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Abstract — Polymer-clay nanocomposites, a novel organic-inorganic hybrid, attract much attention from both scien-
tific fields and engineering fields due to their balanced improvements in mechanical properties as well as diffusion
behaviors, including flame-retarding and barrier properties, with small amounts of clay. Preparation of polymer-clay
nanocomposites, summarized as a process for uniform dispersion of hydrophilic layered clays in hydrophobic polymer
matrixes, includes several technologies and scientific phenomena, such as surface-modifications of clay layers, physical
properties of clays in liquids and dried states, polymer synthesis, polymer rheology, behaviors of polymer solutions/or
monomers in the confined geometry, mechanical properties of polymers and clays. To comprehend complicated physi-
cal/chemical phenomena involved in the fabrication of nanocomposites, we reviewed physical properties of clays, struc-
tures of clays in nanocomposites, characterization of nanocomposites, the relation between morphology and physical
property of nanocomposites, surveyed recent research trends, and then suggested a few strategies or methods for fabri-
cation of nanocomposites reflecting future research directions.
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Table 1. Some important properties of clays and their applications [11]

poly(methyl methacrylate)”} bulk “efell B]8l] 7] LER=t] o]
£ AE(montmorillonite) ™l F2¥ monomer’t HE Fof &
3k Q1A Aeflof] 71213} stereoselectivity® AATH3IATE o] A=
Ee} IFAHEEE monomer)®] complex 34 Bl S A8 I
A olalE Sl HRtHE ARGSE ] ell= EAke] WtTHs-10]. 12
wolejsh A= WIEY f71ES AR F8Y 1 Txe] e
Al IS 2 Ioh AETIE JAES 7] B AR
(organoclay) #|Z=e]l B3} 71 % vlglo] w31 o]F B2 X QE} group
O] IEAHE vkl et Rl o] f7] WA AEE 2
99 22 12 317X (polyacrylonitrile, polyaniline, polypyrrole,
polyimide, polystyrene, nylon, polypropylene, poly(ethylene oxide),
polycarbonate, poly(ethylene terephthathalate), poly(acrylamide),
polydiacetylene, poly(thiophene), poly(ethylene imine), poly(butylacrylate),
poly(dially dimethyl ammonium chloride), poly(N-vinylcarbazole),
poly(p-phenylenevinylene), poly(vinylpyrrolidone), poly(acrylic acid),
polyphosphazene, poly(/-lactide), poly(vinyl chloride), poly(vinyl
pyridine), cellulose, poly(ethylene glycol), poly(vinyl alcohol), polyethylene,
rubber, elastomer, epoxy, polyurethane, unsaturated polyester, phenolic
resin, and polybenzoxazine)= ], Ao}=|A| k= FQ3 F4 &
A% sh7t At

SHH, AR 3 AS AR B3 25 SRS 1
A E Vs3] s A A T (intercalated structure)
3} 8] F-Z(exfoliated structure)® L OIFITH A1 & 11
AR e HE S AL 77 sha Qo
b AREo] AE T3t FkoE AW ATE F3 1HF0] St o
T2F vt} o]¢} G| vlgd F2= HETF AL matrix
oA S TERAIE Slo] wElal S0 E EAste] St 1A A
Ao w8 e = Xray 314 dElS RIS 5 gl 72E v
sit}, dwkd o= vlg|e 725 2 B3} A2 A E AR

Kaolin Palygorskite Smectite

1:1 layer 2:1 layer inverted 2:1 layer

White or near white Light tan or gray Tan, olive green, gray, or white
Little substitution Octahedral substitution Octahedral and tetrahedral

Minimal layer charge
Low base exchange capacity

Pseudo—hexagonal flakes Elongate

Moderate layer charge
Moderate base exchange capacity

High layer charge
High base exchange capacity
Thin flakes and laths

Low surface area High surface area Very high surface area
Very low absorption capacity High absorption capacity High absorption capacity
Low viscosity High viscosity Very high viscosity
Traditional applications of clays

Kaolin Palygorskite Smectite

Paper coating Drilling fluids Drilling mud

Plastic filler Cat box absorbents Bleaching clay
Adhesives Paper Emulsions stabilizers
Paper filling Paint Foundry bond clay
Ink extender Suspension fertilizers Agricultural carriers
Enamels Pharmaceuticals Desiccants

