

K2 BEMEVEBHEEHER T, M Tey

FE Cl1 C2 C3 C4 C5
T,/C 208 270 — — —
Tey/C 300 360 — 353 321

BRI RSN » i A 75— 2 W AT LR bl —
Wiy TR I R A AR (R 6. (b)) T B s 2
— KA T AR N B RIR IR S AL G W Al A
VFZRAR A JUHAE M Sl E R WAR
DA R AR I T A FR AR 19 i ) T2 By o o R RAR 1Y
b LAY A IR © A Tl 3R AR )Tz .
Kimura 555 DUBE 7 W5 A% £ 0AE 4 26 R 0T W g
(P 7, C3) [ A H AT g 4 BB A e 70 B8 e R~T
TR PE . FE 0 A PR SHR AL 2 SR
A A5 A TS PR AR AER By I A P (Bl /K 3 2 h, B
H0.28 wt)6) o EhORIFRARRIE Vg 193 02— A 43 1



34 W BT R s MOARBEERD 2019 4F E 41 %
HOOC
HOOC
v oA —— 0
OH HO OH 0
2 L t
0
+
Et] igﬁ\/lOH HOOC
fo) +
] OH OH
() WU A5 B 2% BoA .
o)
OH N NH,
? e ”OQ/K@OH 5, _
I CAHARABEENL)

B 6 AW A A1 U Lk S A A2 5

0 o Q O
Q}i e

Cl: R=H; C2: R=CH,
HOOC

C3

(0] R
§CO)
C4 : R=H; C5 : R=COOH
7 A A A B I (L S 2

AR AR AT AR . e ERR S DR R
2 Diels-Alder R » F5 X 2 525 1 Ak A Bl (&
6(c)) . BEFN 41%5% T s s
PLTCIR L A ORI IR . 5 A R I AR
W (] 7,CA—C5) f FIE R BH AR 75 B 15 1 FF
RURRE AR L FE R S B A DT IR R A A R B IR e
PE(F2 2,CA—C5) FFR IR

2 & iF

ARSCVAAE W B By AR Ul » X AR R AR )
BERTFRERIEAT 73 FEFVF IR | [R] I FR 57 4% b A ) ik
HIFREE 73T S5 AR PERE AR 5 A B -
AIFWER 45 H R WIPE 55 R R 2 e 2k A K
FFERIR A A SR 1 KRR 2 AR AR P R T~
AE S MU RE ™ A2 520 o DRIt o 2 ey 0] ] A 0 6 1
IV R A FIRFE AT o R A W) B A I B R AT 5
i —RIr I, AR RER YR SE AR IS T B
RIEJE B FRTER 1R By A ISR A1 L 25 AR KA T
b B SRR T G 3 B S R 2 A A e« DAL T
FAR A (4 A= ) BRI IR S B T AR AR 7™ Y i
$to — 7T AR TR AT R ARBUAS AR ) B TR

SEARMBEFETT 7 3 75— 77 10 A= W) FE ISR S L g1l
OB A A R RRA A RO . MRRER O
FEAWES T A W2 A YRR R B
W o FEREAE £ il AR BN BT L SR AN RS IR R £
JUE A VIR R R IE SR 12 L A )RR
WEE A A AR AAT RN I H] .

SE 3k

[1] Nair C P R, Advances in addition-cure phenolic resins
[J]. Progress in Polymer Science,2004,29(5) ;401-498,

[2] Ishida H, Allen D J. Physical and mechanical characterization
of near-zero shrinkage polybenzoxazines[ ]J]. Journal of
Polymer Science Part B Polymer Physics, 2015, 34(6) ;
1019-1030.

[3] Ishida H, Rodriguez Y. Curing kinetics of a new
benzoxazine-based phenolic resin by differential scanning
calorimetry[ J]. Polymer,1995,36(16):3151-3158.

[4] Hong Y L, Ishida H. Improved thermal stability of
polybenzoxazines by transition metals[]J]. Polymer
Degradation & Stability,2006,91(4) :805-815.

(5] Z=ittds, fh R4, Ak A o 4500 AR R T 2 i AR O - s
R ORE I LT ] A4, 2017, 38(8) : 31-36.

(6 s, X ) FH  JBUTL. /55 P BB AR T R 6 52 5 AR B
F5[J ]38k Tk, 2009, 37(3) : 78-81.

[7] Xiang H, Ling H, Wang J, et al. A novel high
performance RTM resin based on benzoxazine[]].
Polymer Composites,2010,26(5) :563-571.

[8] Rimdusit S, Ishida H. Development of new class of
electronic packaging materials based on ternary systems
of benzoxazine, epoxy, and phenolic resins[ ]J]. Polymer,
2000,41(22) :7941-7949.

(9] HuE.2016 AL EEAM B L PP F LI AE Y TR0,
2016,32(6):711-714.

