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    CHAPTER 1 

INTRODUCTION 

 

Polymer blending has been considered as an effective method for the 
development of new types of polymer that combination of good properties of each 
component (Lee, H.G. et al., 2009). However, blending of polymer may result in 
either miscible or immiscible system, depending on the adhesion and interfacial 
tension between polymer phases (Dixit, M. et al., 2009). Several articles reported that 
the improvement miscibility between polymer blends by reduce interfacial tension of 
two phases. 

Recently, several research groups have studied about the addition of nanoclay 
as property modifiers into blends to improve the mechanical properties. For instance, 
the study of the effect of clay modification in polyamide 6 (PA6)/polypropylene (PP) 
blends found that the incorporation of organophilic montmorillonite (OMMT) 
increased the mechanical and thermal properties. The result show that the formation 
of exfoliated structure for the PA6/PP prepared using stearylamine modified 
montmorillonite was investigated by transmission electron microscopy (TEM) 
(Kusmono, Z.A. et al., 2010). The phase morphology of PP/high density polyethylene 
(HDPE) blends in the presence of small amount of organoclay indicated a reduction in 
average domain size of disperse HDPE, due to the barier effect of the clay platelets in 
the HDPE phase that restrict the phase inversion into the domain/matrix morphology 
(Dhibar, A. K. el al., 2011). Storage modulus and thermal stability of the nylon 
6/HDPE blends were improved in presence of small amount of clay. The location of 
the organoclay platelets selectively in nylon 6 matrix was due to the difference in 
polarity of nylon 6 and HDPE (Mallick, S. et al., 2011). The WAXD profiles 
indicated the exfoliation of organoclay in nylon 6 phase, discernible amount of 
organoclay were also intercalated in HDPE phase of the blends by using X-ray 
diffectometer (XRD) (Mallick, S. et al., 2012). 

 The interest in using polymeric materials derived from renewable resources 
increases by the day because of the considerably improved environmental awareness 
of society and concerns about the depletion of petrochemical based plastics (Imre, B. 
et al., 2013). Poly (lactic acid) (PLA) is a biodegradable and biocompatible 
thermoplastics, and can be produced on a large scale and used for various application 
in difference domain: packaging, medicine, agriculture, and textile (Pongtanayut, K. 
et al., 2013). However, low toughness and thermal stability. Therefore, it interesting 
to study if the incorporation of elastomers and reinforcements can improve properties 
such as toughness, modulus, impact strength and the thermal stability. 

The cellulose fiber as reinforcing elements in composite materials based on 
polymer matrices constantly growing (Belgacem, M. N. et al., 2005). The cellulose is 
natural fiber, it have advantages such as light weight, reasonable strength and 
stiffness, renewable and biodegradable (Bai, W. et al., 2009). There for use 
reinforcement in thermoplastic, it expected to be beneficial because cellulose has high 
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elastic modulus. In the previous studies in the literature, addition of cellulose can 
improve the mechanical properties of the resulting composite while enhancing their 
absorption and biodegradation characteristics. For instance, the storage modulus for 
thermoplastic pea starch/carboxymethyl cellulose and pea starch/ microcrystalline 
cellulose (MCC) composites was higher than that for pure thermoplastic pea starch. 
Furthermore, the stiffness of composite increased the increasing of the both cellulose 
contents (Xiaofei Ma et al. (2008). From the studies the dynamic mechanical behavior 
and thermal properties of nylon 6 composites with MCC found that increasing MCC 
content, storage modulus from dynamic mechanical thermal analysis (DMA) 
improved because of the reinforcing effect of MCC (Kiziltas, A. et al., 2011).   
 The purpose of this work is to study the effects of organoclay and 
microcrystalline cellulose on the mechanical, thermal and morphological properties of 
polyoxymethylene (POM)/PP and PLA/elastomers blends with three types of 
organoclay and MCC. The polymer blends and polymer blends composites were 
prepared by an internal mixer. The compatibility between the blends and phase 
morphology were studied by scanning electron microscopy (SEM). The mechanical 
properties of polymer blends were investigated by tensile testing and DMA. The 
thermal properties were investigated by thermogravimetric analysis (TGA) and 
differenctial scanning calorimetry (DSC). 
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CHAPTER 2 

THEORY 

 

2.1 Polyoxymethylene (POM) (Charles A. Harper, 2006) 
Acetal polymers are formed from the polymerization of formaldehyde. They 

are also given the name polyoxymethylene (POM). Polymers prepared from 
formaldehyde were studied by Staudingerin the 1920s, but thermally stable materials 
were not introduced until the 1950s, when DuPont developed Delrin. Hompolymers 
are prepared from very pure formaldehyde by anionic polymerization as shown in 
Figure 1. Amines and the soluble salts of alkali metals catalyze the reaction. The 
polymer formed is insoluble and is removed as the reaction proceeds.  

 

 

Figure 1 Polymerization of formaldehyde to polyoxymethylene. 
Source : Charles A. Harper, (2006) Handbook of Plastics Technologies. The  
Complete Guide to Properties and Performance. McGraw-Hill Handbooks 2.1-2.45. 

 
Thermal degradation of the acetal resin occurs by unzipping with the release 

of formaldehyde. The thermal stability of the polymer is increased by esterification of 
the hydroxyl ends with acetic anhydride. An alternative method to improve the 
thermal stability is copolymerization with a second monomer, such as ethylene oxide. 
Acetals are highly crystalline, typically 75 percent crystalline, with a melting point of 
180oC. The high degree of crystallinity imparts good solvent resistance to acetal 
polymers. The polymer is essentially linear with molecular weights (Mn) in the range 
of 20,000 to 110,000. Acetal resins are strong and stiff thermoplastics with good 
fatigue properties and dimensional stability. They also have a low coefficient of 
friction, and good heat resistance. As mentioned previously, acetal resins have 
excellent solvent resistance with no organic solvents found below 70oC; however, 
swelling may occur in some solvents. Acetal resins are susceptible to strong acids and 
alkalis as well as oxidizing agents. Although the C-O bond is polar, it is balanced and 
much less polar than the carbonyl group present in nylon. As a result, actal resins 
have relatively low water absorption. The small amount of moisture absorbed may 
cause swelling and dimensional changes but will not degrade the polymer by 
hydrolysis. Applications for acetal resins include gears, rollers, plumbing 
components, pump part, fan blades, blown molded aerosol containers, and molded 
sprockets and chains. Their low coefficient of friction make acetal resins good for 
bearings.   
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2.2 Polypropylene (PP)  
Polypropylene is synthesized by the polymerization of propylene, a monomer 

derived from petroleum product through the reaction shown in Figure 2. It was not 
until Ziegler-Natta catalysts became available that polypropylene could be 
polymerized into a commercially  

viable product. The range of molecular weights for PP is Mn = 38,000 to 60,000 and 
Mw = 220,000 to 700,000. The molecular weight distribution (Mn/Mw) can range from 
2 to about 11. PP is one of the lightest plastics, with a density of 0.905. The nonpolar 
nature of the polymer gives PP low water absorption. It has good chemical resistance, 
but liquids such as chlorinated solvents, gasoline, and xylene can affect the material. 
PP has a low dielectric constant and is a good insulator. One weakness of PP is its 
low-temperature brittleness behavior, with the polymer becoming brittle near 0oC.  PP 
has many applications, are used in automotive applications such as mounts and engine 
covers. PP films are used in a variety of packaging applications. 

 

 

Figure 2 The reaction to prepare polypropylene. 

Source : Charles A. Harper, (2006) Handbook of Plastics Technologies. The 
Complete Guide to Properties and Performance. McGraw-Hill Handbooks 2.1-2.45. 

2.3 Poly(lactic acid) (PLA) (Jamshidian, M., 2010) 
Poly (lactic acid) or PLA was discovered in 1932 by Carothers (at DuPont). 

The problem at that time was to it increase the molecular weight of the products; and, 
finally, by ring-opening polymerization of the lactide, high-molecular weight PLA 
was synthesized. Lactic acid (2-hydroxy propionic acid), the single monomer of PLA, 
is produced via fermentation or chemical synthesis. Its 2 optically active 
configurations, the L(+) and D(-) stereoisomers are produced by bacterial 
(homofermentative and heterofermentative) fermentation of carbohydrates. Three way 
are possible for the polymerization of lactic acid; (a) direct condensation 
polymerization; (b) direct polycondensation in an azeotropic solution (an azeotrope is 
a mixture of 2 or more chemical liquids in such a ratio that its composition cannot be 
changed by simple distillation. This occurs because, when an azeotrope is boiled, the 
resulting vapor has the same ratio of constituents as the original mixture); and (c) 
polymerization through lactide formation. PLA has unique properties like good 
appearance, high mechanical strength, and low toxicity; and good barrier properties 
have broadened its applications. PLA has potential for use in a wide range of 
applications. The major PLA application today is in packaging (nearly 70%). 
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Figure 3 Synthesis of PLA from L- and D-lactic acids.  
Source : L.-T. Lim R.Auras M. Rubino. (2008). Progress in Polymer Science 33 820–
852. 
 
2.4 Elastomers (Brady, G. S. et al., 2002) 

Synthetic rubber, often referred to as rubbers, are hydrocarbon polymeric 
materials similar in structure to plastic resins. The difference between plastics and 
elastomers is largely one of definition based on the property of extensibility, or 
stretching. The American Society for Testing and Materials defines an elastomer as “a 
polymeric material which at room temperature can be stretched to at least twice its 
original length and upon immediate release of the stress will return quickly to 
approximately its original length.” Some grades of plastics approach this rubberlike 
state. Also, a number of plastics have elastomers grades, such as the olefins, styrenes, 
fluoroplastics, and silicones. As indicated above, the major distinguishing 
characteristic of elastomers is their great extensibility and high-energy storing 
capacity. Elastomers have usable elongations up to several hundred percent. Also, 
because of their capacity for storing energy, even after they are strained several 
hundred percent, virtually complete recovery is achieved once the stress is removed.  

In the raw-material or crude stage, elastomers are thermoplastic. Thus crude 
rubber has little resiliency and practically no strength. By a vulcanization process in 
which sulfur and/or other additives are added to the heated crude rubber, the polymers 
are cross-linked by means of covalent bonds to one another, producing a 
thermosetlike material. The amount of cross-linking which occurs between the sulfur 
(or other additive) and the carbon atoms determines many of the elastomer’s 
properties. As cross-linking increases, resistance to slippage of the polymers over one 
another increases, resiliency and extensibility decrease, and the elastomer approaches 
the nature of a thermosetting plastic. In the unstretched state, elastomers are 
essentially amorphous because the polymers are randomly entangled and there is no 
special preferred geometric pattern present. However, when stretched, the polymer  
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chains tend to straighten and become aligned, thus increasing in crystallinity. This 
tendency to crystallize when stretched is related to an elastomer’s strength. Thus, as 
crystallinity increases, strength also tends to increase.  

2.5  Nanoclay (Harper, A., 2006) 
There are generally two types of clay: synthetically prepared and naturally 

occurring. Clay minerals belong to the phyllosilicates. These are three principal 
groups of naturally occurring phyllosilicates: montmorillonite, illite, and kaolinite. 
Montmorillonite layered silicates (MLS) have a 2:1 layered structure, illite has a 2:1 
layered structure, and kaolinite has 1:1 layered structure. Phyllosilicates are two 
dimensional arrays of silicon-oxygen tetrahedral and two-dimensional arrays of 
aluminum or magnesium-oxygen-hydroxyl octahedral. In silicon-oxygen sheets, 
silicon atoms are coordinated with four oxygen atoms located on the four corners of a 
regular tetrahedron with the silicon atom in the center Figure. 3. In the sheet, three 
neighboring tetrahedra share three of the four oxygen atoms of each tetrahedron, and 
the fourth oxygen atom of each tetrahedron is pointed downward as shown in Figure. 
4. The silicon-oxygen sheet is called a tetrahedral sheet or silica sheet. In the case of 
Al- and Mg-O-OH sheets, the Al or Mg atoms are coordinated with six oxygen atoms 
or OH groups. A regular octahedron is formed with the corners occupied by oxygen 
or OH groups with Al or Mg at the center Figure. 5. Sharing oxygen or OH groups 
with a neighboring octahedron results in the sheet structure shown in Figure. 6, called 
an octahedral sheet or alumina or magnesia sheet. 

 

 

Figure 4 Tetrahedral arrangement of Si and O. 

Source : Harper, A. (2006)  Handbook of Plastics Technologies, Jonh Wiley & Sons, 
Inc., 683-687. 

 

 

Figure 5 Tetrahedral linking. 

Source : Harper, A. (2006)  Handbook of Plastics Technologies, Jonh Wiley & Sons, 
Inc., 683- 687. 
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Tetrahedral sheets have similar symmetry and identical dimensions. This helps 
in the sharing of oxygen atoms between these sheets. Thus, an octahedral sheet shares 
the fourth protruding oxygen atoms from a tetrahedral sheet. If sharing occurs 
between one silica and one alumina sheet, the result is 1:1 layered mineral, and if one 
alumina sheet shares two oxygen atoms from two silica sheets, it is a 2:1 layered 
mineral. Within each layer there is a repetition of structure and it is there for referred 
to as a unit cell. The distance between a certain plane in the layer and the 
corresponding plane in the next layer, calls basal or d spacing, can be determined by 
x-ray defraction (XRD). The basal spacing is around 7.2 A in 1:1 layer clay and 9.2 A 
in 2:1 layer clays. The bonding between the layers is weak (van der Walls type), but 
strong covalent bond exists between the atoms of the same layer. 

 

 

Figure 6 Octahedral arrangement of Al or Mg with O or OH. 

Source : Harper, A. (2006) Handbook of Plastics Technologies, Jonh Wiley & Sons, 
Inc., 683-687. 

 

Figure 7 Octahedral linking. 
Source : Harper, A. (2006)  Handbook of Plastics Technologies, Jonh Wiley & Sons, 
Inc., 683-687. 

The suggested crystallographic structure for mica-type layered silicate is 
shown in Figure 7. This structure is derived from pyrophyllite and talc by substitution 
of certain atoms for other atoms. In the tetrahedral sheet, Si4+ replaces Al3+. In an 
octahedral sheet, Al3+ replaces Mg2+. The substitution of higher valence atoms results 
in a deficit of positive charge or an excess of negative charge. The excess of negative 
charge within a layer is balanced by the adsorption of cations. These clays, which are 
hydrophilic in nature, have Na+, K+, or Ca2+ cations in the layer gallery. Mica-type 
layered silicates (MTSs) are distinguished by the lacations in the layer.   
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2.6 Cellulose  
Cellulosic polymers are the most abundant organic polymers in the world, 

making up the principal polysaccharide in the walls of almost all of the cells of green 
plants and many fungi species. Plants produce cellulose through photosynthesis. Pure 
cellulose decomposes before it melts and must be chemically modified to yield a 
thermoplastic. The chemical structure of cellulose is a heterochain linkage of different 
anhydrogluclose units into high-molecular-weight polymer, regardless of plant source. 
The main components of the cellulose 

 

Figure 8 Suggested layered structure of mica-type layered silicates. 
Source : Harper, A. (2006)  Handbook of Plastics Technologies, Jonh Wiley & Sons, 
Inc., 683-687. 
 
source materials described above are generally, in decreasing order of abundance, 
cellulose, hemicellulose and lignin. Cellulose and hemicellulose are both 
carbohydrates, cellulose (sometimes referred to as α-cellulose) being a linear 
polysaccharide with 6 carbon units (β-1,4-linked D-glucose) and hemicellulose 
(sometimes referred to as β- and γ-cellulose) being a polysaccharide with 5 carbon 
units (xylose). The hemicelluloses are generally much shorter polymers than the 
cellulose. Lignin is an aromatic polymeric material, phenolic in nature, whose exact 
formula is unknown. Lignin serves as a natural binder for the cellulose fibers in the 
cellulose source material. Microcrystalline cellulose (MCC) is a highly crystalline 
particulate cellulose consisting primarily of crystallite aggregates obtained by 
removing amorphous (fibrous cellulose) regions of a purified cellulose source 
material by hydrolytic degradation, typically with a strong mineral acid such as 
hydrogen chloride. The acid hydrolysis process produces a MCC of predominantly 
coarse particulate aggregates, typically having a mean size range of about 15 to 40 
microns. MCC is a well-known material that finds widespread use in food and 
pharmaceutical applications, e.g., as a tableting aid, stabilizer or fat replacement.  
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2.7 Internal Mixer (Wildi, R. H., 1998) 
Internal mixer is a heavy-duty machine in which the materials to be mixed are 

strenuously worked and fused by one or more rotors designed so that all parts of the 
charge pass repeatedly through zones of high shear. Internal mixers are batch 
compounders consisting of two rotors inside of double C-shaped mixing chamber. 
They are usually counter-rotating and non-intermeshing. There are two main variants 
of the internal mixer, the tangential rotor design or “Banbury type” and the 
interlocking rotor design or “Intermix type”. Both designs consist of a roughly figure-
of-eight-shaped mixing chamber with a counter-rotating rotor in each section. The 
difference between the two mixer designs is in their mixing action which is related to 
the shape of the rotors used. 

Depending on the model, the rotors may or may not intermesh. They have a 
ram or piston on top to force the feed into the chamber and are discharged via a drop 
door on the bottom. Small lab-scale internal mixers are often discharged by opening 
one of the sides. Each rotor has seals and bearings on the end frames that close off the 
mixing chamber. Internal mixers used to be driven by fixed speed, alternating current 
motors via reduction gears, but today they are usually equipped with variable speed 
motors for greater versatility. One rotor can be driven by the motor which turns the 
second via connecting gears, or, as is more popular for high torque applications, each 
rotor is driven independently by a larger gear box assembly. Temperature control 
occurs by fluid flow through channels within the metal chamber walls, rotors, and 
drop door, and optionally within the ram. The main advantage of internal mixers over 
mills is their increased rate of throughput, which for some materials can be up to an 
order of magnitude higher. 

 
2.8 Compression Molding (Hull, J. and Harper, A., 2006). 

Figure 8 shows the process of compression molding. The mold bottom half, 
containing one or more bottom cavities, is bolted to the bottom platen of the molding 
press. In this diagram an upward-closing press is shown. Compression molding can 
also be done in downward-closing presses. The mold halves are kept heated to about 
150°C, more or less, depending on the plastic being molded. A metered charge of 
molding compound, granular or preformed, is placed in the open bottom cavities. The 
press is then actuated to close, generally fast upward movement (200 to 800 in./min) 
until the molding material contacts the upper mold half. Then the closing speed is 
reduced (0 to 80 in./min) as the material in the cavities is heated by the mold and 
becomes fluid. As the mold continues to close, the material is forced to flow so as to 
fill the cavities. The metered charge contains about 3 to 5% more material than is 
required for the molded parts, including runner and cull. As the mold halves are 
moving together to fully close the cavities, the slight excess of material is squeezed 
out along the land surfaces, the flat areas sealing off the cavities and causing the 
plastic to be compressed for the polymerization or cure. The slight excess of material 
on the land area cures into a very thin flash, which is readily separated from the 
molded part following cure and removal of part from the mold. 
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Figure 9 Compression molding sequence: (a) molding material is placed into open 
cavities; (b) the press closes the mold, compressing material in the hot mold for cure; 
(c) the press opens and molded parts are ejected from the cavities. 
Source : J. Hull, A. Harper. (2006) Handbook of Plastic Processes, New Jersey: John 
Wiley & Sons, Inc., 455-457. 