Paint extender Agricultural carriers Pelletizing iron ores
Cracking catalysts Animal feed bondants Cat box absorbents

Pharmaceuticals
Ceramic ingredient

Anti—caking agent

Fiberglass Catalyst supports
Crayons Reinforcing fillers
Rubber filler Tape joint compounds
Cement Adhesives

Molecular sieves

Industrial floor absorbents

Environmental absorbent

Catalysts

Sealants
Adhesives
Cosmetics

Animal feed bonds
Pharmaceuticals
Paint

3lerast 46 15 2008 22



TRAZE LheBgA ol FF AT WE 2

ORT F& AR BYL ) k] velg P25 oy
e e w3 240 294 S)9 A 4%l F0A
2 Abgab) Wgel 34 HelE felsih 53, AEs ARe
o] Fsap] wiel, The 7] 2ol vla) B V) BAw

o] Zelx= WA HES] T 54< sk f71R AE
o Az W Bl 1 BRkE AEka B3 r2E s ew
Arataal s, Fuktold s BekA Al W) 2jo)E Avst
3 g EEA, 38 A Ak divk 1 ke o A
Z H3F 2k Bl et S-S ARG, vAEo 2 #
= AT At FF LS AAstaAt gt

)
S

o] FiolME= HE TR/ ¢ 7% A& Astaat st A
AR AES et 7715 TRt & 75 gk gjlo] A
# 5] =dl 53] kaolin, palygorskite-sepiolite, smectite clay= 7+
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Kaolin- 34 S-7} AFF22 $ 5 ol tetrahedral sheet
(silicone oxide)$®} octahedral sheet(aluminum oxide) H]&©¢] 1:12
T A4 2 o AR (defect) 7 Aot S7F 1o] Astal
e ol WS Zta Qlvk. aeja el 3k 31 S
7} AE7) S Holtt, ole mt o] 2k X317 47} Zo}
FEAN ) Gt 2 AREShe 855 paper coating, =34
FRA, A} FHA, F2A FHA, P A7 ol ARt
ARF 7] 2 FAET} THAel ks T AR 53] asEel
A %7} WobA] paper coating®ll =2 ARE-SICE,

Palygorskite((E+= attapulgite)= 3} vl1ulgF A A E
(magnesium aluminum silicate)= -3 %= JEZ tetrahedral sheet
(silicone-oxide)®} octahedral sheet(aluminum oxide)?] H]£&0] 2:10]
3L octahedral sheet®] aluminum “J@%©] magnesium =% iron®.
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Smectite®] T-Fi= tetrahedral sheet?} octahedral sheet H]5-0] 2:1
TJ=" aluminat tetrahedral sheetol] EANHE silica®t L A
Ho] 9)al iron B+ magnesium©| octahedral sheetl]ol] EA)3h=
aluminum¥} G- X|$=|o] Qlt}, o] ¢} Zo| tE B = X3 4
5, Golo] AL AE7t s o]F B A8l 17} ol
< el FABH #int. ojw F2kE 17} Folo] RHY sodium
o] sodium montmorillonite® WERATE, Smectite= @] -3 Ul
of| X13kel 7} Wi gke- 27} Yjjo]7] wiitel 3 APt wau
ol Wk o] A1 AR o] Yt} o] 54O smectite™ 5
A2 Zo] AREE™ FAlol molding sand T AT AREH
I QIT} B smectite= §Hllel] 23l SXE 0] gojuvbe A
ZE31 QIt}. Smectite®] FXF BEAJT =2 ol w3 5O
Ql&l] smectitet alkylammonium¥} -2 7] 35 ol w3k
2 g3l AE EWe 55 ol wAd ¢ a5 &l
3 71A0] YolA Adaks A o= BEE =

F2sE 4= it} ol sk S HE BHE AA ANEE ¢
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F7IH HEe] B F7HA R vhy HollA =8 o
Smectite A8 HE Table 20 YERt A3} o] thekst +
25 2t 9tk Table 20041 YERH diooctahedral, trioctahedral:-
unit cellQ07] AH~9} 47] OH”] “12]al 871 tetrahedral site®} 671
9] octahedral site® T4 )y TAd3H= octahedral site®] 2/37} %F
o]0 7 A A& 2u|S|aL trioctahedrak: Fo]-20] 5 A4
2 Zig e,

