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Abstract

In this paper, epoxy/clay nanocomposites were prepared by simple
melt compounding, their structures were demonstrated with X-ray
diffraction and DTA. It was 1;r0';'ed that the molecular chain of epoxy
would be intercalated in layered silicate of organobentonite, disordered
intercalation nanocomposites were obtained. Meanwhile,th factors that

affect the intercalation behavior of polymer were investigated.

The experimental result showed that the compatibility between epoxy
resin and organic soil is fine, It is found that the affinity between the
organoclay and epoxy resin is very good and the organoclay is easy to be
intercalated by epoxy resin With or without solvent . By direct mixing,
exfoliated epoxy/clay nanocomposites are achieved . Mechanical
properties test results show that the exfoliated nanocomposite performs
better than the intercalated nanocomposite of the same compound . The
dynamic mechanical properties of epoxy/élay nanocomposites are
investigated at average strain rates of 10°~10*/S by the apparatus of
SHPB in this paper. Dynamic stress intensity factor Kiq is obtained by the
dynamic responses of three-point bending specimen under the impact
loads

Key words: epoxy resin, nanocomposite; clay; dynamic mechanical

properties



RRELIEXS
FAOEI RIS AR

FEANREFH: FRIWFELE RESHMES
T, BEERABIMTRMN. FRUWA. Fik. BB
BEIGI A BT BROChEEHTIRNARS, &
WX FEMHEMN ARESEL LT R T HE R
R MACHIERIUSH EETBRONARESE, HEEX
PR KR . ZAREBRAFFHNERSRA
ANAM,

e gy, BRT

A %% 1A/ B



RRIETEAFE LR

M

H1E & it

1.138

80 SEMRLIE, MESHAMBUUIARNAKE SH B R HE
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SNBSS RE-EEEN\EHAR. DA AEEZ HETR
AERTHE BRTHO0.96nm, BHESEHRLL 100~1000, BE
BEREME_RER, KARFTEBE. "/ M IBNEFERER
W, BRTERLISH. wE 1.2 IrRANMER &R E
B

FRIEBENTEALESZHEE - NEARESR, BERAEH
EFAAE, SN AEFALER BB OHEEFRIME, Wca",
Mg® Na'%%, ENIRAGSHARENAETHTXABARTLHR
Rt BRGPEEASHENHET. SNBSSV RAEY
MEFHTELE FXREASIABELER, SREREYX,
EMTRARBAFBSITBEERNY, FHEHER L m EHA
Bl EREWELAT, REAXKZREME, ANBFHLFE
MEAsL, 5494 HEAFFEINEEXE.



PR TEAEM T # R T

O T VA" QO

O Mg

’\3’”“%“""‘“0 o H

:? jy_,-bhr_fa o0

’._,/’ w P ce @Al

J/ *5’)/) .
",l" _"'-‘ S|

4 “-J-f
] _}EJ :-
.hw.'rl LR OELE

" il

B 1.2 B Z A (DS MAY 2D

RERERF E=XEELETRBZ -, ARERLRENFR LR
W, MARN®, FRE™LAMR+TEAN. RENBELFE
ORI L, BRBRMMAKHE, B EERTHEHE . BESERHA,
PR E, MINER. HPLUHT. . AEY. T REHRAN
RMRBMIVAENR. RELATHENEESGH, W HETE
HHPUHEANES, SIS HARKRE L, G K8 R T BN & 58 R
EHeE. MARGEPLSHAXEEMBNEERASMAZEY &5
BOESTEEENZFA GRS A,

12 A0SR/ INRESHEHETE
BEW-TNAREGHHAEEARCYWEESHAMEES, A
FUTEA:
(1) AR RIEN Gwth) BT &6 BVEHAH S & 08
B. #HEMEE. YHKHRBHEE. TERT4E. vOEAZNESH
HUBEW PLS & 3~5 fRMERE, JF A5 HH LT R EHRM.



