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Preparation of Cassava Starch/
Montmorillonite Nanocomposite Film

Piyaporn  Kampeerapappun, Kawee  Srikulkit and

Duanghathai  Pentrakoon*

Cassava starch/montmorillonite nanocomposite films were prepared
using solution casting techniques. This research was focused on the exploitation
of an intercalating agent (cationized diethanolamine) to delaminate the layered
silicate of montmorillonite in order to homogeneously disperse the
nanoparticles in a starch matrix. A mixture of cassava starch, montmorillonite
(MMT), diethanolamine (DEA) (calculated from the optimum cation exchange
capacity of MMT:DEA of 2:1), glycerol as a plasticizer, and distilled water
was well mixed with a homogenizer before adjusting the mixture with acetic
acid to pH 7 and heated to gelatinize at a temperature between 70-80°C. The
obtained homogeneous starch solution was cast onto acrylic mold and allowed
to dry in the open air. The dried film was peeled off and subjected to property
investigation and characterization.

A change in the montmorillonite structure from layered platelets to
individually delaminated sheet was revealed by X-ray diffraction (XRD).  The
starch/montmorillonite nanocomposite film exhibited the complete
disappearance of XRD reflection at 2θ = 5.590°, indicating the nanoscale
dispersion of montmorillonite. Transmission electron microscopy (TEM) results
further supported the occurrence of blend composite at the nanoscale level.
Even though the nanocomposite between starch and montmorillonite was
achieved, tensile strength and Young’s modulus were opposite to the expected
results. These properties were adversely affected by the presence of DEA due to
its hygroscopicity. A significant increase in the percent of elongation was also
related to the plasticizing effect of DEA.  The strongly hygroscopic nature of
DEA led to subsequent disappointment in that other physical properties such as
water vapor transmission rate (WVTR) and moisture absorption increased. These
traits which are not desirable properties for packaging films.
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การเตรียมฟลมนาโนคอมโพสิตของแปงมันสํ าปะหลัง/
มอนตมอริลโลไนต
ปยะพร  คามภีรภาพพันธ  กาวี  ศรีกูลกิจ  และดวงหทัย  เพ็ญตระกูล (2547)
วารสารวิจัยวิทยาศาสตร จุฬาลงกรณมหาวิทยาลัย 29(2)

การเตรียมฟลมนาโนคอมโพสิตของแปงมันสํ าปะหลัง/มอนตมอริลโลไนตทํ าโดยเทคนิค
การหลอจากสารละลาย ในงานวิจัยนี้ เปนการใชสารอินเตอรคาเลต (intercalating agent) (ไดเอทา-
โนลามีนแคทไอออน) ในการลอกชั้นซิลิเกตของแรมอนตมอริลโลไนต เพื่อใหเกิดการกระจาย 
ตวัอยางสมํ่ าเสมอของอนุภาคระดับนาโนในเมทริกซของแปงมันสํ าปะหลัง วิธีการทดลองคือ นํ า
ของผสมระหวางแปงมันสํ าปะหลังมอนตมอริลโลไนตไดเอทาโนลามีน (อัตราสวนระหวางมอนต
มอริลโลไนตตอไดเอทาโนลามีนเปน 2:1 ซึ่งคํ านวณจากความสามารถในการแลกเปลี่ยนแคท
ไอออนที่เหมาะสมที่สุด)  กลเีซอรอลซึ่งเปนพลาสติไซเซอรและนํ้ ากลั่นมาผสมดวยเครื่องปนให
เปนเนื้อเดียวกันแลวปรับคาความเปนกรดดางใหเทากับ 7 ดวยกรดอะซิติก และใหความรอนถึง
อณุหภูมิเจลลาติไนซ (70-80 องศาเซลเซียส) จากนั้นนํ าสารละลายแปงท่ีเปนเนื้อเดียวกันมาหลอ
ในแมแบบอะคริลิกและทิ้งใหแหงในบรรยากาศปกติ เมื่อฟลมแหงสนิทจึงลอกฟลมออกจาก
แมแบบเพื่อทดสอบสมบัติและวิเคราะหผลตอไป