2.9 Mechanical Properties 
2.9.1 Tensile Test (Driver et al., 1979) 
Tensile properties are the most important single indication of strength in a 

material. The force necessary to pull the specimen apart is determined, along with 
how much the material stretches before breaking. The tensile test measures the 
resistance of a material to a static or slowly applied force. The specimen sample is 
placed in the universal testing machine and a force F, called the load, is applied. Thus, 
the change in length of the specimen ( l) is measured with respect to the original 
length (l0). Information concerning the strength, Young’s modulus, and ductility of a 
material can be obtained from such a tensile test. When a tensile test is conducted, the 
both of ends of the specimen are firmly clamped in the jaws of a tensile testing 
machine, the jaws move apart at rates of 0.05, 0.2, 0.5, 2 or 20 inches per minute 
which pulling the sample from both ends and data recorded includes load or force as a 
function of change in length ( l). These data are then subsequently converted into 
stress and strain. The stress-strain curve is analyzed further to extract properties of 
materials (e.g., Young’s modulus, yield strength, etc.). The elastic modulus (modulus 
of elasticity or tensile modulus) is the ratio of the applied stress to the strain it 
produces in the region in which strain is proportional to stress. The modulus is 
essentially a measure of stiffness and is a very useful property to know, because parts 
should be designed so their behavior in normal use falls in the proportional region in 
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which the modulus is measured. For some applications where almost rubbery 
elasticity is desirable, a high ultimate elongation may be an asset. For rigid parts, on 
the other hand, there is little benefit in the fact they can be stretched extremely long. 
There is great benefit in moderate elongation, however, since this quality permits 
rapid absorption of impact and shock. Thus, the total area under a stress/strain curve is 
indicative of overall toughness. A material of very high tensile strength and little 
elongation would tend to be brittle in service. 

  2.9.2 Impact Strength (Driver et al., 1979) 
  Impact tests are widely used to evaluate a material’s capability to withstand 
high velocity impact loadings. The most common impact tests are the Izod and the 
Charpy tests. The Izod test evaluates the impact resistance of a cantilevered notched 
bending specimen as it is struck by a swinging hammer. The Izod impact test 
indicates the energy required to break specimens under standard conditions. It is 
usually determined on the basis of a 1 inch specimen, although the specimen used 
may be thinner in the lateral direction. In the test, a sample is clamped in the base of a 
pendulum testing machine so it is cantilevered upward with the notch facing the 
direction of impact. The pendulum is released, and the force consumed in breaking 
the sample is calculated from the height the pendulum reaches on the follow-through. 
  The Izod value is useful in comparing various types or grades of a plastic. In 
comparing one plastic with another, however, the Izod impact test should not be 
considered a reliable indicator of overall toughness or impact strength. Some 
materials are notch-sensitive and derive greater concentrations of stress from the 
notching operation. The Izod impact test may indicate the need for avoiding sharp 
corners in parts made of such materials. For example, nylon and acetal-type plastics, 
which in molded parts are among the toughest materials, are notch-sensitive and 
derive greater concentrations of stress from the notching operation so relatively low 
values on the notched impact test was observed.  

2.10 Thermal Analysis 
2.10.1 Differential Scanning Calorimetry (DSC) (Stevens et al, 1990) 

  DSC technique was developed by M. J. O’Neill and E.S. Watson in 1962. 
DSC is actually an instrument developed by Privalov and Monaselidze in the year 
1964 to measure the heat capacity and energy precisely. The difference in heat flow 
between a reference and a sample helps the DSC to precisely measure the heat 
released or absorbed during the transition phase. DSC has become the method of 
choice for quantitative studies of thermal transitions in polymers. In DSC, a polymer 
sample and an inert reference are heated, usually in a nitrogen atmosphere, and 
thermal transitions in the sample are detected and measured. The sample holder most 
commonly used is a very small aluminum cup (gold or graphite is used for analyses 
above 800๐C), and the reference is either an empty cup or a cup containing an inert 
material in the temperature range of interest, such as anhydrous alumina. Sample sizes 
vary from about 0.5 to about 10 mg. Sample and reference are provided with 
individual heaters, and energy is supplied to keep the sample and reference 
temperatures constant. In this case, the electrical power difference between sample 
and reference (d Q/dt) is recorded.   
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 Data are plotted as d Q/dt on the ordinate against temperature on the abscissa. 
Such plots are called thermograms. Although, d Q/dt is not linearly proportional, it 
related to heat capacity. The major advantage of DSC is that peak areas of 
thermograms are related directly to enthalpy changes in the sample, hence may be 
used for measurements of heat capacities, heats of fusion, enthalpies of reactions, and 
the like. 

2.10.2 Thermogravimetric Analysis (TGA) (Stevens et al, 1990) 
TGA is used primarily for determining thermal stability of polymers. Like 

DTA, TGA is and old technique but has been applied to polymers only since the 
1960s. The most widely used TGA method is based on continuous measurement of 
weight on a sensitive balance (called a thermobalance) as sample temperature is 
increased in air or in an inert atmosphere. This is referred to as nonisothermal TGA. 
Data are recorded as a thermogram of weight versus temperature. Weight loss may 
arise from evaporation of residual moisture or solvent, but at higher temperatures it 
results from polymer decomposition. Besides providing information on thermal 
stability, TGA may be used to characterize polymers through loss of a known entity, 
such as HCl from poly (vinyl chloride). Thus weight loss can be correlated with 
percent vinyl chloride in a copolymer. TGA is also useful for determining volatilities 
of plasticizers and other additives. Thermal stability studies are the major application 
of TGA, however. Residual weight is frequently an accurate reflection of char 
formation, which is of interest in flammability testing. 
 A variation of the method is to record weight loss with time at a constant 
temperature called isothermal TGA, this is less commonly used than non-isothermal 
TGA. Modern TGA instruments allow thermograms to be recorded on microgram 
quantities of material. Some instruments are designed to record and process DSC and 
TGA data simultaneously, and may also be adapted for gas chromatographic and/or 
mass spectrometric analysis of effluent degradation products. 

2.10.3 Dynamic Mechanical Analysis (DMA) (Grellmann, 2007 and Pilato, 
2010) 

  Dynamic mechanical analysis (DMA) is another thermal analysis technique 
used to obtain information on the curing of materials. DMA determines the 
temperature at which mechanical curing takes place as materials transition between a 
rubbery state to a glassy state. In dynamic mechanical analysis, specimens are 
subjected to oscillating loading. The time dependence of material behavior can be 
characterized by varying the frequency to acquire viscoelastic values over a wide 
frequency range. For a perfectly elastic material the strain response is immediate and 
the stress and strain are in phase. For a viscous fluid, stress and strain are 90๐ out of 
phase. Thus for polymers which usually exhibit viscoelasticity, the strain response 
lags behind the stress by some phase angle ( )--the loss angle--between 0๐ and 90๐. 
The behavior can be represented by a complex modulus (or compliance) consisting of 
in-phase component (the storage modulus or compliance) and a 90๐ out-of- phase 
component, characterized by the loss modulus or compliance. The energy loss due to 
the viscous flow is given by the ratio of these moduli, which is the loss tangent (or 
tan ). Values of the dynamic moduli and tan  are both frequency and temperature 
dependent. Maximum loss, i.e. maximum damping, occurs in the transition region. 
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Such changes are related to particular molecular motions in the polymer. 
Measurement of the dynamical mechanical behavior, e.g. by torsion pendulum, 
vibrating reed, forced vibration, non-resonance or elastic wave propagation methods, 
can give data over a very wide frequency range of 10-3-10-6 Hz and frequently 
provides the most sensitive method of detecting transitions and associated molecular 
motions. 
  Both solids and liquids can be analyzed via DMA. For liquid samples, the 
resin is impregnated onto a fiberglass braid. The resin-impregnated fiberglass braid is 
placed into the DMA’s single or dual cantilever sampling assembly so that the ends of 
the braid are held rigid and the center clamp is modulated at a set frequency. The 
energy required to maintain the modulation is measured to obtain the storage modulus 
and loss modulus. Tan delta, a ratio of the storage and loss moduli, is also obtained. 
Solid composites can also be analyzed by forming or cutting them to the specified size 
for the DMA and analyzing the “bars” in the same apparatus. 

2.11 X-Ray Diffraction (Askeland, 1989) 
  Information about the crystal structure of a material can be obtained using X-
ray diffraction. When a beam of X-ray having a single wavelength on the same order 
of magnitude as the atomic spacing in the material strike that material, X-ray are 
scattered in all directions. Most of the radiation scattered from one atom cancels out 
radiation scattered from other atoms. However, X-rays that strike certain 
crystallographic planes at specific angles are reinforced rather than annihilated. This 
phenomenon is called diffraction. The X-rays are diffracted, or the beam is reinforced, 
when conditions satisfy Bragg’s law 

 

Where the angle θ is half the angle between the diffracted beam and the original beam 
direction, λ is the wavelength of the X-rays, and dhkl is the interplanar spacing 
between the planes that cause constructive reinforcement of the beam. 

 

 

 

Figure 10 (a) Destructive and (b) reinforcing interactions between X-rays and the 
crystal structure of a material. 
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  When the material is prepared in the form of a fine powder, there are always at 
least some powder particles whose (hkl) planes are oriented at the proper θ angle to 
satisfy Bragg’s law. Therefore, a diffracted beam, making an angle of 2θ with the 
incident beam, is produced. In a diffractometer, a moving X-ray detector records the 
2θ angles at which the beam is diffracted, giving a characteristic diffraction pattern. If 
we know the wavelength of the X-rays, we can determine the interplanar spacings 
and, eventually, the identity of the planes that cause the diffraction. 

 

 

 

Figure 11 Diagram of a diffractometer, showing the incident and diffracted beam, the 
sample in powdered form, and the X-ray detector. 

 

 

 

Figure 12 The diffraction pattern obtained from a sample of gold powder. 
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CHAPTER 3 

LITTERATURE REVIEWS 

 

 In this chapter several researches about polymer blends were reviewed, including 
the property improvement of polymer blends with organoclay and the effect of 
cellulose on the properties of polymer.   

 

3.1 Effect of Clay on Polymer Blends 

  Suprakas, S. R. et al. (2004). investigated the role of organoclay as a 
compatibilizer for immiscible polystyrene (PS) with PP or polypropylene grafted with 
maleic anhydride (PP-g-MA) blends. They found that the morphology of the blends 
revealed the decreasing of particle size (PS) at addition of 5 wt% of organoclay, due 
to the reduction in interfacial tension. The XRD results showed that both PS and PP 
chains are intercalated into the organoclay layers. TEM analyses revealed that 
organoclay is located at the interface between the two polymers. Addition of 
organoclay increases the modulus and elongation at break with respect to the blend. 
However, the tensile strength of all the blends decreases with the addition of 
organoclay.   

  Min Ho Lee et al. (2006) studied the effect of clays at three different on the 
phase separation and physical properties of nanocomposites of blends of 
polymethylmethacrylate (PMMA)/poly(styrene-co-acrylonitrile) (SAN) were 
prepared by melt mixing in a twin screw extruder. They found that the natural clay 
were observed to be mainly located at the boundaries of PMMA and some of them in 
PMMA domains due to the clay has more affinity to PMMA than SAN. Addition 
modified montmorillonite clays (Cloisite25A and Cloisite15A) appeared to show a 
better dispersion in the PMMA. It shows that PMMA/SAN with Cloisite25A give the 
highest improvement in thermal stability.  

Sinha Ray et al. (2006) studied the effect of organoclay on the morphology in 
polycarbonate (PC)/PMMA blends were prepare by melt blending. They found that 
the morphology was changed and particles size was reduced when added organoclay 
in the blends. XRD results showed that the PC/PMMA blend with 3 wt% of 
organoclay indicated intercalated structure and TEM image displayed the silicate 
layers are selectively located in PMMA matrix due to the polarity. Tensile modulus, 
tensile strength and elongation at break can be improved after adding organoclay in 
the blends. 
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Sung, Y. T. et al. (2007) studied the effect of the morphology of 
poly(acrylonitrile-butadiene-styrene) (ABS) and PP. They found that most of the clay 
existed in ABS phase because of the good affinity between the ABS and clay. The 
dispersed PP phase in the blends changed from a sphere to elongated structure, when 
the clay content was increased. The viscosity ratios of the PP and ABS/clay found to 
be decreased with the increase of the clay. The glass transition temperature (Tg) of the 
polymer blends clay nanocomposite did not change, the clay did not affect the 
miscibility between the ABS and PP. 

  Fang, Z. et al. (2007) studied the effect of clay on the morphology of 
polyamide 6 (PA6) with high density polyethylene (HDPE) and HDPE-graft-acrylic 
acid (PE-AA). They found that when increasing organoclay content the size of the 
dispersed HDPE and PE-AA phase decreased. The organoclay played the role of 
coupling species between the two polymers, increasing the interaction of the two 
phases. 

  Kusmono et al. (2010) studied the effect of clay modification on the 
morphological, mechanical and thermal properties of polyamide/polypropylene 
nanocomposite. The modification of montmorillonite were used three different types 
of surfactant.  They found that the blends with organoclay was modified with 
stearylamine salts have exfoliated structure. As a result, the tensile strength was 
higher than that of the blends without organoclay. Containing dodecyalmine and 12-
aminolauric acid the TEM results indicated the formation a mixture of intercalated 
and exfoliated structures which increased the stiffness but decreased the toughness of 
the blends. 

  Mallick, S. et al. (2011) studied the morphology and properties of Nylon 6 and 
high density polypropylene blends without and with nanoclay. They found that the 
blends with a small amount of nanoclay indicated a reduction in the average dispersed 
HDPE phase compared to the blend without organoclay. In addition the 
compatibilizer PE-g-MA the average dispersed size decreased same, but the dispersed 
HDPE phase was more significant with the organoclay than that with compatibilizer 
at an equal amount. The mechanical and thermal properties of the blends were 
improved with a small amount of organoclay and compatibilizer.  

  Dhibar, A. K. el al. (2011) studied the cocontinuous phase morphology of 
PP/HDPE blends with the composition of 75/25 and 80/20 (w/w) in the presence of a 
small amount (0.5 phr) of organoclay by two methods. The SEM image showed that 
the average domain size (D) of disperse HDPE decreased due to the barrier effect of 
clay platelets. They found that the WAXD of the all nanocomposites indicating the 
intercalation of polymer chains inside the orgaclay galleries.  
 

  Chen, B. and Evans, R. G. et al. (2011) examined the assumed capability of 
organoclay to perform a compatibilizing role in immiscible polymer blends and 
investigated the effects of range of organoclay on the mechanical properties of 
polystyrene (PS)/ABS and high impact polystyrene (HIPS)/ABS blends. The XRD 
results showed that the corresponding d001 of the organoclay increased suggesting that  
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intercalation has occurred in these composites. In addition level of 4 wt% for 
organoclay additions, the domain size is refined influence the higher modulus of the 
polymer blends and the lower impact strength, due to the blends incompatibility. 

  Seahan Cho et al. (2011) studied the morphology and rheology of PP/PS 
blends with organoclay at 5 wt% by two mixing methods, internal batch and 
continuous mixing. They found that the results in the both batch and continuous melt 
mixing processes showed the reduction of the dispersed phase size.  It clearly 
indicated that the organoclay induce a strong compatibilization effect, with 
organoclay location at the interfacial region, as shown by TEM.  

Ayana et al. (2014) investigated the effects of sodium montmorillonite 
(NaMMT) in thermoplastic starch (TPS)/PLA nanocomposites.  The results revealed 
that the dispesed size of PLA was reduced when added nanoclay in the blends due to 
the NaMMT played the role of compatibilizer. XRD and TEM results showed the 
nanocomposites complete exfoliation. The addition of NaMMT increased the tensile 
strength and Young’s modulus with increasing of NaMMT in nanocomposites. 
Moreover, this can be improved the thermal stability of the blend.  

3.2 Effect of Celluloses in Polymer 

  Demir, H. et al. (2005) studied the effect of fiber surface treatment by using 
three different types of coupling agent on the tensile and water sorption properties of 
PP-luffa fiber composites.  They found that the 3-(trimethoxysilyl)-1-propanethiol 
(MS) treated luffa fiber composites show maximum improvement in the mechanical 
properties, due to the interfacial interactions improved filler compatibility. 

  Bondeson, D. et al. (2007) studied the effect of cellulose nanowhisker (CNW) 
with polyvinyl alcohol (PVOH) on the mechanical and thermal properties of PLA by 
two different feeding methods, dry feeding and liquid feeding. From TEM analysis 
showed that the CNW were better dispersed in PLA/PVOH/CNW produced with 
liquid feeding. Addition the CNW in PLA can be small improved tensile modulus, 
tensile strength and elongation at break. But, the thermal stability of the 
nanocomposites was not improved compared to its unreinforced.  

  Xiaofei Ma et al. (2008) studied the properties of biodegradable thermoplastic 
pea starch/carboxymethyl cellulose and pea starch/microcrystalline cellulose 
composites. They found that the morphology of TPS/CMC and TPS/MC composites 
showed that there was good adhesion between starch and CMC or MC. The addition 
of CMC or MC enhanced the storage modulus and the glass transition temperature of 
the composite. Both CMC and MC increased the tensile stress and elongation at break 
at the low water content, but the CMC decreased the thermal stability. 
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  Suryanegara, L. et al. (2009) studies the effect of microfibrillated cellulose 
(MFC) in PLA on the mechanical and thermal properties. The results found that the 
tensile modulus and tensile strength were improved with adding MFC in PLA. DMA 
measurements revealed that the presence 20 wt% of MFC in PLA improved the 
storage modulus of PLA at a high temperature. These results confirm that the 
combination of MFC in the PLA contributes to better heat resistance of the composite.  

  Jooyoun Kim et al. (2009) studied the effect of cellulose nanopaticles were 
used to reinforce polystyrene composite films by use the nonionic surfactant to 
improve the dispersion properties and to prevent the formation of aggregates.  They 
found that the optimum addition of surfactant produced better dispersion of the 
cellulose nanopaticles in matrix and improved the mechanical properties of 
composites due to an enhanced compatibility. However, the addition of cellulose in 
the polymer did not to effect the glass transition temperature.  

Spoljaric, S. et al. (2009) investigated the effect of MCC and PP-g-MA and 
MCC treated with stearic acid (SA) and alkyltitanate in PP matrix. The addition of 
MCC in PP showed that the tensile modulus and stiffness were improved, indicating 
the reinforcement of MCC. The melting temperature of PP/MCC slightly chance, but 
the crystallinity decreased with content of MCC. The incorporation of PP-g-MA and 
t-MCC can be improved the compatibility and interfacial adhesion of composites. 
Moreover, the storage modulus and thermal stability increased with increasing MCC.  

  Kiziltas, A. et al. (2011) studied the dynamic mechanical behavior and thermal 
properties of microcrystalline cellulose-filled nylon 6 composites. They found that the 
addition increase of MCC, These was not a significant change in the glass transition, 
crystallization and melting temperatures of the composites. The storage modulus of 
the MCC filled nylon 6 composite was higher than that of neat nylon and increased 
with increasing MCC content except for the 2.5 wt% MCC, because the reinforcement 
effect of the MCC. 

  Mukherjee. T. et al. (2013) studied the improvement the dispersion of MCC in 
PLA matrix by using acetyl chloride surface modification. They found that the treated 
MCC (ACMCC) were better distributed in the PLA matrix in comparison with 
composites obtained from pure MCC. Acetylation did not affect this crystalline 
structure.  Improved thermal properties, the heat capacity is highest in PLA-ACMCC 
composite at 2.5 wt% loading.  