Fig. 1(a)°ll smectite T2 25 YERNJATH12]. Smectite 7]
4 AE T72E Y| olalst] A3l tale AES A9 X, talc
= Ak 24 ) tetrahedral site®} octahedral site:= 22} Si*t, Mg?*
2 EF AQPAA Qlo] M- 07 T4 (electrically neutral)©]th. T
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Ask= oF 399! taledt micad] st ¢ke] T JEE HERITH
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Jolo] AE F3t Aol Fxtell xgstA Hrk AR EelA o
HE R T35 Al o]&(Ca?)S Eetal lou FF Ut

FENa)= X3} Smectite Al 7 £33 HEQ]
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Table 2. Idealized structural formulas for some dioctahedral and trioctahedral 2:1 phyllosilicates [12]

Mineral group Dioctahedral

Trioctahedral

Pyrophyllitetalc Pyrophyllite: [Al,](Sig 4)O,o(OH), Talc: [Mgg 0](Sig 0)O,,(OH),
Montmorillonite: MZT,, -yH,0[Al, . Mg,](Sig )O,,(OH), Hectorite: Mf:j,, -yH,0[Mgg (.. Li,](Sig )O5(OH,F),
Smectites Beidellite: M, -yH,O[Al, ;1(Sig 0..Al)O,,(OH), Saponite: M, -yH,0[Mgj o1(Sig 4./ AL)O5(OH),
Nontronite: M", -yH,O[Fe, ](Sig /Al )O,o(OH),
Micas Muscovite: K,[Al, ¢](Sig ¢AL)O,(OH), Phlogopite: K,[Mgg ,1(Sig gAl ¢)O,0(OH),
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e.g. In case of Montmorillonte

n+ .
M rn®H 2O[Al4.o-ngx}S’&o)Ozo(OH )4
Isomorphous substitution of octahedral Al ** by Mg >
In case of x=0, Aly(Si 50)O020(OH)4
4(+3) + 8(+4) + 20(-2) + 4(-1) = 0, No substitution

In case ofx:I .5, [Alz_s Mgls(sl 3_0)020(OH)4
3.0(+3) + 1.0(+2) + 8(+4) + 20(-2) + 4(-1) = -1.0
Excess negative charge

Tetrahedral

© -Si @ -Al |

O -OorOH Positive charge deficiency : 0.4 ~ 1.2¢ per SizO; |

(®)
Fig. 1. (a) Idealized structure of a smectite clay [12], (b) Isomor-
phous substitution of octahedral lattice.

beidellite2} saponite:= tetrahedral site®] Si*'7} A13*2 X]gh=|o] A
= LFERATE. Octahedral sitel] XI3HE smectite HES A =4
Ao A&7} BESIY tetrahedral siteol] X € smectite 5 E 2
Aok Tha A0 % EAgitt.

3. M= g

3-1. Clay 370 & 2&F

el Aw £ ulel o] kA Aol FE S 154
< w31 glom T3 s o] slo] FXIAR AR 425
IEA}F matrixtloll micro size TFEZ AL} o] E JfXE] 9
3 i ANAA = FAAIE 7R o] A9 Ak AdElE Ak
Hup ZEAQD AR HE S JIHE S5 q7] wieel F

5

ARl HE e TMIAR 2 2 Hulds vEkd &
Zraditt, ol Akt FRAR] HES) 4% Q18 (interaction)©]
27] wjZolek, 28t smectite AlE FEE THE T HES} ¥
Wl s ol w55 9 & el 3 W& S 2
al ol olut T4 F7l=e 572 o At olH smectite
AE 393 f7]= Afelel] #-8-8k= 12 1) cationic bonding,
2) ion-dipole interaction, 3) dipole-dipole interaction, 4) m-bonding
5°|tH13]. Cationic bonding A+ *]2]% alkylammonium®] smectite
Sl EARE 7F 55 ol 3 Yol wEk vkg-S Fal o

A= el PAlshs 12oltt. o2 S dodecylaminee] JoTE

30
WOk
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Clay/water
Stirring & heating

Clay dispersion

Alkylammonium/con. ———>
HCV/water
Stirring
‘White powder
Filter

‘Washing with hot water

Drying

Fig. 2. Typical preparation procedure of organoclays.

