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er 
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om
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M
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uthor, ref. 

PO
LY

LA
C

T
ID

E
 

Synthetic Fluorine M
ica 

(C
O

O
P Chem

icals Co., 
Japan) 
 

N
(cocoalkyl)-N

,N
-[bis(2-

hydroxyethyl)-N
-m

ethylam
m

onium
. 

 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
 = Intercalated. 

R
ay, S.S. [i] 

M
ontm

orillonite 
1) octadecylam

m
onium

 (O
D

A
), 2) 

O
ctadecyltrim

ethylam
m

onium
 (SBE) 

 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
/TEM

 = Intercalated  
R

ay, S.S. [ii] 

M
ontm

orillonite w
ith 1 and 

2 Synthetic Fluorine w
ith 3 

 

1) octadecylam
m

onium
 (O

D
A

), 2) 
O

ctadecyltrim
ethylam

m
onium

 (SBE), 
3) dim

ethyldioctadecyl am
m

onium
 

(M
A

E) 
 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
 = Intercalated. 

R
ay, S.S. [iii] 

M
M

T (C
EC=110) w

ith 1 
M

M
T (C

EC=90) w
ith 2 

and 3 
SA

P (CEC=86.6) w
ith 4  

M
ica (C

EC
=120) w

ith 5  
 

1) octadecylam
m

onium
, 

2) dioctadecyldim
ethylam

m
onium

 
3) octadecyltrim

ethylam
m

onium
, 4) 

hexadecyltributylphosphonium
 

5) N
-(cocoalkyl)-N

,N
-[bis(2-

hydroxyethyl)-N
-m

ethylam
m

onium
 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
/TEM

 = 1) and 2) 
Intercalated-and-flocculated. 3) 
intercalated. 4) D

isorder 
intercalated, 5) C

oexisting of 
intercalated and exfoliated. 

R
ay, S.S. [iv] 

M
M

T (from
 N

anocor) 
C

EC
=110 

octadecylam
m

onium
 (O

D
A

) 
D

-lactide 1.1-1.7%
 

Tw
in screw

 
R

ay, S.S. [v] 

M
M

T (from
 N

anocor) 
C

EC
=110 

octadecylam
m

onium
 (O

D
A

) 
D

-lactide 1.1-1.7%
 

C
om

patibiliser = α, ω-
hydroxy-term

inated o-PCL 

Tw
in screw

 
X

R
D

/TEM
 = Flocculated, but 

better parallel stacking. 

R
ay, S.S. [vi] 

M
M

T (C
EC=90) 

 
trim

ethyl octadecylam
m

onium
 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
/TEM

 = Intercalated 
R

ay, S.S. [vii] 

Synthetic Fluorine M
ica 

N
(cocoalkyl)-N

,N
-[bis(2-

hydroxyethyl)-N
-m

ethylam
m

onium
 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
/TEM

 = Stacked and 
flocculated layers 

R
ay, S.S. [viii] 

M
M

T (C
EC=110) w

ith 1 
M

M
T (C

EC=90) w
ith 2 

Saponinte (CEC
=86.6) w

ith 
3  
Synthetic Fluorine M

ica 
(C

EC
=120) w

ith 4) 

1) O
ctadecylam

m
onium

 
2) O

ctadecyltrim
ethylam

m
onium

 
3) hexadecyltributylphosphonium

 
4) D

ipolyoxyethylene alkyl (coco) 
m

ethylam
m

onium
 (M

EE) 

D
-lactide 1.1-1.7%

 
Tw

in screw
 

X
R

D
/TEM

 = 1) Intercalated 
and flocculated, 2) Intercalated, 
3) D

isordered intercalated or 
near to exfoliation, 4) 
Coexisting of intercalated and 
exfoliated. 

R
ay, S.S. [ix] 
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N
othing new

 
 

 
 

R
ay, S.S. [x] 

M
M

T 
1) dim

ethyl dioctadecyl am
m

onium
 

D
-lactide 1.1-1.7%

 
Tw

in Screw
 

X
R

D
/TEM

 = Intercalated, 
stacked and flocculated. 