3.3 Property Modifier in PLA 

  Mathew, A. P. et al. (2005) studied the mechanical properties of biodegradable 
composites from poly(lactic) acid (PLA) and cellulose. They found that the tensile 
strength and elongation to break decreases in the composites, but the modulus is 
higher for composites compared to the pure PLA due to the crystallinity is higher for 
composites. The storage modulus and thermal stability increased with the addition of 
the three cellulose changed in the order wood pulp, wood flour and microcrystalline 
cellulose. The SEM image showed that the fracture surfaces of MCC composites were  
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poor adhesion between MCC and the PLA matrix. The wood flour composites 
showed that the degradation rate to be higher than for MCC and wood pulp 
composites. 

Petersson, L. et al. (2007) studied the effects of cellulose nanowhiskers 
(CNW) were treated with tert-butanol in PLA. The nanocomposites were prepared by 
solution casting. They found that the incorporation of CNW modify with surfactant 
can be improved the thermal stability of PLA. The DMA results showed reduced 
storage modulus in the elastic region when adding CNW in PLA. However, the 
modification of CNW can be improved the storage modulus and the CNW were better 
dispersed in PLA matrix.  

Reddy, N. et al. (2008) studied the effects of PP and fibers blended in PLA for 
improve the resistance to degradation of PLA. The results revealed that the blends 
decreased strength due to poor compatibility between two polymers. Adding PP in 
PLA can be improved the dye ability and the resistance of PLA, but the degradation 
was reduces. The incorporation of fibers in blends displays that the PLA and PP 
showed partial compatibility. This indicates that the PLA/PP/fibers changed in 
melting temperature and crystal structure.  

  Fortunati, E. et al. (2010) studied the development and thermal behavior of 
PLA composites.  The composites were prepared using MCC (5 wt%) and silver (Ag) 
(1 wt%) nanoparticles in the binaly sytems. Thermal analysis showed that the 
MCCincreased PLA crystallinity and the Young’s modulus were improved when 
adding MCC in the PLA. The results revealed that the PLA/MCC composites is able 
to reduce the oxygen permeability.  

  Jonoobi, M. et al. (2010) studied the effect of cellulose nanofibers (CNF) 
separated from kenaf pulp in PLA matrix were prepared by twin screw extruder. They 
found that the CNF aggregates with increasing amount at 5 wt% of CNF. The tensile 
modulus and strength was improved, there is interaction between CNF and PLA. The 
addition of CNF can be improved the storage modulus. The Tg slightly change due to 
physical interaction and reinforcements that inhibit the mobility of PLA chains.    

  Yeng Fong Shih et al. (2011) examined the properties of PLA/banana fiber 
(BF) composites. The results showed that the tensile strength and modulus increased 
when added the BF in PLA. The incorporation of BF revealed that the Tg and Tm of 
composites are slightly chance when compare to PLA due to the BF restrict the 
mobility of the polymer chain. From SEM results, found that the weak interaction 
between two phases. The thermal stability and impact strengths are decreased with 
increasing amount of BF. Moreover, the enthalpy of fusion decreased with the 
addition of BF, that the fiber may be destroy the crystallite formation of PLA.  

  Bsitinis, N. et al. (2012) studied the physicochemical properties of organoclay 
filled PLA/natural rubber blend. They found that the addition of the unmodified clay 
did not affect the dispersed phase morphology, while the modified drastically 
decreased the dispersed particle size and resulted in an enhanced stiffness of the 
blends. The elongation at break of the blends increase when added organo-modified 
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with dimethyl dehydrogenated tallow alkyl ammonium cation due to interactions of 
the nanoclay with the two polymer phase.  

  Najafi, N. et al. (2012) studied the control of thermal degradation of PLA by 
three different chain extenders: polycarbodiimide (PCDI), tris (nonyl phenyl) 
phosphate (TNPP) and Joncryl, were incorporated in PLA/clay nanocomposite. They 
found that the addition of the extenders in polymer composite increased the onset 
temperature.  

Halase, K. and Csoka, L.  (2012) studied the effects of MCC with and without 
ultrasound treatment and poly (ethylene glycol) (PEG400) in PLA. The results 
showed that the incorporation between MCC and PEG400 can be improved the strain 
at break of PLA. But the stress at beak and Young’s modulus were reduced as 
expected, due to the incompatibility between MCC and PLA.  

Jandas, P. J. et al. (2012) investigated the effect of surface treatments of 
banana fiber (BF) with 3-aminopropyltriethoxysilane (APS) and bis-(3-triethoxy silyl 
propyl) tetrasulfane (Si69) on mechanical properties of the PLA/BF. The results 
indicated that the surface treatment of BF can be improved the tensile strength, tensile 
modulus and impact strength. This suggests interaction between BF and PLA, 
increases stress transfer from the matrix to fiber. The PLA/Si69-BF showed higher 
mechanical properties due to the best interfacial interaction in between fiber and 
matrix. Morever, the surface modification of BF can be improved the storage modulus 
and thermal stability of PLA. 

  Najafi, N. et al. (2013) studied the modulus, drawability and toughness of 
PLA/organoclay with chain extender. They found that the incorporation of chain 
extender increased the cold crystallization temperature (Tc) and decreased the degree 
of crystallinity due to the lower mobility of polymer chains, reacted with chain 
extender, reduced spherulite size and the crystallization growth rate. 

  Haibin Zhao et al. (2013) studied the interaction between polylactic 
acid/polyhydroxybutyrate-valerate (PLA/PHBV) blends and organoclay on thermal, 
mechanical, rheological and morphological properties. They found that the interlayer 
distance of orgaclay increase due to polymer chains inside the silicate layer were 
investigated with XRD. The storage modulus of PLA/PHBV/organoclay 
nanocomposites increased with an increase in the PHBV content because organoclay 
is better dispersed, thus leading to an increase in filler-filler interactions
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CHAPTER 4 

EXPERIMENTAL PROCEDURE 

 

This chapter describes the experimental procedures including the materials 
used in the experiment, the preparation of the polymer blends and sample specimens, 
and properties characterization of the both system. The schematic diagram for step in 
this study was shown in Figure 13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Schematic diagrams for step in this study. 

4.1 Materials   
 POM was produced by Polyplastics Company. The used POM has the melt 
flow rate of 8.9 g/10 min and density of 1.41 g/cm3. PP was supplied by HMC 
Polymers Company with a melt flow rate of 4.0 g/10 min and density of 0.9 g/cm3 
PLA was supplied by NatureWorks LLC Company with a melt flow rate of 6.0 g/10 
min. Two types of elastomers were used in the experiment at different amount of 
ethylene content. PEC with was produced by Dow Chemical Company with a melt 
flow rate of 8.0 g/10 min. The organoclay and MCC were produced by Sigma-Aldrich 
Company. The montmorillonite clay surface modified with 25-30 wt%  
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trimethylstearyl ammonium, 35-45 wt% dimethyl dialkyl (C14-C18) amine and 25-30 
wt% methyl dihydroxy-ethyl hydrogenated tallow ammonium. The molecular 
structures of additive are shown in Figure14. 
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Figure 14 The molecular structure of additive. 

4.2 Preparation of Polymer Blends 
4.2.1 POM/PP Blends  
All types of polymers were dried before blending, POM and PP were dried in 

an oven at 110ºC for 3 h. POM/PP blends were prepared by melt blending in an 
internal mixer at 200ºC and rotor speed of 50 rpm for 20 min is shown in Figure 14. 
The PP contents were 10, 20, 30, 40 and 50 wt%.  

 

4.2.2 POM/PP Blends with Organoclay 
All types of polymers were dried before blending, POM and PP were dried in 

an oven at 110ºC for 3 h. The three types of organoclay; organoclay-TSA, organoclay-
DDA and organoclay-DHA were dried at 80ºC for 24 h before blending process. 
POM/PP/organoclay composites were prepared by melt blending in an internal mixer 
at 200ºC and rotor speed of 50 rpm for 20 min. The organoclay contents were 3 and 5 
phr. By melting two polymers before 5 min and then added organoclay.     
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4.2.3 POM/PP Blends with MCC 
All types of polymers were dried before blending, POM and PP were dried in 

an oven at 110ºC for 3 h. The MCC was dried at 80ºC for 24 h before blending 
process. POM/PP/MCC composites were prepared by melt blending in an internal 
mixer at 200ºC and rotor speed of 50 rpm for 20 min. The MCC contents were 3 and 5 
phr.   

 
4.2.4 POM/PP Blends with Organoclay and MCC 
All types of polymers were dried before blending, POM and PP were dried in 

an oven at 110ºC for 3 h. The organoclay-DDA and MCC were dried at 80ºC for 24 h 
before blending process. The POM/PP/organoclay-DDA/MCC composites were 
prepared by melt blending in an internal mixer at 200ºC and rotor speed of 50 rpm for 
20 min. The organoclay-DDA and MCC content were 5 phr. 

 
 

 
 

Figure 15 Internal mixer. 
 
4.2.5 PLA/PEC Blends  
The polymers were dried before blending, PLA was dried in an oven at 80ºC 

for 4 h. PEC were not dried before blending process. The PLA/PEC blends were 
prepared by melt blending in an internal mixer at 180ºC and rotor speed of 50 rpm for 
15 min. The PEC contents were 5, 10, 20 and 30 wt%. 

 
4.2.6 PLA/PEC Blends with Organoclay-DDA 
The polymers were dried before blending, PLA was dried in an oven at 80ºC 

for 4 h. The organoclay-DDA was dried at 80ºC for 24 h before blending process. 
PLA/PEC/organoclay composites were prepared by melt blending in an internal mixer 
at 180ºC and rotor speed of 50 rpm for 15 min. The organoclay-DDA content was 5 
phr.  
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4.2.7 PLA/PEC Blends with MCC 
The polymers were dried before blending, PLA was dried in an oven at 80ºC 

for 4 h. The MCC was dried at 80ºC for 24 h before blending process. 
PLA/PEC/MCC composites were prepared by melt blending in an internal mixer at 
180ºC and rotor speed of 50 rpm for 15 min. The MCC contents were 3, 5 and 10 phr.   

 
4.2.8 PLA/PEC Blends with Organoclay-DDA and MCC 
The polymers were dried before blending, PLA was dried in an oven at 80ºC 

for 4 h. The organoclay-DDA and MCC were dried at 80ºC for 24 h before blending 
process. PLA/PEC/organoclay-DDA/MCC composites were prepared by melt 
blending in an internal mixer at 180ºC and rotor speed of 50 rpm for 15 min. The 
organoclay-DDA and MCC contents were 5 phr. 

 
4.3 Sample Preparation 

4.3.1 POM/PP Blends  
The samples for tensile test and SEM analysis were done by compression 

molding at 180ºC for 15 min as shown in Figure 16. The samples were not dried 
before compression molding process. Dumbbell samples for tensile test and 
rectangular samples for SEM analysis. DMA samples were prepared by compression 
molding at 180ºC for 15 min and sample size was about 1.5×10×50 mm3. TGA, DSC 
and XRD samples were prepared as a film by compression molding at 180ºC for 5 
min. 

4.3.2 POM/PP Blends with Organoclay 
The samples for tensile test and SEM analysis were done by compression 

molding at 180ºC for 15 min. The samples were not dried before compression 
molding process. Dumbbell samples for tensile test and rectangular samples for SEM 
analysis. DMA samples were prepared by compression molding at 180ºC for 15 min 
and sample size was about 1.5×10×50 mm3. TGA, DSC and XRD samples were 
prepared as a film by compression molding at 180ºC for 5 min. 

 
4.3.3 POM/PP Blends with MCC 
The samples for tensile test and SEM analysis were done by compression 

molding at 180ºC for 15 min. The samples were not dried before compression 
molding process. Dumbbell samples for tensile test and rectangular samples for SEM 
analysis. DMA samples were prepared by compression molding at 180ºC for 15 min 
and sample size was about 1.5×10×50 mm3. TGA and DSC samples were prepared as 
a film by compression molding at 180ºC for 5 min. 

 
4.3.4 POM/PP Blends with Organoclay and MCC 
The samples for tensile test and SEM analysis were done by compression 

molding at 180ºC for 15 min. The samples were not dried before compression 
molding process. Dumbbell samples for tensile test and rectangular samples for SEM 
analysis. DMA samples were prepared by compression molding at 180ºC for 15 min 
and sample size was about 1.5×10×50 mm3. TGA and DSC samples were prepared as 
a film by compression molding at 180ºC for 5 min. 
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4.3.5 PLA/PEC Blends  
The samples for tensile test, Izod impact and SEM analysis were done by 

compression molding at 180ºC for 15 min. The samples were dried at 100ºC for 1 h 
before compression molding process. Dumbbell samples for tensile test and 
rectangular samples for Izod impact and SEM analysis. DMA samples were prepared 
by compression molding at 180ºC for 12 min and sample size was about 1.5×10×50 
mm3. TGA and DSC samples were prepared as a film by compression molding at 
180ºC for 5 min. 

 
4.3.6 PLA/PEC Blends with Organoclay-DDA 
The samples for tensile test and SEM analysis were done by compression 

molding at 180ºC for 15 min. The samples were dried at 100ºC for 1 h before 
compression molding process. Dumbbell samples for tensile test and rectangular 
samples for SEM analysis. DMA samples were prepared by compression molding at 
180ºC for 12 min and sample size was about 1.5×10×50 mm3. TGA, DSC and XRD 
samples were prepared as a film by compression molding at 180ºC for 5 min. 

 

4.3.7 PLA/PEC Blends with MCC 
The samples for tensile test, Izod impact and SEM analysis were done by 

compression molding at 180ºC for 15 min. The samples were dried at 100ºC for 1 h 
before compression molding process. Dumbbell samples for tensile test and 
rectangular samples for Izod impact and SEM analysis. DMA samples were prepared 
by compression molding at 180ºC for 12 min and sample size was about 1.5×10×50 
mm3. TGA and DSC samples were prepared as a film by compression molding at 
180ºC for 5 min. 

 
4.3.8 PLA/PEC Blends with Organoclay-DDA and MCC 
The samples for tensile test and SEM analysis were done by compression 

molding at 180ºC for 15 min. The samples were dried at 100ºC for 1 h before 
compression molding process. Dumbbell samples for tensile test and rectangular 
samples for SEM analysis. DMA samples were prepared by compression molding at 
180ºC for 12 min and sample size was about 1.5×10×50 mm3. TGA and DSC samples 
were prepared as a film by compression molding at 180ºC for 5 min. 

 

4.4 Sample Characterization and Testing 
 4.4.1 SEM observation 
 The morphology of PLA blends were observed by SEM technique. SEM (MX 
2000S Camscan Analytical) was employed to study the texture of fracture surface and 
the dispersion of the minor phase in the blends. SEM was performed in the secondary 
electron image (SEI) mode. The samples strips were cooled in liquid nitrogen for 5 
min, and then broken. The fractured surfaces of all the blending samples were sputter-
coated with a thin layer of gold to enhance their conductivity before the examination 
as shown in Figure 17. 
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Figure 16 Compression molding machine. 
 

 
 

Figure 17 Scanning electron microscope (MX 2000S Camscan Analytical). 
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4.4.2 Mechanical Properties 
4.4.2.1 Tensile Test 

 Tensile tests were performed according to ASTM D638 using a universal 
tensile testing machin (LR 50k, Lloyd instrument) as shown in Figure 18. Tensile 
properties were obtained at room temperature with a crosshead speed of 50.8 
mm/min. The dumbbell shaped specimens of the blending samples were stretched at a 
constant speed until they fail. The tests were conducted to determine the properties 
such as Young’s modulus, tensile strength and elongation at break of the materials. 
Each value obtained represented the average of the results of five samples.  
 

 
 

Figure 18 Universal tensile testing machin (LR 50k, Lloyd instrument). 
 

4.4.2.2 Impact Test 
 Izod impact tests were conducted at room temperature according to ASTM D 
256. The impact tester (Zwick/material testing August-Nagelstr.11.D-89079Ulm) was 
used with pendulum of 4 J as shown in Figure 19. The rectangular samples were 
prepared by compression molding. The Izod impact strength values were averaged 
from a series of five specimens. 
 

4.4.3 Thermomechanical Analysis 
 The dynamic mechanical analyzer (DMA) was employed to investigate the 
dynamic mechanical properties of all polymer samples is shown in Figure 20. The 
tests were conducted over the temperature range of 40ºC to 170ºC at frequency of 1 
Hz. The measurements were carried out with dual cantilever in blending mode. The 
blends specimens with a rectangular shape were prepared by compression molding. 
The viscoelastic properties, such as a storage modulus (E′), loss modulus (E″) and 
mechanical damping parameters (tanδ) were measured as s function of temperature. 
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Figure 19 Izod impact strength test (Zwick/material testing August-Nagelstr.11.D-
89079Ulm). 
 

4.4.4 Thermal Analysis 
4.4.4.1 TGA Analysis 
Polymer blends were subjected to TGA (STD Q600) to analyze the thermal 

stability of the samples as shown in Figure 21. The polymer films obtained from 
compression molding method were cut into small pieces and approximately 6-8 mg of 
polymer samples were used in each scan. The samples then heated from 50°C to 
600°C at a heating rate of 10°C/min under a nitrogen atmosphere. The thermal 
decomposition (%wt) of the samples was monitored and measured as a function of 
temperature.  
 

 
 

Figure 20 Dynamic mechanical analyzer (Pyris Diamond DMA, Perkin Elmer). 
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Figure 21 Thermogravimetric analyzer (STD Q600). 
 

4.4.4.2 DSC Analysis 
Thermal behavior of POM and PLA blends were characterized by using a 

DSC(Pyris I, Perkin Elmer, USA) as shown in Figure 22. The polymer blends films 
were prepared bya compression molding. The samples of a mass range between 6-8 
mg were placed in aluminum pans. Thermal properties including glass transition 
temperature (Tg), melting temperature (Tm) and heat of fusion (∆Hm) were 
determined. The measurement was carried out in nitrogen atmosphere at a 
temperature range of 50°C to 200°C. DSC thermograms were recorded at a heating 
and cooling rate of 10°C/min. The details of the test consisted of seven steps which 
are shown as follows: 
 

1. Hold for 1°C min at 50°C 
2. Heat from 50°C to 200oC at 10°C/min 
3. Hold for 1°C min at 200°C 
4. Cool from 200°C to 50oC at 10°C/min 
5. Hold for 1°C min at 50oC 
6. Heat from 50°C to 200oC at 10°C/min 
7. Hold for 1°C min at 200°C 
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Figure 22 Differential scanning calorimeter (Pyris I, Perkin Elmer, USA). 
 

4.4.5 XRD Analysis  
XRD was carried out by Bruker D8-Advance. The diffractograms were 

obtained at the scattering angles from 1� to 10� operated at 40 kV and 30 mA. The 
basal spacing of organoclay was determined from the peak position (d001 reflection) in 
the XRD diffractograms according to Bragg equation. The instrument has located at 
scientific technological research equipment center, Chulangkorn University as shown 
in Figure 23.  

 

 

 

Figure 23 X-ray Diffractrometer. 
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CHAPTER 5 

RESULTS AND DISCUSSION 

 

This chapter describes the results of the morphology and properties in two 
systems of POM/PP and PLA/PEC blends including POM/PP blends, POM/PP blends 
with organoclay, POM/PP blends with MCC, PLA/PEC blends, PLA/PEC blends 
with organoclay, PLA/PEC blends with MCC and incorporation the organoclay and 
MCC added in two systems. Moreover, the crystal structure of organoclay in polymer 
and polymer blends also are described and discussed. 

