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ABSTRACT: Poly-lactic acid (PLA) nanocomposite film was prepared with untreated and silane treated sepiolite through solution cast-

ing method. Sepiolite is found to be promising nano inorganic filler used to prepare biodegradable PLA nanocomposite films. The

effect of sepiolite loading on the thermal, mechanical, gas permeability, and water vapor permeability (WVP) properties of the films

was investigated. X-ray diffraction analysis revealed the crystallinity index and well dispersed sepiolite in PLA/sepiolite thin films. By

modifying sepiolite, depending on the nanoclay content, the mechanical properties of films were enhanced. PLA/sepiolite films exhib-

ited improved gas barrier and WVP properties compared to neat PLA. The scanning electron microscope results demonstrated that

there is a good interface interaction between sepiolite and PLA. The surface treatment of sepiolite increased the adhesion of the PLA

matrix to the sepiolite nanoclay which yielded better mechanical properties of the films as compared to pure PLA. It was observed

after 1.5% wt sepiolite, nano-filler tended to agglomerate, therefore mechanical and barrier properties of films decreased. VC 2014 Wiley

Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41428.

KEYWORDS: biodegradable; clay; composites; films

Received 23 June 2014; accepted 17 August 2014
DOI: 10.1002/app.41428

INTRODUCTION

Biodegradable polymers (films) have attracted a great deal of

interest from researchers in recent years due to rising environ-

mental concerns and strike rules of using eco-friendly materi-

als.1,2 In order to reduce waste disposal problems, biodegradable

material was developed using renewable resources.3 Biodegrad-

able polymers can be made comparable to conventional poly-

mers with some chemical modification to enhance mechanical,

thermal, and barrier properties which are related to a polymer’s

solubility, diffusivity and permeability. A variety of biopolymers

have been investigated for the development of biodegradable

materials from renewable resources to substitute or complement

their non-biodegradable petrochemical-based counterparts. Dur-

ing the past two decades the aliphatic polyesters and their

copolymers with desirable properties have been widely used and

among the numerous polyesters studies so far, poly-lactic acid

(PLA) has proven to be the most attractive polyester as it is

completely biodegradable. The lactic acid process can be

obtained from inexpensive raw materials such as corn, sugar

beet, sugar cane, potatoes, and other biomasses. The mechanical

properties of PLA can vary considerably, ranging from soft

elastic materials to stiff high strength materials, according to

various parameters such as crystallinity, polymer structure,

molecular weight, material formulation (plasticizers, blend,

composites, etc.), and processing.4 However, PLA has a very low

tensile ductility and poor barrier properties to water, O2 and

CO2, and concerning its use in packaging applications, it needs

to be modified by the incorporation of fillers5,6 and commercial

polymers such as polyethylene (PE) and polypropylene (PP),

and it should be flexible and strong enough for end use applica-

tions.7 As a result, the mechanical and thermal properties

including gas permeability (GP) and water vapor permeability

(WVP) must be improved. An interesting material which has

been used in recent years to enhance the properties of biode-

gradable polymers in terms of mechanical and thermal proper-

ties is sepiolite,8 which disperses easily into the polymer matrix.

Sepiolite is a hydrated magnesium silicate with a high specific

surface area (200–300 m2/g) and porous volume (0.4 cm3/g).9,10

Its structure is similar to layered clay minerals (i.e., montmoril-

lonite), and is composed of two tetrahedral silica sheets sand-

wiching a central octahedral sheet containing Mg, continuing in

only one direction.11 The structure and morphology of fibrous
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sepiolite based nanocomposites seem easier to control than

those layered silicate nanocomposites which are the result of rel-

atively weak interaction and small contact surface between the

nano-rods.12 Consequently, this fibrous silicate can be dispersed

into the polymer matrix more uniformly than the plate-like

clays.13

Although some studies4–7,13 have been conducted with a focus

on the mechanical, thermal, gas transport properties of oxygen,

nitrogen, and carbon dioxide in PLA homopolymer materials

and other properties, at present, and to the best of our knowl-

edge, no study has reported on modified sepiolite with PLA for

the development of PLA/sepiolite nanocomposite films. This

novel work presents a facile approach to environmentally

friendly preparation of nanocomposite film based on PLA and

modified and unmodified sepiolite which can be used poten-

tially as food packaging films as a final application. The

morphology, thermal stability, GP, water absorption, and

mechanical properties of the films were also studied.

