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Abstract: By using polarized optical microscopy, differential scanning calorimetry, scanning electron microscopy and impact
strength measurements, the effects of liquid crystalline on the morphologies, thermal properties and mechanical properties of the
composite resins were studied. It was found that the synthesized 4 ,4-diglycidyloxybiphenyl ( BP) and sulfanilamide (SAA) were
used to generate novel liquid crystalline (LC) epoxy resins notably. The results revealed that the curing of the cardanol-furfural
resins was accelerated and the thermal properties were considerably improved by adding the LC epoxy resins. When the addition of
BP-SAA was 50%, the glass transition temperature increased from 60.4 °C to 70.2 °C, and the thermal decomposition
temperature increased from 300.3 °C to 377.4 °C, respectively. When the addition of BP-SAA was 30%, the impact strength of
the modified resins was 15 kJ/m* and about three-fold higher than that of the unmodified counterpart.

Key word : bio-based ; cardanol-furfural resin;liquid crystalline epoxy resins ;impact strength

SR g3 SR I T ) = W B 5 ) SR 8008, R IR MR e 2 P A, S R A e B 14 A= W) 2
WAL A R A B R ) (30 b 5 AN AR R | 5 22 ol B R 0 vl A= UM SR R T AR 4
PRIBFE R, FER 2058 Je Tl AR 7= B2 B 7 7 iz e, R RN 25 15, B W18 g A 46 10
SR MR 8 3 AR I S R 13- 0 - TP TSRS i , i 2 1 3% 0 o, 4 A ) 25 i
AE N 3R SRR A ) A M B R O BRI R PR AR I T R AR T T U N A
RS i AT PP AR AT 1) T AR I 4 M BN AGUE o PRI SR - P A i R - P AR IR R
SRS LB RE PR M R A 27 it P TSR - W S g R AR LA 1 2 A S Pk g (L Bl
IS 722 3 WE IR 22E e Ak, Ay 40 ot PSR g A [ et e ™ A B K 3 AR R TE 22 FLAG A, 6 SR TR

5 B #5.2018-01-10

E LB : h Rt ERHIE B B S AR 55 9% % 35095 4 (K-JBYWF-2016-T18 , K-JBYWF-2017-T17)

EE A kIR (1990— ), 5B, INAFT A, ByB TR, A5+, 35 28 A58 B A= ) 3L 41 K} B9 9F 55 ; E-mail ; kaiqiang. zhang @
foxmail.com

« BUWER B 2, UP5T 0L, BT YREHTRT LR B4R AR iU W 5T ; E-mail ; 15822982856@ 163.com,



42 Mook % 5 Tk %538 3%

SRETAERIBR M BRECE " L W (LC) PR AR LC HE0id i BR 4 fh S i AR R S AL 5 1, 13
i S B0 7 R ARSI AT e A5 A8 e R b AR 2 18 I R RO SR A5 48 RS T LC AR A
W28 SR A5 BT H AR e ) T PR AU i S 4 A BRSSP A S I 5 1) g 2P BE , L LC 3RS
N HA WIPERE I RES 15 380k, AN 22 R B3 AL I8 TR B RS RO AR 277 SRS TR o PO 7 e e 26
P& IR, WIPESS A AR 70 B 3R A SR 5 05 I AL & W SR, nTIE A LC 45 F JF £
FAEZETR M2 T4 s Ak i DL PE BE L M R AR P ARG R DS B R AL & )
R I — /K Ik (BP) S50 SR S S (SAA ) FEIR T i M SR - P g £ B O ' S 1k
i 2R T A A P AT A AT R B L R T A P RE ISR 80ty B A0 I X [ SR 1 - M T
PEFAAGSE TE L 2 PERE A RZ R, LUISRATPEREDIL R B0 A ) SR R TR AR A

1 ARSIk

1.1 ERIEES

B SR B MR B ( CFR) |, 3% 1 A 7 BR 2 ) 5 % 42 3k 2K 4 KL (SAA )  BX K 1y, 55 [ Hybrid
Plastics A ), W= H AR ER SR ILEN, REERHS B2 AR R A B, DU ki A ST e
PR, KA UL THRARA PR A A,

DSC 200 Z=E/R A4 B #UY , DSC/DTA-TG .STA 409 PC Luxx #AHE /1Y, 7 E NETZSCH 2wl ; fi B
AR LT AP TEAY , 52 [ Thermo Fisher Scientific 23 & ; DM4500P 't 2 #345% ( 7% A Linkam LTS-350 7l
A TMS-94 IR EREHIZS) 2 E LEICA 23] ; XJLD-50 whfi o BRI L, AR AT 4 d A A g8 A BR 2
A 3 XL30 S48 f - e, o7 2% FEIL A A]

