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Abstract: polymer/layered silicate nanocomposite (PLSNs) is new type of materials, based on clays usually rendered
hydrophobic through ionic exchange of the sodium interlayer cation with an onium cation. It could be prepared via various
synthetic routes comprising exfoliation adsorption, in situ intercalative polymerization and melt intercalation. The whole
range of polymer is used, i.e. thermoplastics, thermosets and elastomers as a matrix. Two types of structure may be
obtained, namely intercalated nanocomposites where the polymer chains are sandwiched in between silicate layers and
exfolicate nanocomposites where the separated, individual silicate layers are more or less uniformly dispersed in the
polymer matrix. This new family of materials exhibits enhanced properties at very low filler level, usually inferior to 5
wt%, such as increased mechanical properties, increase in thermal stability and gas barrier properties and good flame
retardancy. Gas permeability through the PLSNs films decreased due to increased tortuosity made by intercalation or
exfoliation of clay in polymer.
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Table 1. Example of Layered Host Crystals Susceptible to Intercalation by a Polymer

Chemical nature Examples

Element Graphite

Metal chalcogenides (PbS)1.15(TiS2)2, MoS,

Carbon oxides Graphite oxide

Metal phosphates Zr(HPO4)

Clays and layered silicates Montmorillonite, hectorite, saponite, fluoromica, ...

Layered double hydroxide MsAL(OH)16CO3; nHO;M=Mg,Zn
Shbe H479 BEAY 484 BAS AG AZS L BBY 2L Loz BEaYLH(II], A4
Aelcklozn F23 71xF AN WBolt  AUH $47k5A4 WelA W ol SEA W
[1.2. INE & VS Box Ak olze lEe 1A
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of e AoE, ZAUBAONG FFHGI s @ AES} EFR nEAe Aol B skl 2
o7& de7t vh=dAtet & iso-dimensional HE Z 4A AU A EHE[12,13], PLSNs9] Hope
s SEA gy sHmnechse)}E & ATolHol A7) £ FAHCE du A
Sk 22w YAHoE T oyge heasle ) 53 o Ropo) FU|E FUA 2L AFeE £ 7}
Aol QA WAl gge] A AWHCRE A 34 ATEA} Yed, 1 A WAL Toyota A
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O Al Fe, Mg, Li

O 0OH N
®0 ¥ «— Tetrahedral
@ Li, Na, Rb, Cs s

2. DEX/ZHA2A0E =84 22| st L oAl
o, & Ale]l2 2L Exlge] 4yel o 23

2.1. BaMlalFo|Ee] 2= B ATAEE S A0l & AcE W Ax ®

ZAA A EE dwrH o g 2:1 phyllosilicate & Hol A4S HER f7] 1EATE F Alol2 Ay
A4 deld FREA J=BdA e 23 AEE AL ol Eo/ple W oHo wetA frled P
eH16,20]. AAFRE A 4HA e vl FHEA Aol A e 7] HdMe T Ry T3 &
2 o] RN, A7 FAHT dvFRE vEL, ©] olgo] YZARFoOIY YUELEFH L Pol
Eo] A A st ﬁz}é o} 9 FAE <1 7182 n@sojol st f713H claye HH4
nmoli, 9] W X4E 300 ACZRE B wle]z S 9A H1, FHAUAE sobd {fr1niEA 4
E742] v thgsim, ’31101 Az|A o) Ec) wa} T A AEH o & 2 5 UAEE 3
AR 55 Jok o]y 24 ATA)E 2L Yy AeAlolE BHe e 4AS mug, 9dgR
(interlayer) =& gallerydtal B8 9= & Alold] UA F oo|&dA 4AsE He vg REE HYAE
3+ Van der Walls 3o) &3] L35 o] &23] 2q] % X9 A3 AYE EAAS W nygiEe 4
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4 AEACIE Y oY HejH EA o= gnt F7] Fol2oz XBH FIIHES] 7 HH L /7]
Ao E meq/100 g2 THHE %ol w35 E(CEC) oFol 9] AlE Aot ozl A& 3 (packing) S
o2 THAs EAL 1AL Aes = U] AR ZAs= 54 72 AYACESY Yol ndsE
Aoz gAsHA XA ¥7] wiel, HAl dE T & doh

