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Fig. 1
7 wi% loading, mixing at 225C | min then cured at 80T
for 2h and postcured at 160C for 3h

XRD patterns of epoxy/clay with 1,3, 5 and
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Fig. 2 TEM photograph of cured epoxy/5% organo-

montmorillonite nanocomposite
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Fig. 3 XRD patterns of epoxy/clay 7% mixing at 225TC
for various periods of time

Mixing at 250°C
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Fig. 4 XRD patterns of epoxy/clay 7% mixing at 250C
for various pericds of time
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Fig. 5 XRD patterns of epoxy/clay 7% mixing at 225TC
for various periods of time then cured at 80T ,2h

Mixing at 235 °C, then cured at 80°C 2 h
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Fig. 6 XRD patterns of epoxy/clay 7% mixing at 235C
for various periods of time then cured at 80C ,2h
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Fig. 7 XRD patterns of epoxy/clay 7% mixing at 235C
for various time then cured at 80°C , 2h and postcured at
1607T ,3h

Mixing at 250 °C, cured at 80°C 2 h
postoured at 160°C 3 h
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Fig. 8 XRD patterns of epoxy/clay 7% mixing at 250°C
for varios periods of time, then cured at 80°C ,2h postcured at
160C .3k

GErR . Ba&FREAEENANLOER
MABERERAOER,BAE, RAE-EHNER
SERGTHFBEAAEEFXEHB REZ.E
FE—AMREFEFT HIIHMETHIXHERTHER
A &E XEETEREAE.
2.3 AEBREESWNER-HE-BREMNER
TEH3TH

BB RERERSGHRAD AR LRD
R, 42 80C BIEMZ 160CEELEERE
FERTFEFENBANMAER, LSRR
BeHENE-HEHEHENITHEH, A9
B Bl R R EARRE b ERS RS
ZSOTHE 2h RAEHERMBHTHMHE, £l
HEMNEIXKBRESYE2REETUTLHE,
BN HAEFGE . b i B LR R AR B | [R)R
4 MRS W4 80C Ffk 2h JB , B4 160C R EML
ShEAKBHEHEHMR, AEELKMEZNEA
HEBEAYEEEEETURESHME, TMWH
fEfE 2 AN B, 2 ER G E AT AEERE-H
BHAXNAEASN BEEHEHERERE
RIS g . B B, A RR A AR
BOAE, TR E IR A 3 60 I8 & 1R B[R]
FEMERAN GRS, B4R A AT
FRAMHERNAXESHE. SERY . BER
EAHGE, SME4ABETRE MRS RES
%, e B] o £ ZE 200C E 235CEHERS
BRERE QEEH, BARE-NE-HEHEH
AH 3-T AR S RERHRBHRESH BN
THEE BR . AMENERRKE /N6 REM
EERt AEEEREHRE/ANLHRLSEE
D TS, LASHMERANAN LR
AT B H T 4 2 A S o R B SR BE , R

—— Exfoliated curve cured at 80 °C

280F  creass Exfoliated curve postcured at 160 °C
G 260
=1 * Exfoliated zone
8 240 =
2
E
2 2201
ol
=
= >
= 200f

Intercalated zone
180

0 200 300 00
{ (min)

Fig. 9 3.T diagram for epoxy/organoclay nanocomposites
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Table 1 Mechanical properties of epoxy and epoxy/organcclay 7% in various mixing condition

Mixing

Type of s E o E; Impact strength HDT

Temp Time )
] nanocomposites {MPa) {GPa) {MPa) {GPa) (L] /m?) ()

(C)  (min)
225 1 Intercalation 32+2 1.25£0.05 100+£3 3.01£0.06 5.0%0.5 113
225 60 Exfoliation 40+2 1.30£0.02 113+7 3.21+0.06 5.510.3 108
235 1 Intercalation 30+1 4.95+x0.03 115+3 3.25+0.07 4.4+0.1 107
235 40 Exfoliation 4713 1.24 +0.01 109+ 5 3.41+0.06 5.7x0.5 107
250 1 Exfoliation a0 t2 1.27120.05 105t 1 3.2410.05 6.4+0.1 105
Neat Fpoxy - - 1.09+£0.03 120+ 10 2.34+0.05 4.5+0.4 103

A 98 2 ] R e A R LB R BT AR R A i
LR,

B HMERAKRESHH LIE RS s R
op MHEE E RFTES E B BB E

2.4 WME/MBEITHXEEMNEN

9,4 80C [E 1k 2h B % 160TC J5 B4k 3h 44 %

R ETTE R o A28 28 R B (HDT) B LT
R EZREEREMAFA TR BELERMER
R RN KE S PR Y REER 38 5 Sh 1 e

RIFETARBREMNEE 7% FHNLE

EAMBMAREREMN T EEEHIE WX HHEME.
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THE EFFECT OF MIXING CONDITIONS ON INTERCALATION, EXFOLIATION
BEHAVIOURS AND PROPERTIES OF EPOXY/ORGANOCLAY NANOCOMPOSITES

KE Yucai, WANG Ling, QI Zongneng
{ State Key Laboratory of Engineering Plastics , Institute of Chemistry , Chinese Academy of Sciences , Betjing  100080)

Abstract  The effects of mixing conditions including mixing temperatures and mixing time on the
intercalation and exfoliation behaviors of epoxy/=n-hexadecyllammonium-montmorillonite clay mixtures and
their nanocomposites after curing with curing agent { MeTHPA) and catalyst { DMBA) have been
investigated by XRD and TEM. The physical-mechanical properties of the nanocomposites have been
measured by tensile testing machine, charpy impact test and heat distortion test instruments. The X-ray
diffraction patterns revealed that organoclay was easily intercalated by the epoxy resin during mixing
process. Either an intercalation or an exfoliation nanocomposite might be obtained after the mixtures were
cured by the curing agent system. There is a mixing temperature-time-intercalation exfoliation transition
diagram (3-T diagram) . Only under certain mixing conditions, the exfoliation nanocomposite materials could
be formed. The mechanical properties of exfoliation nanocomposite materials were better than those of the
intercalation ones.

Key words Epoxy resin, Organo-montmorillonite, Nanocomposite, A mixing temperature-time-

intercalation exfoliation transition 3-T diagram