EXPERIMENTAL

Materials

PLA was supplied by Nature Works LLC in the form of granules

with a density of 1.31 g/cm3. Sepiolite (with average original

diameter size of 100 nm) was supplied by Shijiazhuang Kedahua

Imp & Exp. Trade Co. (Hebei, China) in powder form with no

chemical treatment prior to processing. The silane was used as

the filler surface modifying coupling agent and was purchased

from Gelest Inc. Morrisville, PA.

Silane Treatment

For the surface-treatment of the sepiolite, 5 wt % (3-Amino-

propyl) trimethoxysilane was dissolved in a mixture of ethanol–

water (60 : 40 w/w). The solution was stirred continuously for 1

h and its pH was adjusted to 4 with acetic acid. Next, sepiolite

was soaked in the solution for 3 h. It was then washed with

distilled water and kept in air for 3 days prior to oven drying at

80�C for 12 h.14

Preparation of Poly-Lactic Acid (PLA)/Sepiolite Film

PLA/sepiolite films were obtained by the solution casting

method. First, 5 g of PLA (MW: 100,000, Polyscience Inc, PA.

18976) was dissolved in 100 mL of chloroform (Sigma C-5312;

St. Louis). Normal and modified sepiolite in different amounts

(0.5, 1, 1.5, and 3 wt %) were dispersed in chloroform for 30

min using a sonicator (Model FB15053; Fisher Scientific Co.,

Germany). The solution was then mixed for 24 h at 85�C before

de-bubbling using a sonicator for 10 min in ambient tempera-

ture. The solution was then placed in glass plates, and with the

use of a Gardner casting blade, PLA film was made. After sol-

vent evaporation, the films were dried at 25�C and were kept in

a desiccator. The mean thickness was 40 mm. Table I shows the

primer formulation of the PLA/sepiolite nanocomposite film

recipes that were used in this study.

Characterization

To evaluate the interaction between sepiolite and PLA matrix

and also to investigate the effect of sepiolite content on the

crystallinity of polymer membranes, an X-ray diffractometer

(SIEMEN D500, Germany) was employed. The test was con-

ducted at room temperature. The scattering angles were meas-

ured within the range of 10� to 50� (2h) (step size 5 0.02�,
scanning rate 5 2 s/step) with 40 kV power using filtered Cu

Ka radiation (k 5 1.5406A˚). The crystallinity index, Ic is deter-

mined by this formula:15

Ic5 12
Imin

Imax

� �� �
3100%

where Imin and Imax are the intensity value at lower and higher

peaks, respectively.

The melting point (Tm), heat of fusion, DH, and the crystallin-

ity of the PLA/sepiolite films were measured on a Perkin-Elmer

DSC 7 differential scanning calorimeter. The samples weighed

7 mg and the heating rate was set at 10�C/min (under nitrogen

flow). Tm and DH were calibrated with indium. The samples

were first scanned from 30 to 250�C and then held at this

temperature for 5 minutes before cooling to 30�C.