W3 3-8 &3l Na“-montmorillonite 5 U]ol] £A5k= Na'e} w3k
Sh= Whgolck w1k 3 montmorillonite®] ¥:W-2 dodecylamine
o] &JkS Wb ¥t} Jon-dipole interaction> =4S Wil = =
F71EA7F AEEIE E°] Na-montmorillonite) 57l AH]E
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9] o] w3k (cation exchange capacity)oll BI3l 20~30% 3}
S ARSI Alkylammonium 8948 FE FAF 8-l w2
Al A7yeka 24 o] - el 3/dETt B4 A PS>
alkylammonium® 2 72 HE} 73} 2hg-of oJsf =88 ol
A &sl7] witoltt. o] X AL f7] MAE FES} o
F2he alkylammonium®] ¥ EAlStaL Ql=dl, ol S3kE
alkylammonium= F71¥d FAE7} 2 Holg|&2 TAA sh= g
o] Hrtt. wiehA 71hE SRR g 2 AlFste] el Sk
alkylammoniume #|73tofof Sk}, Alkylammonium @ 2 2]

alkylammonium®] -f-3} 9 -§-5do|t}. oju) AEFHE F3F A,
alkylammonium-8 &%}t Q13 alkylammonium-alkylammonium?} 1
Hol A ow 2-geict A3 A2 A ARl & HE F
Al AEjelA] AE= 2ol 3l BEEHA S35 itk
723 AF A2]E alkylammoniume ol 473}F] o] o] Aglo] -
SR w5 17} ol A o] wEk WS B AE xR
AR ool Aol F2sHAl Hrt. F&E alkylammonium
surfactant micelle?} 72> BPHOZ =My alkylammoniums &

— e O o VA
@ @

@ Alkylammonium

Clay J:L

SEVAYAAS

Lateral monolayer

XN YR

[ ]
Lateral bilayer

Paraffin-type monolayer

ONONONON

SSE

Paraffin-type bilayer

Fig. 3. Schematic presenting structures alkylammoniums in the basal
spacing of clays [14].

ol50] M Hla &3 7|17 AAE A Fet. o]l w
2 7] WAE BES FF+= 1) H7FE= alkylammonium %, 2)
AE2] CEC %, 3) alkylammonium FA=E, 4) alkylammonium 3}
sha] o) ufel GEbAAl Fnt. Fig. 3ol Uehd ule} o] F3tel|
A 4= 3= alkylammonium®] SE|= lateral monolayer, lateral
bilayer, paraffin-type monolayer, paraffin-type bilayer 5°]CH14]. ©]
TZ+ alkylammonium %] 5718 455 lateral monolayer©]| 4
paraffin-type bilayer= 0|8ttt CEC7} W2 HE Ul lateral
monolayer, lateral bilayer JE|Z LJERIT) CEC7} WO 484
el A #E&-% (swelling ratio)”} Wil X138 = Q= siteZ} 217] )
wolth. CEC7F %2 7%, alkylammonium |3} #o] Wolx|m 2
paraffin-type monolayer, paraffin-type bilayer= 0]t} Alkylam-
monium®] FAF 3= ol FH7F A7dst A alkyl chain
o7} A5 F3F 1HA0] ol drt. Fig. 3ol Vehd vfs} 2ol
E F75 18P alkylammonium X| 33 HE] CEC kel &
2H 0% FAE PR e 1k 1 5 Qi ojw) &
7k 1HAL alkyl chain®] o7t A5 7t Z18]al CEC7} =
< HEQ] A9 alkylammonium 3 7}3-& S7FA17]%, nano-scale
space?! FE Z7F 37l A7t E54 0 = packingsl’| 9131 alkyl
group<- trans form 33} HEZTH 7]2-017 Ae|2 122l
ordering= 3FAl HUH14]. A& ¥H 50 F &3t alkyl group
hydrophobicst®] €17 alkylammonium¥} hydrophobic interaction 2
7Fs/do] =olt}, o]of] m} alkylammonium®] 57 15FA paraffin-
type monolayer, paraffin-type bilayer’} UEFE 71s/do] =t} 712
A alkylammonium @] 3}8H4 G-z o]8k &2 dimethyl
dehydrogenated tallow ammonium ion ®J|°l|X] & 4= Q1=tl|, dimethyl
dehydrogenated tallow ammonium ion< quaternary ammonium.©_=
bulky 3+ S35 2Ea1 219] primary ammoniumel] B]&l S7F 7F40]
St} o]o w2} paraffin-type monolayer, paraffin-type bilayer® <&
A& 7Fs7dol FErH15).