[10] Methot J C, Cholette A. Effect of polymerizing diacetylene



%14

R 855« M )RR TR IR A R I M REBI ST 2 35

groups on the lowering of polymerization temperature of

benzoxazine groups in the highly thermally stable, main-

chain-type  polybenzoxazines[J].  Macromolecules.,
2009,42(14) :5121-5127.

[11] Ghosh N N, Kiskan B, Yagci Y. Polybenzoxazines-
New high performance thermosetting resins: Synthesis
and properties| J |. Progress in Polymer Science, 2007,
32(11) :1344-1391.

[12] Agag T, LinJ, Ishida H. A new synthetic approach for
difficult benzoxazines: Preparation and polymerization of
4, 4 ’-diaminodiphenyl sulfone-based benzoxazine
monomer| ] |. Polymer,2009,50(25) :5940-5944.

[13] Ishida H. Process for preparation of benzoxazine compounds
in solventless systems; US, 5,543,516 P].1996-8-6.

(14] FEARMG 2w 0, 4- i v, 5. P e 401 At T i Ak — 461k
A A R BE R BE ST LT ] 2 T4, 2004, 18 (3)
214-218.

[15] KR, Ear, AR » 55 AR T 2 A R e il Ak i T 53
PEEL AR, 2017, 31(5) - 112-116.

(167 # /R R IR E i 40 Tl 09 e 45 B v e By i IR LT LB
e E N ,2015(6) :152-156.

(171 I AR. i AR /K AR B3R i SR I L) 138 7 R
W CASRBIERD . 2012,39(1) :44-46.

(18] B E A, 5k 2200, XN G AR B A B 2 M A R
(11 &R AL T,2005,32(10) : 11-14.

[19] Wang C F, Sun J Q, Liu X D, et al. Synthesis and
copolymerization of fully bio-based benzoxazines from
guaiacol, furfurylamine and stearylamine [ J |. Green
Chemistry,2012,14(10) : 2799-2806.

[20] Wang C F, Zhao C H, Sun J Q, et al. Synthesis and
thermal properties of a bio-based polybenzoxazine with
curing promoter[ J . Journal of Polymer Science Part A
Polymer Chemistry,2013,51(9) :2016-2023.

[21] Sini N K, Bijwe J, Varma I K. Renewable benzoxazine
monomer from Vanillin: Synthesis, characterization,
and studies on curing behavior[ ] ]. Journal of Polymer
Science Part A Polymer Chemistry,2014,52(1).7-11.

[22] Van A, Chiou K, Ishida H. Use of renewable resource
vanillin for the preparation of benzoxazine resin and
reactive monomeric surfactant containing oxazine ring
[J]. Polymer,2014,55(6) ; 1443-1451.

[23] Comi M, Lligadas G, Ronda J C, et al. Renewable
benzoxazine monomers from “lignin-like” naturally
occurring phenolic derivatives[ ] |. Journal of Polymer
Science Part A Polymer Chemistry, 2013, 51 (22):
4894-4903.

[24] Froimowicz P R. Arza C, Han L., et al. Smart,

sustainable, and ecofriendly chemical design of fully

bio-based thermally stable thermosets based on
benzoxazine chemistry[ ] ]. Chemsuschem, 2016,9(15) :
1921-1928.

[25] Trejomachin A, Verge P, Puchot L, et al. Phloretic
acid as an alternative to the phenolation of aliphatic
hydroxyls for the elaboration of polybenzoxazine[ ] ].
Green Chemistry,2017,19(21) :28-35.

[26] Xu M, Huang Q, Chen Q, et al. Synthesis and
characterization of octadecylamine grafted multi-walled
carbon nanotubes[ ] ]. Chemical Physics Letters, 2003,
375(5-6) :598-604.

(27 ARGEE AT 52 kIR AR, 55 R & Rt R 3L MR 1
FEL ] o F 2412, 1998, 1(4) :454-458.

(28] Jr4kits , Jy (872 TR M R ~ORH B A HIL I A BB 4R LT .
Pk A4, 1993, 9(5) :630-634.

[29] Yamauchi Y, Oshima R, Ju K. Configuration of the
olefinic bonds in the heteroolefinic side-chains of
japanese lacquer urushiol: Separation and identification
of components of dimethylurushiol by means of
reductive ozonolysis and high-performance liquid
chromatography[ J ]. Journal of Chromatography A,
1982,243(1) . 71-84.

[30] Kumanotani J. Urushi (Oriental Lacquer): A Natural
Aesthetic Durable and Future-Promising Coating[ M ].
Butterworths: Digestive Physiology and Nutrition of
the Ruminant,1995.163-195.

[31] Calo E, Maffezzoli A, Mele G, et al. Synthesis of a
novel cardanol-based benzoxazine monomer and
environmentally sustainable production of polymers and
bio-composites[ J ]. Green Chemistry, 2007, 9 (7);
754-759.