The degree of crystallinity (Xc) of the PLA/sepiolite nanocom-

posite film was estimated by

Xc5
DHf 100

DH0
f ð12ØÞ

where DHf is the heat of fusion of the PLA and composites,

DH0
f is the heat of fusion for 100% crystalline PLA (DH100 5

93.7 J/g), and Ø is the filler fraction.16

The tensile properties of PLA/sepiolite film were measured using

Universal Testing Machine (UTM; Lloyd Instruments, Press

Motor Hydrolic Lab Press Gutrie M’ SIA) at 10 mm/min cross

head speed according to ASTM D882-10 at 25�C. Elongation-

at-break was also calculated as the ratio of the final length at

the point of sample rupture to the initial length of a specimen,

which was repeated on at least five samples of each membrane.

Average values were then reported. All measurements were

performed at 25�C with a relative humidity of 60%.

The permeability coefficient (P) of pure gases [oxygen (O2) and

carbon dioxide (CO2)] in the PLA/sepiolite nanocomposite

films was determined using a constant pressure method and

soap bubble flow meter. The feed pressure was 5 bar and the

permeate side was maintained under vacuum at 25�C. All

Table I. Detailed Formulations of PLA/Sepiolite Nanocomposite Films

Formulation
name Formulation content

PLA Plain PLA (control formulation)

0.5% U 0.5 wt % untreated sepiolite incorporation

1.0% U 1.0 wt % untreated sepiolite incorporation

1.5% U 1.5 wt % untreated sepiolite incorporation

3.0% U 3.0 wt % untreated sepiolite incorporation

0.5% T 0.5 wt % treated sepiolite incorporation

1.0% T 1.0 wt % treated sepiolite incorporation

1.5% T 1.5 wt % treated sepiolite incorporation

3.0% T 3.0 wt % treated sepiolite incorporation
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results were determined for three samples. The pure GP was cal-

culated by using the equation below:

P5
l

ADp

dV

dt

where P is the permeability, l is the film thickness (m), Dp is

the pressure difference across films (Pa), A is the effective sur-

face area (12.5 3 1024 m2), V is the volume of the gas perme-

ated through the membrane [m3(STP)] and t is the permeation

time (s).17

Using WVP measurements, the mass fabric transfer was meas-

ured following the guidelines of ASTM E 96-80B. Round mouth

conical plastic cups with diameter of 25 mm and a height of 90

mm were filled with distilled water. The membrane samples

were placed over the top of the cups and completely sealed. The

gap between the fabric and water surface was about 4 mm.

Cups were placed in a constant temperature chamber. During

all WVP measurements, air surrounding the fabric had a con-

stant temperature and a relative humidity of 70%. For each

WVP measurement, three different samples were used, which

are calculated by using the following formula:

WVP 5
ðWVTR3LÞ

Dp

where WVTR is the water vapor transmission rate (g/m2.s)

measured through a film, Dp is the partial water vapor pressure

difference (Pa) across the two sides of the film, and L is the

mean film thickness (m).

The surface and cross sectional structures (cryogenically frac-

tural surface) of the PLA/sepiolite Films were observed and dis-

persion and distribution of nano-fillers in PLA matrix in films

were investigated by using scanning electron microscope (SEM)

(JEOL JSM-638OLA). All samples were coated with a thin layer

of gold for 1 min at 1.4 V to avoid electrostatic discharge dur-

ing the examination. The tested samples were prepared by cut-

ting prepared film into 2 3 2 cm pieces. Prior to observation,

samples were placed into liquid nitrogen and broken.

RESULTS AND DISCUSSION

X-ray Diffraction Analysis

Figure 1(A) shows the pure sepiolite, Figure 1(B,C) show the

XRD pattern on PLA/sepiolite nanocomposite film with and

without treatment, respectively. XRD data is used to investigate

the interaction between sepiolite filler and PLA matrix and also

to assess the effect of sepiolite content on the crystallinity of the

polymer matrix. As seen in Figure 1(A), pure sepiolite is charac-

terized by peaks (154) (38) (82) (180) (261), and (75) planes

corresponding to the 2§ 5 10.55�, 19.70�, 27.25�, 28.60�,
29.45�, and 33.15�. The sepiolite characteristic peak in PLA/

sepiolite films disappeared [Figure 1(B,C)] except for (154)