71 WA HAEE Axshs oA medler & QA= HE
T, 2%, wN| 5 9 GH, alkylammonium®} FE HE &

or] o]t QIakE vkg7] FEllell whet H 2 stetoiof it

3-2. IRALEE L SeH M b

TRARAE Ve 3 Alzs oln] 1hEks] Aget Al 2ol 3
7HA) ZBAAR 18Rl 1) HEZY 1Y, 2) A E Z¥ 24} chain

Q18 3) 18R} chaintt Q18 Tl HE 3 184} chain?t
Qlgdo] tp=] Q1o H]3)| -Agt o] HS vl FE T3t
Zholl 12} chain®] A F7tell A5lE o] BAAZ7} golat
HE S 310l Agle 1Ake] 2 2 HE S3E Ql=o]
EEEHA 2 ARl F JEFE vAA Hrk 7ol sk A9
& THE Aol ZpAE] et ofgoltt. $hA v i3k Al
He 37 7= B7FE 4 At} 1) in-situ polymerization, 2)
direct melt intercalation, 3) solution intercalation, 4) 134} chain®|
EAER= el sol-gelHoll 13t clay mineral A%, 5) clay <=
Akl 3172 latex? 2] aggregation method.

)

T ofook lo

L

3-2-1. In-situ polymerization method
In-situ polymerization -2 T4 monomers JE SIFOF A4
AR & HEZTA F38E feske PHoltt. o] Wi &
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Fig. 4. XRD patterns of liquid-MMT with a ratio of 30 g to 3 g for (a)
organic solvents and (b) vinyl monomers. The pattern of pris-
tine MMT was measured at its dry state [16].

X
off
i
i

7h Azt vla)] Zol S+ FJF7} golsiriE A
e gufjol o] AREEE 9T ol m e
ﬂxok’] grlje} | o]Fo] A= 739 monomer’t L5 £
Al FFE 4= 9l 12]3L monomeret FE F3F dgo] &
= monomer”} FF8h= T Wolx| A Hrh16]. Ftel 4t
monomer F= X-ray diffraction(XRD) pattern®. 2 Q1 4=
Eﬂ Fig. 40X HojF= 713 o] (001)Hell 71R1sk= 314 “HH

< Bragg equations ©]-8-3) AXAFSFH, % E (Na'-montmorillonite)
S7F 4L 1.14 nme) 1L 3 F2] F7071 0.96 nmUS o]E-shd

>

jinc mw
feoee 4 n:L of\e mlo

jis

i&

ArA7FEN oM HE S 33 24 oF 0.18 nm= 7-11 =l
ISR A s = t‘é”“s]*t—( 7] MR EE B9 A0
78 =4 monomer= £~5% monomere] B3] &4 Y2 F7F
HAE XRD g Q1 & 4= qlt}. & Stoll B2 monomer

7} EAlsk T3l Q0 Aotk Fig. 4(b)ellA 3 3t
o] H2 butylacrylate, acrylonitrile, methyl methacrylates= 5+2]7"

Z5 JERYGlaL 5371 7HF0] 52 styrene IS 725 LERY
St} ol %7 } momomer F& T ¥ 1:7'” B B3 st
WS AT S 2ha QS-S vttt S3tell B2 22] monomer

5 ¥l A 53AE v :ILJ_(exfohated structure)= Lt
Rl 715 0] a1, S7F monomer O] 2 S-= intercalated

structure® WER 7Fs7d0] Stk o]efd A T FrEow

|etast ml46H M1 2008H 28

tol

- 1A
A ¢ Stk o] 7hseh 3 AR S 3 AR Rt
He o w Mgk, T8 WA= 23X AAA o E
monomers AR|SH B}k S 1EAF FE Suis ARbF o R
monomer Foll HHIEH H P& HE Z3to]| W& 2] monomer
7} ZA6PA monomer7} 2+ 7390l w8l LT WEA 91:]—, o]
A o]f-= A =monomer 4% &7} “La}x] A P31 AE =t

o) bulk® EA3H= monomers= =3t 2= macroradical = <

FrEjo] Feto] A% X3t ol w]'al' AE 3 142 37388t
© ARl gal g oA A Hol v EEA 7 aE ARE
T2 (intercalated structure)llX] 53+ 7H80] v]71dA o2 Shjjx]