MRRIE TIAZEMLFEAE
Fibl, PLSHAEAHBUEENBERAARRRE, RELEH
TR,

DEERBHRIBEERR T,

QAN $HBEERTFAEHNEBRECUAE,. BIERERD
AUE-gHFR EREBER. -

(OMTHRESABZTER A, 55 R RS0 EREE.

BEBERAVERBRATSAMESIENHMEES, T
MATRHE., REESUNMNEN, SIUARREABARTRER
ERAWHTHE, EXREAYSRTE 4 5. AAHSHRTH
AESY. EFEOHBAXEAY. BELNAKREAMBANIED
MABAME. XEHREREE 1.3 b, (a BERAE: b #AE
RE: ¢ BERERE d RHBRE)

EE—REAYT, FRIFRARERSDEGT, AREA
MEERIOERERARTERLINBERER, BAVEEHAR
BREGET., BoREEYT, BEYHEANER TN, BREHE
EHARRBAES, ChE-KHEAVIHEDS, HEHRE,
EEFRBEEAY. CEENESY ¢, BAYTIGEARE L
i, MAEE#AERESER, FRELOABAEHRET X,
ERREEXRNIE, FENRAET —SOEFE. EARYES
wop, BHINBREAEZARRSYTH, TRIHERLY
EEME—RE—FHARREAE, ENBRIAESRSHTUE
&8, REB=S. BNXEASYARBRERESY, MABERNSEN
AEAYTHEHESY, LE-REILWEAEERLNER, &
LEHRGEBER R,

FEME-HIHARECHBRE—FHEFERBEERTMAR
HEEACESNAN IR TR RS, REE LR MBI MK
THUAKERESBUEAME. XRXMHHEE 20 4 80 FR
REHERRH, RRESNAMERNRBEFASLERR,
THEH-FHERARREHTIE. HTFREANERAEHEME,
ERNEFRO e, LAGEAMNBEREREE. 48, ALS

5




W R TR EI #4118 30
FANEE. R4TENAREMNEETERS, BEFES5FNMNL

)

L""— S—— (b)

(@)

Bl 1.3 PLSHXREASHRMHLH

Be, FANTESTHL, YHENBENLFEREH (I
10000g/mol LA k), WERKWREE, W, TURARETEHN,
BEHEANIREEANTE, BERNEHTHEHLREINRE
AR ARAEERAEETUHERERE- L9 kT S,
BAREMBEEIRADSHLENES, RAEEINERS, B4R
BE 1nm, 4 100~1000nm KEBLEEA N ILKTHREN S,
AEEREAMBN D EEE. WEERHAEERAN B RfRAEE
HIE & .

LIGEMEB/ERLARESHBHRESZ

131 XSHRTHA X



R RIR TR AFM T FArie30
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T f X B s #7 % (wide angle X-ray diffraction, WAXD) #E
HPLSHAREEMBHHAES, AR —F+ 2 REUHAEHI T
TR X T WAXD B — B R R % PLS Ik B S M 1A 5 1B
ERMABEHFEH, M LEOHAEEHNHRENETE N
FTETEERNGHER. BRIMALHNEENEE —#MES
mBMBRNMOER, —REEEHE PLS AXRESHENTEGTE
HFHOER. dFHEEPBI PLS SIXESHEN BT SRS,
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TREWEAE D, FHI WAXD B AR FES B MK L (001)
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ERATECRRAARER LA EENENTEOBE S BX —mifig
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&K LR,

1.3.1.2 XHEZMAERTIKLEERE
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NRERURPLSAREAHBFBANNES SN, REESFN
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WA ELERPEHRGBER X HEAHPNRTTFEXRE; OH
BERZWE: OABHVITRAHESE, BNFENERS @, @%
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1.3.2.1 EREABH&

FH B TFEME (scanning electron microscope, SEM) F A
BFESMRAMAEARETRE™. YARANATHRETRESR
H, BT AHBRTREZANHEER, 5 09% LMAH BT
GRETRAAAG. 4 HAHETHEE, BAESTERENE
MEMANER. AR#RAERARAMARTERAR, BO KRBT,
BHBET. BRERF. XHKXE, THIFKEIATRAGYE. ¥
HRE. HHBEEHDEREBBARAGESENNE, RALSEAN
FRENE, DUEAEERUPHLENEE.

