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Abstract: This paper presents a study on the dispersion effect of the X-Ray diffraction, glass transition
and DMA properties of organic modifier clay/epoxy nanocomposites produced in a homogenizer . Several
experiments were conducted including different types of dispersion condition with varying processing
conditions such as homogenizer rotor speed and applied time of homogenizer. The effects of these
variables on the dispersion properties of nanocomposites were then studied. In order to fully understand
the experimental results, a X-ray diffraction, DSC and DMA were used to investigate the effect of above
mentioned variables on microstructure and intercalation/exfoliation of organic modifier clay/epoxy
nanocomposites. The results from this work could be used to determine the best processing condition to
obtain appropriate levels of d-spacing, glasss transition temperature and storage modulus in organic
modifier clay/epoxy nanocomposites.

Keywords: Homogenizer, Epoxy-organic modifier clay nanocomposites, X-ray diffraction, Glass transition
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1. M8 Aol Z7tEE AL 250 w2 dAdAS, & 1dF
2lH] (high aspect ratio)ol] 7]l H o]

Fr718 o2 A" EEEZUOlE (montmorillonite) T ©lE Uk FEXEELS FHS Eof 71¥H &
of g HZE 1A 7| Y FEAE] figk & FIF, I®, A2, dE€r17] dd AR A [1,2],
¥z §F, 3 AER Y 5o S8 Fopol

a. Corresponding author; jjpark@joongbu.ac.kr AQE 7] wiEolth, TRAU Uy ZEAEE= A
Copyright ©2013 KIEEME. All rights reserved. ' Sl wstel FE Am SENS F= A2 oy
s o ool (R T 0 ST S ST o AR wSkebA 4 SFEE

which permits unrestricted non-commercial use, distribution, and reproduction in any =
medium, provided the original work is properly cited. =



A7) AAA 538 8] =2 A, A26¢8 A25 pp. 126-133, 2013 2€

FoJdern E=3 Ux Adoe|rt BAE FEAEA
= AEgE vtolaz FEAE, AE v FEA
E aga dtEE U FEAE Fo oy b 3
2E AT ¢ doh AEEE vlolar FEAE, 9
A5 Atol SHE A EvEd #A 548 2
HWH g Qs 545 2HA e (3l
agste] AN S A A E YAt
Ao met Z8% 54 H7F Al M Fa
g E 2 ¥ Zoltt [45] £3}7lsS v A X
ek A4S sHA Ha, agstd B £ TE
Holl s oA gk =, in-situ AY SEH
A E-MMT (montmorillonite), @7}4A4 7]4t
FEAE Ao HF AFHoR o]&HolR

FH ¥ B Atol2 1 A FAE JAFAA Y=
|EE st AFEH AT [6] &= o& 7]
& AgH (7811, 18 HEA EAY
GES o8& 25N, ¢4E7I9 (extruder),
three-roll mill, ball mill, &1 o A7|H EAk
Hol AH-&E o] AT} [4,58-10]

EVeS FAStRA HAAHeR bgFe T4 T

S
NI
i

FEM>HPM—E?EF10£°{NEJE
[
rlo >

o

2

ZE zZtEe Y AdgAolEES " ES|E (tactoid)ol A
Tgste] wBEgAl7lE AL vl olE FAYYG
[12]. o] gk *Ake]l A5 tAZ 27 2= H =7}
Ea, U AgAES Zdol7F 50~150 nm F =9
ZolE zta [1314], B Zdele $3E R =
W2 (vanderwaals)® o] ZFstr] [12] wj&o F&34
Q wE 9E FF A " old FEFQI Ehe
£ Jat wEE FAPAIV A A7 SR
8% Blolt},

AT EAE o F Al 7Nk fr|stE S A
AE Yo 74 e $8le], #d7|E ]
|3l HAo wik L% wk AL AHS d7] ¢
sto] Agstdnh el B4 AES] H7be XRDE
ol galo] Hrletgon, Az oEFA Y= FEA
Eo d EAo=m DSCE olg3t9a, 18x 7|AA
gy EAS H7tslr] $18te) DMAE o] &3F3th

2, AF gy

2.1 M=

1A ¢l DGEBA (diglycidyl ether of bisphenol
A) B ol ZA] 4] YD-128 (Kukdo Chem. Co.)