(261), and (75) planes corresponding to 2§ 5 10.55�, 29.45�,
and 33.15� which indicates that the sepiolite bundles are gener-

ally delaminated to stick to filler and are dispersed homoge-

nously into the PLA matrix which suggests that parallel form of

sepiolite stacking was totally disrupted which gives an indication

of sepiolite exfoliation into PLA matrix.18 This result may be

due to the interaction between silanol groups (SiAOH) on

sepiolite and the ester groups of PLA.19 The crystallinity index

for PLA/sepiolite nanocomposite films at different sepiolite con-

tent with and without treatment was gathered in Table II.

From Table II, the highest crystallinity index is for 1.5 wt %

sepiolite loading. A possible reason is that the sepiolite acts as

the nucleating agent to promote polymer crystallite growth if

they were initiated on the sepiolite surface or between the

sepiolite fillers. The same trend was obvious for silane treated

nanocomposites; however it can be implied from Table II that

the modified sepiolite imparts better properties regarding higher

induced crystallinity. Highest crystallinity was achieved with 1.5

wt % treated sepiolite (50.87%) which is 9% higher compared

to untreated sepiolite. This can be attributed to the improve-

ment in interaction between sepiolite and PLA by applying

treatment.

It is obvious in Table II that imparting sepiolite in PLA matrix

increases crystallinity up to 1.5 wt % sepiolite incorporation

which is also supported by DSC data Table III and may be due

to the fact that sepiolite content can act as a nucleating agent in

the matrix. So here, the surface roughness of sepiolite is

expected to initiate the growth of crystals on PLA/sepiolite

Figure 1. XRD data. (A) XRD pattern of Sepiolite powder. (B) Compari-

son of Untreated Sepiolite/PLA. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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inter-phase. At higher sepiolite loading (3 wt %), filler–filler

interaction becomes more pronounced than filler–matrix inter-

action and filler particles tend to agglomerate, so as a result, the

degree of crystallinity decreases due to the reduced effectiveness

of the cross sectional area of the nanocomposite film caused by

sepiolite particles.

Differential Scanning Calorimeter (DSC)

The thermal transition properties of the PLA with treated and

untreated sepiolite films were investigated with differential scan-

ning calorimetry (DSC) and are shown in Figure 2 and Table

III. It can be seen that by incorporation of sepiolite into the

PLA matrix Tg increases linearly from 52.39�C for pure PLA to

62.54�C for 3 wt % sepiolite. Tg is related to the relative density

of the amorphous and crystalline states. Most often the more

orderly crystalline state has the higher density at Tg and the

non-crystalline molecular chains are constrained as they are

anchored to the immobile crystallites, increasing Tg.
20 The same

trend was observed for Tm.

From differential scanning calorimetry (DSC) measurements, a

slight change in crystallinity was measured owing to the nucle-

ating effect induced by the sepiolite. The sepiolite fillers act as

hetero-phase nucleating agents.21 In fact, the incorporation of

nano-fillers in a polymer matrix usually causes an increase in

the glass transition temperature which is explained by the con-

finement effect which reduces macromolecular chain mobility.22

The good interaction between PLA and sepiolite as proven by

XRD data also influences chain mobility thus increasing the Tg

value of nanocomposite film as sepiolite content increases.

Xc was observed to increase up to 1.5 % sepiolite (28.06%) fol-

lowed by a decrease to 26.2% observed for 3% sepiolite which

can be attributed to the tendency of sepiolite nanoclay to

agglomerate. SEM results (Figure 5) also showed this trend and

proved that agglomeration occurs after 1.5%.