AHBEESBENT 608, RBIHERE. W K. TEATFR
BOHAKRTHER, EEETHIEER, RENAEBSY T E. A
SEMMEE—EREARN. EUMTFIFAHRT, ARERNRDE
InmZEH. B, BHEENER, FUUARINERE, THR
MAESIFH XHERUEEB pn FURBBERHBBRES.
WA, BFAREREOEN, AL A TEERTEPIUAKKT
MEESH. ARABEREIBERMAESY “BE” HXRMNESTH
BB, ERERGFEIHFER, TLEARRES. SEMEEAT
ERRHMENEEESR, FRAMBERARANER, TEERERN
EHOMBRE, REVINEORSE, TREMNNER (AR
KEI M, HEHEERE, BHM.

SEMMHBEFRELEE, dTFREIEER, HaanEs,
BTRITERR L, SANBEFTRERE, RARBELANE, T
RTRERE. ALEEEIAHMERARR —ESHDHR (K.
&), BEFR 0.01-0.1um $ERBRESHARF RFHNEM, ER
RO e RERE RMNELRT, ATREREWHR, ARBERE
HE L2~L5kV, R AXBEERE) . ATHRLOREERIAR, TTLURA
B TEREN AL, —BH LL5kV THBRAEBRAE. B4, Wi
BmiE, ERBTRENT, ARESBAFBERASE, Hag
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BE. VREETHALES™. &5, EENEEBRERKEEHK
THMBIRIE, ERAGEENEEERAQEOME, XHaER K
—EARSHURBMFESET XK. fi, BREHETH EPO 5
EWIRETEE, RRATOHES.

1.3.2.2 AR

MBWHOKEE, REARSFR (RTHEDEF, TUH
FTHE) SHERANBHRRETRRNT. SEBREFAERT
o TEM REBREERINHE, SHERBEEGTLUREREARY, &
TUEREH, RESERIAREABEREG LT (A#HBREREM
Al K #| 10em).

BER SEM BSRBFFFEETANPRERS A XREEE I
4%, RRUBWETET 0.001-10mm, LK, BMPHBRSOE
WUNBERAETERSN. B8, FBANBARE—EHK
B, BEKE-EMNAEET N _HEGSHRAEE. ZREEH
MESAHELE, SHEEENFR M RN, EL LA
REE, BESIBHAMBRHEE, ZMNEHEM. AKES
R, mER. BREIEROREMEE S A, T4, BR
SMBERMBRENFE, GENBEROTE.

WE 1.6 2d SEX RRIANFABHHPNERER. THAER
EHRmAMNEARMN L.

1.3.3 BHBFERENZ
EH B TREME (Trans emission electron microscope, TEM)
ROERSEAKMRTFRIES T FHRRAMREFRZ —. TEM
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GRA—HTR. AR HEREH 5 HRTEM &0 L5 2H X &% &
HHRRER.