 
5.1 POM/PP System  

5.1.1 POM/PP Blends without and with Organoclay 
5.1.1.1 Morphology 
Figure 24 shows the SEM micrographs of the fracture surface of pure POM 

and pure PP. The fracture surface of pure POM was quite smooth which indicated the 
brittle properties of POM. The morphology of pure PP showed smooth morphology. 
SEM images of POM/PP blends at different weight content of PP are shown in Figure 
25. As the PP content in POM, the size of dispersed PP phase increased with the 
increase of the PP content up to 30 wt%. The PP particles dispersed in the POM 
matrix as the sphere shape because of the minimization of the interfacial area (Dhibar, 
A. K. et al., 2010). These particles debonded easily from the POM matrix and slick 
interface is observed because of the weak interfacial adhesion (Zhengping Fang et al., 
2007).The larger dispersed PP phase occurred due to the PP andPOM were 
immiscible blends because the different polarity.When addition the PP more than 40 
wt% the morphology of the blends was changed to cocontinuoes phases. The phase 
continuity may be occurred at higher content of PP. From the phase separation made 
the lower mechanical properties of blends, including Young’s modulus, tensile 
strength and stress at break. 

The effects of the organoclay types on the morphology and properties of 
POM/PP blends were investigated by the addition of the three organoclay in polymer 
blends. The morphology of POM/PP blends with organoclay-DDA, organoclay-DHA 
and organoclay-TSA were analyzed from SEM images. Figure 26 and Figure 27 show 
the fracture surfaces of the POM/PP (w/w) blends at the different ratio of POM to PP 
with organoclay-DDA at different content of organoclay-DDA (3 and 5 phr), 
respectively. It was observed that the morphology of POM/PP blends was changed 
structure when adding the organoclay-DDA in polymer blends. The POM/PP bends at 
PP content 10, 20 and 30 wt% with 3 phr of organoclay-DDA is shown in Figure 26, 
the size of dispersed PP phase found to decrease when compare to the blends. The PP 
content more than 30 wt%, the morphology showed that the continuous phase and 
changed to elongated structure at 3 phr of organoclay-DDA. The SEM image of the 
polymer blends with organoclay-DDA at 5 phr is shown in Figure 27. It revealed that 
the dispersed PP phase disappeared in POM matrix. The morphology showed  
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homogeneous morphology which indicated the miscibility of the two polymers. The 
results indicated that the addition of organoclay-DDA has to improve the 
compatibility between POM and PP.  

Figure 28 represents the morphology of the POM/PP blends without and with 
organoclay-DHA at 10 and 20 wt% content of PP. It observed the dispersed PP phase 
size was reduced when increasing amount of organoclay-DHA in polymer blends. The 
reduction of dispersed PP phase size in the blends was related to the decrease of 
interfacial tension between POM and PP phase due to the organoclay-DHA plays the 
role of compatibilizer.  

The facture surfaces of POM/PP blends without and with organoclay-TSA at 
10 and 20 wt% content of PP are shown in Figure 29. The SEM micrographs showed 
that the morphology of the blends with organoclay-TSA at 3 phr was reduced of 
dispersed PP phases. When increasing amount of organoclay-TSA in POM/PP blends 
the morphology showed more homogeneous morphology than POM/PP/organoclay-
TSA at 3 phr which indicated the miscibility of the two polymers. 

  

  

  
(a)  POM (b)  PP 

 

 

Figure 24 SEM micrographs of the fracture surfaces of POM and PP. 
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(a) POM/PP 90/10 (b) POM/PP 80/20 

  

(c) POM/PP 70/30 (d) POM/PP 60/40 

 

(e) POM/PP 50/50 
 

 

Figure 25 SEM micrographs of the impact fracture surfaces of POM/PP blends at 
different compositions. 
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(a) POM/PP/organoclay-DDA 

90/10/3 
(b) POM/PP/organoclay-DDA 

80/20/3 

  
(c) POM/PP/organoclay-DDA 

70/30/3 
(d) POM/PP/organoclay-DDA 

60/40/3 

 
(e) POM/PP/organoclay-DDA 50/50/3 

 

  

Figure 26 SEM micrographs of POM/PP (w/w) blends with organoclay-DDA 3 phr. 
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(a) POM/PP/organoclay-DDA 

90/10/5 
(b) POM/PP/organoclay-DDA 

80/20/5 

  
(c) POM/PP/organoclay-DDA 

70/30/5 
(d) POM/PP/organoclay-DDA 

60/40/5 

 
(e) POM/PP/organoclay-DDA 50/50/5 

 

 

Figure 27 SEM micrographs of POM/PP (w/w) blends with organoclay-DDA 5 phr. 
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(a) POM/PP 90/10 (b) POM/PP 80/20 

  
(c) POM/PP/organoclay-DHA 

90/10/3 
(d) POM/PP/organoclay-DHA 

90/10/5 

  
(e) POM/PP/organoclay-DHA 

80/20/3 
(f) POM/PP/organoclay-DHA 

80/20/5 
 

 

Figure 28 SEM micrographs of POM/PP (w/w) blends with organoclay-DHA 3 and 5 
phr. 
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(a) POM/PP 90/10 (b) POM/PP 80/20 

  
(c) POM/PP/organoclay-TSA 

90/10/3 
(d) POM/PP/organoclay-TSA 

90/10/5 

  
(e) POM/PP/organoclay-TSA 

80/20/3 
(f) POM/PP/organoclay-TSA 

80/20/5 
 

 

Figure 29 SEM micrographs of POM/PP (w/w) blends with organoclay-TSA 3 and 5 
phr. 
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5.1.1.2 Mechanical Properties 
(a) POM/PP blends 
(1) Young’s modulus 
The Young’s modulus of POM/PP blends at different compositions is 

expressed in Figure 30. The results showed that the Young’s modulus of POM/PP 
blends decreased with increasing PP content and Young’s modulus of POM/PP blends 
was lower than pure POM. The decrease in the Young’s modulus of POM/PP blends 
may be due to the flexibility of PP which resulted in the reduction of Young’s 
modulus of the blends. When adding amount of PP at 50 wt%, the Young’s modulus 
increased when compare to POM/PP blends 60/40 (w/w), however lower than pure 
POM. This may be due to the equal proportions of two polymers. Which the Young’s 
modulus of pure PP was observed at 1372.7±59.2 MPa. 

 

(2) Tensile strength 
The effect of PP amount on the tensile strength of POM/PP blends is shown in 

Figure 31. The results revealed that the tensile strength of the blends tended to 
decrease as PP content increased due to the phase separation. From SEM image in 
Figure 25, the morphology showed poor interaction between POM and PP phases. As 
a result may be poor stress transfer. This could be attributed to the resulted in the 
lower mechanical properties. 

 

(3) Stress at break 
Figure 32 showed the stress at break of POM/PP blends at different 

composition. The results revealed that the stress at break decreased with increasing 
amount of PP contents, the value trend to similar the tensile strength. This may be due 
the imcompatibility between two polymers. As a result, it was a simple is brittle, 
suggesting lower the stress at break.  

 
(4) Percent strain at break  
The percent strain at break of POM/PP blends at different composition is 

shown in Figure 33. The results showed that the percent strain at break trended to 
decease when increasing amount of PP content, except, at 10 wt% of PP the percent 
strain at break slightly increased when respect to pure POM.  
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Figure 30 Young’s modulus of POM/PP blends at different compositions.  
 

 
 
Figure 31 Tensile Strength of POM/PP blends at different compositions.  
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Figure 32 Stress at break of POM/PP blends at different compositions.  
 

 
 
Figure 33 Percent strain at break of POM/PP blends at different compositions.  
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(b) POM/PP/organoclay composites  
(1) Young’s modulus 
The Young’s modulus of POM/PP blends without and with organoclay-DDA 

at different compositions is expressed in Figure 34. The results showed that the 
Young’s modulus of POM/PP decreased with increasing PP. Addition of organoclay-
DDA in the POM/PP blends the results found that the Young’s modulus of 
POM/PP/organoclay increased with adding the amount of organoclay at 5 phr when 
respect POM/PP blends all compositions and POM/PP blends 60/40 (w/w) showed 
the maximum value due to the morphology of the blends with organoclay was 
changed from a sphere to elongated structure. Clearly, in this case, organoclay plays 
not only the role of the filler but also that of an interfacial active agent that promotes 
adhesion between the two phases. The improvement in Young’s modulus may be due 
to the reinforcement effect of the organoclay and the constraining effect of silicate 
layers on molecular motion of polymer molecular chains (Ray S. S., 2004) 

Figure 35 and Figure 36 represent the Young’s modulus of POM/PP blends 
without and with organoclay-DHA and organoclay-TSA at different compositions, 
respectively. The results revealed the similar trend to the both systems that at PP 
content 20 wt%, the Young’s modulus of POM/PP increased as organoclay amount 
increased. The POM/PP blends with organoclay 5 phr showed the maximum value of 
the Young’s modulus. The addition of organoclay could enhance the adhesion and 
reduced the interfacial tension between POM and PP phases. This result was 
confirmed by the smaller dispersed phase size as observed from the SEM image, as 
showed in Figure 27, 28 and 29. At the low content of PP, 10 wt% of PP the blends 
with organoclay showed a very small change in the Young’s modulus with the 
variation of organoclay amount.  

(2) Tensile strength 
The tensile strength of POM/PP blends without and with organoclay-DDA at 

different compositions is presented in Figure 37. The addition of organoclay-DDA 
decreased the tensile strength of blends. However, the blends of POM/PP blends 
60/40 (w/w) with the organoclay-DDA increased due to the morphology appeared the 
elongated structure and had a good adhesion between POM and PP phase is shown in 
Figure 27 (d).   

The effects of organoclay-DHA and organoclay-TSA on the tensile strength of 
polymer blends are shown in Figure 38 and Figure 39, respectively. The results 
showed that the reduction in the tensile strength of POM/PP blends when increased 
organoclay amount (3 and 5 phr). (Mallick, S. et al., 2010) found that at higher 
loading of organoclay, the tensile strength of blends decreased due to the 
agglomeration or poor dispersion of organoclay.   

(3) Stress at break 
The stress at break of POM/PP blends without and with organoclay-DDA at 

different adding of organoclay-DDA in the blends is plotted in Figure 40. The stress 
at break of the POM/PP blends showed a similar trend to the tensile strength. All the 
blends exhibited a decrease in the stress at break when increases an amount of PP. 
This result may be the incompatibility between two polymers.  
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When adding the organoclay-DDA in the POM/PP blends found that the stress 
at break of the blends decreased with increasing organoclay-DDA content. In contrast, 
at 40 wt% of PP, the addition of organoclay-DDA in the blends showed a higher 
stress at break. This may be inferred the morpholohy was changed from a sphere to 
elongate structure, as shown in SEM images. 

The effects of organoclay-DHA and organoclay-TSA in POM/PP blends at 
different composition are plotted as shown in Figure 41 and Figure 42, respectively. 
The results found the stress at break decreased when adding the both organoclay in 
the blends. 
 

(4) Percent strain at break  
The percent strain at break of POM/PP blends without and with organoclay-

DDA at 3 and 5 phr is plotted against a function of PP content, which can be seen in 
Figure 43. The results showed that the percent strain at break of the blends decreased 
with adding oganoclay-DDA and lower percent strain at break when increasing 
organoclay-DDA content. Figure 44 and Figure 45 represent the percent strain at 
break of the blends with organoclay-DHA and organoclay-TSA, respectively. The 
reduction of percent strain at break may be due to the phases of polymer not adhesion 
in the blends. It could be seen that the percent strain at break decreased when adding 
organoclay at both compositions.  

 

 
Figure 34 Young’s modulus of POM/PP blends with organoclay-DDA at different 
compositions.  
 



43 
 

 

 
 

Figure 35 Young’s modulus of POM/PP blends with organoclay-DHA at different 
compositions. 
 

 
 
Figure 36 Young’s modulus of POM/PP blends with organoclay-TSA at different 
compositions. 
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Figure 37 Tensile strength of POM/PP blends with organoclay-DDA at different 
compositions. 
 

 
 
Figure 38 Tensile strength of POM/PP blends with organoclay-DHA at different 
compositions. 
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Figure 39 Tensile strength of POM/PP blends with organoclay-TSA at different 
compositions. 
 

 
 
Figure 40 Stress at break of POM/PP blends with organoclay-DDA at different 
compositions. 
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Figure 41 Stress at break of POM/PP blends with organoclay-DHA at different 
compositions. 
 

 
 
Figure 42 Stress at break of POM/PP blends with organoclay-TSA at different 
compositions. 
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Figure 43 Percent strain at break of POM/PP blends with organoclay-DDA at 
different compositions. 
 

 
 
Figure 44 Percent strain at break of POM/PP blends with organoclay-DHA at 
different compositions. 
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Figure 45 Percent strain at break of POM/PP blends with organoclay-TSA at different 
compositions. 
 

5.1.1.3 Thermomechanical Properties 
The viscoelastic behavior of the pure POM, pure PP and the POM/PP blends 

was measured as a function of temperature by DMA. Figure 46 shows that the storage 
modulus (E′) of the POM, PP, POM/PP blends and POM/PP with 5 phr of 
organoclay-DDA at different composition. The results showed that the boat the two 
polymers and the POM/PP blends exhibited storage modulus decreased with 
increasing temperature, but the value of pure POM higher than pure PP. The blends 
revealed that at PP content with increasing, the storage modulus decreased when 
compared pure POM. The reduction of storage modulus when adding higher amount 
of PP was occurred due to the increased in amount of soft phase in the blends. 

The storage modulus of blends without and with organoclay-DDA tended to 
decrease when temperature increased. However, when added the organoclay-DDA at 
3 phr in the POM/PP, the results revealed that the storage modulus of POM/PP blends 
at all compositions increased, except for POM/PP/organoclay (50/50/3) was lower 
storage modulus than the blends without organoclay. At 5 phr of organoclay-DDA 
can be improved storage modulus of blends at all compositions. The improvement in 
storage modulus maybe caused by the stiffness of the organoclay layer, the 
constraining effect of these layers on molecular motion of polymer chains, and also by 
the combined effect ratio and degree of dispersion of organoclay layers (Kusmono, 
Z.A. et al., 2010) 

The effect of the incorporation of organoclay-DHA on the viscoelastic 
property of POM/PP blends was also examined. The variation of storage modulus of 
the blends with 5 phr of organoclay-DHA was represented in Figure 47. The results 
showed that the storage modulus of the blends increased with adding the orgaonoclay-
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DHA at 3 phr. For the blend at 5 phr of organoclay-DHA the value can be sligthly 
improved when respect to the blends at same composition. 

Figure 48 shows the storage modulus of POM/PP blends without and with 
organoclay-TSA at different composition. The effect of organoclay-TSA showed that 
the storage modulus of both the blends increased with increasing the orgaonoclay-
TSA content. This could be attributed to better exfoliated structure in the 
POM/PP/organoclay-TSA as shown by the XRD results.  
 

5.1.1.4 Thermal Properties 
(a) DSC analysis 
The thermal properties of POM, PP and POM/PP blends were investigated by 

DSC in the temperature range of 50°C -200°C. The thermal behavior of the POM/PP 
blends at different temperatures is shown in Figure 49. The melting temperature of 
pure POM and pure PP located at 166.2°C and 167.2°C, respectively. All the blends 
showed one melting peak in the heating DSC curve. The positions of peak were 
shifted to slightly temperature when compared with that of pure POM. 

Figure 50 represents the DSC curve of POM/PP blends with organoclay-DDA 
5 phr. The melting temperature of the blends with organoclay-DDA was shifted to 
slightly temperature when compared with that of the POM/PP blends. This indicated 
that the addition of organoclay-DDA had no effect on the melting temperature of the 
blends. The thermal properties of POM/PP with organoclay-DHA and organoclay-
TSA are shown in Figure 51 and Figure 52, respectively. The position of peak was 
shifted to slight temperature when compare with the blends at the same composition. 
However, the organoclay had no effect on the melting temperature of the blends. 

The variation of percent crystallinity of POM/PP blends increased when 
compared to pure POM. When addition organoclay in the blends, the results found 
that the percent crystallinity of POM/PP/organoclay increased when compared to 
POM/PP blends without organoclay.  
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Figure 46 Storage modulus of POM/PP blends without and with organoclay-DDA at 
different compositions. 
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Figure 47 Storage modulus of POM/PP blends without and with organoclay-DHA at 
different compositions. 
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Figure 48 Storage modulus of POM/PP blends without and with organoclay-TSA at 
different compositions. 
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Figure 49 DSC graph of POM/PP blends at different compositions. 
 

 
 
Figure 50 DSC graph of POM/PP/5phr organoclay-DDA composites at different 
compositions. 
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Figure 51 DSC graph of POM/PP/5phr organoclay-DHA composites at different 
compositions. 
 

 

 
Figure 52 DSC graph of POM/PP/5phr organoclay-TSA composites at different 
compositions. 
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Table 1 Melting temperature and percent crystallinity of POM/PP and 
POM/PP/organoclay blends at different compositions. 

Sample Melting Temperature 
(°C) 

Crystallinity (%) 

POM 167.2 31.9 
 

POM/PP   
90/10 167.4 49.6 
80/20 165.5 30.1 
70/30 167.5 47.5 
60/40 166.1 28.7 
50/50 167.1 41.4 

POM/PP/organoclay-DDA   
90/10/5 168.0 50.8 
80/20/5 166.3 27.8 
70/30/5 166.6 42.5 
60/40/5 166.4 20.9 
50/50/5 165.6 36.6 

POM/PP/organoclay-DHA   
90/10/5 168.0 47.4 
80/20/5 167.1 44.2 

POM/PP/organoclay-TSA   
90/10/5 166.9 45.0 
80/20/5 166.4 30.2 

 
PP 167.2 26.1 

 
(c) TGA analysis  
The thermal stability of the two pure polymers and POM/PP blends without 

and with organoclay three types were analyzed by TGA. The decomposition (% 
weight loss) of the samples was monitored and recorded as a function of temperature. 
The temperature for each percent weight loss of the samples was an index that well 
reflected the heat degradation resistance of the materials. The temperature of 5, 10 
and 50% weight loss of each blend composition are illustrated in the Table 2. It could 
be noticed the increase in the decomposition temperature of the POM/PP blends when 
increased PP contents. Although, all the blends exhibited higher decomposition 
temperature than pure POM but it was still lower than that of pure PP. Therefore, it 
may be inferred that the addition of PP could enhance the thermal stability of the 
POM/PP blends throughout composition range.   

The TGA patterns of organoclay filled POM/PP blends the result showed that 
the decrease in thermal stability of the blends at all types of organoclay. The 
incorporation of organoclay, showed that the thermal stability dropped with 
increasing organoclay content. It can be seen that Td5 decreased as organoclay-DDA 
content increased from 3 to 5 phr. The reduction of decomposition temperature may 
be due to the effect of organoclay in POM matrix.  
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The results showed that the decomposition temperature decreased when 
adding organoclay-DDA at 1 phr in POM, but the PP/organoclay-DDA (1 phr) 
composites slight changed of decomposition temperature when compared with the 
both pure polymers, as shown in the Figure 53. This may be due to the intercalated 
and exfoliated structure, and strong interactions between organoclay and polymer 
phase, which lead to the restricted mobility of polymer chains in blends with 
organoclay. Figure 54 showed TGA patterns of organoclay-DDA and 
POM/PP/organoclay-DDA at different compositions. The results found that the 
decomposition temperature of organoclay-DDA was observed at 287°C and % weight 
loss constant at 61 wt% due to the decomposition temperature higher than 600°C. 
When adding organoclay-DDA in POM/PP blends at 5 phr, the results showed that 
the decomposition temperature of blends with organoclay-DDA decreased when 
compare to the blends without organoclay-DDA. Which organoclay-DHA and 
organoclay-TSA trend to similar organoclay-DDA are shown in Figure 55 and Figure 
56, respectively. However, the decomposition temperature was lower than 
organoclay-DDA due to the different of functional groups. 