Treated sepiolite shows the same trend but with a bit higher

degree of crystallinity from 25.85 to 39.14% for neat PLA to

1.5% sepiolite, respectively, which can be attributed to the bet-

ter interaction between matrix and filler. It shows that the addi-

tion of silane treated sepiolite influenced the thermal events and

crystallinity. This increment was about 10�C in Tg, 2�C in Tm

and about 14% in Xc from neat PLA to 1.5% silane treated

sepiolite. However, compared with untreated sepiolite, this

change was about 9�C in Tg, 1.5�C in Tm and 3% from neat

Table II. Crystallinity Index of Treated and Untreated Sepiolite/PLA

Nanocomposite Films

Formulation Crystallinity index (%)

PLA 31.12

0.5% U 33.20

1.0% U 40.71

1.5% U 41.43

3.0% U 39.21

PLA 31.12

0.5% T 34.93

1.0% T 42.19

1.5% T 50.87

3.0% T 39.88

Table III. DSC Comparison Data of Treated and Untreated Sepiolite/PLA

Nanocomposite Films

Formulation Tg Tm DHm DHc XC (%)

PLA 52.39 136.17 13.087 11.134 25.85

0.5% U 52.88 136.61 13.421 11.119 26.19

1.0% U 61.35 137.12 14.116 11.279 27.10

1.5% U 61.86 137.48 14.896 11.405 28.06

3.0% U 62.54 138.50 13.416 11.133 26.20

PLA 52.39 136.17 13.087 11.134 25.85

0.5% T 52.80 136.68 15.141 11.147 28.05

1.0% T 61.34 137.33 15.575 13.923 31.13

1.5% T 61.90 137.67 17.313 19.351 39.14

3.0% T 62.65 138.83 14.954 11.435 28.16

Figure 2. DCS data. (a) Comparison of crystallization peaks of DSC graph. (b) Comparison of melting point. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com.]
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PLA to 1.5% sepiolite. Better interaction can cause better distri-

bution and as sepiolite can act as a nucleating agent in matrix,

it can impart more crystallinity to the composite which is about

11% higher than untreated sepiolite with 1.5 wt % incorpora-

tion. A higher crystallinity percentage led to the increment of

melting temperature (Tm). On the other hand, Tg is increased

which is believed to be due to the enhanced interaction between

PLA and sepiolite with silane treatment.

Mechanical Properties

Figure 3(a) shows the effect of sepiolite content on tensile

strength of PLA with untreated sepiolite and silane treated

sepiolite nanocomposite film. It can be observed that the addi-

tion of untreated sepiolite increased the tensile strength of the

PLA films from 17.63 to 19.36 Mpa for neat PLA and 1.5%

sepiolite, respectively, and the treatment of sepiolite can fortify

this increment up to 21.9 Mpa with 1.5% silane treated sepiolite

which was much higher than that of neat PLA. Normally, the

individual nature of the filler determines the tensile strength of

the bio-composites.23 In addition, the shape of sepiolite (needle

like) with high aspect ratio leads to a more efficient stress trans-

fer when a load is applied to the nanocomposites, and as a

result a stronger material is formed. As sepiolite loading

increased further (3 wt %), tensile strength decreased, which is

attributed to the aggregation of sepiolite particles. Previous

studies also reported that high nanoclay content (e.g. MMT)

(>5 wt %) in polymer can result in its agglomeration resulting

in reduced mechanical performance compared to lower con-

tent.24,25 Moreover, high sepiolite nanoclay content can increase

the brittleness of materials, making the matrix stiffer with less

plastic in deformation, which are typical characteristics of hard

inorganic phase. Silane treatment of sepiolite had imparted a

good stress transfer from matrix to filler due to the better inter-

action between sepiolite and PLA which can cause further incre-

ment in tensile strength of PLA/sepiolite film.