B L6 gIKEaMBERXAR N LE

BHEFEMRETMHSBRRAN IAES, THERB®K.
FABSEENATHHRBLUBRRISFAREHBEASE
B, DAAA X EREH (SAXS), BAUREAPS HEHARTFARME
Eakill. TEBRERLIHMEHWN TEMEA Y,

F AT B8 (TEM) H R B B R OKA R BB, 8 BURL I 52
BRESE, AARARTEERTARTHEH QS CEDNET
MBRBE TEM N EBRENFEREL - RIIMAR B ORH
FHEHEREHN, YEALOORNEERE, SAFAE. HEX
MR FE, SARXNENRETHRRE., XN EERM EEE 600
AERPENEE, BRERFHEFE-IME T E 7 1.56, &
BEEHRF KRN, AT 5P TR T T X KENK
f, WLHERERR TEM BASBRE, BAFHBRERARE
il

TEM#RBEDN, HEFTELER, Bk, FHENERTERBER.
Mk, HERNFERERSRAFE. E, —BRHSNETIADY
B, MAEERDNT 100mm™, SiFnl, —2HEMABHESER
B, BFESTLA, ARARGHNELEYE, STRE. &
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TARER. ATHENARKFONRERN, o HFOAKEN
Melk, REETFTEZEBNL, #TREWBLE, A LR
FET TEM BHETEHELN, PERNRENN. BR9KN
THRELER.

BL7 BREHEESHEE TEM B E

1.4 BEIENEHFEHE
MRH N EERERZURBENEINERN. 5—. 47T

BAEHEZRNMEMRTE, BERT—RFIEE: E=. HhT
BRATBEOIEFFENBSRA GBS HRTLHLE, TER
HERWE. CEFNEERELBERESL, 8=, mETRPUAE
BEAATHEEMNRE: BENSRNERN.

1. FRERLE

MEREE1~100/S PR EENERIABFHROMB LR
B, EERNELBRTER, FEBGBEANTINENES.
TRAPXEBE R DRI HRR S B AR R R e (R
B 7B B R A4 )
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PRERERAGTEES (HER) ANBRFH, URER
hE, MR XTUS N EEh RO EEDGEHEN, KPR
P B A R LN X

2. WEUEELR

NEZEEBRE 0~10Y/S . EXR—RELBMNEESE, Hik
BUENNHEBRRRAGNEHEELR.

1.4.1 SHPB (5B = HOPKINSON E4F) £

SHPB H) JR 6 ——HOPKINSON FEAT 2 B HOPKINSONC 1914048 Hi Y,
LMAA TR AER. KOLSKY (1949) BEHSIFHE, BR
HTHRD, AMiIBTHERNTETHNANEXR,

SHPB {4 55 -

LMRAK T ERINTTY. EHEEFTEETREM NN IR
BREAMECEARRR AL E & R 2 5 et 8 48 40 50 5 4 48,
BRAR—HBELZMNE, AMSHPBLERBATEX—%Y, EdPER
BEF LMEERESHHONEN XR, HHE—FLEN .
BX+4EBHHE,

2. NEWE A AR, SHPB LR FHH EHNERT AT A
BTHRINIENEERFAREETANER., ¥ F2EHH, &
ERFTHINTRAL 10~10Y/S , NTHEOHK, REBHFON
BRHER 10°~10%/S « FIHE K4, BRIENETURERESS
N NS RA SHPB Seh 4f R¥EH b I 3 SR 75 A B ) Y A% %
%

MBS THERE, fESHPBHE S, AHABAFTEE
MAANG KRS, BEZERNVERAERRE LA ERA,
A, BETHREMNGEENRR, OTURAFTAHRBOERE,
MHEFERATFAELNER

1.4.2 —BEHREEFENEHNLR
(1) —%®NHmEi
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— R H RN M R — i, F A R
FRGARES, STRKAPEEON NS, TUAATE &
R I 00 4% A

(2) M EHMXER

AL REREAN N IS BOREER. AREN 2 AE
B, AMER REEBEFENRETE. EEELSES, ERER
SEBRAEDN., BANE, UABRETEEMEEEEMNNL S, - B2
K&,

(3). BPEW: 7EHF  EO 4638

ME—MEA, E-RBTNR, UMERFIRALAH, #E
BT BT . B AT R E MR, BYRTE Lagrange 247
AR ELTRA

dx/dt=%c (1-5)
Lagrange ##5: LM HFEEEYENER L, BNFANTZE#E
A AR (X)) AERE (1) MEK
FRACER: BN AL BRI, (1) KRBT 7 Lagrange Y #x
FHEERKERS, “+" SREAAEEEORIBIEHE, -7 5
RN HAEEBORER A LT,