1.2 BXEZE 45k Himlt (BP) &K

B ) (20 g,0.11 mol) 5k = I L8 1L 4% (0.786 g, 0.003 mol ) , A4 5 4 K¢ (180 mL,
2.20 mol) HIRJF A 250 mL [BE L, AU FE T IR 0 1 h, K 8.40 ¢ NaOH # T 50 mL
IKBECAR 15% 1% NaOH i I R R, 2 b i insese, #iE TP RN 2 h, SR J5 2008k 28 1R B 2=
R E R, PR BRI 3 WK, g, T, A58 o A = B O BRI 4R K
H ik (BP) .

1.3 RBIFEWEEEER B - BRI H &

% n(SAA) :n(BP) N 0.35 : IFRHL—E 1) SAA FI BP ¥ i T VU &0k I/ P9 B A9 TR A v 0, TE R
BP-SAA IR GAW . F— 2 i BP-SAA JIN AR 3 -BRIER B, 43 ) ol 5 B 259% AR Big-— H RIR G i
W (25% AW BEIIRYITE R R A BT it 70 40) o Hirb > BP-SAA HEE o BP—SAA /[ SR 13 - 12 A

BALTRY & 1Y 0.10% . 30% F1 509% B (A% g - — H 2R TR & W W 43 il A ic & BP-SAA-0, BP-SAA-10,
BP-SAA-3071 BP-SAA-50,

PR A WIAE 40 CNF 10 h, 2R 5 AR SR 80 mm X 10 mm X 4 mm B EL | 75 BLZS BEAS FP AR IR

1E 80,120 .180 °C 4 im#k 4 h, 15 2 e AR BE 1Y AL RE 4%

1.4 ERENER

1.4.1 209PE3E (FT-IR) 247 R B AR B LT S, LLVRALSR R -, 43 50%F BP  BP-SAA-30 (K
B4k ) B BP-SAA-30( [E1k ) FUFE AL AN GRS 43 Hr , DA 3 B A 500 ~4000 em ™'

142 E27HFHFZH(DSC) 24 3% BP-SAA-0 . BP-SAA-10 BP-SAA-30 . BP-SAA-50 Bt 44 g fie
DSC 4347, T 5E B B AL A AR TR . TR VI 0~250 °C , A AP, FHEEE 10 °C/min,

1.43 #EF(TGA) 24 RS H%F BP-SAA-0 BP-SAA-10 BP-SAA-30 . BP-SAA-50 i 4
PRSI BE A BT, IR BE T ] 30~ 500 °C , BAAEY, FHEFEE 10 °C/min,

1.4.4 R SMEB(POM) 54T KRR BB BLAS Linkam LTS-350 B G IR 5 Fl TMS-94 iR
JEPE R ARSI AR RIR T BP (W A 454, BP-SAA ([E14k) 5 BP-SAA-30( [E1b) I AIESS
145 AsxigenX  HhrE ASTM—D256, 2% H tii i LB AL 22 BP-SAA-0, BP-SAA-10 ,BP-SAA-30
S BP-SAA-50 [EfLAE S B o B . BN CRE I & 10 AR5 SROFIME A5 Bl vp o B



5 4 1) TREIUSR , 25 - YRR B SAURS i T A 40y R R 1 - BRI A IS 1 BE PO 2 ) 43

1.4.6 15w AT (SEM) o7 K s i B2 58 Y il DB T 4 A0 B, SR XIL30 4% H B2 0 o o DB
[pIZ
2 ZER5HT
2.1 ZI5MkiES R

1 J& BP .BP-SAA-30( A [E4k) Fll BP-SAA-30( [E4k) BIZLAMEE . WE 7,915 F1 1500 cm™ 4k
[R5y A 8 T BP 2544 v BRI AR IR B iR shildg , 6B BP & R0 1, 3300 1 1085 em™' &b Y43
S SR My AP R A P 1 R R N 5 R M % 1 —C—O— 1 i 4 PR s g ) it Ah, 2945 ~ 2900 em ™' 2
(1) P 0 Ay HEE SR 1y A A i v () —CHL, 08, 7E BP-SAA-30 ([ 4k ) A B 2L T v v il [ 4k JS 915
1085 em ™' Ab IR L 2878 2K, 3300 em ™ Ab (1 FE 04 B 35 A8 55 , SR B BP HP A 3R SR R AT 48 5 T 2R 1 -
BERE R I 00 35 B 0 A2 RS IR 45 4 . 1695 T 3400 em ™" W64 1) Ky Ik i 435 50 h—C =0 Y 1 45 9% 1 %
Wi FI—NH— i 4 PR sl g ) | 26 B3R 48 A1 5 R S8 0 A ) BP-SAA 454, 2T AN 4 SR
BP SAA 5 EIRE - IR SLR , 2= E LS, BP 5 SAA B eSS B4k scEk, H BP 5 SAA figAdhl
BP-SAA %5#4
22 RABRESW