R
ay, S.S [xi] 

M
M

T 
O

ctadecylam
m

onium
 

D
-lactide 1.1-1.7%

 
M

elt extrusion 
X

R
D

/TEM
 = Intercalated, 

stacked and flocculated. 

R
ay, S.S [xii] 

M
M

T 
1) C

loisite 30B
 (bis (2-

hydroxylethyl)-m
ethyl tallow

alkyl 
am

m
onium

 
2) C

loisite 25A
 (dim

ethyl-2-
ethylhexyl (hydrogenated 
tallow

alkyl) am
m

onium
) 

M
onom

er = L, L-lactide 
In situ-polym

erisation. 
X

R
D

 = C30B
 X

RD
 silent, 

C25A
 Intercalated. 

D
ubois, P [xiii] 

M
M

T 
1) C

loisite 30B
  

2) C
loisite 25A

  
3) N

a
+ C

loisite 

100%
 L-lactide, 

C
om

patibiliser = PEG
 

Brabender 
X

R
D

 = Intercalated 
D

ubois, P  [xiv] 

M
M

T 
1) N

a
+ C

loisite 
2) C

loisite 25A
  

4.1 m
ol%

 D
-lactide 

Brabender 
X

R
D

 = C25A
 = Intercalated 

D
ubois, P  [xv] 

M
M

T 
1) C

loisite 30B
  

M
onom

er L, L-Lactide, 
Polym

er = 92%
 L-lactide, 

C
om

patibiliser =  PEG
 

Brabender = Intercalated 
Solution Polym

erisation = 
Exfoliated 

D
ubois, P  [xvi] 

M
M

T 
1) H

exadecylam
ine 

2) dodecyltrim
ethyl am

m
onium

 
3) C

loisite 25A
 

PLA
 w

ith and w
ithout high 

starch content (43%
). 

Solvent Casting (N
,N

’-
D

im
ethylacetam

ide 
X

R
D

/TEM
 = Intercalation, but 

little exfoliation. 

C
hang, J-H

  [xvii] 

M
M

T 
Fluorinated M

ica 
1) H

exadecylam
ine 

PLA
 (high starch content) 

Solvent Casting (N
,N

’-
D

im
ethylacetam

ide 
X

R
D

/TEM
 = Intercalation, but 

no exfoliation. 

C
hang, J-H

 [xviii] 
(includes G

iannelis) 

M
M

T w
ith 3 

Sm
ectite w

ith 1-4 
M

ica w
ith 3 

1) n-octyl tri-n-butyl phosphonium
 

brom
ide, 

2) n-dodecyl tri-n-butyl phosphonium
 

brom
ide, 

3) n-hexadecyl tri-n-butyl 
phosphonium

 brom
ide,  

4) m
ethyl tri phenyl phosphonim

 
brom

ide. 

PLA
 (1.1-1.7w

t%
 D

) 
Tw

in screw
 

X
R

D
/TEM

 Intercalation only 
for C12 and above. 

O
kam

oto, M
  [xix] 
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M
M

T 
Flurohectorite 

D
ioctadecyl trim

ethyl am
m

onium
 

chloride. 
 

M
elt extrusion 

G
iannelis, E.P  [xx] 

M
M

T 
1) C

loisite 30B
  

M
onom

er L, L-Lactide, 
Polym

er = 92%
 L-lactide, 

C
om

patibiliser =  PEG
 

Brabender = Intercalated 
Solution Polym

erisation = 
Exfoliated 

D
ubois, P [ xxi] 

M
M

T 
D

istearyldim
ethylam

m
onium

  
PLA

 
Solvent Cast blended using 
chloroform

 
Intercalated 

O
gata, N

  [xxii] 

M
M

T 
1) N

a
+ C

loisite 
2) C

loisite 25A
 

PLA
 (4.1%

 D
-configuration) 

+ plasticizer poly(ethylene 
glycol) 

Tw
in Screw

 
Intercalated. 