Membrane J. Vol. 15, No. 4, 2005



258 WA - 9AD - PN -

Table 2. Chemical Formula and Characteristic Parameter of Commonly used 2:1 Phyllosilicates

2:1 phyllosilicates Chemical formula

CEC (mequiv/100 g) Particle length (nm)

Montmorillonite Mix(AlsxMg,)SisO20(OH)s 110 100~150
Hectorite M (Mge.xLix)SigO20(OH)4 120 200~300
Saponite M Mgg(Sis.«Al)SisO20(0OH)4 96.6 50~60
{‘1\
————— '“J?____M ?_G
————— / < ‘:i',] Sy g
= 77 Soe 7
——— i }_:j’ Um0
SN
Layered silicate Polymer

Phase separated
(microcomposite)

Intercalated
(nanocomposite)

Exfoliated

(nanocomposite)

Fig. 2. Scheme of different types of composite arising from the interaction of layered silicates and polymers.
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FHAS W A& 5 e BA 22 Py F=
Al ZFAE Y -tk(Fig. 2)[20].
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o] #21¥ Hel(phase separated)e] EFAZE
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%‘ wmd(c)
[l 1.5 nm
3]
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£

intercalated

immiscible,

1.0 30 B0 70 9.0
2 theta (deg)

Fig. 3. XRD patterns of: (a) phase separated micro-
composite (organo-modified fluorohectorite in a HDPE
matrix); (b) intercalated nanocomposite (same organo-
modified fluorohectorite in a PS matrix) and (¢) exfoliated
nanocomposite (the same organo-modified fluorohectorite
in a silicone rubber matrix)[20].
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Fig. 4. (a) XRD patterns and (b) TEM micrographs of three different types of nanocomposites.
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Table 3. Effect of Nylon-6-based Nanocomposite Preparation on the Young’s Modulus Related to the Filler Content and

the Average Molecular Weight of the Matrix

Sample preparation Filler content (wt%) MW (><103) Young’s modulus (GPa)
Commercial nylon-6 0 13.0 1.11
NCC 5 13.0 1.06
NCH® 4.7 16.3 1.87
L-NCH* 5.3 19.7 2.04
one-por- NCH 4.1 22.6 225

*NCC: montmorillonite-based nylon microcomposite.

*NCH: nanocomposite obtained by in situ intercalative polymerization of e&-caprolactam in protonated aminododecanoic modified

montmorillonite[ 18].

‘.-NCH: nanocomposite obtained by in situ intercalative polymerization of &-caprolactam in protonated &-caprolactam modified

montmorillonite[36].

done»pot-NCH: nanocomposite obtained by in sifu intercalative polymerization of g-caprolactam with Na-montmorillonite[37].

SEAYHE TR &A ojdez & oF
S M Qo A HAlE f7) &9 E ALgskA &
7] W&ol FgAH| = Ao, F HAE, 71E9
aEA AgEE AR SYsA &), 9, §
vig] g 59 71F dulE o83l Azt 7b5E
02 A dolA 7 wiEAsithe Folth 1
Hub nEA7 1= A FHE S AYEHY
7F wWl$ olgE gdHo] Utk HIdE F44 A Aol
EE fU1eN7E AAE 23S ATt aEAbe}
AX AGLGA 558 383 A E ALY #7138
4 82| 3ts FAl) 7hsA st Y B HAE Az
T 1x9 ZleEse] ALE ok £8He AU
Bk ohe} HEy e YnEFANEE AT 4 4
o, 3 49 Nylono| A RE @& F49 257}