Z S I 2
T ET—=

= 928 F-F(exfoliated structure)® %
AEssha, FE S 37000 S £5E bulk SHEEZ Qe
Abejol] Fahel vl FRETI} eiAE Aes), e A%, w
2= AR ol A = 3k olF AE A 23N T
E57 “e A e A9 Xﬂi% F7FS 2 monomer 37°| 43}
A ) oz ARE F 1, B St 0 A9 3
11 )& macroradical)Z monomer &7°] Y3t 3 49
St} oju] HEE F3) HXo JakS T4 Y inert
3 olof] vkl HE Foll o3l T Hirt ek

o} e 5ol T ol d&F=
sl AE FHo] sty 9= 1EA}F
AbEel A %.POH—%(stenc hlndrance) Suksle] yEAL F9
configuration] Q&S = A-¢7F UERATH

olsHAl k.

3-2-2. Solution intercalation ¥+
Solution intercalation method< a2Ae} HES &) vjol 24k
sto] Alxshs #olt). o] WS AP AE RO E A
E|3 7 ofo] Wold 5 Z3F A SRt A wdela A
7 W o] WL g Mol 7Rt QI 2-83HA ¥t 9
L 3F ARSEE gliEo] ©Y] whzo|th, 87 E= & B
AEG7] B RE/A 23 T3¢ 148 FE o Qo =35
Ak tiEl good solvent?] Z1 02 FASE v} Szl HE
9] ks A5 7 Q7] whigoltt. o] AL SullE ARESE in-situ
polymerization| A 1] 13} o}, ojw] #hE = =2, ﬂﬁlﬁ el
e AR AREo] AR X FRIOE o)FstkaL, ol Stk &
sk Sl AE S 37 do g &9 ojy) B‘“Ht entropy
7} S7¥HAl Ho] At AlEo] S3F FEe R ARl E| o] HAehAl
= 28R entropyS H/3EHA FTh. o] W2 entropyel] FAI
Q= o) Gl Mol ul- A P T Bs HE
Jdo] HES] FAPIHe A GFE 7] uhite] HE %
AzstuA; she wiEAkel 22 29 e 2t Qe As
t}. Solubility parameters ©]-8-3t0] gt L st gmljel
A7} gl = e 7252 solubility parameters
T IR Al Ae0dS A "k o] idE
gahd, AES) B2 1= 7] &0l f B4 s
7 QIS §u7t SEeke JEe) oEsitt gt 21
As 77\}*’ 1= A HEx &A1 Svlleh Aol
]’74] QE]‘ AES} AR X7 A5 Alo]
= MARAZ 254712 wdshd HES)
ivﬂ TAEE. mEbA 24 ks o83l
z3P7] S e AL EAPE SAE

0.

05
X,
)
E

4% rlo (2
)

¢

R R ok

-
9,

b
=2,

~
oL ﬂ.]'{ﬂ

F&I>

oy =
ﬂ‘goﬁlnﬁﬁiﬂ
N A
jg&&q

%’

nZi“N'

Hﬂ

FL

2 He e
2
ki
rr

° :“:



TR LheB A olslsh B o 3 29

S} solubility parameters Zt=5 = Zlo] T Q3 ok W2 oF
o] gullE ARESkaL Q7] whiell &l AA ZEAol B4l AA
43S v} Polyimide-montmorillonite Wi 3HAl] A Z2of A
dimethylacetamide &7l WjollA] 7] /¥ montmorillonite -4}
A& 71 2A8A Q] alkylammonium 5ol el Ee1518]S uf
carbon =7} 10~12%1 alkylammoniume] 78 2433tk B s}
STH17]. ©1%= carbon <7} 10 ©3} o Y- hydrophilicslal 12
o)2e] 749-= U hydrophobicdt?] wiiolela Argslsitt. 7]
HA AEE o] &3 JAE Axzst A3, carbon +7F 12 Q1
alkylammonium< ARE-8F 73-9- FE7} polyimide matrix®l] 3t
Al F23PEA FAel Bt T E YERIGIT o] Ay HE
o] Bt 7zell A4 s Adaka Qlrk