จากการวิเคราะหดวยเทคนิคเอ็กซเรยดิฟแฟรกชัน (XRD) พบการเปลี่ยนแปลง
โครงสรางของมอนตมอริลโลไนตจากแผนที่ซอนกันไปเปนแผนเดี่ยว ฟลมนาโนคอมโพสิตของ
แปง/มอนตมอริลโลไนตยังแสดงถึงการหายไปของพีก XRD ท่ีตํ าแหนง 2θ = 5.590°  อันเปน 
การบงช้ีการเกิดการกระจายตัวในระดับนาโนของมอนตมอริลโลไนต นอกจากนี้ภาพจากกลอง
จุลทรรศนอิเล็กตรอนแบบสองผาน (TEM) ยังสนับสนุนการเกิดการผสมในระดับนาโนของ 
คอมโพสิตอีกดวย ถึงแมจะเตรียมนาโนคอมโพสิตได แตความทนแรงดึงและยังกมอดูลัสกลับมีผล 
ตรงกันขามกับที่คาดไว เนื่องจากผลของการพลาสติไซซของไดเอทาโนลามีน ซึ่งสงผลใหความ
สามารถในการยืดดึง ณ จุดขาดที่เพิ่มข้ึนอยางเดนชัด นอกจากนี้การท่ีไดเอทาโนลามีนเปนสาร
ชอบนํ้ ามาก จึงทํ าใหสมบัติทางกายภาพ เชน อัตราการซึมผานของไอนํ้ าและการดูดซึมความชื้น
ของฟลมเพิ่มข้ึน ซึ่งถือเปนขอดอยของการนํ าไปประยุกตเปนฟลมบรรจุภัณฑ

คํ าสํ าคัญ   แปงมันสํ าปะหลัง นาโนคอมโพสิตท่ียอยสลายทางชีวภาพ ฟลมท่ียอยสลาย
                  ทางชีวภาพ
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INTRODUCTION
In recent years there has been a

growing interest in the use of
biodegradable polymers for packaging
materials in order to reduce the
environmental pollution caused by plastic
wastes.(1)  Starch is known to be completely
biodegradable in soil and water and is
potential an effective packing material
because it is cheap and has very fast
biodegradability.(2) However, high viscosity
and poor melt properties make starch
difficult to process. Also products made
from starch are often brittle and water
sensitive.(3)  To alleviate this problem,
starch is modified by several methods
such as blending with synthetic(4,5) or
natural polymers,(6) preparing in a
composite form(7) and by cross-linking.(8)

In addition, to improve the 
mechanical properties of the starch 
composites at the same time, a small 
percent age of inorganic fillers are 
commonly added to a polymer matrix.  

For example the addition of polymer-
layered silicate (PLS) exhibits greatly 
improved mechanical, thermal, and 
barrier properties as compared with the 
p r i s t i n e  p o l y m e r . ( 9 )  T h e  c l a y ,  
montmorillonite (MMT), is one of the 
attractive fillers utilized due to its great 
surface area (as high as 750 m2g-1), large 
aspect ratio (greater than 50), and platelet 
thickness of 10Å.  Generally, the 
inorganic surface of the clay is modified 
by organic treatment to make the platelet 
more compatible with the polymer.  Their 
composites are normally referred to as 
tactoids with MMT being blended into a 
polymer and no separation of their layers-
shown as conventional composite in 
Figure 1.  Intercalation occurs when a 
small amount of polymer moves into the 
gallery spacing between the clay platelets.  
Exfoliation occurs when silicate layers are 
substantially expanded and no longer 
parallel.
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e 1. Three possible types of polymer-clay composites.(10)
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EXPERIMENTAL
Materials

Cassava starch was purchased from
E.T.C. International trading Co., Ltd.
Commercial grade montmorillonite clay
under the trade name of Mac-gel was
provided from Thai Nippon Chemical
Industry Co., Ltd., Thailand. An
analytical grade of diethanolamine and a
commercial grade of glycerol were
purchased from Merck, Germany.  An
analytical grade of acetic acid was
purchased from BDH, Poole, England.