BB A FE I R A e 4 4 mT LACGE R AR A PERE . R 22 R F3 R HVL(DSC) R i 6t fk
SRR THAR RIS AR R BP B9 SR AHGE R, DL 2 FA] 3,

2.0r
b — 1.5F
%0
g
@ 1.0r
¢ £
0.5
L 1 1 1 0.0 1 1 1 1 ]
4000 3000 2000 1000 40 80 120 160 200 240
W E/em™! L/ C
a. BP; b. BP-SAA; c¢. BP-SAA([#{L cured)
1 O5MEE 2 BPH)DSCiEHE
Fig. 1 FT-IR spectra of samples Fig. 2 DSC curve of BP
a b c d
50 pm 50 pm 50 pm 50 pm
e f g h
50 pm 50 pm 50 pm 50 pm

JH# heating: a. 30 °C; b. 156 C; ¢. 160 °C ; d. 180 °C
[ cooling: e. 160 °C; f. 156 °C; g. 150 °C ; h. 30 °C
3 FE&BiEESH BP HWREXEMERAE
Fig. 3 Polarizing microscope images of BP upon heating and cooling process

FIET 2 AT, A A BP FUA — M, ELIE AR BE S 156 °C 35X 5 Shen S HBFIELE A — 2,



44 oy otk o2 5 Tk o 38 #

Bl 3 TR AR o BP AR BB IR, R AR T R R b R S AR T ORI T S . SAA
R EA 4 A E R BRI A PIROR RIS A 2 . B T ORI AR R AR , R B A
MRS EA TS ROV I T K BP 5 SAA St
1RSSR AW SRSt . & 2 i DSC 1 &
Ja kKL IRE R EAE 180 C, MK 4(a) W LUE
tH, BP-SAA AT DLW % 3 B & 0 0% ) 8T S B 42
X I 5 IR RS 2 (B RO, 02 T A dn A s0um s0pm
E"J%%B%%#F,MWTEL# BP W 2R 2544 B A& B n) ,ﬁ a. BP-SAA; b. BP-SAA-30
HABAWAHEAN BP BA TIRAIES, Kk, SAA B4 HHELEHRELEMERA
HARHE BP S s g ERY . )5 /b & Fig. 4 POM images of cured BP-SAAand BP-SAA-30
BP SAA 555 B AR B TR, L2 [ A6 1) 20 A4 IR BP-SAA-30 2 A KSR HLA WAL 4540, anfel 4
(b) 7R & BACSS R BP-SAA B S AHES T HESR 1 -RER i HA 30% , 5 R A A AT £
FOF o T Ak
2.3 HEBESR

FIFH DSC FI TGA 5T W i A U A s o 2 SR T - e 2 A i ) FAPE B, ) 5 B . SR W b 1Y
KEEZE RIS AR5 22 6] A4 G O LIS 1205 (B0 T 0, DT 5 2R I ) B B A R A8 B2 ( T )
BEAR T LA BP-SAA-O FEAL Y T, HAT 60.4 C, 5 BP-SAA-O FEAMATILL  Bfi# BP-SAA Uit (kg fin, BP-
SAA-10 5 BP-SAA-30 FEAR A T, 7350 TH iR 2 62.2 5 65.5 °C, X ih T Ar FH REAB BHL L [ fL Mg v A i
ol MAh WA 5 5 2 e A 0 R T MR AR S N, SN T S R B — 2D BRI Y A
g, X BP-SAA-50 #fdh, T, HREEATHINE] 70.2 C .

TGA T RAEM AR B AL AR e Ve, H TR EA T A RS 1 | LR 1y M AR O 1 Jo 400 2R
5% B IO H IR (Ty) ZE0 TSR - AR OF AR B4 R — s ik, 7, 78
300 °C /A7, Bl#E BP-SAA =38 /I, BP-SAA-10 , BP-SAA-30 1 BP-SAA-50 ¥£&h i T, 43 51T+ &
341.6.363.5 fi1377.4 °C , P Fa e B Wit m . R, BP-SAA TS AH 2546 e 15 Bio R A i 110 B B AL 5 A 1R
JFE RO IR R Lo AR M e R e

a b

1201
a 4 b
~ _— 100
~ _— Eay
2 &R 60
~. _— Iej
B 40
1
20
1 | | | ] 0 | | |
40 60 80 100 120 200 300 400 500
i/ C R/ C