 

 

 
Figure 53 TGA curves of POM, PP and POM/PP blends at different compositions. 
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Figure 54 TGA curves of POM, PP, organoclay-DDA and POM/PP blends without 
and with organoclay-DDA at different compositions. 
 

 
 

Figure 55 TGA curves of POM, PP, organoclay-DHA and POM/PP blends without 
and with organoclay-DHA at different compositions. 
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Figure 56 TGA curves of POM, PP, organoclay-TSA and POM/PP blends without 
and with organoclay-TSA at different compositions. 
 

5.1.1.5 XRD Analysis 
The XRD patterns of the pure organoclay-DDA, polymer with organoclay-

DDA (5phr) and POM/PP blends with organoclay-DDA are shown in Figure 57.The 
characteristic peak of organoclay-DDA was observed at 2θ=3.49° (d001=2.53 nm). 
The basal spacing was calculated from XRD patterns and summarized in Table 3. The 
shifting of the organoclay-DDA peak position to a lower region (2.93°) in 
POM/organoclay-DDA (5 phr) indicated the intercalation of POM chains inside the 
organoclay galleries with d-spacing of 3.01 nm. Whereas, the addition of organoclay-
DDA in PP showed that the characteristic peak of organoclay-DDA appears at 
2θ=3.8° (d001=2.32 nm) and the intensity was increased sharply compared to the pure 
organoclay-DDA. This behavior may be due to the weak interaction between the PP 
and organoclay-DDA(Suprakas, S.R. et al., 2004). In the X-ray diffraction pattern of 
the POM/PP blends with organoclay-DDA (5 phr) at 90/10, 80/20 and 60/40 (w/w), 
the characteristic peak of organoclay-DDA disappears, indicating that the structure is 
potentially highly intercalated and exfoliated. For the blends of POM/PP/organoclay-
DDA at 70/30/5 and 50/50/5, the characteristic peak for organoclay at 2θ=2.64 
(d001=3.34 nm) and 2θ=2.73 (d001=3.23 nm), respectively.  
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Table 2 Decomposition temperature of pure polymer, POM/PP, organoclay, 
POM/organoclay-DDA, PP/organoclay-DDA and POM/PP/organoclay composites. 
 

Sample Td5 Td10 Td50 
 POM 343.5 350.4 364.2 

POM/PP    
90/10 346.2 356.8 386.6 
80/20 351.3 362.1 398.1 
70/30 350.2 360.8 393.8 
60/40 352.6 364.3 405.9 
50/50 352.0 364.8 413.1 

 
organoclay-DDA 287.0 311.0 - 
organoclay-DHA 275.0 300.0 - 
organoclay-TSA 257.0 293.0 - 

 
POM/organoclay-DDA 296.4 304.3 319.6 

PP/organoclay-DDA 432.3 436.88 448.2 
 

POM/PP/organoclay-DDA    
90/10/3 284.4 290.5 306.2 
80/20/3 284.8 291.7 309.0 
70/30/3 275.2 282.5 301.2 
60/40/3 278.3 284.7 307.6 
50/50/3 272.6 277.6 416.7 

 
90/10/5 275.5 280.7 297.9 
80/20/5 274.7 281.1 299.2 
70/30/5 271.6 277.5 297.8 
60/40/5 268.3 276.0 298.8 
50/50/5 267.1 275.4 322.5 

 
POM/PP/organoclay-DHA    

90/10/3 254.0 265.4 295.4 
80/20/3 255.4 266.6 296.8 

 
90/10/5 247.6 256.1 288.8 
80/20/5 246.3 254.4 285.8 

POM/PP/organoclay-TSA    
90/10/3 271.8 277.8 291.4 
80/20/3 269.9 276.7 292.3 

 
90/10/5 265.3 271.8 285.5 
80/20/5 264.6 271.4 286.3 

PP 419.0 431.2 455.5 
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The XRD profiles of pure organoclay-DHA, pure polymer with organoclay-
DHA (5phr) and POM/PP blends with organoclay-DHA are shown in Figure 58. As 
seen, the XRD profile of organoclay-DHA has a characteristic diffraction peak at 
about 4.8°(d001=1.80 nm) while the POM and PP with organoclay-DHA are observed 
at 2.30°(d001=3.84 nm) and 4.89°(d001=1.80 nm), respectively. The decrease in 2θ of 
organoclay-DHA revealed an increase in the d-spacing of organoclay-DHA in the 
presence of POM from 1.80 to 3.84 nm. This indicates that the polymer molecular 
chains have entered the gallery of organoclay-DHA and this composite has an 
intercalated structure (Kusmono, Z.A. et al., 2010). In addition, the POM/organoclay-
DHA showed a second peak at 6.59°( d001=1.34 nm), suggesting a collapse of 
platelets of organoclay (Lamazares, S. R., 2011).The XRD patterns of PP composites 
slightly changed position, but the intensity was decreased compared to the pure 
organoclay-DHA. At 10 wt% of PP with 5 phr of organoclay-DHA peak of 
organoclay showed small peak at about 6.70°, which the POM/PP/organoclay-DHA 
90/10/5 phr not complete exfoliated structure. For the blends, at 20 wt% of PP with 
organoclay-TSA peak of organoclay disappeared that the structure was exfoliated. 

Figure 59 shows the XRD profile of the organoclay-TSA itself and its 
composites with POM, PP and POM/PP blends. The organoclay-TSA itself exhibited 
the characteristic peak at a 2θ of 3.67° corresponding the d-spacing of 2.4 nm. The 
intensity of the characteristic peak of organoclay-TSA in PP/ organoclay-TSA (5 phr) 
retains almost its position, but the intensity was increased sharply compared to the 
pure organoclay-TSA. Whereas, absence of any organoclay peak in POM/organoclay-
TSA (5 phr) indicated the exfoliation of organoclay-TSA in POM. In the blends, 
absence of organoclay characteristic peak in POM/PP 80/20(w/w) with 5 phr of 
organoclay-TSA indicated the exfoliation of the organoclay layers in POM. However, 
the POM/PP 90/10 (w/w) with 5 phr of organoclay-TSA, a broad peak was observed 
at a lower angle (2θ=2.66°) which indicated the intercalation of organoclay-TSA 
(d001=3.32 nm) in the blend.  

 

 

 

 

 

 

 

 

 

 



61 
 

 

Table 3 Basal spacing (d001) of organoclay, organoclay in POM, organoclay in PP and 
orgonoclay in POM/PP blends. 
 

sample 2θ (°) D001 (nm) 
organoclay-DDA 3.49 2.53 
organoclay-DHA 4.80 1.80 
organoclay-TSA 3.67 2.4 

POM - - 
PP - - 

POM/organoclay-DDA 2.93 3.01 
POM/organoclay-DHA 2.30 3.84 
POM/organoclay-TSA - - 
PP/organoclay-DDA 3.8 2.32 
PP/organoclay-DHA 4.89 1.80 
PP/organoclay-TSA 3.82 2.31 

POM/PP/organoclay-DDA   
90/10/3 2.52 3.50 
80/20/3 2.97 1.48 
70/30/3 - - 
60/40/3 - - 
50/50/3 2.83 3.12 

 
90/10/5 - - 
80/20/5 - - 
70/30/5 2.64 3.34 
60/40/5 - - 
50/50/5 2.73 3.24 

POM/PP/organoclay-DHA   
90/10/3 - - 
80/20/3 - - 

 
90/10/5 - - 
80/20/5 - - 

POM/PP/organoclay-TSA   
90/10/3 - - 
80/20/3 2.46 3.59 

 
90/10/5 2.66 3.32 
80/20/5 - - 
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Figure 57 XRD patterns of organoclay-DDA and POM/PP blend with organoclay-
DHA. 
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Figure 58 XRD patterns of organoclay-DHA and POM/PP blend with organoclay-
DHA. 
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Figure 59 XRD patterns of organoclay-TSA and POM/PP blend with organoclay-
TSA. 
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5.1.2 POM/PP Blends without and with MCC 
5.1.2.1 Morphology 
The effect of MCC on morphology and properties of POM/PP blends were 

investigated by addition at different contents of the MCC (3 and 5 phr) in the blends. 
The morphology of POM and PP blends were also examined by SEM technique. 
Figure 60 represents the fracture surface of the blends with 3 phr of MCC at 
difference ratios of POM to PP. It was observed that the surface of the blends with 
MCC showed dispersed particles in POM matrix which indicated the immiscibility of 
two polymers. When MCC content increased to 5 phr the fracture surface slightly 
changedthe morphology of the blends, that the exhibited the morphology of dispersed 
particles is shown in Figure 61. Figure 62 shows the fracture surfaces of POM/PP 
(80/20) without and with 5 phr of MCC at different magnifications. However, the 
morphology of the blends with MCC showed the disperse phase of PP. The addition 
of MCC in POM/PP blends did not change the morphology of the blends, that the 
MCC cannot improve the compatibility of the blends. As observed from SEM image, 
the interaction poor adhesion between MCC and polymer phases, therefore, MCC did 
not improve in mechanical properties of the blends.  
 

5.1.2.2 Mechanical Properties 
(1)  Young’s modulus 
The Young’s modulus of POM/PP blends without and with MCC (3 and 5 

phr) with different PP content is shown in Figure 63. The results revealed that the 
Young’s modulus of POM/PP/MCC blends slightly changed and increased when 
added at higher MCC content (5 phr). The increase of Young’s modulus may be due 
to the rigidity of cellulose (Bouza, R., 2009). In contrast, at 50 wt% of PP showed the 
decrease of Young’s modulus when adding MCC in the blends. 
 

(2) Tensile strength 
The tensile strength of POM/PP without and with MCC with different PP 

content is shown in Figure 64. The blends showed the decrease in the tensile strength 
with increasing PP contents. The tensile strength of POM/PP/MCC slight 
changedwhen compared with the blends. The results indicated MCC did not interact 
between polymer phases, it could be seen in SEM image.  

 
(3) Stress at break 
Figure 65 shows the value of stress at break of POM/PP blends without and 

with MCC at different PP content. This graph showed the similar trend to the results 
of tensile strength. When adding the MCC in the blends the stress at break slight 
changed. 
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POM/PP/MCC 90/10/3 POM/PP/MCC (80/20/3) 

 

POM/PP/MCC 70/30/3 POM/PP/MCC 60/40/3 

 

POM/PP/MCC 50/50/3 
 

 
Figure 60 SEM micrographs of POM/PP (w/w) blends with MCC 3 phr. 
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POM/PP/MCC 90/10/5 POM/PP/MCC 80/20/5 

  

POM/PP/MCC 70/30/5 POM/PP/MCC 60/40/5 

 

POM/PP/MCC 50/50/5 
 

 

Figure 61 SEM micrographs of POM/PP (w/w) blends with MCC 5 phr. 

40μm 40μm 
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POM/PP 80/20 POM/PP/MCC 80/20/5 

POM/PP/MCC 80/20/5 POM/PP/MCC 80/20/5 
 

 
Figure 62 SEM micrographs of POM/PP (80/20) blends with MCC 5 phr. 
 

(4) Percent strain at break  
The percent stain at break of POM/PP blends without and with MCC at 

different PP content is represented in Figure 66. The results showed that the percent 
stain at break of POM/PP blends decreased with increasing PP contents. The POM/PP 
blends with 3 and 5 phr of MCC showed the results similar trend to the blends without 
MCC but the value was lower than that the blends.   
 

20μm 100μm 

50μm 20μm 
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Figure 63 Young’s modulus of POM/PP blends without and with MCC at different 
compositions. 
 

 
 
Figure 64 Tensile strength of POM/PP blends without and with MCC at different 
compositions. 
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Figure 65 Stress at break of POM/PP blends without and with MCC at different 
compositions. 
 

 

 
Figure 66 Percent strain at break of POM/PP blends without and with MCC at 
different compositions. 
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5.1.2.3 Thermomechanical Analysis 
The thermomechanical property of POM/PP blends without and with MCC 

was examined by DMA. The variation of storage modulus of the blends without and 
with MCC at different composition was measured is shown in Figure 67. The 
POM/PP blends showed that the storage modulus decreased when the temperature 
increased. The effect of MCC content on the temperature dependency of the storage 
modulus in the blends is improved the modulus of the blends. At 10% and 20% by 
weight of PP content found that the storage modulus improved when increased MCC 
content from 3 phr to 5 phr. This result may be due to an increase in the stiffness of 
the POM with the reinforcing effect imparted by the MCC that allowed a greater 
degree of stress transfer at the interface. These results are attributed by the 
compromising of fibers stiffness and the adhesion between POM and MCC (Andrzej, 
K. et al., 2012).  

 
5.1.2.4 Thermal Analysis 
(a) DSC analysis 
DSC thermograms of the POM/PP blends with MCC at 5 phr obtained from 

the first heating are shown in Figure 68. The melting temperature of POM/PP/MCC 
composites located 167°C. The blends showed one melting peak in the heating DSC 
curve. The results found that position of the peak did not changewhen adding MCC 
contents. The incorporation of MCC had no effect on the melting temperature of the 
blends.  

The variation of the percent crystallinity of the POM/PP/MCC 5 phr 
composites at different composition is summarized in Table 4. When adding MCC in 
the blends the results revealed increase in percent crystallinity of the blends.  
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Figure 67 Storage modulus of POM/PP blends without and with MCC at different 
compositions.  
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Figure 68 DSC graph of POM/PP/5phr MCC blends at different compositions. 
 
Table 4 Melting temperature and percent crystallinity of POM/PP blends and 
POM/PP/MCC blends at different compositions. 
 

Sample Melting Temperature 
(°C) 

Crystallinity (%) 

POM 167.2 31.9 
 

POM/PP   
90/10 167.4 49.6 
80/20 165.5 30.1 
70/30 167.5 47.5 
60/40 166.1 28.7 
50/50 167.1 41.4 

POM/PP/MCC   
90/10/5 168.1 52.2 
80/20/5 167.3 47.4 
70/30/5 166.6 42.7 
60/40/5 166.8 41.9 
50/50/5 167.1 39.9 

 
PP 167.2 26.1 
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(b)TGA analysis 
The thermal stability of the two pure polymers and POM/PP blends without 

and with MCC were also analyzed by TGA. The decomposition (% weight loss) of 
the samples was monitored and recorded as a function of temperature. The 
temperature of 5, 10 and 50 % weight loss of each blend composition are summarized 
in the Table 5.   

The TGA patterns of MCC filled POM/PP system, the results revealed that the 
decrease in thermal stability of the blends at all compositions. The addition of MCC 
showed that the thermal stability decreased with increasing MCC content. It can be 
seen that Td5 decreased as MCC content increased from 3 to 5 phr.The decomposition 
temperature was 305°C for MCC. The reduction of decomposition temperature may 
be due to the effect of MCC in the blends. Therefore, the addition of MCC did not 
improve the thermal stability of the blends.  

Figure 69 shows % weight of the POM/PP blends with MCC compare to 
POM/PP blends without MCC. The results found that the % weight of the blends with 
MCC trend to similar the blends without MCC, it can be seen that all samples 
displayed two step degradation process, due to the effect of PP in POM matrix. When 
added the MCC in the blends the decomposition temperature slightly changes when 
compared to the blends. However, the POM/PP/MCC composites were higher 
decomposition temperature than that of pure POM. 

 

 

 
Figure 69 TGA curves of POM/PP/MCC blends at different compositions. 
 
 
 



75 
 

 

Table 5 Decomposition temperature of POM, POM/PP blends and POM/PP/MCC 
composites. 
 

Sample Td5 Td10 Td50 
POM 343.5 350.4 364.2 

 
POM/PP (90/10) 346.2 356.8 386.6 
POM/PP (80/20) 351.3 362.1 398.1 
POM/PP (70/30) 350.2 360.8 393.8 
POM/PP (60/40) 352.6 364.3 405.0 
POM/PP (50/50) 352.0 364.8 413.1 

 
POM/PP/MCC (90/10/3) 341.5 354.6 393.7 
POM/PP/MCC (80/20/3) 340.4 353.4 393.9 
POM/PP/MCC (70/30/3) 342.5 356.5 399.6 
POM/PP/MCC (60/40/3) 339.0 352.0 401.7 
POM/PP/MCC (50/50/3) 340.9 354.5 407.2 

 
POM/PP/MCC (90/10/5) 340.4 352.4 390.2 
POM/PP/MCC (80/20/5) 343.7 355.2 393.0 
POM/PP/MCC (70/30/5) 334.6 348.4 393.1 
POM/PP/MCC (60/40/5) 333.8 347.7 396.8 
POM/PP/MCC (50/50/5) 333.1 348.0 408.3 

 
MCC 305.0 315.0 335.0 

PP 419.0 431.2 455.5 
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5.1.3 POM/PP Blends without and with Organoclay and MCC 
5.1.3.1 Morphology 
The effect of organoclay-DDA and MCC on the morphology of POM/PP 

blends were investigated by SEM images, as shown in Figure 70. The fracture 
surfaces showed that the morphology is more finely than the blends which illustrated 
the miscibility of the POM and PP phase. From SEM image of blends in first part, the 
morphology showed phase separation due to weak interfacial adhesion. When adding 
organoclay in blends the result found that the two phases can be improved miscibility 
which the organoclay plays a role of compatibilizer. However, the incorporation of 
both additives in blends the SEM image appeared the particle of MCC clearly in the 
morphology due to the MCC did not change morphology of the blends.  
 

5.1.3.2 Mechanical Properties 
Mechanical properties of POM/PP blends without and with organoclay and 

MCC were obtained from tensile testing. 
(1) Young’s modulus 
The Young’s modulus of POM/PP blends with organoclay-DDA, MCC and 

the both additives at different PP content is shown in Figure 71. When compare 
POM/PP/organoclay-DDA and POM/PP/MCC composites found that the Young’s 
modulus of the blends with organoclay-DDA was higher than the blends with MCC. 
Incorporation both organoclay-DDA and MCC did not improve the Young’s modulus 
of POM/PP/organoclay-DDA/MCC composites. However, Young’s modulus of 
blends at 30 and 50 wt% of PP with both additives can be slightly improved. 
 

(2) Tensile strength 
The tensile strength of the POM/PP with organoclay-DDA and MCC at 5 phr 

of the both additives was plotted against of PP is shown in Figure 72. The tensile 
strength of the POM/PP/organoclay-DDA composites tended to drop when increasing 
amount of PP and showed a lower value than the POM/PP/MCC composites. The 
results found that the tensile strength tended to decrease when added together the 
organoclay-DDA and MCC. The addition both organoclay-DDA and MCC did not 
improve the tensile strength of the POM/PP blends. 
 

(3) Stress at break 
Figure 73 shows the stress at break of the blends with organoclay and MCC at 

the different ratio of POM to PP. The results showed that the stress at break a similar 
trend to the tensile strength. The stress at break of POM/PP/organoclay-DDA 
composites did not improve after adding organoclay-DDA at 5 phr. The effect of 
MCC on the stress at break of the blends slightly increased. However, the 
incorporation both additives in the blends showed the stress at break tended to 
decrease. 
 

(4) Percent strain at break  
The percent strain at break of POM/PP/organoclay-DDA/MCC composites at 

different composition is represented in Figure 74. The results revealed that the 
POM/PP/organoclay-DDA/MCC composites had lower percent strain at break than 
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the POM/PP/organoclay-DDA and POM/PP/MCC composites. The addition of two 
additives together did not improve the percent strain at break of blends.  