Sample preparation
Montmorillonite/diethanolamine ratio 
determination

The determination of ion exchange
capacity of the montmorillonite was
undertaken by viscosity measurement.
The montmorillonite was treated with
various amounts of diethanolamine in a
range of 0–8 grams dispersed in 150 ml
of distilled water in the reactor and stirred
at 60°C for 1 hour.  Various amounts of
acetic acid was added into montmorillonite
dispersions until constant viscosity was
achieved. The mixtures were further stirred
at 600 rpm for 10 minutes to allow the
complete ion exchange reaction prior to
testing.

Preparation of organoclay
Twenty grams of montmorillonite 

clay were added to 800 ml of distilled 
water.  The mixture was well stirred 
mechanically to obtain full dispersion.  
Diethanolamine neutralized with acetic 
acid was added to the clay suspension in a 
weight ratio equivalent to the cation 
exchange capacity of the clay (determined 
in the previous section). The ion  

exchange reaction was equilibrated for 10 
minutes at 60°C.  The supernatant was 
discarded.  The slurry was filtered and 
washed with distilled water.  The 
collected organoclay was dried at ambient 
temperature.

Prepara t ion  of  cassava  s tarch/  
montmorillonite nanocomposite film

Cassava starch/montmorillonite 
nanocomposite films were prepared by 
the casting technique.  The gelatinized 
starch solution containing well-dispersed 
nanoparticles of exfoliated montmorillonite
was prepared by mixing 5 grams of oven 
dried cassava starch with various weight 
ratio of clay and 1 gram of glycerol.  
Distilled water was then added to obtain 
5wt% starch dispersion.  Diethanolamine 
was added into the dispersion.  The 
weight ratio of montmorillonite to 
diethanolamine in the dispersion was held 
at 2:1 which was calculated from the 
obtained optimum cation exchange 
capacity value.  Diethanolamine was 
converted to cation by the addition of 
acet ic  acid.  The dispersion was 
mechanically stirred at 1000 rpm and 
heated to the gelatinized temperature of 
starch (70–80°C). The starch solution was 
cast onto acrylic sheet molds with a wet 
thickness of 2–3 mm. The cast film was 
dried overnight at ambient temperature. 
After the water completely evaporated, 
the films were removed.  Note that 5 
grams of cassava starch, 1 gram of 
glycerol and 95 cm3 of water were used 
with various amounts of clay and acetic 
acid as presented in Table 1.
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Table 1. The composition of each formula.

Formula Sample code MMT DEA Acetic acid
1 St-C0,D0 – – –
2 St-C2,D1 2.0 1.0 0.6
3 St-C4,D2 4.0 2.0 1.2
4 St-C6,D3 6.0 3.0 1.8
5 St-C8,D4 8.0 4.0 2.2
6 St-C10,D5 10.0 5.0 2.8
7 St-C12,D6 12.0 6.0 3.4
8 St-C0,D1 – 1.0 0.6
9 St-C0,D2 – 2.0 1.2

10 St-C0,D3 – 3.0 1.8
11 St-C0,D4 – 4.0 2.2
12 St-C0,D5 – 5.0 2.8
13 St-C0,D6 – 6.0 3.4
14 St-C2,D0 2.0 – –
15 St-C4,D0 4.0 – –
16 St-C6,D0 6.0 – –
17 St-C8,D0 8.0 – –
18 St-C10,D0 10.0 – –
19 St-C12,D0 12.0 – –

Remarks: The composition of MMT, DEA, and acetic acid are presented in
term of weight percent (based on starch).

