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Synthesis of biphenyl liquid crystal epoxy by precipitation reaction and
prepar ation of its strengthening and toughening system

ZHANG Xinchao, WANG Xiaomu, MA Jiahao, ZHANG Junying’, CHENG Jue’
( Key Laboratory of Carbon Fiber and Functional Polymers, Ministry of Education, Beijing University of Chemical
Technology, Beijing 100029, Beijing, China )

Abstract: 4,4'-Dihydroxybiphenyl diglycidyl ether (DGEBP) was prepared by one-step precipitation
reaction of 4,4'-biphenol and epichlorohydrin and characterized by FTIR, NMR, polarizing microscope
(POM) and XRD. Six types of 3D crosdinking networks cured products were then synthesized from DGEBP
cured by 4,4'-diamino-diphenylmethane, 4,4'-diamino-diphenylsulfoxide, methylhexahydrophthalic anhydride,
polyether amine (D230, D400) and dicyandiamide, respectively. A multi-component modified system
(P.-A-H) was aso fabricated via modification of bisphenol A epoxy resin (A)/polyphenol oxygen resin (H)
binary blending resin system by DGEBP (P), of which x represented the content of P (based on the mass of A,
the same below), and its POM and mechanical properties were further tested. The results showed that the
prepared DGEBP displayed an epoxy value of 0.635 mol/100 g and crystalinity of 91%, respectively.
Though it did not show liquid crystal behavior itself, DGEBP exhibited liquid crystal behavior in the cured
system with appearance of liquid crystal domains. The cured product had good thermal properties. As the
DGEBP content increased, the glass transition temperature and tensile fracture energy of the cured product
increased, while the energy storage modulus and impact strength increased first and then decreased.
Specifically, the tensile strength of P;-A-H was 87.39 MPa, and the tensile fracture energy and impact
strength of Ps-A-H were 2.17 J.g and 16.67 kJm?, which were 24.7% and 20.8% higher than those of
Po-A-H, respectively. Moreover, the toughness of Ps-A-H was obviously improved.
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A (MHHPA), AR, K BUE AR A IRA
Al 44-" 8 TR 5t (DDM ), 4,4 kTR
il (DDS), AR, #if%& Ligfbal Tolk & A R
Ay AR (DICY ), AR, FEEZSAT AR
o5l WU A FREME ( DGEBA ), AR, #1Fg & FH
AL T A5 PKHH, AR, EEBGIRILYI A
PR HER] (PN-23), AR, HZARBRZ ZfkX okt
EETK, Al

Alpha FTIR 7 féf B A8 421 AR5 3% 42 Advance
400 MHz GRS, 72E Bruker ~H]; Q20
LRI (DSC). Q500 HE4rH7{L . Q800
BIAPHL 2 HTL (DMA ), Waters Xevo G2 Qtof
TR 0% TR AN, S5 TA 4 #]; UltimalV X 5
AATHHL, HAPFiRA 4t S4700 i T i
4 (SEM ), HZ Hitachi /2% ; Rheomix 600 %!
BRI AL (BIEHL ), 4 [E Haake /A7) ; MTSZBC
1400-A MR b5 5e L. MTS CMT 4204 JifiE
PRI, SEREH Tk R4 FRA R ; Carl ZeissAG
ot R (POM ), fEEZLH AW ; MCR 102 i
AL, B Anton Paar B A BRZA ] ;Y X-SF 2000
HC #UEHL, KR5S ReRH A R AT .
12 ZLWHE
121 44-FK B —4% /K dEt (DGEBP) #94-%

DGEBP i “—UliEik” A, HA L
TFHR

Cl
0Oy g
(6]

BP ECH



<216+ A% @m & T FINE CHEMICALS

5 40 4%

N, NaOH,
TMAB 65 °C

.
OO,

DGEBP

# BP(18.60 g, 0.1 mol ), ECH( 185.04 g, 2 mol ).
IPA (183.20 g ) MRIK I A BB AT MU P4 L IR BETT .
REEE RIS, IRl Ny 4R, TR =
50 °C, HZJ5UBHers ik, SRI5 A NaOH (24.00 g,
0.6 mol ) #i¥k 10min; B IMA TMAB (10249,
0.0066 mol ). IRAY4kLETHE, #E 65 °CJI 5 h,
SRIGIRIR 2=, AREehidt 2 h, BfCHB i R i
FEATIVE . BRI 5 I i B — Bt el 5 A A [G
T =F g, 08 RV, a2 B TR MR 2R k%
SRIGHE =W & T 80 CINEZSMAE T4 2 h, J&4%
#| DGEBP H AR (YR 93%, i 160.8 °C,
25 91% ),