  

  
POM/PP/organoclay-DDA/MCC 

90/10/5/5 
POM/PP/organoclay-DDA/MCC 

80/20/5/5 

  
POM/PP/organoclay-DDA/MCC 

70/30/5/5 
POM/PP/organoclay-DDA/MCC 

60/40/5/5 

 
POM/PP/organoclay-DDA/MCC 50/50/5/5 

 

 

Figure 70 SEM micrographs of POM/PP (w/w) blends with organoclay-DDA and 
MCC. 
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Figure 71 Young’s modulus of POM/PP/ blends with organoclay-DDA and MCC at 
different compositions. 
 

 
 
Figure 72 Tensile strength of POM/PP blends with organoclay-DDA and MCC at 
different compositions. 
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Figure 73 Stress at break of POM/PP blends with organoclay-DDA and MCC at 
different compositions. 
 

 
 

Figure 74 Percent strain at break of POM/PP blends with organoclay-DDA and MCC 
at different compositions. 
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5.1.3.3 Thermomechanical Analysis 
The dynamic mechanical properties were analyzed for the POM/PP with 

organoclay-DDA and MCC at 5 phr. The storage modulus is shown in Figure 75 as a 
function of the temperature. The results revealed that the storage modulus decreases 
with increasing temperature because of chain mobility of the polymer, similar trend to 
the blends with organoclay and the blends with MCC. However, the storage modulus 
of the blends with the both additives showed higher than the POM/PP/organoclay-
DDA and POM/PP/MCC. This can be ascribed to the incorporation of both additives 
can be improved storage modulus of the POM/PP blends.  

 

5.1.3.4 Thermal Analysis 
(a) DSC analysis 
Thermal properties of POM/PP/organoclay-DDA/MCC composites at 

different composition were investigated by DSC technique. Figure 76 shows DSC 
graph of the blends with both additives, obtained from the first heating. The melting 
temperature of POM/PP/organoclay-DDA/MCC composites showed one melting peak 
in the heating DSC graph. The results indicated that the addition of the both additive 
in the blends slightly change in melting temperature. So the organoclay-DDA and 
MCC had no effect on the melting temperature of the blends. 
 The variation of percent crystallinity of POM/PP/organoclay-DDA/MCC 
composites at different composition is summarized in Table 6. The results found that 
the percent crystallinity decreased when compared to POM/PP/organoclay-DDA 
composites and POM/PP/MCC composites. 
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Figure 75 Storage modulus of POM/PP blends with organoclay-DDA and MCC at 
different compositions. 
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Figure 76 DCS graph of POM/PP blends with organoclay-DDA and MCC at different 
compositions. 

 
Table 6 Melting temperature and percent crystallinity of POM/PP/organoclay-
DDA/MCC composites at different compositions. 
 

Sample Melting 
Temperature (°C) 

Crystallinity (%) 

POM/PP/organoclay-DDA/MCC   
90/10/5/5 167.3 35.9 
80/20/5/5 167.4 28.5 
70/30/5/5 165.4 22.9 
60/40/5/5 165.0 20.9 
50/50/5/5 165.1 21.8 
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(b) TGA analysis 
The thermal stability of POM/PP/organoclay-DDA/MCC composites with 

different composition was investigated with TGA. The degradation temperature 5, 10 
and 50 % weight loss were calculated as shown in Table 7. The results showed that 
the degradation temperature of the blends with both organoclay-DDA and MCC 
decreased when compared to the POM/PP/organoclay-DDA and the POM/PP/MCC. 
This indicated that the thermal stability not improved with both additives in the 
blends. Figure 77 displays the TGA curves of POM/PP/organoclay-DDA/MCC 
composites. The results showed that three step degradation process, the first starting 
between 250-325°C for POM/organoclay-DDA, the second region between 325-375 
°C for MCC in blends and last step between 400-460°C for PP. As can be seen, the 
addition of both organoclay-DDA and MCC decreased the thermal stability of the 
POM/PP blends.  

 

 

 
Figure 77 TGA curves of POM/PP/organoclay-DDA/MCC composites at different 
compositions. 
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Table 7 Decomposition temperature of POM/PP/organoclay-DDA, POM/PP/MCC 
and POM/PP/organoclay-DDA/MCC composites. 

 

Sample Td5 Td10 Td50 
POM/PP/organoclay-DDA    

90/10/5 275.5 280.7 297.9 
80/20/5 274.7 281.1 299.2 
70/30/5 271.6 277.5 297.8 
60/40/5 268.3 276.0 298.8 
50/50/5 267.1 275.4 322.5 

 
POM/PP/MCC    

90/10/5 340.4 352.4 390.2 
80/20/5 343.7 355.2 393.0 
70/30/5 334.6 348.4 393.1 
60/40/5 333.8 347.7 396.8 
50/50/5 333.1 348.0 408.3 

 
POM/PP/organoclay-DDA/MCC    

90/10/5/5 268.4 276.1 293.7 
80/20/5/5 265.3 274.0 294.4 
70/30/5/5 265.9 274.2 294.0 
60/40/5/5 264.2 272.9 300.0 
50/50/5/5 262.5 271.4 344.2 
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5.2 PLA/PEC System  
5.2.1 PLA/PEC Blends 
5.2.1.1 Morphology 
The SEM micrographs of fractured surface of pure PLA and PLA/PEC blends 

with two types of PEC at a different amount of percent ethylene are shown in Figure 
78 and Figure 79, respectively. As shown in Figure 78 (a), the fracture surface of pure 
PLA was quite smooth which indicated the brittle property of PLA. When adding 
PEC3401 (15% ethylene) in PLA matrix, the morphology showed the phase 
separation. From SEM images, when the PEC content was increased the dispersed 
phase was larger. It was possible to see from Figures that the immiscibility between 
the polymers were poor and phase separation occurred as sphere droplets of PEC 
phase in PLA matrix. Because of the high interfacial tension between the two 
polymers, the spherical morphology is anticipated because of the minimization of the 
interfacial area (Dhibar, A. K., 2011). For the PEC3300 (12% ethylene), the results 
revealed that the same morphology of PLA/PEC3401 blends, but the size of dispersed 
phase was smaller than the PLA/PEC3401 blends. The droplet size of PEC phase 
increased with increasing PEC content, the reason of this result due to weak 
interaction adhesion between the PLA and PEC phase, and it is observed the 
microvoids surrounding the PEC droplets. The phase separation of PLA/PEC blends 
may be the main explanation for the decrease of impact strength in the impact testing. 
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(a) PLA (b) PLA/PEC3401 95/5 

  
(c) PLA/PEC3401 90/10 (d) PLA/PEC3401 80/20 

 
(e) PLA/PEC3401 70/30 

 

 
Figure 78 SEM micrographs of the fracture surfaces of PLA/PEC3401 blends at 
different compositions. 
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(a) PLA (b) PLA/PEC3300 95/5  

  
(c) PLA/PEC3300 90/10 (d) PLA/PEC3300 80/20 

 
(e) PLA/PEC3300 70/30 

 

 
Figure 79 SEM micrographs of the fracture surfaces of PLA/PEC3300 blends at 
different compositions. 
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5.2.1.2 Mechanical Properties 

(1) Impact strength 
The notched Izod impact strength of PLA/PEC blends with two types PEC 

was plotted as a function of PEC content as illustrated in Figure 80. The results found 
that the impact strength of the blends increased at all compositions when respect pure 
PLA, which value at 0.25 J/cm2, due to the PEC is flexibility that can improve impact 
strength of PLA. However, the impact strength trended to decrease at higher PEC 
content because a poor compatibility between two phases. An amount of PEC at 5 and 
10 wt% showed the maximum value of the impact strength. This may be implied that 
PLA/PEC blends possessed better stress transfer than the pure polymer. The increase 
in impact strength was attributed to the toughening effect of PEC. However, when 
increasing the amount of PEC content tended to decrease due to immiscibility, the 
polymer phases did not interaction because the different in the polarity. The better 
impact strength of the blends at low content of elastomers was attributed to the good 
compatibility between two phases, which led to the combination of the properties of 
each component. When compared types of the elastomers the results revealed the 
impact strength of PLA/PEC3401 was lower than PLA/PEC3300 blends at all 
compositions. This may be due to the PEC3401 higher amount of ethylene than 
PEC3300.  

 

 
Figure 80 Impact strength of PLA, PLA/PEC3401 and PLA/PEC3300 blends. 
 
 

 



89 
 

 

(2) Young’s modulus 

The Young’s modulus of PLA/PEC blends with two types PEC at different 
composition is shown in Figure 81. Both of PEC in the blends showed a similar trend 
that the Young’s modulus decreased with increasing PEC content. The results found 
that the Young’s modulus of PLA/PEC blends trend to decrease with increasing PEC 
content due to the flexibility of PEC and the lower crystallinity of PLA in the blends. 
However, PEC3401 showed the value higher than PEC3300. In comparison, the 
addition of PEC in the blend was lower Young’s modulus than pure PLA. The 
Young’s modulus of pure PLA is 2460 MPa. The reduction of Young’s modulus 
when adding PEC due to the copolymer is a soft phase, when comparing the two types 
of PEC found that the PLA/PEC3401 blends showed the value higher than the 
PLA/PEC3300. This may be due to the difference amount of ethylene in the 
copolymer, which the ethylene as elastic and toughness.  

(3) Tensile strength 
Figure 82 represents comparison the tensile strength of PLA/PEC blends with 

two types of PEC at different composition. The results showed that the tensile 
strength of PLA/PEC blends decreased with increasing PEC content and it was lower 
than pure PLA. The reduction of tensile strength due to the PEC is a ductile polymer 
when the incorporation rigid polymer in the PLA matrix, as results in a decrease 
strength. This indicates that the PLA controls the tensile strength of the blends.  
Another reason may come from the phase separation of the two polymers, as observed 
from SEM images. In comparison, Figure 78 and Figure 79 displayed the morphology 
results had similar trends. The dispersed PEC phase size did not different. As a result, 
the tensile strength of PEC two types was similar.   
 

(4) Stress at break 

The stress at break of PLA/PEC blends with two types of PEC at different 
composition is presented in Figure 83. The results showed that the stress at break 
decreased when added the both PEC compared to pure PLA. The pure PLA showed 
the stress at break at 61 MPa. The reduction of stress at break of blends is caused by 
the poor compatibility between two polymers. This result was confirmed by the 
dispersed PEC phase size increased with increasing amount of PEC content as 
observed from the blends morphology.  

 

(5) Percent strain at break 

Figure 84 shows the percent strain at break of PLA/PEC with two types PEC 
at different composition. The results revealed that the percent strain at break of 
PLA/PEC blends increased with increasing PEC content. The increase of the percent 
strain at break indicated of the ability to be elastic of samples, when added the PEC in 
the blends. At 5 and 10 wt% of PEC found that the PEC3401 can be improved the 
percent strain at break higher than PEC3300. 
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Figure 81Young’s modulus of PLA, PLA/PEC3401 and PLA/PEC3300 blends. 
 

 
 
Figure 82 Tensile strength of PLA, PLA/PEC3401 and PLA/PEC3300 blends. 
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Figure 83 Stress at break of PLA, PLA/PEC3401 and PLA/PEC3300 blends. 
 

 
 
Figure 84 Percent strain at break of PLA, PLA/PEC3401 and PLA/PEC3300 blends. 
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5.2.1.3 Thermomechanical Analysis 
The thermomechanical property of PLA/PEC blends with two types of PEC as 

examined by DMA. The variation of storage modulus of the blends at different 
composition was measured is shown in Figure 85. The storage modulus of pure PLA 
tended to decrease when the temperature increased (40°C-60°C) and then sharply 
decreased after 60°C due to glass transition temperature and constant in the 
temperature range 70°C-93°C (rubbery state) at around 92 MPa and then highest 
increased (950 MPa) at 120°C.The increase of storage modulus refers to the cold 
crystallization of the amorphous PLA (Suryanegara, L. et al., 2009). 

The PLA/PEC blends with two types of PEC showed that the storage modulus 
decreased when the temperature increased. The storage modulus of the blends 
decreased with increasing PEC content and the most blends was lower storage 
modulus than pure PLA. The reduction of storage modulus at a higher PEC content 
was occurred due to the increase in amount of soft phase in the blends. In comparison, 
the storage modulus of PLA/PEC3401 blends was lower than that of PLA/PEC3300 
blends in all compositions. This may be due to the ethylene content in PEC3401 was 
more than in PEC3300, which the ethylene is toughness and flexibility. 

Figure 86 represents the tan delta of pure PLA, PLA/PEC3401and 
PLA/PEC3300 blends at different compositions. The tan delta peak of pure PLA was 
measured to be approximately at 66°C which referred to the glass transition 
temperature. The result showed that small peak at 105°C. All the blends showed that 
the tan delta peak similar trend to the pure PLA. The addition of PEC in PLA slightly 
changed the glass transition temperature. However, the change is not significant 
enough to indicate a strong interaction, which was displayed by SEM image of the 
blends.  

 
5.2.1.4 Thermal analysis 
(a) DSC analysis 

 DSC thermograms of pure PLA and PLA/PEC blends with two types at 
different compositions, obtained from the first heating are shown in Figure 87 and 
Figure 88. The DSC data and the percent crystallinity are reported in Table8. The 
melting temperature of pure PLA, it was observed that the double melting peak 
appeared peak at 151.4�C and small peak seen at about 155�C. The second peak 
near the melting temperature is due to the crystallization during melting in the DSC 
and the presence of different size polymer lamellae (Reddy, N. et al., 2008).The 
blends revealed that the position of the peak slightly changed after adding PEC. 
However, the addition of the both PEC had no effect on the melting temperature. This 
suggests that PEC does not significantly affect the crystallization properties of PLA 
matrix. 
 The variation of percent crystallinity of PLA in the blends was compared with 
that of pure PLA found that the percent crystallinity of the PLA/PEC3401 blends 
decreased with increasing content of PEC3401, while the percent crystallinity of the 
PLA/PEC3300 blends increased. 

(b) TGA analysis 
The thermal stability of pure PLA, PEC and PLA/PEC blends with two types 

of PEC were also analyzed by TGA. The decomposition (% weight) of the samples 
was monitored and recorded as a function of temperature. The temperature for each 
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percent weight loss of the samples was an index that well reflected the heat 
degradation resistance of the materials. The decomposition temperatures of 5, 10 and 
50% weight loss of each blends compositions are shown in the Table9.The results 
showed that the decomposition temperature of the blends slightly changed at 5, 10 and 
50% weight loss, when compared to pure PLA at same percent weight loss. Therefore, 
it may be inferred that the addition of both PEC does not improve the thermal stability 
of the PLA/PEC blends throughout composition range.   

From Figure 89 and Figure 90 represents the percent weight versus 
temperature of pure PLA, PEC and PLA/PEC blends with two types of PEC. The 
effect of PEC when incorporating into PLA showed that the decomposition two steps. 
The first step in about temperature range 329�C-365�C, this step displayed the same 
trend to pure PLA. This may be the degradation of PLA. The second step showed that 
the temperature range 380�C-460�C at all the blends, as showed the degradation of 
PEC. At a higher PEC content, the results showed that the percent weight increased 
due to amount of PEC that was not degraded, which the pure PEC two types showed 
the decomposition temperature was higher than pure PLA. The 5% decomposition 
temperatures of PEC3401 and PEC3300 were 424.5�C and 418�C, respectively. The 
50% decomposition temperatures of PEC3401 and PEC3300 were 457.8�C and 
454.8�C, respectively. This is indicated the higher thermal stability of PEC3401 
when compared with that of PEC3300. 
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Figure 85 Storage modulus of PLA and PLA/PEC blends with two PEC types at 
different compositions. 
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Figure 86 Temperature versus tan delta of PLA and PLA/PEC blends with two PEC 
types at different compositions. 
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Figure 87 DSC graphs of PLA and PLA/PEC3401 blends at different compositions. 
 

 
 
Figure 88 DSC graphs of PLA and PLA/PEC3300 blends at different compositions. 
 



97 
 

 

Table 8 Melting temperature and percent crystallinity of PLA and PLA/PEC blends 
with two types of PEC at different compositions. 

Sample Melting Temperature 
(°C) 

Crystallinity (%) 

PLA 151.4 22.4 
PLA/PEC3401   

95/5 151.8 46.1 
90/10 151.3 36.3 
80/20 151.6 16.0 
70/30 151.2 11.1 

PLA/PEC3300   
95/5 151.8 49.9 

90/10 151.8 28.8 
80/20 151.8 58.7 
70/30 152.1 53.8 

 
Table 9 Decomposition temperature of PLA and POM/PEC blends with two types of 
PEC. 
 

Sample Td5 Td10  Td50 
PLA 329.3 337.8 359.5 

 
PLA/PEC3401    

95/5 328.8 338.2 360.1 
90/10 328.6 338.1 361.0 
80/20 330.0 339.4 362.9 
70/30 331.5 342.2 365.2 

 
PLA/PEC3300    

95/5 331.5 342.2 365.2 
90/10 329.1 337.7 360.7 
80/20 329.0 337.9 361.8 
70/30 328.8 338.8 364.3 

 
PEC3401 424.5 434.9 457.8 
PEC3300 418.5 430.5 454.8 
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Figure 89 TGA curves of PLA, PEC3401 and PLA/PEC3401 blends at different 
compositions. 
 

 
 

Figure 90 TGA curves of PLA, PEC3300 and PLA/PEC3300 blends at different 
compositions 
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5.2.2 PLA/PEC Blends without and with Organoclay  
5.2.2.1 Morphology 
The morphology of PLA/PEC blends of two types of elastomers with 

organoclay-DDA at 5 phr are displayed in Figure 91 and Figure 92. From SEM 
images showed that the morphology of PLA/PEC3401 when added organoclay-DDA, 
the presence of organoclay-DDA has to improve the compatibility between PLA and 
PEC3041, which the droplets of PEC3401 were disappeared. For the PLA/PEC3300 
blends the morphology showed that the more homogeneous morphology with uniform 
dispersion of the PEC3300 phase was obtained with the addition of organoclay-DDA 
at 5 phr. This indicates that the organoclay plays an important role in reducing the size 
of dispersed PEC phase in PLA/PEC blends. 

 
5.2.2.2 Mechanical Properties 
(1) Impact strength 
Figure 93 represents the Izod impact strength of PLA/PEC3401 and 

PLA/PEC3401/organoclay-DDA 5 phr composites different PEC3401 content. The 
results showed that the impact strength of PLA/PEC3401/organoclay-DDA 5 phr 
composites decreased when compared to PLA/PEC3401 blends. This indicated that 
the toughness of the blends was decreased when added of organoclay. However, 
PLA/PEC3401/organoclay-DDA 5 phr composites were higher impact strength than 
the pure PLA (0.4 J/cm2). The reduction of impact strength may be due to the 
immobilization of polymer chains by the organoclay particles, which make the sample 
more brittle (Mallick, S. et al., 2011). The addition of organoclay does not improve 
the impact strength of the polymer blends.  

 
(2) Young’s modulus 
Young’s modulus of PLA/PEC/organoclay-DDA with two types of PEC is 

shown in Figure 94. It was observed that, for the addition of 5 phr of organoclay-
DDA, modulus showed the improvement value at all compositions when respect 
PLA/PEC3401 blends. At 5 and 10 wt% of PEC3401 the value slightly improved in 
the Young’s modulus. Clearly, the PLA/PEC3401 blends at 80/20 and 70/30 (w/w) 
showed the increase of value. The results showed that the Young’s modulus of 
PLA/PEC3300/organoclay-DDA composites improved when compared to the blends 
without organoclay-DDA at all compositions.  

