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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 rtotor 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
temperature, Dispersion condition, Intercalation/exfoliation
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on 3 Yk Aol BAE FEAEA
digd rlelaz FEAE, AYE Y FEA
g el e FTEXE 59 A4 1A ¥
A + v AEEE vlo|lmaE FEAE, ¢
Ato]l $3E A EVAT A 548 ZA
FaE Ase 54& A Ego (3]

agste] nEAZN 34 A ACE Y=gz
vl ed wmet E2F 54 B A MR T8
gdeiojg2 g Aot} [45]. EF7|&L v AL
Fo3% 98g A Ha, a=sdg g2 EF V&
o] HZo LA Kok F, in-situ A FTEE
2 YAdE-MMT (montmorillonite), G7}aA 7]4k
Ui FEXNE AR A HFHoZ o|&H A
o A" B3 AlolE nEA A& FFAA v
FEXANEE #Ast=d AHRHARY [6]. = 9E 7
€52 &8 AYY (7811], 2gxn AFH BE4AVH
A HAGEHE o]&3 &Y, AE7|¥ (extruder),
three-roll mill, ball mill, 28l o] HA7|& EAF
Hol AHgE AT [4,58-10]

EF7NEE FAGA AAHeR gdFe 4 F
ZE 2 UxAYAESE HEOE (tactoid)olA
st gEA 7l AL d$ o2e FAYUG
[12]. o]&jg 24te] 4% dAR £} Ze F=7}
£1, Y AdAlEe o)zl 50~150 nm B X9

o3 o 4
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ammonium)2 W7ZAAZ] dF9 47} 4RF gold.
AL HA "AF LEA 110Tx24A7F 5<% A=
AlA diA Aol B ol A A A3sle] ALR-3} ok

22 Lt BEXE H=

AF dFA FA FF AdYAE YxYdA
(Closite 10 A)E ¥ 948 #4716 A 3o
gt F #FA7E ol&3std HAH T £x ¢
AEA S 47 A3k 4,000, 6,000, 10,000, 15,000
mml 2 7}z EAAIZow AHE AZFE T 9
3] 10, 20, 30, 608 § 47}A A|+e A &34
FAE EFEC FsAE 21 Z1AH uwre A
Al & Z2F A 71EE AA F FYol FUs
of A3}t AE AL 1207T x2A| 2H+150TC x244]
 Ast F HMEZ ALREAT 98 dEA 2 Yy
FEIAESY AxFH FAHL 27 19 Jeph

(a) Hardener

Ej

;e{:i(: Mixing (Centrifugal Mixer) —g»-Casting
Specimen «—— Curing <¢— Deloaminuﬂ]

(b) Nano Particles

Centrifugal Mixer
Epoxy _v¥,, +

—= Casting—® Defoaming
Resin Homogenizer '
Specimen<4—— Curing

Fig. 1. Preparation procedure of nanocomposites. (a) an
epoxy resin without nanofillers (base resin), (b) an epoxy
resin with nanofillers (nanocomposites) using a homogenizer.
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Fig. 2. X-ray diffraction pattern diagram for polymer
nanocomposites [15].
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Fig. 3. Rotor/stator dispersion.
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Fig. 4. XRD analysis for layered silicate nano particles
of Closite@10 A.
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Fig. 5. XRD properties for homogenizer application
velocity (rpm).

Table 1. XRD properties table for homogenizer application
velocity (rpm).

X-Ray Diffraction

Homogenizer Dispersion:

Homogenizer Stirring Speed

Epoxy/Organoclay_10 A Nanocomposites

Filled Contents: 5 wt%

Application Time: 60 min

Curing Condition: 120 =2 hr+1507C %24 hr

Application Speed [rpm] d-spacing [A]
4,000 33.17
6,000 48.2
10,000 47.64
15,000 48.45

AtellA AEE XRD A3 192 A2 AFEHUD
a3y AAH ez Y A3 A7) 100%2 20
= 482°2 A d-spacingt 18865 A9 H3E e
At ATE AR} %z Aol YA R A9
& A2 wodg,

a9 59 & ldl€ dFA-F71sd 4 dAol
E Yyx9gdz 6 wtk)g A H LA 608 F
¢ Azl ugt £ A 83l B F AxE Y
 FXAES XRD §4& Yehhic. awk &%
6,000, 10,000, 15,000 rpm<] A ¢ d-spacing2 2¢k7te]
apol EASAT 2 Aoy vehdA] gkt g
U 4389 YxYgate] vlste] 29 Ao Az 2oz
ol FHAL2T, 4000 rpme] A9 F7+ 7140 H 4
Hol ZA9-Z 6,000 rpm o] 4] H¢9} uasie E
m 2F 15 A F %FHo] FL2 AHe AxE Yehy
Ak ol L ALEEE JEYS 9 24 Yx
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Fig. 6. XRD properties for homogenizer application time
(stirring speed: 6,000 rpm).
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Fig. 7. The d-spacing properties for homogenizer
application time.
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Fig. 8. Glass transition temperature properties for
homogenizer stirring velocity (rpm).
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A& zZHe Aol (free amine) 22 FE 7HA3E 2
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Age] N2" U A HE frEHe] 2EE & ¢
ol Al "t} [17]. Jinwei Wang ©]9]e] A7z =8 ¢
A4 H (alkylammonium) ©|- 259 328 E Yo}
7l (alkylamine)®] °|ZA] F53% (homopolymerization)
£ FAANA, 289 wuk AjZke] Aol Ft ol
(alkylamine)o] ol &9} &7 whg-ate] & A3 7+
e} g7 7tad nEA AJES A 7 92
Z47] (alkyl side groups)?} spacer2 #g3}d, ¥
2k AJE GA olFsH st A2 AFAHE nE
o] 2% fredele®r) A ARE AL Aot
T gg A7 ¢olY (alkylamine)d o EA] Alo]
o] yrgo2 i npukd A AR FeHo|2
= 723 @ Aol (18]
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Fig. 9. Glass transition temperature properties for
homogenizer application time.
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Fig. 10. DMA properties for homogenizer stirring velocity.

Table 2. DMA properties table for homogenizer stirring
velocity.

Stirring Storage Modulus(MPa) Tan8

Velocity 40T 150 Peak Loss
[rpm] (Glassy) (Rubbery) Value(T,) Magnitude
Epoxy 2,063 6335 151.26 05422
Resin
4,000 1,885 832.3 154.72 0.4162
6,000 2,008 1186 158.73 0.4856
10,000 1,765 1090 158.00 0.4929
15,000 1,975 3319 147.62 0.5187
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