Pluta M
. [xxiii] 

 PH
B/H

V
 (Poly(hydroxybutyrate-co-hydroxyvalerate) A

N
D

 PH
B

 
M

M
T 

Cloisite 30B 
PH

B
/H

V
 copolym

er (≈6%
 

H
V

) 
M

elt B
lending 

X
R

D
/TEM

 = Intercalated 
M

icrostructure. 

Park, O
.O

.[xxiv] 

K
aolinite 

D
M

SO
 

B
acterial 

polyhydroxybutyrate, &
 

polyethylene oxide 

PH
B

 = m
ixing then heated to 

fusion  
X

R
D

 = Intercalated 

W
ypych, F  [xxv] 

 C
hitosan 

SW
y-1 

N
a+/C

ationic C
hitosan 

C
ationic-clay m

ixtures 
Solution m

ixing (acetic acid) 
X

R
D

/TEM
 = Intercalated 

R
uiz-H

itzky, E. [xxvi] 

M
M

T 
Tricetadecylm

ethyl am
m

onium
 

Poly (butyl acrylate) – 
m

odified - C
hitosan 

Solution m
ixing (acetic acid) 

X
R

D
/TEM

 = Intercalated 
Y

ue’e, F  [xxvii] 

 Starch 
M

M
T 

 
G

lycerol-plasticized starch 
(cornstarch) 

Single Screw
 

N
o m

ention of 
intercalation/exfoliation. 

Y
u, J-G

. [xxviii] 

M
M

T 
1) C

loisite N
a+ 

2) C
loisite 6A

 (dim
ethyl, 

dehydrogenated-tallow
 quarternary 

am
m

onium
) 

3) C
loisite 30B

 

Potato 
M

elt blending 
X

R
D

/TEM
 = 1) intercalates, 2-

4) no intercalation, but w
eak 

peaks – no exfoliation in TEM
. 

H
a, C

-S  [xxix] 
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4) C
loisite 10A

 
M

M
T 

1) C
loisite N

a+ 
2) C

loisite 30B
 

Potato by gelatinizing and 
plasticizing w

ith w
ater and 

glycerol 

M
elt blending 

X
R

D
/TEM

 = 1) intercalation, 
2) no intercalation. 

H
a, C

-S  [xxx] 

H
ectorite 

 
C

ara Starch 
G

lycerol – plasticized. 
M

elt blending 
X

R
D

= intercalated. 
W

ilhelm
, H

-M
 [ xxxi] 

K
aolinite, Brucite, 

H
ectorite, LD

H
s 

 
C

ara Starch 
G

lycerol – plasticized 
Solution casting 

W
ilhelm

, H
-M

  [xxxii] 

K
aolinite 

 
C

ornstarch (28%
 am

ylose). 
G

lycerin (20-40%
) 

M
elt C

om
pounded. 

X
R

D
 = no analysis. 

C
urvelo, A

.A
.S. [xxxiii] 

 C
ellulose A

cetate 
M

M
T 

Cloisite 30B 
C

A
 

Triethyl citrate  -plasticized. 
M

aleic anhydride grafted 
cellulose acetate butyrate - 
com

patibiliser 

M
elt com

pounding 
Com

patibiliser im
proved 

exfoliation.  Som
e sign of 

intercalated structure. 

Park, H
-M

. [xxxiv] 

 Polycaprolactone 
M

M
T 

1) C
loisite N

a+ 
2) C

loisite 30B
 

Ε-caprolactone (m
onom

er) 
PCL (polym

er) 
In situ-polym

erisation 
M

elt blending. 
Intercalated by m

elt blending 
w

ith 2) or in situ 
polym

erisation w
ith 1 

Exfoliated by in situ 
polym

erisation w
ith 2). 

V
ittoria, V

  [xxxv], 
includes D

ubois. 

M
M

T (C
loisite N

a+) 
M

ixtures of 
(CH

3 )2 (C
16 H

33 )N
+(CH

2 C
H

2 O
H

) w
ith 

hexadecyl trim
ethyl am

m
onium

 

 
In situ polym

erisation 
X

R
D

/TEM
 = below

 50%
 

hydroxyl gps gives intercalate, 
above gives exfoliated. 