Characterization
Viscosity

Viscosity of the montmorillonite 
dispersion was measured by Brookfield 
viscometer model RVT 111588.  Five 
specimens were tested for  each 
determination.

X-ray diffraction (XRD)
X-ray diffraction was performed 

using a PW 3710 Philips diffractometer 
with CuKα radiation (λ = 0.1542 nm) in a 
sealed tube operated at 40 kV and 30 mA. 
The diffraction curves were obtained 
from 2 to 30° at a scanning rate 1°min-1.  
The basal spacing of the silicate layer, d, 
was calculated using the Bragg’s 
equation, λ = 2d sinθ (where θ is the 
diffraction position and λ is the 
wavelength).

Transmission electron microscopy (TEM)
All cassava starch/montmorillonite 

nanocomposite solution samples were  

diluted with distilled water (nanocomposite
solution:distilled water ratio = 1:20).  
300-mesh Cu grids were dipped in these 
so lu t ions  and  d r i ed  a t  ambien t  
temperature.  TEM images of films were 
obtained with J200CX TEM, using an 
acceleration voltage of 100 kV.  High-
magnification images were taken at 
30,000 and 85,000 times of the origin 
specimen size.

Scanning electron microscopy (SEM)
SEM samples were prepared from 

nanocomposi te  and convent ional  
composite plates. The samples were 
mounted on stub with double-sided 
adhesive tape and coated with a thin layer 
of gold. Images were taken using a JEOL 
scanning electron microscope, JSM-
5410LV, using an accelerating voltage of 
15 kV, and a magnification 350 times the 
origin specimen size.
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Tensile properties
The tensile strength, percent of 

elongation, and modulus values were 
investigated using a Zwick Z010 
universal testing machine according to the 
ASTM D882 standard.(11)  Samples were 
cut to 200×15 mm and conditioned at 50 
± 5% RH, 23 ± 2°C for 24 hours. The 
gauge length and crosshead speed were 
100 mm and 10 mm/min, respectively.  
The tests were carried out at 23 ± 2°C and 
50 ± 5% RH. Each determination was 
taken from an average of five specimens.

Transparency
Transparency of the cassava 

starch/montmorillonite nanocomposite 
film was obtained using an Instrument 
Color System (I.C.S.), Macbeth UV-Vis  

spectrophotometer, mode transmittance 
wavelength was from 360 to 750 nm.

Moisture absorption
The moisture absorption of the

cassava starch/montmorillonite nanocomposite
film was determined using test specimens
of 76.2×25.4 mm.  The test specimens
were dried in a 50°C oven for 24 hours,
then cooled in a desiccator, and
immediately weighed to obtain the initial
weight. The specimens were conditioned
in a container at 100% RH for 24 hours.
After 24 hours, the specimens were
removed from the container, dried by
wiping with cloth, and then weighed
immediately to obtain the final weight.
The percentage of sample weight increase
was calculated by using the below
formula.   

100(%) ×
−

=
weightinitial

weightinitialweightfinal
absorptionMoisture

Water vapor transmission rate (WVTR)
The water vapor transmission rate

of the cassava starch/montmorillonite
nanocomposite film was carried out
according to the specification of
ISO2528-1995E.(12)  A minimum of three
90 mm diameter circular test specimens
were prepared from each film sample.
The test specimens were fastened to a
deep dish containing 15 mm of distilled
water using a condition B (temperature 38
± 1°C and relative humidity 90 ± 2%).
The dishes were weighed every hour.
The total mass increase graphically as a
function of time of exposure, the test
being completed when three or four
points lie on a straight line.  The WVTR
for each test piece was then calculated, in
grams per square meter per 24 hours,
from the equation.

S
mWVTR 1240×

=

where m1 is the rate of increase in mass,
in mg h-1, determined from the
graph

S is the area, known to within 1%
in cm2 (normally 50 cm2), of the
tested surface of the test piece.