Figure 3(b) illustrates the dependence of Young’s modulus on

the sepiolite content. The Young’s modulus of PLA films

increased linearly with increasing sepiolite loadings. All the

nanocomposite films exhibited about 40% increase in modulus

compare to the pure PLA films. The improvement in PLA mod-

ulus is due to the high rigidity exerted by the sepiolite as it

does not deform or relax, and therefore the PLA’s chain move-

ment was suppressed by sepiolite particles. This improvement

in modulus is more pronounced by silane treatment of sepiolite

which may be ascribed to the better dispersion and adhesion of

sepiolite particles within PLA. It can be assumed that silane

treatment of sepiolite can provide a larger interfacial region

with more effective stress transfer from PLA matrix to sepiolite

nanoclay.

Figure 3. Mechanical properties. (a) Comparison of tensile strength of untreated and treated Sepiolite/PLA nanocomposite films. (b) Comparison of

Young’s Modulus of untreated and treated sepiolite/PLA nanocomposite films. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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Gas Permeability

Carbon dioxide and oxygen permeation results for treated and

untreated sepiolite and neat PLA are gathered in Table IV. A

polymers GP coefficient usually follows this order: PO2 <

PCO2
26 and DCO2 < DO2 (P 5 Permeability, D 5 Diffusion)27

according to the diameter of the molecules (dCO2 5 0.39 3

1022 nm > dO2 5 0.35 3 1022 nm).28 Gas barrier properties

are reported to be strongly dependent on shape, presence and

dispersion of nanoclays as well as level of crystallinity, measure-

ment temperature and feed gas pressure.28–30 By extensive dis-

persion of the sepiolite into PLA up to 1.5 wt % loading, the

barrier properties of O2 and CO2 improved from 0.37 3 1017

to 0.07 3 1017 and from 1.87 3 1017 to 1.19 3 1017, respec-

tively. However, by increasing the amount of sepiolite into PLA

the permeation of O2 and CO2 from the films decreased by

about 0.04 (for O2) and 0.13 (for CO2).

The results were expected due to the formation of crystallinity

in composite up to 1.5 wt % sepiolite for both treated and

untreated, as well as aggregates for 3 wt % sepiolite. It is worth

noting that the permeability values of O2 and CO2 for silane

treated sepiolite film are slightly lower than untreated sepiolite

film. By increasing sepiolite content up to 1.5 wt % into PLA

matrix, the GP of the films decreased by about 0.33 (O2) and

0.8 (CO2) as increments of effective surface area between sepio-

lite and PLA and as the agglomeration was forming (above 1.5

wt % sepiolite content), the free space (free volume) between

filler and matrix increased and as a result O2 and CO2 perme-

ability of thin film was increased by about 0.06 and 0.23 for O2

and CO2, respectively. The permeability of O2 and CO2 of

treated and untreated PLA/sepiolite films was also in agreement

with the formation of crystallinity. The increment in crystallin-

ity up to 1.5 wt % sepiolite incorporation had also reduced the

O2 and CO2 GP, which increased afterward at 3 wt % sepiolite

due to the reduction in crystallinity.

Gas permeation through a polymeric film is governed by four

steps: the sorption of gas molecules on the film surface, the dis-

solution of the gas in the polymer, the diffusion of the gas

through it and finally, desorption of the gas from the other sur-

face of the film.31 Usually the amorphous polymer phase is

responsible for GP through a film. Therefore for semi-

crystalline polymer permeable amorphous phase dispersed in an

impermeable crystalline phase. So, any increase in crystallinity

leads to a decrease in GP due to a diminished contribution of

the permeable amorphous phase and to an enhanced tortuosity

of the diffusion path. Najafi et al. (2012)32 reported that the

mechanism of gas permeation in a nanoclay reinforced polymer

is similar to that in a semi-crystalline polymer.