To compare the effect of organoclay-DDA at 5 phr in the blends with two 
types of PEC found that the addition of organoclay-DDA in PLA/PEC3300 blends 
can be improved the Young’s modulus higher than PLA/PEC3401blends. 
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(a) PLA (b) PLA/PEC3401/organoclay-DDA 

95/5/5 

  
(c) PLA/PEC3401/organoclay-

DDA 90/10/5 
(d) PLA/PEC3401/organoclay-DDA 

80/20/5 

 
(e) PLA/PEC3401/organoclay-DDA 70/30/5 

 

 
Figure 91 SEM micrographs of PLA/PEC (w/w) blends with organoclay-DDA 5 phr. 
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(a) PLA (b) PLA/PEC3300/organoclay-

DDA 95/5/5 

  
PLA/PEC3300/organoclay-DDA 

90/10/5 
PLA/PEC3300/organoclay-DDA 

80/20/5 

 
PLA/PEC3300/organoclay-DDA 70/30/5 

 

 
Figure 92 SEM micrographs of PLA/PEC (w/w) blends with organoclay-DDA 5 phr. 
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Figure 93 Impact strength of PLA/PEC blends without and with organoclay-DDA. 
 

 
 
Figure 94 Young’s modulus of PLA/PEC blends without and with organoclay-DDA 
5 phr at different compositions.  
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(3) Tensile strength 
The tensile strength with addition of organoclay-DDA to PLA/PEC blends 

with two types of PEC, are shown in Figure 95. The results revealed that the tensile 
strength of both blends decrease when added organoclay-DDA at 5 phr. It indicated 
that the addition of organoclay-DDA did not improve the tensile strength of the 
blends. This could be attributed to a poor interaction between organoclay and polymer 
as shown in XRD results, the organoclay had an intercalated structure that led to low 
aspect ratio of organoclay platelets and then lowered their tensile strength (Kusmono, 
Z. A., 2010). 

 
(4) Stress at break 
The stress at break of PLA/PEC blends of two types elastomers with 

organoclay-DDA at 5 phr were plotted the different ratio of elastomers is presented in 
Figure 96. The results found that the value of the blends with organoclay-DDA 
changed slightly. However, the addition of organoclay-DDA in PLA/PEC (90/10) 
blends increased the stress at break. 
 

(5) Percent strain at break  
Figure 97 illustrates the percent strain at break of PLA/PEC blends with two 

types of PEC without and with organoclay-DDA. The results showed that the values 
decreased when adding the organoclay-DDA 5 phr in the PLA/PEC blends. This 
indicated that the addition of more organoclay content into a polymeric matrix 
resulted in an increase in brittleness of sample. (Ayana B., 2010). 
 

 
 

Figure 95 Tensile strength of PLA/PEC3401 blends with organoclay-DDA 5 phr at 
different compositions. 
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Figure 96 Stress at break of PLA/PEC 3401 blends with organoclay-DDA 5 phr at 
different compositions. 
 

 

 
 
Figure 97 Percent strain at break of PLA/PEC 3401 blends with organoclay-DDA 5 
phr at different compositions. 
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5.2.2.3 Thermomechanical Analysis 
 The thermomechanical property of PLA/PEC blends with organoclay-DDA 
was examined by DMA. Figure 98 shows the storage modulus of PLA/PEC3401 
blends without and with organoclay-DDA 5 phr as a function of temperature. The 
results revealed that the storage modulus decreased when increasing the temperature 
and then sharply decreased after 60°C and constant in a rubbery state and then highest 
increased at 120°C due to the crystallinity of the PLA matrix. The addition of 
organoclay-DDA 5 phr in the blends showed that the storage modulus increased when 
compare to the blends at the same composition, indicating enhancement of 
thermomechanical property due to the exfoliation of the organoclay in the matrix 
(SumanaMallick, 2011). The storage modulus of PLA/PEC3300 blends without and 
with organoclay-DDA 5 phr is shown in Figure 99. The results showed that the 
storage modulus decreased when increasing the temperature and drop in modulus 
after 60°C.  

Figure 100 represents the tan delta of pure PLA, PLA/PEC3401 and 
PLA/PEC3401/organoclay-DDA 5 phr at the different temperatures. The tan delta of 
pure PLA appeared peak at the temperature of 65.9�C. The blend without and with 
organoclay-DDA showed similar transitions indicating the Tg of the PLA matrix in 
theblend. The slightly changed PLA peak might be resulted from the presence of 
organoclay in the PLA phase. 
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Figure 98 Storage modulus of PLA/PEC3401 blends without and with organoclay-
DDA at different compositions. 
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Figure 99 Storage modulus of PLA/PEC3300 blends without and with organoclay-
DDA at different compositions. 
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Figure 100 Temperature versus tan delta of PLA/PEC3401 blends without and with 
organoclay-DDA at different compositions. 
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Figure 101 Temperature versus tan delta of PLA/PEC3300 blends without and with 
organoclay-DDA at different compositions. 
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5.2.2.4 Thermal Analysis 
(a) DSC analysis 
The thermal properties of PLA and PLA/PEC blends with two types of PEC 

blends were investigated by DSC in the temperature range of 50-200ºC. The DSC 
curve of the PLA and PLA/PEC blends with two types of PEC at the different 
temperatures are shown in Figure 102 and Figure 103. The results showed that the 
melting temperature of PLA/organoclay-DDA located at 156°C, while the pure PLA 
showed at 151.4°C. The incorporation of organoclay-DDA into PLA increased 
slightly in the melting temperature. All the blends showed one melting peak in the 
heating DSC curve. The positions of peak were slight shifted to lower temperature 
(about 2°C) when compared with that of PLA/organoclay-DDA composites. This 
indicated that the addition of organoclay-DDA had no effect on the melting 
temperature of the blends. 

The variation of the percent crystallinity of PLA/PEC/organoclay-DDA 5 phr 
composites at different composition is summarized in Table 10. When adding 
organoclay-DDA in the blends the results revealed decrease in percent crystallinity of 
the blends. This indicates that organoclay-DDA may disrupt the crystallite formation 
of polymer.  

 

 
Figure 102 DSC graph of PLA/organoclay-DDA and PLA/PEC3401 blends with 5 
phr of organoclay-DDA at different compositions. 
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Figure 103 DSC graph of PLA/organoclay-DDA and PLA/PEC3300 blends with 5 
phr of organoclay-DDA at different compositions. 
 
Table 10 Melting temperature and percent crystallinity of PLA, PLA/organoclay-
DDA and PLA/PEC/organoclay-DDA with two types of PEC at different 
compositions. 
 

Sample Melting 
Temperature (°C) 

Crystallinity (%) 

PLA 151.4 22.4 
PLA/organoclay-DDA 156.0  

PLA/PEC3401/organoclay-DDA   
95/5/5 153.9 41.4 

90/10/5 154.3 45.8 
80/20/5 153.3 32.8 
70/30/5 152.4 36.4 

PLA/PEC3300/organoclay-DDA   
95/5/5 151.9 43.4 

90/10/5 152.4 23.7 
80/20/5 152.4 22.3 
70/30/5 152.1 14.9 
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(b) TGA analysis 
The TGA results of the PLA, PLA/organoclay-DDA, PLA/PEC blends 

without and with organoclay-DDA at 5 phr of two types of PEC are shown Figures 
104 and 105. The decomposition temperatures (T5, T10 and T50) of the samples at 
different weight loss are summarized in Table 11. From the results found that the 
decomposition behavior of the PLA/PEC3401 with organoclay-DDA 5 phr trend to 
similar the PLA/PEC3401 blends. However, the weight of the blends with 
organoclay-DDA was higher than the weight of the blends without organoclay-DDA. 

This indicates that the incorporation of organoclay-DDA cannot improve the 
thermal stability of the PLA/PEC blends.  

 
 
Figure 104 TGA curves of PLA, PEC3401, PLA/PEC3401 blends with organoclay-
DDA at different compositions. 
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Figure 105 TGA curves of PLA, PEC3300 and PLA/PEC3300 blends with 
organoclay-DDA at different compositions. 
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Table 11 Decomposition temperature of PLA and PLA/PEC/organoclay-DDA with 
two types of PEC at different compositions. 
 

Sample Td5 Td10 Td50 
PLA 329.3 337.8 359.5 

 
PLA/PEC3401/organoclay-DDA    

95/5/5 322.2 334.1 359.4 
90/10/5 325.3 337.6 361.4 
80/20/5 327.5 339.2 362.9 
70/30/5 319.2 334.0 362.8 

 
PLA/PEC3300/organoclay-DDA    

95/5/5 358.6 330.4 316.4 
90/10/5 321.4 333.8 360.7 
80/20/5 323.1 336.5 362.1 
70/30/5 325.6 338.5 365.3 

 
5.2.2.5 XRD 
The XRD patterns of the pure organoclay-DDA, PLA with organoclay-DDA 

(5phr), PLA/PEC3401/organoclay-DDA and PLA/PEC3300/organoclay-DDA are 
shown in Figure 106 and Figure 107, respectively. The characteristic peak of 
organoclay-DDA was observed at 2θ=3.49° (d001=2.53 nm). The basal spacing was 
calculated from XRD patterns and summarized in Table 12. In the XRD pattern of the 
PLA/organoclay-DDA (5 phr) composites, the characteristic peak of organoclay-DDA 
disappears, indicating that the exfoliation of the polymer chains inside the organoclay 
galleries (Dhibar, A. K. et al., 2010). From XRD patterns the blends with organoclay-
DDA at 5, 10, 20 and 30 wt% of PEC3401 showed the characteristic diffraction peaks 
at 2.64°, 2.48°, 2.71° and 2.79°, which corresponded to basal spacing (d001) of 3.34, 
3.56, 3.26 and 3.16 nm, respectively. The increase of d-spacing between organoclay-
DDA and organoclay-DDA in the blends with organoclay-DDA at all compositions, it 
is suggested that the affinity between the PLA matrix and organoclay-DDA. For the 
incorporation of organoclay-DDA of 5phr in the PLA/PEC3300 blends at 5, 10, 20 
and 30 wt% of PEC revealed the characteristic diffraction peaks at 2.58°, 2.66°, 2.46° 
and 2.58° which corresponded to basal spacing (d001) of 3.42, 3.32, 3.59 and 3.42 nm, 
respectively. It can be seen that the d-spacing of the PLA/PEC3300 with organoclay-
DDA increases when compare to organoclay-DDA. Due to the polymer chains inside 
the organoclay-DDA platelets.   
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Figure 106 XRD patterns of PLA, organoclay-DDA and PLA/PEC3401 blend with 5 
phr of organoclay-DDA. 



116 
 

 

 

 

Figure 107 XRD patterns of PLA, organoclay-DDA and PLA/PEC3300 blend with 5 
phr of organoclay-DDA. 
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Table 12 Basal spacing (d001) of organoclay-DDA and organoclay-DDA in PLA/PEC 
blends with two types of PEC at different compositions. 

sample 2θ (°) D001 (nm) 
organoclay-DDA 3.49 2.53 

 
PLA - - 

PLA/organoclay-DDA - - 
PLA/PEC3401/organoclay-DDA   

95/5/5 2.64 3.34 
90/10/5 2.48 3.56 
80/20/5 2.71 3.26 
70/30/5 2.79 3.16 

PLA/PEC3300/organoclay-DDA   
95/5/5 2.58 3.42 
90/10/5 2.66 3.32 
80/20/5 2.46 3.59 
70/30/5 2.58 3.42 
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5.2.3 PLA/PEC Blends without and with MCC 
5.2.3.1 Morphology 

 The morphology of PLA/PEC/MCC blends with two types of elastomers at the 
different amount of MCC was investigated by SEM. Figures108, 109 and 110 showed 
the morphology the PLA/PEC3401 with MCC at 3, 5 and 10 phr of MCC, 
respectively. It is possible to see from SEM images that the immiscibility between the 
polymers and MCC. When increasing amount of MCC in the blends showed that the 
MCC particles appeared agglomeration. The images indicated that the MCC was poor 
distributed in PLA/PEC3401 blends. In addition, at high content of MCC found that 
the voids around the MCC and holes in the blends, as can be seen from Figure 105. 
This indicates that there is no adhesion between the polymers and MCC. The effect of 
MCC loading on the morphology of PLA/PEC blends did not change the morphology 
of the blends (Mathew, A. P., 2004), (Dhibar, A. K., 2011) 

The morphology the PLA/PEC3300blends with MCC at 3, 5 and 10 phr of 
MCC is shown in Figures 111, 112 and 113, respectively. Similar to the micrographs 
of PLA/PEC3401/MCC composites, the incorporation of MCC did not change the 
morphology of the blends. Agglomeration is more at a high amount of MCC (10 phr) 
due to the filler-filler interaction increases, result in a poor filler dispersion. From 
Figure 112, the PLA/PEC3300/MCC (70/30/5) composites showed that the large 
holes in the PLA phase were visible where MCC was located before the fracture. This 
indicates that there is no interaction between PLA and MCC. The incompatibility of 
PLA/PEC/MCC may be the mechanical properties not improved.   
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(a) PLA 

 
(b) PLA/PEC3401/MCC 95/5/3 

  
(c) PLA/PEC3401/MCC 90/10/3 

 
(d) PLA/PEC3401/MCC 80/20/3 

 
(e) PLA/PEC3401/MCC 70/30/3 

 
 

 

Figure 108 SEM micrographs of PLA and PLA/PEC3401 blends with MCC 3 phr. 
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(a) PLA (b) PLA/PEC3401/MCC 95/5/5 

 

  
(c) PLA/PEC3401/MCC 90/10/5 (d) PLA/PEC3401/MCC 80/20/5 

 

 
PLA/PEC3401/MCC 70/30/5 

 
 

 

Figure 109 SEM micrographs of PLA and PLA/PEC3401 blends with MCC 5 phr. 
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(a) PLA (b) PLA/PEC3401/MCC 95/5/10 

 

  
(c) PLA/PEC3401/MCC 90/10/10 (d) PLA/PEC3401/MCC 80/20/10 

 

 
(e) PLA/PEC3401/MCC 70/30/10 

 
 

 

Figure 110 SEM micrographs of PLA/PEC3401 blends with MCC 10 phr. 
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(a) PLA (b) PLA/PEC3300/MCC 95/5/3 

 

  
(c) PLA/PEC3300/MCC 90/10/3 (d) PLA/PEC3300/MCC 80/20/3 

 

 
(e) PLA/PEC3300/MCC 70/30/3 

 
 

 

Figure 111 SEM micrographs of PLA/PEC3300 blends with MCC 3 phr. 

 

 

 

20μm 20μm 

20μm 20μm 

20μm 



123 
 

 

 

  

  
(a) PLA (b) PLA/PEC3300/MCC 95/5/5 

 

  
(c) PLA/PEC3300/MCC 90/10/5 (d) PLA/PEC3300/MCC 80/20/5 

 

 
(e) PLA/PEC3300/MCC 70/30/5 

 
 

 

Figure 112 SEM micrographs of PLA/PEC3300 blends with MCC 5 phr. 
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(a) PLA (b) PLA/PEC3300/MCC 95/5/10 

 

  
(c) PLA/PEC3300/MCC 90/10/10 (d) PLA/PEC3300/MCC 80/20/10 

 

 
(f) PLA/PEC3300/MCC 70/30/10 

 
 

 

Figure 113 SEM micrographs of PLA/PEC3300 blends with MCC 10 phr. 
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5.2.3.2 Mechanical Properties 
(1) Impact strength 

 The impact strength of PLA/PEC3401 blends without and with MCC in the 
different of PEC content is shown in Figure 114. The results showed that the impact 
strength of PLA/PEC3401/MCC composites decreased when increasing MCC content 
with compared to the blends at all compositions. Figure 115 revealed the effect of 
MCC in PLA/PEC3300 blends at different compositions. From the results, it was 
clear that the impact strength decreased with increasing MCC content. This is 
consistent with the tendency of decrease strain, indicating that the rigidness of PLA is 
improved by the addition of MCC, but leading to the brittleness (Yeng-Fong Shih, 
2011). 
 By comparing the impact strength of PLA/PEC/MCC with two types of PEC 
the results found that the impact strength of PLA/PEC3300/MCC slightly lower than 
PLA/PEC3401/MCC.   
 

 
 

Figure 114 Impact strength of PLA/PEC3401 blends without and with MCC at 
different compositions. 
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Figure 115 Impact strength of PLA/PEC3300 blends without and with MCC at 
different compositions. 
 

(2) Young’s modulus 
Figure 116 shows the Young’s modulus of PLA/PEC3401 blends without and 

with various MCC contents of 3, 5 and 10 phr in the different of PEC content. The 
results found that the Young’s modulus of PLA/PEC3401 blends with MCC slightly 
changed with increasing MCC content. The addition of MCC 10 phr in polymer 
blends increased Young’s modulus values at all compositions of PEC. This can be 
explained by increasing of hydrogen bonding; stiffening effect and high crystallinity 
index of the filler which is a typical characteristic of filler/polymer composites. 
  The Young’s modulus of PLA/PEC3300 blends with MCC contents of 3, 5 
and 10 phr is shown in Figure 117. The results showed that the Young’s modulus 
improved when added 5 and 10 phr at all compositions of PEC. The improvement of 
Young’s modulus may be indicated that the crystallinity is higher for 
PLA/PEC3300/MCC composites (Mathew, A. P., 2005). 
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Figure 116 Young’s Modulus of PLA/PEC 3401 blends without and with MCC at 
different compositions. 

 
 
Figure 117 Young’s Modulus of PLA/PEC 3300 blends without and with MCC at 
different compositions 
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(3) Tensile strength 
The tensile strength of the PLA/PEC blends without and with various MCC 

contents of 3, 5 and 10 phr in the different of PEC content is displayed in Figure 113 
and Figure 119. The results showed that the tensile strength did not improve with 
increasing MCC content. These observations may be attributed to aggregation of the 
MCC particle due to Van der Waal’s forces. Due to this phenomenon, the filler-filler 
interaction becomes more pronounced than filler-matrix interaction and there is weak 
interfacial adhesion between the MCC and the matrix. Therefore, the weak adhesion 
between the PLA and the MCC generates numerous voids at the filler matrix 
interface, and the stress transfers to the filler leading to low strength values. 
(M.K. Mohamad Haafiz, M. K., 2013), (Mathew, A. P., 2005) and (P.J. Jandas, P. J., 
2010) 

 

 
Figure 118 Tensile strength of PLA/PEC3401 blends without and with MCC at 
different compositions. 
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Figure 119 Tensile strength of PP/PEC3300 blends without and with MCC at 
different compositions. 

 
(4) Stress at break 
The stress at break of PLA/PEC3401 blends without and with MCC is shown 

in Figure 120. The results showed that the maximum value of the stress at break at 5% 
by weight of PEC content. However, the stress at break was improved in the presence 
of MCC at 3 phr and the PLA/PEC/MCC (90/10/3) composites had highest values, 
when increasing amount of MCC at 5 and 10 phr, which slightly changed value. 
Figure 121 displays the stress at break of PLA/PEC3300 blends without and with 
various MCC contents of 3, 5 and 10 phr in the different of PEC content. The results 
found that the incorporation of MCC could improve the stress at break of the blends at 
all compositions. 

 
(5) Percent strain at break  
Figure 122 shows the percent strain at break of the PLA/PEC3401 blends 

increased with adding PEC content at all compositions when respect pure PLA, the 
percent strain at break of pure PLA is 4 MPa and increasing up to 20% by weight of 
PEC. However, the incorporation of MCC decreased the percent strain at break with 
increasing MCC contents. These results may be that there is no adhesion between the 
PLA and MCC due to the SEM image showed that the holes around the matrix as 
shown in Figure 112.  
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Figure 120 Stress at break of PP/PEC3401 blends without and with MCC at different 
compositions. 
 