1.2.2 DGEBP 5 & B 7] B A 5 64 4] &

B, Gt EAREMILA S DGEBP H
AIAMECLL; 2R, ERER YR 10 13
TTIRA, FForth FAA AT 5 ik kg . 1
£E T 45 05 2L &4k 5% ( DDS. DDM ),
Rk A7) (D230, D400 )., ¥k 1 [ 1k 7
DICY . MRREFFE{LH] MHHPA . & [FE L F 25 an T
JiR :

| | |
1 CH;—CH—CH; O—CHZ—CIH%NHz D230 !

N
CH; i H,N )J\ G DICY
NH, i

] 2 1
! | i
i CHrCH—CH%O—CHz—(IZH%NHz D400 |
' CH, i

A5 464 43 Slic 2k . DGEBP/IDDM . DGEBP/
DDS. DGEBP/D230. DGEBP/D400 . DGEBP/MHHPA .
DGEBP/DICY .,

1.2.3 P-A-H ZHEIK & H &

il T —Fh 2o Bk R, FHSREWT: P
& DGEBP, x i P& & (DL A Wl M HEdE, T
[6] ). A ¥ DGEBA . H {8 PKHH, % 1 & P-A-H ¢
PEAR R BB

AR R A5 o A T . RIS i
FRE AT AR . L Ps-A-H BlotAk Z i 45 0 11,

e, /PR 5.0g P, 100.0gA i1 32gH T35
Bebi s SRiE, B BCEFER B T, 120 CHLK
Pidk an, @4 ELREHE, HAAARIE;
BE, SN 105 g W46 DICY . 2.625 g {2
PEF] PN-23 K 3EAR B A5 #E 60 °C R %% 30 min, fii
FAHJENLAE 60 °CFAf Eak = itk f7 b, LA &
I HEE .

# 1 ZIJnd MR RACS LA

Tablel Formulaproportion of ternary modification system

FEh xI% Fittlg

P A H DICY PN-23
Po-A-H 0 0 1000 32 100 2500
Ps-A-H 3 30 1000 32 103 2575
Ps-A-H 5 50 1000 32 105 2625
P-A-H 7 70 1000 32 107 2675
Pio-A-H 10 100 1000 32 110 2750

1.3 SRS HEEENK

FTIR M . X145 19 DGEBP #E47 43 #r i3k,
X4l KBr 51 B IR A Bk I 0 A al b r il ik,
FA4 I % 4000~500 cm™., *HNMR, *CNMR izt :
% DGEBP #47 *HNMR 1 *CNMR 33§, %HH
CDCl3, DSC A : #E No 40T X e b f A 745
R AR SR AT, R 2.4.6.8.10 °C/min,
TGA ik . % DGEBP #t47# & /3 #r; % DGEBP
5 2 M AR 0 B A AT IR 0T s X% A B A
FEAC AT IAE ST s FHEER 10 °C/min, JEEE
JE [l 0~800 °C. XRD Mi: %} DGEBP. 6 Fi[#fk
FIFE LS5 RE S R FDR T RE S B AR ) 54T
XRD iR, 3% 5 (°)/min, 20=5°~90°, # A (H
MK . FHERRR-NER B & DGEBP M A (H!*.
DMA 3 A FH AR ML 5 DMA FE S8 BTl DMA
FESS, JFHTESFAE, FHEBURA 5 °Cimin, & EE
Fil —50~200 °C, POM ik : ¥ DGEBP ¥y A F-Hii
FEI MBI 20, JFE TG WS HTHEM
R R A 2R A FHE B IR HR A 2 °C/min,
B2l 25~160 °C. i AsPEREIIR : 43 Hr DGEBP
FIBEIR S, IRIGIR 1 Hz, PRIGIRE 0.2%, SEM il
e SRR 5 RE S A W 24 1w A OO i (522
PERTME AL ), vha R R . SR PSR R o it
SEMLINA R AL A S wpa B B, (s R B R LA AR R
R s vp i RS, FEZARSE A 80 mmx10 mmx
4mm, PR S5 YI5R M. R T REA RHA
Y HLI R [ Fh I R S A B S B VISR, Bl
AH AL AE T AL Heok et B S0 iR i) ol 453 Y
TR il 2 P s BEAE 2%, 2EFH 20 mmx5 mmx1 mm
R A4 FRUARE 2% o A By Ui B IR . (IR RE A 3 mm
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HIER A ARV S BT VD5 B S AR AL, S TH BRAE AR
R, WA SR T T P AL AL BE, S-SR GBIT
7124—2008 #17 . BV MM MR G S M T, %
P LA 12.5 mmx25 mm,

