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EE : t}o| Ao ELA B Y= E-3 A E(dicyantate-clay nanocomposite)S A A|L] E5H-2} cation exchange
capacity (CEC)2] zle]ell we} 8§ in-siwgoll 2J3te] A|x391 o]52] 247 #4H S435ic) of
okgt =7+ AdES A3l oekdt 2hA= e} HEU RS 2= montmorillonite (MMT)®Y w2} tfekst
F-x22] Y537t AlxE ek AREE tlo|Alofd|o| B} HE = ko] ZsiAde) wel AlE|Ao]E
iz AdA4=rt deizlch tejAopo| B E YB3t se] AR CECeF ZHAAS] A=
AbEZole] oJEstgon v B CECE 7HAaL AW AREe] Zolrt ghe Zlo] &+ ¢ 4k #x
£ 7= Aoz SA=GE E=3F AR ANEA ] EAReke] qEgA o] FoEE S7F o] HE
golgk Zlo 2 Yelyltt tho]Aolo] E Y B3 o] AdeidEeS vk 7HAY dhelE x5
7 A= Aol o dE EAS VA= Al E YERit

ABSTRACT : Dicyanate-clay nanocomposite has been prepared by a melt in-situ polymerization method for
different modifiers and cation exchange capacity (CEC) values in order to study dispersion and mechanical
property. Various dicyanate nanocomposites were prepared by using different MMT systems containing different
intercalants which led to different initial gallery heights and packing density. Depending on compatibility
between dicyanate and clays, the degree of dispersion varied. Dispersion of clay plates in dicyanate resin
depended mainly on CEC and aliphatic chain length of modifier. The lower CEC and shorter aliphatic chain
length of modifier gave the exfoliation structure. It was also found that the reactivity of intercalant with dicyanate
resin was one of the key factors facilitating the intercalation/exfoliation process of dicyanate/MMT
nanocomposites. Shear modulus of reaction-induced dicyanate nanocomposite was significantly increased.
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Figure 1. Reaction mechanism of cyanate polymerization.

Table 1. Summary of Physical Properties of Clays Used
in This Study

organic* modifier % weight loss
modifier concentration  on ignition
2M2HT-140MMT ( Clzci\i/iiztlgg A) 140 meq/100g 47%
2M2HT-125MMT (le)li\:ifjllTS A) 125 meq/100g 43%
2M2HT-95SMMT ( Clili\;liﬁg) A) 95 meq/100g 38%
2MBHT-125MMT ( Cli 11\;[112:1{1{) A) 125 meq/100g 39%
2MHTLS-9SMMT ( Cﬁﬁgﬁf A) 95 meq/100g 34%
MT2EtOH-90MMT ( Cl\ﬁ) 1;5212(3)(;) 90 meq/100g 30%

*2M2HT:Dimethyl dehydrogenated tallow ammonium.
2MBHT:Dimethyl benzyl hydrogenated-tallow ammonium.
2MHTLS8:Dimethyl hydrogenated-tallow (2-ethylhexyl) ammonium.
MT2EtOH:Methyl tallow bis-2-hydroxyethyl ammonium.
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Figure 2. XRD patterns of various MMT/ Dicyanate com-
posites: (a) 5 wt% 2M2HT-140MMT MMT/Dicyanate, (b)
2M2HT-140MMT, (¢) 5 wt% 2M2HT-125MMT/Dicyanate,
(d) 2M2HT-125MMT, (¢) 5 wt% 2M2HT-95MMT/Dicya-
nate, and (f) 2M2HT-95MMT.
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Figure 3. XRD patterns of various MMT/ Dicyanate com-
posites: (a) Swt% 2MBHT-125MMT MMT/Dicyanate, (b)
2MBHT-125MMT, (c¢) 5 wt% 2MHTL8-95MMT/Dicya-
nate, (d) 2MHTL8-95MMT, (e) 5 wt% MT2EtOH-90MMT
/Dicyanate, and (f) MT2EtOH-90MMT.

2.66°, A7F 7= 33.13A 22 A7 ARy} =78k Ask
< Yephdck 2M2HT-140MMT, 2M2HT-125 MMT, 2M2HT-

Eg2|H, A27¥ A1ZE, 20034



Polymer (Korea), Vol. 27, No. 1, 2003

95SMMT] zFo]= CEC7} 27} 140, 125, 95 meq/100g°] 2k
= Aotk CEC7} =275 A A=Y S7PF yet
WA = s & = Ytk F CECYF =25 47
o] x3k= ANAAL] Aol 23] EARe] AFTE
W7l =ejzlcka AlsEek CEC7F a5 #|3
= oFeol 5= sl 271 7713 A& AT A
g o 24 HAR, U] aEAkete] 23 F &
AeA= Az AL S7F A9 vk RS &
At

w3 3 Ab7E AEoA] 2M2HT-140MMT, 2M2HT-
125MMT, 2M2HT-95MMT Z}7} 33.95, 32.46, 33.19 A&
gk Axw S7Hek & ol o 7] A A
o= Tl A NAA stelAE d7ke S
7he] Az ARg-e] ghAlel uwhe} ol Hm o] Fof Ak
A& ARt AsEM, o]dl wg} CEC7} W
Hlojgles F2ko] o WA Hof, EAko] 4F4leo] &-olst
Al =3, AzE AR e T o 2 Ze® Alsdh
TEZF tho]Alol[o] EFL A 544l As gt
=719 #go 7 w3 & ok