o,
ox
al
ojft

127

o] ARgH ot 1 o] a9 G #F (equivalent weight)
2 184~1900]31, H== 25CelA 11,500~13500 cpselc). s}
A= AsEEe® HIN-2200 (Hitachi Chem Co)$! Me-THPA
(3-ord4-methyl-1,2,3,6-tetrahy-drophthalicanhydride)
o] AREESITE 13 FH7|7] ool FHLIEHAl AR
o)z Aolth. A3t XA 24 BDMA (benzyl-dimethyl
amine, Kukdo Chem. Co.)7} AH&E AT} T4 A
olE U= xl= Cloisite 10 A (Southern Clay Products,
Inc, USA)ZA vF F4T7xE | de7lelEc|a, 1
ga Ad EREZUO)E (montmorillonite) S 2MBHT
(dimethyl-benzyl-hydrogenated tallow quaternary
ammonium)® HAAZ dFe] 47 GEF ot
AL GA FF S B A 110T*x24A17F 5k Az

AA EA Al B ol A A skl ARgsERlTh

A
WY F @G ol gstel A9 T
2 g A 7S

pme 2 7P

ol
on
&
—
<o
[\~
w
=
(o))
o
AL

g3tk 97 ABA 2 vhe

Hardener

(2)

Epoxy

Resin Mixing (Centrifugal Mixer) —>Castini:|->
Specimen «—— Curing <¢— Defoaming

(b) Nano Particles
— Casting—» Defoamiig;|->
Specimen<€—— Curing

Centrifugal Mixer
(a)

Epoxy +
epoxy resin without nanofillers (base resin), (b) an epoxy

Resin Homogenizer

Fig. 1. Preparation procedure of nanocomposites. an

resin with nanofillers (nanocomposites) using a homogenizer.



128 J. KIEEME, Vol. 26, No. 2, pp. 126-133, February 2013: S.-K. Lee et al.

dAuld BFEE A T2 9 2o FUH Fxo
#e AHAAD ARE IS F AT AA fE T
zxo AN RS AT AsA A e Ak
AE ol&stal Utk tE T HAYAES]
o] (clay)s #Alst7] 9la] £ 3]d& o] &3t
ATt 3]AE o] &ste] HEACE Fol FAWNFOR
TR A W] 7]918k= (001) basal reflection
o Ha A, F o A7IE 4S5 Utk A
Aol FE 7o 7L bragge WAL o] &35}
o Hem 78 £ gl

) nA

51n9—2—d 1)

71 o IAZ4E A XAY 3% d= =3
A2, ni= 34 <4 (order of diffraction)®]th. &

A AbEel g F3F Abdolyt vl dE o] dojutd
E F3re] zHAo] Wzt =, S A8
AE Az7t Ao F4s 7HAE
LB AT 2EEE 9 A
oA F}
e Y3
AAem wolFa 9l
2 Ao YdeggAe] Sz #Aglol
Z9 o] basal reflection® ¥5doz Bz
ot kel fristE Fdolvt AR AolA &
(immiscible) AF2}e} F#olE £33 F-9
2(a)oll A H5o] F#o]9 basal reflectionol =
Heb7h glod, S AYE vxgarr IHHE 3
(A=)7t Ao ® o]FstA Ht
2 AY = Fvkske 1" 2(h)9F o] Fde
2 \/}h?i-ﬂ ARG Aol wet 23 3
vebd & glvh e ARelE veTx
(stackmg)o] FAAEE 28 2(c)9t
% A=7F FyolA = (broading) 2 ¥}
ZasHA "ok gd 3 EA AbEo] F ol
sl HAFstel ved v SdAET7E vE
A, 29 2(d)olA Hzol Fdeo| F 9]:} basal
reflectionS UEWE 34 v3as= Z2¥o=z oA
3] AR Al Bk 3 A 7be] WE XA ﬂ’é‘-

2

ofX
2 8

e e By
A

k1
fries
oo
< [ A Z A o | G (o )

n

i}

}io
gow Lo -

m

H o [U 2o o
H o
O o & o>

e
l-%
o X

PN
o AN

R

=
P2 5 g Ak 2R e B

d)

Structure | Initial XRD Spectra Final XRD Spectra

(@)
Immiscible |
System

Intercalated 24 28
Hybrid

(b) Ordered

(© )
Disordered 26 : m

29
(d) I
Exfoliated |! ! L
Hybrid i ‘
R M

Fig. 2. X-ray diffraction pattern diagram for polymer
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Table 1. XRD properties table for homogenizer application
velocity (rpm).
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Table 2. DMA properties table for homogenizer stirring

velocity.

Stirring Storage Modulus(MPa) Tan§

Velocity 40C 150C Peak Loss
[rpm] (Glassy) (Rubbery) Value(Tg) Magnitude
Epoxy 2,063 6335 151.26 05422
Resin
4,000 1,885 882.3 154.72 0.4162
6,000 2,008 1186 158.73 0.4856
10,000 1,765 1090 158.00 0.4929
15,000 1,975 331.9 147.62 0.5187
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