2 GRSt

21 DGEBPHHIE&EERIERE
2.1.1 ECH #%#t 48 B 2 DGEBP ) &4 % "

R TR B UER” % DGEBP ffxfE
TN, % 121 Se iy ik, 1R HAW SRS
ZMFT, #E 55 CTF %% T ECH #kHk (B n(F2
3£) : n(ECH) ) X DGEBP il % B 520, 455 W3 2.
M 2 T LLRHE, Wi ECH iy nsshn, &)
JNj 32 i /0, DGEBP AU 1B A (1 12 S 14 KU
NP 1~4), kPt n(323E) + n(ECH)=1: 15
Fle st HEHT T RMBIENEE, hE 2
AIUL, B RN I E Y TR, DGEBP ISR I IR 4
(H IS5 SR (55 5~7), S il
#% DGEBP Mt T2 %% : BP 0.1 mol. ECH
2 mol, NaOH 0.6 mol, #fk5l (TMAB) fi# K BP
FIECH A5 B 11 0.5%,65 °CIalii 3 h, firil £ DGEBP
RN 93%, FRAEE M 0.635 mol/100 g, 14450 “—
BT M WL T 2PAMAE A3 0.6 mol/100 g
KA, HBCREAL, “—HUiEk” 44 DGEBP A
AT 28, R ELA B g (0 R EL(E AR 12

% 2 DGEBP il % T. 2. % %%

CH,0), 3.37 (s, 1H, CHO), 4.01 (dd, 1H, OCH}), 4.26
(dd, 1H, OCH,), 6.97 (d, 1H, CH), 7.47 (d, 1H, CH),
RS A R A R A a-g MILEfi RS X Igs
NG BB % 5%, #E— i T DGEBP 14
FLEH

4000 3500 3000 2500 2000 1500 1000 500
PB/em™

K1 BPY DGEBP ¥ FTIR i
Fig.1 FTIR spectra of BPand DGEBP
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Table2 Investigation on preparation process of DGEBP
B n(RIE) : a(ECH) RIHEEFC /% (m*j)‘fg%’g)
1 1:5 55 80 0.596
2 1:10 55 85 0.605
3 1:15 55 92 0.616
4 1:20 55 85 0.612
5 1:15 60 87 0.615
6 1:15 65 93 0.635
7 1:15 70 90 0.625

2.1.2 DGEBP ¥ %4 #4547

Wt FTIR Sk o3 B 7 4 G S Re i 06 e iff o 7
Y4kt 1’ 1% BP 5 DGEBP ¥ FTIR 3K, H &
1041, 5 BPAAL, DGEBP 1 910 cm™ ik i FHER
8L DA Y 9IR Sh W i, 3396 om Ak 35 R R R B i i
TR R o T R BRI I A0 1 9 2R T A S R AT ) o
M, WAL DGEBP #8245 .

ffi 1 NMR X} DGEBP &5 4t — 40 #r, Kl 2 2y
DGEBP 1y '"HNMR & “CNMR i /&, 'HNMR (400
MHz, CDCly), d: 2.78 (dd, 1H, CH,0), 2.92 (t, 1H,

a—HNMR; b—®CNMR
¥ 2 DGEBP K NMR %4
Fig.2 NMR spectra of DGEBP

SRJ5 , % DGEBP | HyBRJE TiE47 1535, *CNMR
TEE R I ALA O B L RS R e S T
MHE ——X 1 . FTIR. HNMR Fl *CNMR 1%
0, B4 T B =Y DGEBP,