NAAL F7F7F B+ 7S Figure 39 Uy 9=
2MBHT-125MMT®] 739 7W&A|+= dimethyl benzyl hy-
drogenated tallow ammonium®| ™}, CEC: 125meq /100g°]
t}. =, CECE 2M2HT-125MMTS} 2z, 7|AA ] S5
7} ©& A5-elth o] Ao 2M2HT-125MMT9] 79
e A A=Y TP ALY YehdA] sk, 2
MBHT-125MMT®] 735 7713} &9 20 4.66°, 37t
ARl 1995 AclM E3F F H3ACIM= 20 246°,
A7 A= 3610 Ao R T3] TrkE A ekl
t}. ©]Z-& 2MBHT-125MMTe]| AHg-= 7H2A|7} 2M2HT-
125MMTell AR5 A A e w]s] dIA 7|7} 7]+ &
of A3te] FEdel W AR Qs Eols 5
Q= F7bo] ¥ ARt A= ch* 2MHTLS-95SMMT
2] 790l 2M2HT-140MMT, 2M2HT-125MMT, 2M2HT-
9SMMTE} H|=8k A5-2 Alssch A8 JHA A <}
CEC+= ZtZ} dimethyl hydrogenated-tallow(2-ethylhexyl)
ammonium, 95 meq/100ge|t}. 7713} HEL] 20= 4.16°,

i)

4>

fB L ol

)

A7 ARE 2122 AolH, £33 F B3l 260 280,
AZE AR 3153 AeE AR ARt S13 A

otk o] 72 2M2HT-95MMTS} H]awsle] CECE 7o
U AT 9 A=A AR AL AE AL
£2] Zo]7} 2M2HT-95MMTO]| ®]3}ke] 2MHTL8-95SMMT
7F AuAe s gEew st 27 A7 AdE &
srou, wRAreke] £3F F A7ke Fo e
FANA SVl AFAAT AEAelrt gl F H
W Aol ARY ¢ e FAbe] iyl wet

b

O

Eg|H, A274d Al1Z, 20034

Dicyanate/Montmorillonite Nanocomposite ~ 79

7 A= S 7s ek AlsEth
kS o] = 7. Figure 3941 MT2EtOH-90MMT
A5 Utk 28lelA o £ 9ol AR
T Tl 7P 2 A7 AR S YER ¢l
= 573 AR 20= 4.82°, A7+ A= 1839 Ao
A &3 3 B3l oA= 207} 20 o]3lE AHolE|o] Y
T ek Aeke yepdct ©]71S MT2EOH-90MMT2]
CEC7} 90 meq/100ge® 7} vro} #ab7} Fg 4=
N 7ol MY Ak AlsER, AAAR AR
% methyl tallow bis-2-hydroxy ethyl ammonium¥} t}o]A]
ofd|o| Eofe] Atz ARg-o] 7 Fhslar, Fx2AFe] YA
o7} #Zokrla Als =)

wgla], 2 dFo|AE MT2EOH-90MMTel| F4-S
T dslglon, 1ogke] AfAA el st A= ATE
Ag)e] Z7P} B Ao R ALEEE ODMHTLS- 95MMT
£ 933l o] F AHEC] AR CECY W2 3k
7 AR NAAL] A AREA o7t B o]
A7 AR Sl 2 43S v|AE AeE vHY
7] wj&e]ch

Dicyanate/MT2EtOH-90MMT. ©]Ao]| =3=o]
MT2EtOH-90MMT2] 7A-¢- uj-$- EAA o7 A7l AE
7} SV A¥e YEiie XRDESEH & 5 Stk
Figure 404 Z2e] A& sl 147+ 53+ 100 C,
600 rpm3lel A X EsE A ZEo digk XRD dHl¢]
B2 Yelygleh 28lo)A R50] 2M2HT-140MMT
2} 2MBHT-125MMTS] -0l 1A17F Fo = o 73]
207} 20 ostellA F|art EAFE & 5 Sk 19
B]3)] MT2EtOH-90MMTS] ZA-$-oll= 737} Azl A

@

M
L0)]

Relative Intensity

)
\_.,_/\"VMJ\ J l A
10 15 20 25

5
20
Figure 4. XRD patterns of annealed MMT/Dicyante Com-
posite at 100 C for 1 hour before polymerization: (a) 5 wt%
2M2HT-140 MMT/Dicyanate, (b) 5 wt% 2MBHT-125 MMT/

Dicyanate, and (c) 5 wt% MT2EtOH-9OMMT MMT/
Dicyanate.