3-2-3. Melt intercalation ¥

Melt intercalation B> 55 Abefolld 1A} AlEo] HE
oz AdEol e os) HE Fitew Wy Fol7t Alx
E&= o R g ARgo] AL glo] FAo) kel S 7t
3L Slek 881 W@oi7t eJmlskRe] At EEAS RS 8t
7] fl8l AR 86 2 T, oY 2R VAR - ke
7hetct, kA ARgE = QlE A SHRe UgAe] iAo
2 §8ka 840 3l Sdl¥ AIQ(PE, PP) AL T2 AL
§3it}. o] 5 AR o] AElA v R EE o] ato] H
FHIE Aol A ESF AR hydrophilicity 271 L5 7
E3tel ofgfFol gtk 2EA tifE HEE f71Wd AEE A
S gt 571 WAE FEY alkylammonium S5+ AE &

A Fe = BNk ot H7Ege] ZIAIA S FF
nxct, efushd alkylammonium®] WG/3-2 T22}F F=3¢] H]
oFstal amEAtel] nls)| 71A1A ot w7 o)y, whba 2
O] alkylammonium<> E-3A] £ A8} QRlo] Hr}. o & 5o,
71 ¥ AEE o]gslo] S oR IiAAE E3AE Az
e uf Z1AA 248 AR kel wet Frksltl 5~10% el
A HoE UeERd $ 24 o] EAskA Fk o] A
alkylammoniume]] 7]1918R= 1 © & alkylammonium-=- Tg7]- el
Al Azfx]o] 1A} 7RAA] Bl AsA|E 2HEsl] WiEo s AyE

2 o AL

o ol

100
901
9
£ 80 12M
©
= 16M
70+
C18M
50. 20A

0 100 200 300 400 500 600 700
Temperature(C)

Fig. 5. Thermogravimetric analyses of organoclays [15]. 20A stands
for the organoclay ion-exchanged with dimethyl dihydroge-
nated tallow ammonium ions. C12M, C16M C18M present the
organoclays modified with dodecylamine, hexadecylamine and
Octadecylamine, respectively.
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Fig. 6. Schematic representation of the formation of polymer-clay
nanocomposite via direct synthesis of clays in the presence of
polymers [19].
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Fig. 8. X-ray diffraction patterns for various polymer-clay Nanocom-
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Fig. 9. Transmission electron micrographs of MAPP/20A nanocom-
posite fibers with clay concentration of (a) 6, (b) 12, (c) 18, and
(d) 24 vol.% |[24].
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Fig. 10. d-spacings of the MAPE/20A and MAPP/20A nanocompos-
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Fig. 11. Relative complex viscosity of composites at a frequency of
0.01 5. a: PEMA/20A, b: PEMA/Lapo, and c¢: PEMA/SiO,.
Lapo and SiO, indicate laponite and silica, respectively [25].
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Fig. 12. Complex viscosity of composites measured by a cone and
plate rheometer at 210 °C. a: PEMA/ 20A, b: PEMA/Lapo,
and c: PEMA/SIO, [25].

Table 3. Neck-in results [26]

Sheet width after extrusion in

Take up speed T-die extruder
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1 i .
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ASSIO, 60 m/min 2.7em
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Fig. 13. X-ray diffraction of T-die extruded sheet at 180 °C. a, e: PEMA,
b, f: PEMA/20A, c¢: PEMA/Lapo, d: PEMA/SiO,; top (a~d):
through direction, bottom (e~h): edge direction (X sheet roll-
ing direction) [26].
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Fig. 14. Dependence of tensile strength and modulus of epoxy-organ-
oclay composites on the chain length of the clay intercalated
alkylammonium ions. The clay loading in each case was 10
wt.%. The dashed lines indicate the tensile strength and mod-
ulus of the polymer in absence of clay. (left bottom figure)
Proposed model for the fracture of (A) a glassy and (B) a
rubbery polymer-clay exfoliated nanocomposite with increas-
ing strain [27] (right column figures).
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Fig. 15. A model for the path of a diffusing gas through polyimide-
clay nanocomposite [29].
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Fig. 16. Comparison of the heat
release rate (HRR) plots for pure PPgMA and two PPgMA-
layered-silicate nanocomposites, at 35 kW/m? heat flux,
showing a 70~80% reduction in peak HRR for the nanocom-
posites with a mass fraction of only 2 or 4% layered silicate,
respectively [30].
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