1. B4 & (Young’s Modulus)

QAAFAA Ade) BAstiftness) e ehhE 2
2 WA 8(Young's modulus)o] ThIEH 2] Sgoloi, o]
= FeHE As
A7 = 5 AUtk e-caprolactam©] 4F Yo IR
THe T8 42 ¥EE Nylon-6 YeugHle @
FRA S| A Young's modulus7h FA8HA 7}

0.8

s Montmorillonite .-
& 0.6} =Saponite L =1000 A
o oNylon 6 .
O 0.4rf
)
o
w 0.2p

L = average length of silicate layers

0 " i "
0 2 4 6 8

Clay content (wt%)

Fig. 5. Dependence of tensile modulus E at 120°C on
clay content for organo-modified montmorillonite and sa-
posite-based nanocomposites[37].

S Ko ZETHTable 3).

AAZ, A5 AEe #7188 MMT(NCH)[18]
A9 F3t, $Ad3tE e-caprolactame] -HH MMT(L-
NCH)[36]¢to| A 2] £33, e-caprolactam¥} A+ Zuj 9]
ZA)8lol A MMT(one-pot-NCH)[37]2] £FollA] B
o] AxWHo] FSlolEtd ¢ A FHECH
¥4 aminododecanoic Ato. 2 JAE MMT (B2
©]: 1000 A)$} saponite (500 A)E e-caprolactam} in
sie FPHWOE DI clay BEE AR 2
Nylon-6 Y284 E A Z3t9 Young's modulusE
120°Coll A &3 8 A}[18]Z Fig. 5914 & 4 it}

Fig. 59 ZA3}o]A Nylon-6 =232 Young's
modulus®] Z7Hs Ealg AlgFolE 29 o]
o AFHez #AEE TEA Yehvtn ok =
3}, Na-MMT9} thopsl 2+8 x}281e] e-caprolactam

o |
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Table 4. XRD Peak Intensity (Im) and Young's Modulus
of Various Nylon-6-based Nanocomposites Obtained by a
One-step in situ Intercalative Polymerization of &-capro-
lactam with Na-montmorillonite in the Presence of Dif-
ferent Acids

Acid Im (cps) Young's modulus(GPa)
Phosphoric acid 0 225
Hydrochloric acid 200 2.05
Isophtalic acid 255 1.74
Benzenesulfonic acid 280 1.74
Acetic acid 558 1.63
Trichloroacetic acid 583 1.76
8

_~

o

[

O

S’

n g

E 6

=

=]

g A

s 4]

7]

et

=

2 r
0 10 20

Clay content (wt% )

Fig. 6. Effect of clay content on tensile modulus, mea-
sured at room temperature, of organomodified montmo-
rillonite/nylon-6-based nanocomposite obtained by melt
intercalation[38].

#} in situ AYETH 2 FAE Nylon-6 L= E-gH4
3815 #AFozZH g9 FxAto]7} Young's mo-
dulus gtoll A FFE vitde A& ¢ F A
(Table 4).

Table 40l M= £§8 FAA717] Y8 Hrtg 49
A mE YxBgA e XRD peakd ZE(Im) ¥
3L S48k, B3] S welE Ak} Young's
modulus7} 9 ¢] #AE Yele AL B9 ginh
Im zto] F71gte) wal Young's modulu
ol B H Fo] AEE P FUUYE A1
o] Foh WHEe AYE J=EFAE 2349
aspect ratioZ} Young's modulusoﬂ dEg¢S 9 Ak
olg]gh A¥= Fig. 69M FIAY Ffol wet
Nylon-6 Y2353 9] 4.2 Young’s modulus7}
P oI HE & 5 UTH38].