V
ittoria, V

. [xxxvi] 
(includes D

ubois). 
 &

 D
ubois, P. [ xxxvii] 

  
M

M
T 

Protonated 12-am
inolauric acid 

ε-C
L/PCl (polym

er) 
In situ polym

erisation, then 
solution blending w

ith PC
L in  

chloroform
.  Film

s form
ed by 

heat pressing. 
X

R
D

 = Intercalated.  Blends 

V
ittoria, V

. [xxxviii, 
xxxix, xl] 
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have sm
aller d-spacing than 

initial in situ polym
erised 

sam
ple. 

M
M

T (SC
P) 

1) N
a+ Cloisite 

2) protonated 12-am
inododecanoic 

acid 
3) quaternizes octadecylam

ine 
4) di(hydrogenated tallow

) 
dim

ethylam
m

onium
 

5) [(bis(2-hydroxyethyl)m
ethyl 

hydrogenated tallow
 am

m
onium

. 

PCL 
M

echanical K
neading 

X
R

D
 = 1) and 2) interlayer 

space unchanged 
3-5 intercalated 

D
ubois, P. [xli] 

M
M

T 
1) C

loisite 30B
 

2) C
loisite 25A

 
3) C

loisite N
a+ 

1
st C

L m
asterbatches, then  

PV
C

 or PCL 
1

st in situ polym
erisation, then 

m
echanical kneading. 

X
R

D
/TEM

 = M
asterbatches 

(m
b) w

ere intercalated.  W
ith 

PCL/m
b get intercalated, w

ith 
PV

C
/m

b claim
 exfoliation. 

D
ubois, P  [xlii] 

M
M

T 
3) C

loisite N
a+ 

C
L 

In situ polym
erisation 

X
R

D
/TEM

 = 1) = exfoliated 
(depending on w

t%
 of clay), 2 

and 3) = Intercalated. 

D
ubois, P  [xliii] 

M
M

T 
1) C

loisite 30B
 

2) C
loisite 25A

 
3) N

anofil 820 (H
O

O
C

-C
11 H

22 N
H

3 +) 
4) C

loisite N
a+ 

C
L/PC

L 
In situ polym

erisation and 
M

echanical kneading. 
X

R
D

/TEM
 = M

elt = 3+4) = 
sam

e, 1+2) = Intercalated.  In 
situ = 3+4) = intercalated, 1+2) 
= Exfoliated. 

D
ubois, P.  [xliv] 

D
ubois, P.  [xlv] 

M
M

T 
1) C

loisite 30B
 

2) C
loisite 25A

 
PCL 

M
echanical m

ixing 
X

R
D

 = Initial m
ixing = 

Intercalated. B
ecom

es 
increasingly exfoliated at 
elevated tem

peratures during 
D

M
A

 m
easurem

ents. 

K
w

ak, S-Y
. [xlvi] 

M
M

T 
di-stearyldim

ethylam
m

onium
 

C
L 

Solution Casting (Chloroform
) 

X
R

D
 = N

o intercalation. 
O

gata, N
. [xlvii] 

M
M

T 
1) C

loisite 30B
 

2) C
loisite 15A

 (dim
ethyl, 

C
L (in situ) then PS, H

IPS, 
A

BS, PP and PE (m
elt 

In situ polym
erisation then 

m
elt com

pounding. 
W

ilkie, C
.A

. [xlviii] 
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dehydrogenated tallow
 alkyl 

am
m

onium
) 

blending) 
X

R
D

/TEM
 = Those form

ed 
w

ith C
15A

 = intercalated, 
C30B

 = exfoliated.  Polym
er 

m
iscibility issues raised. 

M
M

T 
Fluorom

ica 
H

ectorite 

1) n-octyltri–n-butylphosphonium
 

2) n-dodecyltri-n-butylphosphonium
. 

3) n-hexadecyltri-n-
butylphosphonium

 
4) m

ethyltriphenylphosphonium
.  

H
ydroxyl term

inated oligo-
PCL. 