[32] Rao B S, Palanisamy A. Synthesis of bio based low
temperature curable liquid epoxy, benzoxazine monomer
system from cardanol: Thermal and viscoelastic
properties| ] |. European Polymer Journal, 2013,49(8) :
2365-2376.

[33] Xu G, Shi T, Liu J, et al. Preparation of a liquid
benzoxazine based on cardanol and the thermal stability
of its graphene oxide composites[ ] ]. Journal of Applied
Polymer Science,2014,131(11):1732-1742.

[34] Zhang C, Zhang Y, Zhou Q, et al. Processability and
mechanical properties of bis-benzoxazine modified by
the cardanol-based aromatic diamine benzoxazine[ ] ].
Journal of Polymer Engineering,2014,34(6) :561-568.

[35] Lochab B, Varma 1, Bijwe J. Cardanol-based bis-
benzoxazines: Effect of structure on thermal behaviour
[J]. Journal of Thermal Analysis & Calorimetry,
2012,107(2) :661-668.



36 iR A N S D = S

e CHARBRA RO

2019 4F 45 41 %

[36] Vasapollo G, Pio I, Mele G, et al. Solvent free
synthesis of novel mono- and bis-benzoxazines from
cashew nut shell liquid components [ J |. Current
Organic Chemistry,2012,16(21):113-121.

[37] Zhang C, Zhang Y, Zhou Q, et al. Processability and
mechanical properties of bisbenzoxazine modified by the
cardanol-based aromatic diamine benzoxazine [ ] ].
Journal of Polymer Engineering,2014,34(6) :561-568.

[38] Zhang L, Yang Y, Chen Y, et al. Cardanol-capped
main-chain benzoxazine oligomers for resin transfer
molding [ ] ]. European Polymer Journal, 2017 (4);
140-149.

[39] Patil D M, Phalak G A, Mhaske S T. Synthesis and
characterization of bio-based benzoxazine oligomer from
cardanol for corrosion resistance application[ ] |. Journal
of Coatings Technology &. Research,2017(3):1-14.

[40] Ma H X, Xu Z B, Qiu] J, et al. Synthesis of artificial
urushi via ring-opening reaction of benzoxazine with
renewable cardanol[ ] ]. Polymer,2017(6) ;:34-42.

[41] Zeng M, Pang T, Chen J, et al. Facile preparation of
the novel castor oil-based benzoxazine-urethane
copolymer with improved high-frequency dielectric
properties| ] |. Journal of Materials Science Materials in
Electronics,2018(5) ; 1-10.

(42] E¥7F, B2, 200, 55 EAR M B R RS A 2y
AW S A R A AN REATT ST LT L W v T
K224, 2016,35(1) :29-34.

[43] Puchot L, Verge P, Fouquet T, et al. Breaking the
symmetry of dibenzoxazines: a paradigm to tailor the
design of bio-based thermosets[ J]. Green Chemistry,
2016,18(11):3346-3353.

[44 ] Dumas L, Bonnaud L, Olivier M, et al. Bio-based high
performance thermosets: Stabilization and reinforcement of

eugenol-based benzoxazine networks with BMI and

CNT[J]. European Polymer Journal, 2015, 6 (7):
494-502.

[45] Dumas L, Bonnaud L, Olivier M, et al. Eugenol-based
benzoxazine: From straight synthesis to taming of the
network properties[ ] ]. Journal of Materials Chemistry
A,2015,3(11):6012-6018.

[46] Dumas L, Bonnaud L, Olivier M, et al. Chavicol
benzoxazine: Ultrahigh Tg biobased thermoset with
tunable extended network [ J]. European Polymer
Journal,2016,8(1) :337-346.

[47 ] Dumas L, Bonnaud L, Olivier M, et al. Arbutin-based
benzoxazine: En route to an intrinsic water soluble
biobased resin [ J ]. Green Chemistry, 2016, 4 (8):
311-319.

(48] SEMRA M . 25 W A= W) ST A& URT BEIRAL 2 i £ Tk
PIRTRL) ] AL = HE )R . 2012, 24(5) : 801-809.

[497] Zaniga C, M S, G, et al

Polybenzoxazines from renewable diphenolic acid[ ] ].

Larrechi Lligadas
Journal of Polymer Science Part A Polymer Chemistry,
2011,49(5):1219-1227.

[50] Yan H, Li N, Cheng J, et al. Fabrication of flame
retardant benzoxazine semi-biocomposites reinforced by
ramie fabrics with bio-based flame retardant coating
[J7]. Polymer Composites,2017,52(11) :778-786.

[51] Kimura H, Matsumoto A, Sugito H, et al. New
thermosetting resin from poly ( p-vinylphenol) based
benzoxazine and epoxy resin[ J]. Journal of Applied
Polymer Science, 2001,79(3) :555-565.

[52] LiS, Zou T, Liu X, et al. Synthesis and characterization
of benzoxazine monomers from rosin and their thermal
polymerization[ ] ]. Designed Monomers & Polymers,
2014,17(1) :40-46.

(REHE: FER)