2.1.3 DGEBP & & 47 4

TR A AR AR AR R G 2E PR B AR 1R, 2R T POM Al
XRD Wi T~ DGEBP yt:2#: B 281k . ¥l 3 5 DGEBP
1E POM " FHil AR i) S o il 3 s, =l T
DGEBP Ay R4, i 7 MEH 624 4R E Fif 115 B A1
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ik, ME TR EIETHE , R <156 °Chf, DGEBP
T AR, MR E>156 CCHT, S AT 0G0 4514 il
MR 160 °Cla, It ™ e 2 AR i
MR SE R . FEME R, RULESE R 17 51 A
YU AR EGE A B . S T SRR AT AR ok
ARG, ESHER, IREEFE R 150 Clm, MEF
PRI 4G P AR, DGEBP W 4% Y, 148 °CH}FEAS
SEALE N, ARSERE RN PRI . TR IR R I
VAT LA 1) S A ARG AR, 255 RT3 A mT LA
#iIN, DGEBP A& I ASZW A kL

% 3 DGEBP 1) POM &
Fig. 3 POM images of DGEBP

T AT B — A4S, SR DSC 40 T
DGEBP #7517 ), ¥ 4ay DGEBP ) DSC 45
EAARMZ . THER, 160.8 °CHBm g, Fikr
i DGEBP 5 &hJamlilg ; SeeTHR G, Jom gk
ZEHi L, 250 °CHIFFURFEIR, 7F 148.3 °CHY L% H]
DGEBP W pyjifeiiuie , Ay LA i 28 et R4
WA WAL

& 4b y BP 5 DGEBP i XRD #& . & 4b
AL, DGEBP ZARIERILS Y . LA,
DGEBP 45 it i S 919%2% >y T o o i Hb 04 5%
DGEBP #i#475 , 7EA R F1##i 3 %~ %} DGEBP #11
SRR & 4c. d & DGEBP AFRIFHHEET
i) DSC ESE I h 4 . HIE 4c. d AT%0, 7ETHE
AR, AR TC I B AR L RS R,
An AR I R T AR R) A TG IR 8 AR 4k, i EL T LAE 3
Bifi 2 41385 50 R 1 [AAIC , DGEBP 45 5 Ui 13 1 57 1 18 114

SrUg, JRDNAE TR, A AL A8 R I (]
i, SRS L BRI AT, DSC
£ b TCAE T A AR A2 B, 20 Kl DGEBP
AR LA P,

| T 148j

—— DGEBP

Jr ¢

H/(W/g)
»

<«—160.8 °C
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b —__BP
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Kl 4 DGEBP tH%%4s 545 fhiT R
Fig. 4 Phase transformation and crystallization behavior of
DGEBP
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2.2 DGEBP EMLITAMR
221 EFEEMATH

DGEBP 5 & F [ 4L 5 (1 B A AT M8 W R 4%, ok
FH DSC Aoy HAR S E4eAT 2, IFRFE LT
2. 5 & DGEBP 54 [ 1k 71 [ 1k () 3h 25 [ £k fih
2o AFTJEIAN, 38 3E PR AR B [ Ak R v — i U
TE—A ™, niE sa i, 83 °ChbAT — Mgk
1§, 5 DDM Ay flIE, 150 °CAbH BU#E, J&
DGEBP/DDM [# fLjilt #4iés , DGEBP % fil i 5 [ £k i
P E A, WOk B i 5b R, 130 °CALfY
W B f DGEBP #ifilllg , 78 175~230 °CH —H 5%

d fi7n, 130, 140 °CAb H Bk # g, 2 00
DGEBP/D230., DGEBP/D400 [ fkiiz g, [ 1k ik
UGS T DGEBP JA R, PRI, JomeHig b ot
W& 5e s, 140 °CAb k) DGEBP #5 il #ids, 78
200~250 °CAbA — 4 56 ) Ak i e, IR e T
DDS /i filtlg; 4ni&l 5f Frzx, 7E 110~200 °Cla] Hi3
T A R 2 e A5 AL T 20 DICY (1120 °C
1k 1h, 170 °C[# 4k 2 h, 200 °C[#E 4k 1 h); D230( 80
°Cl#4fk 1 h, 140 °C[E{k 3h), D400 (80 °CFEfk 1h,
150 °CE4k 3h); MHHPA (120 °C[E4fk 1 h, 200 °C
&1k 3h); DDM (120 °C[#fk 1 h, 180 °C[&Efk 3h);