RESULTS AND DISCUSSIONS
Viscosity

The montmorillonite suspension was
treated with diethanolamine in cationic
form [+NH2(CH2CH2OH)2], obtained by
neutralization with acetic acid (pH = 7)
and  in weight ratios of montmorillonite
to diethanolamine varying from 10:0−
10:8. The measured viscosity expressed in
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centipoises (cps) was recorded and the
results are shown in Figure 2.

It can be seen that viscosity of 
diethanolamine treated montmorillonite 
increases rapidly from 10:0 to 10:3, then 
increases gradually from 10:3 to 10:5 and 
tends to be constant from 10:5 onward. At 
the optimum viscosity, the ratio between 

montmorillonite and diethanolamine was 
calculated to determine the maximum 
cation exchange capacity, which was 
found to be 2:1.  This ratio then was used 
throughout the experiment for the 
preparation of starch/montmorillonite 
nanocomposite film.
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Figure 2.  The viscosity of montmorillonite dispersion at various amounts of
diethanolamine neutralized with acetic acid to pH 7.

X-ray diffraction (XRD)
The wide angle X-ray diffraction

(XRD) patterns of montmorillonite
(MMT) and diethanolamine modified
montmorillonite (MMT-DEA) in the
region between 2θ = 2° and 2θ  = 20° are
shown in Figure 3 (a) and (b),
respectively. Each curve shows only one
peak at 2θ = 5.975° for MMT and 2θ =
5.590° for MMT-DEA. The peaks
assigned to the 001 lattice spacing of

silicate layer in montmorillonite as
suggested by Usuki et al.(13) The
interlayer spacing corresponding of these
peaks increases from 14.78 to 15.80 Å.  In
general, the higher degree of basal
spacing expansion usually results in the
higher chance of polymer intercalation
which leads to a higher possibility of
layered-silicate delamination in the polymer
matrix.

Figure 3. XRD patterns of montmorillonite and diethanolamine modified
                         montmorillonite.

14.78 Å

15.80 Å

(b)  MMT-DEA

(a) MMT
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Figure 4 shows the XRD pattern of
cassava starch film (a) and the clay
nanocomposite film (b). Both films
display a broad band in the region
between 2θ = 15° and 2θ  = 30°. The
broad bands indicate that the films
contain amorphous regions or partially
ordered structures. The XRD pattern of
the nanocomposite also shows a peak at

2θ = 5.015°. The interlayer spacing
corresponding of these peaks increases up
to 17.62 Å. An increase in the interlayer
spacing from 15.80 Å in the organoclay to
17.62 Å in the nanocomposite film
resulted from some intercalation
occurring during the component blending
above the gelatinization temperature of
cassava starch.   

               

Figure 4.  XRD patterns of films.

From the XRD results, it can be
concluded that montmorillonite was
dispersed in the starch matrix at the
nanoscale level based on the complete
disappearance of the XRD peak at 2θ =
5.015 due to the exfoliation of
aminosilicate layer.

Transmission electron microscopy
(TEM)

Figure 5 shows the transmission
electron micrographs of starch films
containing (a) pristine montmorillonite
(MMT) and (b) diethanolamine modified
montmorillonite (MMT-DEA).

          

               (a) Virgin MMT                                     (b) Intercalated MMT

Figure 5. TEM photographs of montmorillonite present in starch film at 85,000 
magnification (a) containing virgin MMT and (b) containing 
intercalated MMT.

17.62 Å
(b) cassava starch/montmorillonite
nanocomposite film at 4wt% of
montmorillonite

(a) cassava starch film
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In the case of starch film containing 
pristine montmorillonite [Figure 5(a)], 
interspacing between aminosilicate layers 
could not be observed, indicating the 
remaining original structure similar to the 
sole montmorillonite as shown in Figure 
6.(14)   This result indicates that there was 
no intercalation taking place with pristine 
montmorillonite due to the absence of 
cationic exchangeable species.  On the 
other hand, starch films containing 
diethanolamine modified montmorillonite 
in Figure 5(b) shows the individual 

alumino-silicate layers.  The clay 
morphology is very different from the 
pristine montmorillonite.  These results 
showed the existence of an intercalated 
p a t t e r n  o f  t h e  c l a y  b e c a u s e  
diethanolamine is an exchangeable 
cationic species which is consistent with 
the XRD pattern.  However, the silicate 
layers have a very strong electrostatic 
interaction through intergallery cations 
make it extremely difficult to achieve 
complete exfoliation of the layers.