1. BP-SAA-0; 2. BP-SAA-10; 3. BP-SAA-30; 4. BP-SAA-50
5 BP-SAA HIDSC(a)5 TGA(b) HiZE
Fig. 5 The DSC(a) and TGA (b) of composite resinsof BP-SAA

2.4 rpasEER

RUPER AR (BP-SAA-0) B st B2 4.5 kJ/m*, Bifi BP-SAA HYMIA, BP-SAA-10 fY it i B2
10.5 kJ/m®, & & B A5 9 ol o 58 B2 723 7 51 5 24 A 30% 1 BP-SAA B, & A& A5 1 ol o 3 B 29 0
BP-SAA-OfY 3 4%, 15 F| 15 kJ/m” ; 24 JHHEHHE N E] 509% i, whdi i B RN 14 kJ/m?  AT5E 5 TR 2 ootk
(IR . Punchaipetch 25> FRFFE 45 S 20 . Bt 25 Y0 ity A S8R RO A B RS i 194 v o 3 3 3 34



5 4 1) TREIUSR , 25 - YRR B SAURS i T A 40y R R 1 - BRI A IS 1 BE PO 2 ) 45

15, IS B I R (5 B VR PR SR B O R 2 1, b o 5 88 S T 2 Tl /N | 35 AR S AT 5 4 SR
—3,

o R WA ) SEM BE A DL 6, oot ok 28 it A B R B 2 e N TRl g W S T, X T
BP-SAA-OFEMEIRAE R UL, FH T4 A —  Wr L 5 -, OF B3R 280 i 3, BB Mtk e, *f
T BP-SAA-10 il L0 1R 3, (3 (R R U6 24 T 43 4R L BT . BP-SAA-30 il BP-SAA-50 1A
IR F R 8= TR e A, B B S 0 30 P W SRR AE . 480 1 in 4 45 2 T RE A IO 2 1Y
b e, BIERG R A2 s R

a b c d

a. BP-SAA-0; b. BP-SAA-10; c. BP-SAA-30; d. BP-SAA-50
6 BP-SAA i HiZRE SEM E
Fig. 6 Impact surfaces of the composite resins of BP-SAA

X5 BP-SAA B B R 3 -BRIEE B i | 45 o) S5 P 0 T 0 A o e o B 5 SR AR 42, 2 IO RS
TESPER NG . TERLIAEHITE , 80 e 4% il [RIME R AR SN & A U5 B B 5 10 ki o i TG A
5 PSR I MR B A 1 A ) R A 5 SRR AR AL TR 7 A I T SR i AT B R VR A, TR R
THEREUA R T A8 v o 2 B S BT BRI, 1 0 5 23 B 1k BP-SAA T AT AT S L g 4R R ), 2R
[ S THFE R B RE B R BIRERIACR

3 45

3.1 H IR i 4K H I EE (BP) | I ' i R A TR TR AR R Y A AR, 2
T BP ARG AEAT WAL, B EIERE LN (SAA) 5 BP HRAF 2] BP-SAA R, =il E ik T
A B SR AS SR X TR S IR IR Z ] A R, (2 0E T BP RIPEBER S5 F 14 F & B, A5 R
BAB AN BP BA TRSIES,

3.2 ¥4 BP SAA 5L i U TRAS B ot A 4 S R B A, 45 SRR A R AR
Bl BP-SAA F I A AR TN SR M- B R i 520, S bR B A AT 23 DR B8 T A BT 2244 s Bt % BP-
SAA Vi EHFREM IS B, B EAL L AR Il 60.4 C BN E] 70.2 °C, A3 e i 300.3 °C 1 i 3
377.4 °C ;24 BP-SAA (RN 30% 5, s s Bk 15 kI/m?, 0 R B AR (4.5 kI/m*) B9 3 £,

S 3k

[1] VOIRIN C, CAILLOL S, SADAVARTE N V, et al. Functionalization of cardanol: Towards biobased polymers and additives [ J]. Polymer
Chemistry,2014,5(9) :3142-3162.

[2] WO, Bifd, X0 52, 45, IR B B30 SRR RRER X E-51/1PDA FFAUR IRt R MERRAUSZ IR [ 1], A= 4b%5 T0lk,2017,37(6) :28-34.
HUO S P,CHEN J,LIU G F,et al. Effects of cardanol-based epoxidized phosphate on the properties of E-51/IPDA epoxy resin system[ J].
Chemistry and Industry of Forest Products,2017,37(6) :28-34.