Water Vapor Permeability

WVP test was performed on treated and untreated PLA/sepiolite

films. Using the WVP equation for obtained data, the WVP

curves were deduced and are shown in Figure 4. As observed in

both curves, WVP of films decreased from about 4 to 3.74

(untreated sepiolite) and from about 4 to 3.33 (treated sepio-

lite) with increasing sepiolite content up to 1.5% which shows

good interaction between matrix and filler through the crystal-

linity and formation of hydrogen bonding between carbonyl

groups of PLA and hydroxyl groups of sepiolite.28,33,34 Also, at

higher sepiolite loading, both silane treated and untreated

Table IV. Gas Permeability

(A) Oxygen permeability (10217 m3 m/m2s Pa) Oxygen permeability (10217 m3 m/m2s Pa)

PLA 0.37 6 0.04 PLA 0.37 6 0.06

0.5% U 0.21 6 0.10 0.5% T 0.19 6 0.04

1.0% U 0.12 6 0.13 1.0% T 0.11 6 0.09

1.5% U 0.07 6 0.11 1.5% T 0.04 6 0.13

3.0% U 0.11 6 0.07 3.0% T 0.10 6 0.10

(B) CO2 permeability (10217 m3 m/m2s Pa) CO2 permeability (10217 m3 m/m2s Pa)

PLA 1.87 6 0.09 PLA 1.87 6 0.07

0.5% U 1.46 6 0.05 0.5% T 1.40 6 0.06

1.0% U 1.34 6 0.08 1.0% T 1.29 6 0.11

1.5% U 1.19 6 0.12 1.5% T 1.07 6 0.09

3.0% U 1.32 6 0.14 3.0% T 1.30 6 0.10

Figure 4. Comparison of water vapor permeability of untreated and

treated sepiolite/PLA nanocomposite films. [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]
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sepiolite particles tended to aggregate, therefore WVP increased

by about 23 and 25%, respectively.

Scanning Electron Microscopy (SEM)

Figure 5(A) depicts the morphology of the untreated PLA/

sepiolite thin film. A good degree of sepiolite dispersion in the

PLA can be observed. Sepiolite fillers are well trapped by the

PLA matrix up to 1.5% loading of sepiolite content. This facili-

tates good adhesion between sepiolite and PLA matrix28,33 and

is in agreement with XRD data. SEM micrographs of the silane

treated films are shown in Figure 5. According to Figure 5(B)

the surface of sepiolite fillers have been linking to the PLA

matrix and covered with it. It was deduced that the silane

causes a better wetting of the sepiolite fillers through the PLA

matrix and as a result this improved adhesion leads to better

stress transfer from matrix to filler and shows an increasing in

tensile properties as well as improvement in GP and WVP. Both

Figures shows low adherence between fillers and matrix in the

case of 3 wt % sepiolite content which may due to the presence

of some aggregation at the samples surface. These aggregates are

distributed into the polymer matrix.

CONCLUSIONS

The Tg and Tm of PLA were slightly affected by sepiolite nano-

clay. Adding sepiolite to the PLA results in PLA nucleated with

a slightly higher degree of crystallinity than that of neat PLA.

The maximum increase in thermal properties is registered for

silane treated sepiolite film with 3 wt % sepiolite content. The

incorporation of 1.5% wt silane treated sepiolite was found to

be optimum as it has the highest tensile strength. The tensile

modulus increased greatly according to the sepiolite content

with a reduction in the elongation at break. In terms of oxygen

and carbon dioxide barrier properties, the best performance was

observed for the PLA/silane treated sepiolite film with 1.5 wt %

loading because of the better dispersion and interaction of the

sepiolite nano-filler (nanoclay) within the PLA matrix. In case

of water barrier or WVP properties, the water permeation pro-

cess put forward an important barrier improvement up to

1.5 wt % increase in sepiolite (treated and untreated) content.

Finally, the SEM images of the fracture surfaces obtained com-

plied with the experimental values obtained for the samples,

indicating that the incorporation of sepiolite in PLA presented

good levels of dispersion. Using silane treatment of sepiolite

implies that changes in surface topography affect interfacial

adhesion. Above 1.5 wt % sepiolite nanoclay, some aggregates

were observed on the sample fracture surface.
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