Figure 6. TEM micrograph of sole montmorillonite at 140,000 magnification by
Wang et al.(14)

Scanning electron microscopy (SEM)
The surface morphology of starch 

films at the microscopic level was 
examined by SEM.  Figures 7(a) and (b) 
represent the surface morphology of the 
nanocomposite film and the conventional 
composite film, respectively.  In the 
conventional composite film, the 
population of larger clay particles around 
10 µm in the diameter was commonly 
observed.  In contrast, the clay particles 
[Figure 7 (a)] are more finely dispersed in 
the nanocomposite indicated by the 

significant reduction of the large clay 
particles.  The difference could be 
attributed to the treatment of the clay by 
cationized DEA.  The alkylammonium 
ions rendered the separation of the 
aminosilicate layer, resulting in the 
breakage of the clay particle into 
individual sheet plates.  Consequently, 
better dispersion of exfoliated clay could 
be obtained in the case of nanocomposite 
film.
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rographs [Formula 3].

 From Figures 8 and 9, starch films
containing various amounts of pristine
montmorillonite exhibit insignificant
differences in tensile strength. Young’s
modulus shows insignificant changes in
the mechanical properties. The ineffective
reinforcement of the clay particles
probably was due to the phase separation
between the starch matrix and the clay
filler.
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Figure 9.  Young’s modulus of nanocomposite films.
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Figure 10.  Elongation at break of nanocomposite films.

In  the  case  of  in tercala ted  
montmorillonite, it was generally 
expected that an increase in tensile 
strength and Young’s modulus should be 
observed by the largely increased surface 
area of montmorillonite due to the 
intercalation by DEA.  However, it was 
disappointing that the resulting evidence 

presented in Figures 8 and 9 were totally 
opposite.  Tensile strength and Young’s 
modulus of the nanocomposite film 
gradually decrease with the increased 
content of montmorillonite.  Furthermore, 
it can be seen that tensile strength and 
Young’s modulus tend to decrease as 
MMT-DEA increases implying that 
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diethanolamine adversely affects the 
tensile strength and Young’s modulus of 
the film.  A possible reason for the large 
decrease in tensile strength and Young’s 
modulus is the hygroscopic nature of 
DEA. The nanocomposite films were 
prone  to  absorb  more  mois ture  
consequently contributing to the 
plasticizer effect of the DEA.

Figures 8 and 9 show that there is a 
sharp decrease in tensile strength and 
Young’s modulus as DEA increased from 
0 to 6 wt%.  In addition, the elongation at 
breaks of the hybrid films is shown in 
Figure 10.  The elongation at breaks of 
nanocomposite starch was clearly seen to 
increase with increasing MMT-DEA 
content.  The explanation of this 
phenomenon may be the fact that the 
diethanolamine behaved like glycerol 
which is a typical plasticizer for starch 
products.

Transparency
Figure 11 shows the percentage of 

t ransmit tance of  cassava starch/
montmorillonite nanocomposite film at a 
wavelength of 500 nm and containing 
pristine montmorillonite (MMT) and 
diethanolamine modified montmorillonite 
(MMT-DEA) prepared by casting 
process. The results show that the films 
were off-white in color but highly 
translucent.  The results suggest that the 
translucency slightly decreased with 
increasing montmorillonite content 
because of agglomeration of the clay 
particles.  Compared to the films with
diethanolamine modified montmorillonite,
the films that contained pristine 
montmorillonite were cloudier.  The 
translucency of the hybrid films was due 
to the degree of clay particle dispersion in 
the matrix polymer.
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Figure 11. Transmittance of cassava starch/montmorillonite nanocomposite film
                    at wavelength  500 nm.
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Moisture absorption
From Figure 12, it can be observed