D
irect m

ixing/sonication. 
X

R
D

= For M
M

T, 4) sam
e, 1-

3) Intercalated. 
For M

ica w
ith 3) intercalated. 

For hectorite w
ith 3) 

disordered/exfoliated. 

M
aiti, P. [xlix] 

M
M

T (Som
asif M

E1000 
H

exadecyltrim
ethylam

m
onium

 
PCL 
A

lso in blends w
ith 

poly(styrene-co-
acrylonitrile) (SA

N
) 

In situ polym
erisation 

X
R

D
 – Intercalated structure. 

Piglow
ski, J. [l] 

M
M

T 
1) K

unifia-F (N
a+) 

C
L, then blended w

ith SA
N

. 
In situ then m

elt com
pounded 

w
ith SA

N
. 

X
R

D
/TEM

 = Claim
 exfoliation 

w
ith 1) via in situ, w

hich is 
retained upon m

ixing w
ith 

SA
N

 

Lee, S.S. [li] 

M
M

T 
N

anom
er 1.30E (octadecylam

ine) 
W

heat Starch-PC
L blends 

Reactive Tw
in Screw

 (in 
presence of glycerol, peroxide) 
X

R
D

= Intercalated, also 
decrease in interlayer spacing. 

R
izvi, S.S.H

. [lii] 

M
M

T 
C

arbon Black 
Cetyl trim

ethyl am
m

onium
  

PCL/poly(vinyl butyral) 
(PV

B) 
Solution exfoliation 
X

R
D

 = Claim
 exfoliation? 

W
u, T-M

. [liii] 

M
olecular dynam

ics sim
ulations 

G
ardebien, F. [liv] 

There are several others including; Iannace, S. et al. [lv, lvi, lvii], K
o, M

.B
. et al.. [lviii], W

ei, K
.H

. et al. [lix], M
essersm

ith, P.B. and G
iannelis, E.P. [lx, lxi]. 

 C
otton 

M
M

T 
1) N

a 
2) A

m
m

onium
 salt of dodecylam

ine 
3) Li/D

M
A

c 

C
otton Linters and card 

w
aste, short-fiber cotton by-

products of the m
illing 

process 

Solution casting 
Claim

s ‘true’ nanocom
posite 

w
ith 2)  

Li unsuccessful 

W
hite, L.A

. [lxii] 

 B
iodegradable A

liphatic Polyester (synthesised from
 diols and dicarboxylic acids) 
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M
M

T 
Cloisite 25A

 
1,4-butanediol, ethylene 
glycol, succinic acid, adipic 
acid 

Solvent Casting 
X

R
D

 = Intercalated. 
C

hoi, H
.J. [lxiii] 

M
M

T 
1) C

loisite 30B
 

2) C
loisite 10A

 
1,4-butanediol, ethylene 
glycol, succinic acid, adipic 
acid 

M
elt C

om
pounded 

X
R

D
 = 2) Intercalated, 1) 

intercalated at low
 w

t%
, 

becom
ing m

ore exfoliated at 
high w

t%
 (≈30w

t%
). 

H
a, C

-S. [lxiv] 

 Plant O
ils 

M
M

T 
1) dodecylam

ine 
2) octadecylam

ine 
3) 12-am

inododecanoic acid. 

Epoxidiszed soybean and/or 
linseed oils. 

In situ polym
erisation. 

X
R

D
 = silent suggesting 

exfoliated 
TEM

 = 1) and 3) = clay 
aggregates. 2) dispersed w

ith 
thickness of 8-20 nm

. 

K
obayashi, S. [lxv, lxvi]. 

M
M

T 
Cloisite 30B 

M
onom

ers 1) A
crylated 

epoxidized soybean. 
(A

ESO
). 2) M

aleinized 
acrylated epoxidized 
soybean oil (M

A
ESO

), 3) 
Soybean oil pentaerythritol 
(SO

PER
M

A
). 

In situ polym
erisation 

X
R

D
/TEM

 = Claim
 exfoliated 

for 3 w
t%

 and 
exfoliated/intercalated for 5 
w

t%
 . 

W
ool, R

.P.  [lxvii] 
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