Co: WAFHELL A E, Bl Lagrange IR R LB EE C, =\/—£—

2y

(4) HREFOBEES GEFOE 1.8 Fir)

A B

Bl 1.8 [E#F

WA B Lo, A FF DUE BE w, 9 500 ) 38 40 T % 01 R 5 B0 B AT,
MEZNEAAFEANNESE. EANEEREAGREERE,

EBﬁ%ﬁE%ﬂﬁEﬁ&.%m%ﬂnAﬁ¢%E%E%&ﬂﬁ
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B . WAFRBHAEEAMR (P C), HATHEIRDN
AERAREE AR BAOERER, BRURMA B ITFH4E,
BE AR, BAFR&AE - MR KES 2la KB EEE.
(BTEAAR, UW&~4ERHNES

1.4.3 Mid[FE
RAM SHPB X ERNBWMAEBRLWE 1.9 Fixr.

TR
== T _ IS
G ... R
T T T T T ey L T L s e L
LA : - —?\“‘::i:’tgm':m” B b ; 5

g. o o530

el ;

R i . o

g E ——

| -, JE S TR N o —

S | b e

3] 1.3 #HAH SHéB % E

REFHRBROEOBENT, 2R 0ANFRREF, SR8
ERITZF, SEASREN —#EhHF (F3), U—gHEEEHRA
FE, FAE—-ASREN B K. BEASREBETRE, R
HEEMBUER, FHNBERHT &% — By, mE
MABEE NN R — KA. EHEHRET R HR
FHEBRRERE. REFMUNBROARE. REE. RS, ENA
WA EME, THEMHNSSESEE I —NEXER

THUMNNSEHAH, FHES. REORER

RAS . RS EHONERHSH e, e, AREBLRE
BMHFEREBRFIALL , WE

U, =C, f(e,-e)dt (1-6)
0
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T
U, =C, [s,dt (1-7)

SR o T R = = (s, -, ) (1-8)
0

L ARBKER, GANBGEEFPHREEER.
A (1-8) WEHERS, BEAAFNTFHYMERS

=75 -¢,~¢) (1-9)

WARBEZKNAP , Py,

. P=AE (¢ +¢e.) (1-10)
P,= AEe ., (1-11)
RETHTFHENNR S=53=4i(s+5+5) (1-12)

A. EXERMRBERNBEEERE, A SKXFPIBRER.
HEAETHAYTUBREEP . =P, BRER, ERNEFHR
K EME, W,

Bt:(s 1+e r) (1_13)
B O(1-13) A (1-12), (1-9)., (1-8) #&:
s=4Lg, (1-14)
¢="25% _[a‘,dt : (1-18)
0 [} '
i=22, (1-16)

L 7

R EREATEEZVETARBEMERT:

(1) ERARTEY, EFLTHMEER

(2) ERHETHEEREAN, EFNMHERSEHPONERE
*;

(35 ASHEBK CBIA S B4 d — i 06 b IR) 0 36 3 1) S AR
TATEFAER, URIE—%NHEAEBER R,

(4) EFHYE. LAERER.
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1.4.4 EHEITPHNAERZRE
(1) HORBEVHAHBEPZAEKMXER
m%#&%ﬁmﬁmﬁhﬁﬁﬁ BHNERRITESZENSE
SERE— 4948, BEENEFRUHEVELALE, ATEHIE
MEE%%%%%%&DEEO
i A Th i A R

PAL:-;?va (1-17)

y= 224 (1-18)
m

RFPHREEN: AHTHRRBER: | IREFKE: mAT
HEE:, vATHBOEE.
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