that moisture absorption of the
nanocomposite film increases gradually
with an increase in the amount of MMT
as well as DEA (since the latter is
proportional to MMT content). Therefore,
it is no doubt that the moisture uptake

capability of the nanocomposite film is
largely influenced by the presence of
DEA due to its hygroscopic nature.
However, it was to reduce the amount of
DEA since the optimum intercalation of
montmorillonite would be affected.

126
128
130
132
134
136
138
140
142
144
146
148

0,0 2,1 4,2 6,3 8,4 10,5 12,6

MMT- DEA weight percent (based on starch) 

Mo
istu

re 
abs

orp
tio

n (
%)

Figure 12. Plot of percentages of moisture absorption of nanocomposite films at
            various formulations.

Water vapor transmission rate (WVTR)
WVTR values for a 70-micron 

thickness are given in Figure 13.  The 
c a s s a v a  s t a r c h / m o n t m o r i l l o n i t e  
nanocomposite film was found to be 
superior in its permeability property to 
ordinary cassava starch film.  For 
nanocomposite films, the results showed 
that the higher content of MMT-DEA 
resu l t ed  in  h igher  wa te r  vapor  
permeability.  The explanation of this 

phenomenon is based on the fact that 
diethanolamine is a plasticizer like 
glycerol.  When the plasticizer content 
(water, glycerol and diethanolamine) 
increased in the nanocomposite film, the 
WVTR increased. The increase in WVTR 
could be either attributed to greater 
interchain distances in the presence of the 
plasticizer or to a denser packing of the 
polymer chains.
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ure 13.  Effect of MMT-DEA content on water vapor transmission rate of
              various films.

LUSIONS
 starch/clay nanocomposite 

ting of montmorillonite at the 
lar level was synthesized by using 
a starch and montmorillonite 
lated with an ammonium salt of 
olamine.  The cation-exchange 
y of the montmorillonite was of 
ance in the synthesis of cassava 
 montmorillonite nanocomposite 
ecause it determined the amount of 
mmonium ions that can be 
lated between the layers.  In this 
t, the optimum cation exchange 
ty was 2:1 montmorillonite to 
olamine ratio.
oth cassava starch and starch/clay
mposite films were subsequently
d by means of solution casting
ues.  As seen from the XRD
s and TEM micrographs of the
mposite film, this hybrid had a
 structure in which montmorillonite
ed homogenously.  These results
ted that starch-clay nanocomposite
e classified as a intercalated
mposite.
n the microscale, SEM micro-

 demonstrate a finer dispersion of 

the clay particles in the nanocomposite as 
compared with the convent ional  
composites based on the same constitutes.  
The difference may be due to the 
t reatment  of  the  c lay  in  which 
hydroxyammonium ions render the clay 
in organophilic and allow a better 
dispersion of the clay in an organic 
medium.

Tensile strength and Young’s
modulus of starch/clay nanocomposite
films decreased, but their percentage
elongation increased with increasing
MMT-DEA contents.  The explanation to
this phenomenon is based on the fact that
diethanolamine is a plasticizer like
glycerol.

Films were highly translucent, but
the translucency of nanocomposite films
slightly decreased with increasing
montmorillonite to diethanolamine ratio
contents.  At the same ratio, the films that
contained pristine montmorillonite were
cloudier than those of diethanolamine
modified montmorillonite. The translucency
of the hybrid films was due to the degree
of clay particle dispersion in the matrix
polymer.
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Moisture absorption and water 
v a p o r  t r a n s m i s s i o n  r a t e s  o f  
nanocomposite films increased with 
increasing MMT and DEA content 
because diethanolamine is a plasticizer 
for nanocomposite film.
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