Dicyanate/Montmorillonite Nanocomposite 79



80 Changet al.

S
=

e
ol

9t} & MT2EtOH-90MMTL] 7% 72 A<}
tho]ajopdlo]Egfe] A5 7he] #go] vl A A H]
3 o #3 Aow Agdck E3F 2M2HT-140MMTS}
2MBHT-125MMT®] 739, 12° o]F-o] tlo]ropdlo|E2] A
7 #1327} yepA| El=d, 2ol REsi MT2EtOH-90MMT
kel Jeje] =27t e He Jlew
Bop Alopo]E] Fhuukg E= HES}e] k30| A
3] of D*E‘:iﬂ-‘ﬂ 273t AAEE, aEAksE Ha gl
= e 5 5 Atk S volAopdle] £ Ao}
vlo|Er]e} HE ] Z Yo EAsl= al7] 7o) )
o] 7}s3hH, HAES] 2o EAsl= F4b7]<ke] 1k
= w3 134" 5 gl Aotk
Gilman 52 AJolo]EL] 1&7 AHE YR 4
7](hydroxyl) L&} Whg-ste] o] =stR y|o]EE *ﬁ
e e Zﬂ“ﬂ“‘ﬁ}” o714 olm| xR o] E
EolA %)Y triazineHS A AEAA =z B
3Hiek. Figure 5°1V1—t— tho] Alov|o| & Gl e} A
5 %—Z_]_—lﬂ'g% :La]vl_ Li@'iﬂoﬂ T;H‘S‘]— IR*O“ il\]-ff]-
ek 2 Ay} golajopdlo|lE G, ARelE §l3
9 1750 cm' oA FRR Mo E v]=27} YePdE & 5 ¢l
o 23y YB3l I3t ARAlE e
Ho} o] ofp|:siRyo|Ex Alohu|o]Es} HE o]
FAZ7E A= Rkgste] A=, o o
F7F Al 2A8k. A3 dEEE A4S Al
< A& 7% 5 3ok w2 MT2EOH-90MMT2)
El A7 ARe SV 5 diel Ak e 2Ee)
Alopdlo] E7] e} REgAS 7= JHAA] fJste] 2
e Wokvk AbE R

Figure 6|4 MT2EtOH-90MMT7} HE3-Adel] 2J3)
A7 AR7E SR AL AbgE ] ik 27 As)s)

T
= Y3

olo olo
Fl[’ o_>|:

R

¥

bty

Y

=

@l«\\ ‘ ;«vf‘“\\ VARA I "M
\n/\‘fbﬂ d 17l0'\ qv J \\J‘“ L/

(“l’)‘w_—“’\—.._/’mf\r[ﬂm” ™

\J‘»ﬁ*\f\ﬂ"

4000 3500 3000 2500 2000 1500 1000 500

Transmittance(%bo)

Wave numbers(cm™)

Figure 5. FT-IR spectra of several reaction stages of
MT2EtOH-90MMT/Dicyanate. (a) MT2EtOH-90MMT clay, (b)
Dicyanate resin, (c) After mixing, and (d) Cured MT2EtOH-
90MMT /Dicyanate Nanocomposite.
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Figure 6. XRD patterns of MT2EtOH-90MMT/Dicyanate
composites having different weight fractions. (a) MT2EtOH-
90MMT clay, (b) 8 wt% MT2EtOH-90MMT/Dicyanate
nanocomposite, (¢) 5 wt% MT2EtOH-90MMT/Dicyanate
nanocomposite, and (d) 3 wt% MT2EtOH-90MMT/Dicya-
nate nanocomposite.
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Figure 7. XRD patterns of 2MHTL8-95SMMT/Dicyanate
composites having different weight fractions: (a) 2MHTLS-
95MMT, (b) 3 wt% 2MHTL8-95MMT/ Dicyanate nano-
composite, and (c) 5 wt% 2MHTL8-95SMMT/Dicyanate
nanocomposite.
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(b) Dicyanate resin, (c) After mixing, and (d) Cured
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Figure 9. Shear modulus and loss modulus of DMA
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Figure 10. Shear modulus and loss modulus of DMA
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Table 2. Summary of DMA Analysis for Various MMT/
Dicyanate Nanocomposite Systems

glass region shear  rubbery plateau region .
sample storage modulus(N/m’) storage modulus(N/m’) (0
dicyanate 7.17x10° 8.78x10° 24 C
SWIMI2EOHOMMT ) 0. s 79x10° 2386 T
(intercalated)
SWMI2E(OH-SMMT 836x10° 15.11%10° 2327 C
(exfoliated)
3wt MT2EtOH-90MMT 5.70%10° 821x10° 2365 C
8wt MT2E{OH-90MMT 5.91x10° 9.08x10° 2306 C
3wt 2MHTLS-95MMT 6.13x10° 11.29x10° 491 C
5wt 2MHTL8-95MMT 6.89x10° 12.55%10° 257 C
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