AU, o DGEBP/IMHHPA AL jicug ; anil 5c. DDS (120 °Cl# 4k 1 h, 180 °C[#4k 3h),
a b T
y %
@ o~ ®
g % =
| = £
6IO 8I0 l(I)O 120 IAIlO léO lfliO 2(I)0 22IO 24;0 6|0 SIO 160 150 IAIIO 160 léO 260 250 2:10
1R/ °C JREE/°C
C d l
) T ) i
:| % =l
X = =
12 12
® &
8IO l(I)O 1I2() 1;10 1I60 1éo 260 250 24|10 6|0 8|0 160 léo 1;10 160 lilio 260 2&0 2;10
BB/ C B/ C
e l f
) = i §
3 2
= B

60 80 100 120 140 160 180 200 220 240
1R BE/C

60 80 100 120 140 160 180 200 220 240
REE/°C

a—DGEBP/DDM; b—DGEBP/MHHPA; c—DGEBP/D230; d—DGEBP/D400; e—DGEBP/DDS; f—DGEBP/DICY
P15 DGEBP 5 [l [l 15 i1 45 I 1 A it 2k
Fig. 5 Non-isothermal curing curves of DGEBP and different curing agents

222 B #ie LR &ATA
PR e AR R L E A 5 bR, K 6
2 DGEBP 5 AN [ [ £ 71 [ 46 4% 2 Y R AL B9 TGA

M2k, /& 6 il %0, DGEBP/D230 14 % 1 5% 4k
T ( Tsy ) M 354.12 °C, DGEBP/D400 f&K £ 1Y Teo,
oy 354.78 °C, AW XA, HYEEHE—L LT,
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1094 2k H I B ( Tages ) 5301 R 363.43 Fi1 358.01 °C,
Jf H. DGEBP/D230 14 & 7F 600 °C ) = i 5k i R K T
DGEBP/D400 1A % . ixX/Z[Hk, D230 5 D400 %514
AL, = eSS TEI 22 5%, T DAL Tao S AU
D230 4 T 554 DA00 4> 5k, 78 e (B AH [H) i 1%
HLUF, D230 MR sc @ B R, ik, D230
£k 1) = TR AR BE R F D400 [E 1k .

—— DGEBP/D230

100 — DGEBP/D400
— DGEBP/DDS

. 80 - DGEBP/DDM
§+ — DGEBP/MHHPA
z 60F DGEBP/DICY
X
g 40 -
=S

20+

00 160 260 360 460 560 660 760 800
HEEC
Kl 6 DGEBP 5K I[R [E4k5 [ L= TGA HhiZk

Fig. 6 TGA curves of the cured products of DGEBP and
different curing agents

[ A 55 — @4k 57 i) DDS Fl DDM, H[# 1k
YrabERe I O T SR Tk e [ A0 550 1 514k 4 , DGEBPY
DDM #1 DGEBP/DDS & &R Tsoss30ill2h 366.27 FlI
399.78 °C, H DGEBP/IDDS A& % 1Y Ty W] ik 185.60 °C.
J7 A R EAR S A RN ER, R A A
FEF N, DGEBP/MHHPA 1A R Ay #PERES 22, W]
AEsEH TR A 584 ; DGEBPIDICY KR Tswh
314.40 °C, WEAIL T RMEEIE L5, 600 °CHy5% %%
R 22.45%, LLREEEHERZE R, & W T DICY Hhif
WE W B K, HR KIS s S T H R 4T
IR F . LRAKE, TR Tedd e M itk
%% , DGEBP/DDS & & # & e 1y, H kK E
DGEBP/DDM 1A % . DGEBP/D230 #il DGEBP/ D400
A% . DGEBP/DICY 1k %,

T 5% DGEBP [ fbid 2 b i W 45 A8 4k, A
H POM X} H:gb A7 [E e FRER 25 . €] 7 2 DGEBP P
i1k i R AL 5 1) POM B4 .

a—DGEBP/DDS; b—DGEBP/DICY

K7 kiR R POM &%
Fig. 7 POM images of curing systems

MIE 7 ATLLE H, PP XK W], DGEBP 1
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