Ar
)
B
i
o

wuel, A 15 4 A 4 & 2005

- =
N

-
o

-2

«=-Q--- C18A - montmorillonite
~—— C18A1M - magadiite
——&— C18A - magadiite

Tensile modulus (MPa)
~ o

YK T W ST U N R (N Y NN TN SN NN N NN N TN N TN A N 1

0 2 4 6 8 10 12
Magadiite loading (wt%)

Fig. 7. Comparison of the evolution of tensile modulus
with filler content for nanocomposites based on an epoxy
matrix and various organomodified fillers. C18A-MMT=
MMT modified with octadecylammonium CI18A-maga-
diite=magadiite modified with octadecylammonium C18A1M-
magadiite=magadiite modified with methyloctadecylam-
monium[39].

[ 3

Fig. 6o Uiclayd] gHf3Fo] 10 wi%7}A< mo-
dulus7} YA =A Z718lcirt 2 o]F = Young's
modulus’} Z4AES Holm gtk o]yd w#Hie
XRD%} TEM £A[38]o) A #H#g A o] A A
o2 v E F2(10 wt% o|shell A F-& 4F¢)/etel ¥
T-2(10 wt% o’h)7kAe] wstel F &8 dx|gt.

A FA] 7] A A magadiited} & F4 EA 9
W8] Fig. 79419 o] F3HAl9] Young's modulus
9] F7HE Holm JYTH39]. Fig. 72 octadecylam-
22 §7]3h8 MMT (CI18A-MMT), alkyl-
ammonium®.2 57388 magadiite (C18A-magadiite)
9} methyl-octadecylammonium %Fo] 20 2 7|35
magadiite (C18A1M-magadiite)?] &3 we} ZE
27t S7heke AE BoEnh o] adA 4 wik%
o]49] clay FHrollA MMTUxEA o] RE2E
4% oﬂg Btk #7) magadiitess= 7] MMT
B o 5o &= AslEgx 9 alkylammonium 2
742 7] W&, 3% 5 AFA FA9} alkylam-
monium o] &o] A5 2-850 ZH s}x| AL (dangling
t}. 7}A|Al&(dangling chain)& Y E ¢
2AA A 71EE oFstAl sk A

To ule)® A Aol =9 B

monium %]

chain)2 A3
=R SR =,
o2 d#A Yo
715§ Asirzlo.

HE)E P2 U REYr &

olN
rir

Phe 97584
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4.0

3.5 }
3.0 f I
25 |

20 F .

Tensile modulus (GPa)

15 F e

1.0 Jul---l- i [ W 1
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Table 5. Tensile Stress Evolution for Nanocomposites Based on Various Thermoplastic Matrices

Nanoomposite tensile stress

Matrix Matrix tensile stress (MPa) Nanofiller content (wt%) Nanocomposite type (MPa)

68.6 4.7 NCH* 972

Nylon-6 68.6 53 L-NCH" 973
68.6 4.1 One-pot-NCH* 102

53.9 12.6 Intercalated 62.0

PMMA 53.9 20.7 Intercalated 62.0
314 5.0 Intercalated* 29.5

PP 32.6 4.8 Intercalated® 30.7

(+exfoliated?)

28.7 11.3 Intercalated 21.7

PS 28.7 17.2 Intercalated 234
28.7 24.6 Intercalated 16.6

28.7 34.1 Intercalated 16.0

*NCH: nanocomposite obtained by in situ intercalative polymerization of g-caprolactam in protonated aminododecanoic modified

montmorillonite[18].

’.-NCH: nanocomposite obtained by in situ intercalative polymerization of e-caprolactam in protonated e- caprolactam modified

montmorll]omte[36]

‘one-pot-NCH: nanocomposite obtained by in situ intercalative polymerization of €-caprolactam with Na-montmorillonite[37].
pp added with PP-MA so as a PPCH 1/1 is reached (PPCHI/1 contain with 7.2 wt% of filler contents and 7.2 wit% of PP-MA

contests)[60].

PP added with PP-MA so as a PPCH 1/3 is reached (PPCHI/3 contain with 7.2 wt% of filler contents and 21.6 wt% of PP-MA

contests)[60].
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