[3]FRE ek 2 5 S P SRR SR I I A SR ) R B SRAE [ 1] ™ A2 5 Tk, 2003,23(3) :61-64.

CHEN Y, LIN J H. Characterization of cardanol-aldehyde condensation polymer containing copper-nitrogen coordinated bond[ J]. Chemistry and
Industry of Forest Products,2003,23(3) :61-64.

(4140, FLIRE, PRl , 45, BRI B BE PR M IR 1A A RAE L) ] Mo ke 5 Tl 2012,32(6) 41-46.

HUO S P,KONG Z W,CHEN J, et al. Synthesis and characterization of cardanolnovolac epoxy resin[ J]. Chemistry and Industry of Forest
Products,2012,32(6) :41-46.
[5]CARDONA F,KIN-TAK A L,FEDRIGO J. Novel phenolic resins with improved mechanical and toughness properties[ J]. Journal of Applied



46 Mook % 5 Tk %538 3%

Polymer Science,2012,123(4) ;2131-2139.

[6] WANG F,HUANG Z,LIU Y et al. Novel cardanol-containing boron-modified phenolic resin composites ; Non-isothermal curing kinetics , thermal
properties, and ablation mechanism[ J|. High Performance Polymers,2017,29(3) :279-288.

[7]MISHRA D K,MISHRA B K,LENKA S, et al. Polymers from renewable resources. VII:Thermal properties of the semi-interpenetrating polymer
networks composed of castor oil polyurethanes and cardanol-furfural resin[ J]. Polymer Engineering & Science,1996,36(8) :1047-1051.

[8] SRIVASTAVA R, SRIVASTAVA D. Preparation and thermo-mechanical characterization of novel epoxy resins using renewable resource
materials[ J]. Journal of Polymers and the Environment,2015,23(3) :283-293.

[9]MAFFEZZOLI A,CALO E,ZURLO S, et al. Cardanol based matrix biocomposites reinforced with natural fibres[ J ]. Composites Science and
Technology,2004,64(6) :839-845.

[10]AGGARWAL L K, THAPLIYAL P C,KARADE S R. Anticorrosive properties of the epoxy-cardanol resin based paints[ J]. Progress in
Organic Coatings,2007,59(1) :76-80.

[11]KATHALEWAR M, SABNIS A. Epoxy resin from cardanol as partial replacement of bisphenol-A-based epoxy for coating application[ J].
Journal of Coatings Technology and Research,2014,11(4) :601-618.

[ 12]PUNCHAIPETCH P,AMBROGI V,GIAMBERINI M, et al. Epoxy+ liquid crystalline epoxy coreacted networks.Il; Mechanical properties[ J].
Polymer,2002,43(3) :839-848.

[13]PUNCHAIPETCH P,D’SOUZA N A,BROSTOW W et al. Mechanical properties of glass fiber composites with an epoxy resin modified by a
liquid crystalline epoxy[ J]. Polymer Composites,2002,23(4) :564-573.

[14]LIU J,WANG C,CAMPBELL G A et al. Effects of liquid crystalline structure formation on the curing kinetics of an epoxy resin[ J]. Journal
of Polymer Science Part A ;Polymer Chemistry,1997,35(6) ;:1105-1124.

[15]SHEN M M,LU M G,CHEN Y L, et al. Nanocomposites based on liquid-crystalline epoxy-clay; Synthesis and morphology [ J]. Polymer
international ,2005,54(8) :1163-1168.

[16 ]JANNESARI A,GHAFFARIAN S R, MOLAEI A. The effect of curing reaction on mesophase-rich islands of segmented main chain liquid
crystalline oligoesters[ J]. Reactive and Functional Polymers,2006,66(11) ;1250-1262.

[17]LI Y,BADRINARAYANAN P,KESSLER M R. Liquid crystalline epoxy resin based on biphenyl mesogen; Thermal characterization[ J].
Polymer,2013,54(12) :3017-3025.

[18]SWAIN S K,SAHOO S, MOHAPATRA D K, et al. Polymers from renewable resources. V:Synthesis and characterization of thermoselting
resins derived from cashew nut shell liquid ( CNSL) -furfural-substituted aromatic compounds[ J]. Journal of Applied Polymer Science, 1994,
54(10) :1413-1421.

[19]TANG G,YAN Z,MA L, et al. Modification of urushiol derivatives by liquid crystal epoxy resin[ J]. International Journal of Polymer Science,
2015,132809:1-8.

[20]ORTIZ C,BELENKY L,OBER C K, et al. Microdeformation of a polydomain, smectic liquid crystalline thermoset[ J]. Journal of Materials
Science ,2000,35(8) :2079-2086.