 
 

Figure 121 Stress at break of PLA/PEC3300 blends without and with MCC at 
different compositions. 
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Figure 122 Percent strain at break of PLA/PEC3401 blends without and with MCC at 
different compositions. 
 

 
 

Figure 123 Percent strain at break of PLA/PEC 3300 blends without and with MCC 
at different compositions. 
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5.2.3.3 Thermomechanical Analysis 
 The thermomechanical property of PLA/PEC blends without and with MCC 
was examined by DMA. The storage modulus of the PLA/PEC3401 and 
PLA/PEC3401/MCC (3, 5 and 10phr) at different composition is shown in Figure 
124. The storage modulus of pure PLA tended to decrease when the temperature 
increased and then sharply decreased after 60ºC, which is probably the Tg of PLA. 
The effect of MCC content in the blends showed that the storage modulus trend to 
similar pure PLA, this suggests that PLA control storage modulus. The storage 
modulus of PLA/PEC3401/MCC in a glassy state increased with increasing amount of 
MCC. This indicates the reinforcing capacity imparted by the fibers that the results in 
effective stress transfer from the fiber to matrix (Jandas, P. J., 2012). 

The storage modulus of the PLA/PEC3300/MCC composites at different MCC 
content is presented in Figure 125. The PLA/PEC3300 blends with 3 and 5 phr of 
MCC were lower storage modulus than the blends. When adding 10 phr of MCC, the 
storage modulus of PLA/PEC3300/MCC composites was increased when compared 
the blends at same composition in a glassy state. This indicates that the addition of 
MCC can improve the storage modulus of PLA/PEC blends of two types PEC. 

Figure 126 shows the tan delta as a function of temperature of pure PLA, 
PLA/PEC blends without and with MCC. The tan delta of pure PLA increased with 
increasing temperature. Pure PLA showed two peaks at 66°C and 105°C. Which the 
blends with MCC occurred the peak at same position. The addition of MCC had no 
effect on the glass transition temperature of the blends. 
 

5.2.3.4 Thermal Analysis 
(a) DSC analysis 

 Thermal properties of PLA/PEC/MCC blends with two types PEC at 10 phr of 
MCC were investigated by DSC. The behavior of PLA/PEC3401/MCC at the 
different temperatures was shown in Figure 128. The results revealed that the melting 
temperature was slightly shifted (about 2�C) at 20 and 30 wt% of PEC. Figure 129 
showed the DSC graph of /PEC3300/MCC blends. It can be seen the position of peak 
not chance when compared to the blends. This result indicated that the incorporation 
of MCC had no effect on the melting temperature of the blends.  
 The variation of percent crystallinity of PLA/PEC/MCC with two types PEC 
was summarized in Table 13. The results found that the percent crystallinity trend to 
decrease when increasing amount of PEC at 10 phr of MCC with compared to the 
blends. This may be due to the MCC destroy the crystallite formation of PLA, and 
lead to be lower of crystallinity than pure PLA (Yeng Fong Shin, 2011) 
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Figure 124 Storage modulus of PLA and PLA/PEC3401 blends without and with 
MCC at different compositions. 
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Figure 125 Storage modulus of PLA and PLA/PEC3300 blends without and with 
MCC at different compositions. 
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Figure 126 Temperature versus tan delta of PLA and PLA/PEC3401 blends without 
and with MCC at different compositions. 
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Figure 127 Temperature versus tan delta of PLA and PLA/PEC3300 blends without 
and with MCC at different compositions. 
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Figure 128 DSC graph of PLA/PEC3401 blends at different compositions. 
 

 
 

Figure 129 DSC graph of PLA/PEC3300 blends at different compositions. 
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Table 13 Melting temperature and percent crystallinity of PLA and PLA/PEC/MCC 
composites with two types of PEC at different compositions. 
 

Sample Melting Temperature 
(°C) 

Crystallinity (%) 

 PLA 151.4 22.4 
PLA/PEC3401/MCC   

95/5/10 151.4 14.4 
90/10/10 151.4 14.2 
80/20/10 151.4 12.6 
70/30/10 152.6 11.9 

PLA/PEC3300/MCC   
95/5/10 151.6 37.0 

90/10/10 151.4 63.5 
80/20/10 151.8 56.6 
70/30/10 151.6 39.1 

 
(b) TGA analysis  
The thermal stability of the pure PLA and PLA/PEC/MCC blends with two 

types of PEC at different composition were also analyzed by TGA. The 
decomposition (% weight loss) of the samples was monitored and recorded as a 
function of temperature. The temperature of 5, 10 and 50% weight loss of each blend 
composition are summarized in the Table 14. 

The TGA patterns of MCC added PLA/PEC system the results showed that the 
decrease in thermal stability of the blends at all compositions, as shown in Figure 130 
and Figure 131 The incorporation of MCC showed that the thermal stability decreased 
with increasing MCC when compared to the PLA/PEC blends. Due to the degradation 
process in MCC was about 200�C-500�C (Yun Lin, 2015). At 3, 5 and 10 phr of 
MCC in the blends showed that the degradation temperature slightly changed when 
compared to the blends without MCC.  

The effect of MCC when incorporating into PLA/PEC blends showed that the 
decomposition two steps. The first step in about temperature range 329�C-365�C, 
this step displayed the same trend to pure PLA, which the decomposition of PLA. The 
second step showed that the temperature range 380�C-460�C at all the blends, 
which the decomposition of PEC. This indicates that the presence of the MCC cannot 
improve the thermal stability of the PLA/PEC blends.  
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Table 14 Decomposition temperature of PLA and PLA/PEC/MCC composites with 
two types of PEC at different compositions. 

 

Sample Td5 Td10 Td50 
PLA 329.3 337.8 359.5 

    
PLA/PEC3401/MCC    

95/5/3 326.1 334.6 357.6 
90/10/3 326.4 335.4 357.5 
80/20/3 318.2 328.3 353.9 
70/30/3 317.8 328.0 356.0 

    
95/5/5 327.0 336.0 358.8 

90/10/5 325.0 334.8 358.0 
80/20/5 327.6 336.2 361.2 
70/30/5 329.0 339.0 364.3 

    
95/5/10 326.2 334.8 357.8 
90/10/10 326.8 335.3 359.1 
80/20/10 326.2 334.3 359.4 
70/30/10 324.4 334.3 361.3 

    
PLA/PEC3300/MCC    

95/5/3 325.0 334.0 357.4 
90/10/3 324.3 334.7 356.0 
80/20/3 329.0 337.9 362.8 
70/30/3 325.3 334.8 362.5 

    
95/5/5 324.6 333.7 356.7 

90/10/5 321.1 332.6 355.9 
80/20/5 324.8 334.2 359.2 
70/30/5 327.3 336.6 362.0 

    
95/5/10 322.3 331.6 354.8 
90/10/10 320.0 329.9 354.9 
80/20/10 323.1 332.3 358.2 
70/30/10 324.4 333.3 359.9 
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Figure 130 TGA curves of PLA, PEC3401 and PLA/PEC3401/MCC composites at 
different compositions. 
 

 
 
Figure 131 TGA curves of PLA, PEC3300 and PLA/PEC3300/MCC composites at 
different compositions. 
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5.2.4 PLA/PEC Blends without and with Organoclay and MCC 
5.2.4.1 Morphology 
The fracture surfaces of PLA/PEC3401/organoclay-DDA/MCC composites 

are presented in Figure 132. The morphology showed that the effect of organoclay-
DDA because the dispersed PEC phase was changed to homogeneous phase structure, 
however, it is observed that the MCC particle in the polymer phases (arrow indicated 
the MCC). The results indicated that the MCC did not affect to the morphology of the 
blends.  
 

  

  
(a) PLA/PEC3401/organoclay-

DDA/MCC 95/5/5/5 
 

(b) PLA/PEC3401/organoclay-
DDA/MCC 90/10/5/5 

  
(c) PLA/PEC3401/organoclay-

DDA/MCC 80/20/5/5 
(d) PLA/PEC3401/organoclay-

DDA/MCC 70/30/5/5 
 

 

 
Figure 132 SEM micrographs of PLA/PEC3401 (w/w) blends with organoclay-DDA 
and MCC. 
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5.2.4.2 Mechanical Properties 
(1) Young’s modulus 
Figure 133 shows the Young’s modulus of PLA/PEC3401 blends, 

PLA/PEC3401/organoclay-DDA, PLA/PEC3401/MCC and PLA/PEC3401/organo- 
clay-DDA/MCC composites. It is obvious that the Young’s modulus of 
PLA/PEC3401/organoclay-DDA higher than PLA/PEC3401/MCC. When adding 
both additives the results showed that the Young’s modulus lower respect to 
PLA/PEC3401/organoclay-DDA composites. The addition of both additives in the 
blends not improved the properties. However, at 20 and 30 wt% of PEC the addition 
of both additives showed the value higher than the PLA/PEC3401 blends, it is 
suggested that the effect of organoclay-DDA when adding MCC in the blend the 
value was dropped.  
 

(2) Tensile strength 
The tensile strengths of PLA/PEC3401 blends, PLA/PEC3401/organoclay-

DDA, POM/PP/MCC and POM/PP/organoclay-DDA/MCC composites at different 
composition are shown in Figure 134. It can be seen the tensile strength of 
PLA/PEC3401/MCC showed the value higher than PLA/PEC3401/organoclay-DDA 
composites when compared to the blends. This indicated that the incorporation 
between organoclay-DDA and MCC in the blends did not improve the tensile 
strength.  

 
(3) Stress at break 
The stress at break of PLA/PEC3401 blends, PLA/PEC3401/organoclay-

DDA, PLA/PEC3401/MCC and PLA/PEC3401/organoclay-DDA/MCC composites at 
different composition are shown in Figure 135. The results revealed that the stress at 
break of the blends with MCC was higher than blends with organoclay-DDA. 
However, the incorporation of both organoclay-DDA and MCC in the blends did not 
improve the stress at break of blends. 
 

(4) Percent strain at break  
The percent strain at break of PLA/PEC3401/organoclay-DDA, 

PLA/PEC3401/MCC and PLA/PEC3401/organoclay-DDA/MCC composites at 
different composition represents in Figure 136. The comparison between the blends 
with organoclay-DDA and the blends with MCC found that the percent strain at break 
of the blends with MCC was higher than the blends with organoclay-DDA at all 
compositions. However, the incorporation of both additives in the blends showed that 
the percent strain at break did not improve.  
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Figure 133 Young’s modulus of PLA/PEC3401 blends with organoclay-DDA and 
MCC at different compositions. 
 

 
 
Figure 134 Tensile strength of PLA/PEC3401 blends with organoclay-DDA and 
MCC at different compositions. 



144 
 

 

 
 
Figure 135 Stress at break of PLA/PEC3401 blends with organoclay-DDA and MCC 
at different compositions. 
 

 

 
Figure 136 Percent strain at break of PLA/PEC3401 blends with organoclay-DDA 
and MCC at different compositions. 
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5.2.4.3 Thermomechanical Analysis 
 The thermomechanical property of PLA/PEC3401/organoclay-DDA, 
PLA/PEC3401/MCC and PLA/PEC3401/organoclay-DDA/MCC composites was 
examined by DMA is shown in Figure 137. The effect of organoclay-DDA in the 
blends revealed that the storage modulus higher than the blends with MCC. However, 
the incorporation the both organoclay-DDA and MCC in the blends showed that the 
storage modulus higher than the PLA/PEC3401/organoclay-DDA and 
PLA/PEC3401/MCC. This indicates that the incorporations of both additives can 
improve the storage modulus of the blends.  
 Figure 138 represents the tan delta of PLA/PEC3401/organoclay-DDA, 
PLA/PEC3401/MCC and PLA/PEC3401/organoclay-DDA/MCC at different 
compositions. The tan delta of PLA/PEC3401/organoclay-DDA and 
PLA/PEC3401/MCC slightly shifted when compared to the blends. The addition of 
MCC in PLA/PEC3401 showed that the intensity higher than the 
PLA/PEC3401/organoclay-DDA. This may be MCC particles are able to hinder the 
crystallization process in PLA (Petersson, L., 2007).  
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Figure 137 Storage modulus of PLA/PEC3401/organoclay-DDA/MCC composites at 
different compositions. 
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Figure 138 Temperature versus tan delta of PLA/PEC3401/organoclay-DDA/MCC 
composites at different compositions. 
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5.2.4.4 Thermal Analysis 
(a) DSC analysis 
Thermal properties of PLA/PE3401/organoclay-DDA/MCC composites at 

different composition were investigated by DSC technique. Figure 139 shows DSC 
graph of the blends with both organoclay-DDA and MCC. The melting temperature of 
PLA/PEC3401/organoclay-DDA/MCC composites showed one melting peak in the 
heating DSC graph. The result revealed that the addition of the both additives in the 
blends slightly changed in melting temperature, as results summarized in Table 15. 
This suggested the organoclay-DDA and MCC had no effect on the melting 
temperature of the blends. 

The percent crystallinity of PLA/PE3401/organoclay-DDA/MCC composites 
trend to decreased after added both additives in PLA/PE3401 blends.  

 

 
 
Figure 139 DSC graph of PLA/PEC3401/organoclay-DDA/MCC composites at 
different compositions. 
 

(b) TGA analysis  
Figure 140 displays the TGA curves of PLA/PEC3401/organoclay-DDA, 

PLA/PEC3401/MCC and PLA/PEC3401/organoclay-DDA/MCC composites. It can 
be seen that all samples showed the same degradation behavior in the temperature 
range of 380�C-480�C. The decomposition of PLA/PEC3401/organoclay-
DDA/MCC composites trend to similar PLA/PEC3401/organoclay-DDA and 
PLA/PEC3401/ 
MCC shows two degradation steps, the first starting between 275-380 °C for 
organoclay-DDA and MCC in PLA matrix, the second region between 380-475 °C for 
PEC3401 in the blends. The incorporation both additives did not improve the thermal 
stability of the PLA/PEC3401 blends. 
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Figure 140 TGA curves of PLA/PEC3401/organoclay-DDA/MCC composites at 
different compositions. 
 
Table 15 Melting temperature and percent crystallinity of PLA/PEC3401/organoclay-
DDA/MCC composites at different compositions. 
 

Sample Melting 
Temperature (°C) 

Crystallinity (%) 

PLA/PEC3401/organoclay-DDA/MCC   
95/5/5/5 153.3 21.8 

90/10/5/5 152.8 10.8 
80/20/5/5 153.1 16.2 
70/30/5/5 153.6 22.4 
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Table 16 Decomposition temperature of PLA, PLA/PEC3401/organoclay-DDA 
PLA/PEC/MCC and PLA/PEC301/organoclay-DDA/MCC composites. 

Sample Td5 Td10 Td50 
PLA  329.3 337.8 359.5 

 
PLA/PEC3401/organoclay-DDA    

95/5/5 322.2 334.1 359.4 
90/10/5 325.3 337.6 361.4 
80/20/5 327.5 339.2 362.9 
70/30/5 319.2 334.0 362.8 

 
PLA/PEC3401/MCC    

95/5/5 327.0 336.0 358.7 
90/10/5 325.0 334.8 358.0 
80/20/5 327.6 336.2 361.2 
70/30/5 329.0 339.0 364.3 

 
PLA/PEC3401/organoclay-DDA/MCC    

95/5/5/5 324.6 335.4 359.9 
90/10/5/5 324.2 335.6 360.7 
80/20/5/5 335.6 333.8 361.8 
70/30/5/5 360.7 338.2 365.5 
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CHAPTER 6 
 

CONCLUSIONS 
 
 

6.1 POM/PP System 
 

6.1.1 POM/PP Blends without and with Organoclay 
The blends between POM and PP revealed that the immiscible morphology. 

The addition of PP into POM did not improve the mechanical properties and had no 
effect on the melting temperature of the blends due to two polymer has similar Tm. 
The percent crystallinity and storage modulus trended to decrease when increased PP 
contents. The thermal stability of the blends improves which confirmed by the 
decomposition temperature is higher when compare to POM.                                                 

The incorporation of organoclay at all types improved the compatibility of 
POM/PP blends and led to better mechanical properties. The percent crystallinity of 
the blends increased with adding the organoclay. However, the addition of organoclay 
did not improve the thermal stability of the blends.    

 
6.1.2 POM/PP/MCC Composites 
The morphology of POM/PP blends did not changeafter adding MCC content. 

The mechanical properties did not improve when adding MCC in the blends, but 
showed a slightly improvement of the Young’s modulus. The thermal stability of the 
blends decreased with increasing MCC contents. However, the incorporation of MCC 
in the blends showed that the storage modulus was improved. 

 
6.1.3 POM/PP/Organoclay-DDA/MCC Composites 

 The incorporation of both additivesorganoclay-DDA and MCC can 
improvethe morphology of the blends, due to the effect of organoclay-DDA. The 
mechanical and thermal properties did not improve when added both additives. The 
improvement of the storage modulus due to the stiffness of organoclay layers, the 
constraining effect of layers on motion of polymers chains. However, the both 
additives did not effect on the melting temperature of the blends. 
 
6.2 PLA/PEC System 

 
6.2.1 PLA/PEC Blends 
The PEC two types can improve the impact strength of PLA. The impact 

strength of PLA/PEC3300 blends was higher than PLA/PEC3401blends. The 
mechanical properties of the blends did not improve, due to the phase separation 
between two polymers. However, the percent strain at break increased with adding 
PEC in the blends. This may be due to the flexibility of PEC. The PEC did not effect 
on the melting temperature of PLA.  
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6.2.2 PLA/PEC/Organoclay-DDA Composites 
The effect of organoclay on the morphology ofPLA/PEC blends with two 

types found that the size of dispersed PEC phase decreased with increasing the 
organoclay. The Young’s modulus and storage modulus were increased after adding 
organoclay. While impact strength, tensile strength, stress at break and percent strain 
at break were decreased when adding the organoclay. The incorporation of 
organoclay-DDA had noaffect the glass transition and meltingtemperature of the 
blends due to no interfacial interaction between PLA and elastomers. 

 
6.2.3 PLA/PEC/MCC Composites 
The addition of MCC in PLA/PEC blends with two types showed that the 

incompatibility between MCC and polymer blends. The increase of MCC content 
displayed the MCC particle aggregates, which affected the decrease of impact 
strength and percent strength.The storage modulus and stress at break were increased 
after adding MCC. The results revealed slightly changed the Young’s modulus and 
tensile strength. On the other hand, the incorporation could not improve the thermal 
stability of PLA/PEC blends.  
 

6.2.4 PLA/PEC/Organoclay-DDA/MCC Composites 
The incorporation of both additives organoclay-DDA and MCC in the 

PLA/PEC with two types of PEC can improve the morphology of the blends, due to 
the effect of organoclay-DDA. The mechanical and thermal properties did not 
improve when adding both additives. The decomposition temperature decreased with 
adding both additives organoclay-DDA and MCC in the blends. 
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NOMENCLATURE 

Abbreviations  
ABS Acrylonitrile butadiene styrene 
APS 3-Aminopropyltriethoxysilane  
BF Banana fiber 
CNF Cellulose nanofibers  
CNW Cellulose nanowhisker  
DMA Dynamic mechanical thermal analysis  
DSC Differenctial scanning calorimetry  
d5 Decomposition temperature of 5% weight loss 
d10 Decomposition temperature of 10% weight loss 
d50 Decomposition temperature of 50% weight loss 
E′ Storage modulus  
E″ Loss modulus  
∆Hm Heat of fusion  
HDPE High density polyethylene  
HIPS High impact polystyrene  
MCC Microcrystalline cellulose  
MS 3-(Trimethoxysilyl)-1-propanethiol  
NaMMT Sodium montmorillonite 
OMMT Organophilic montmorillonite  
organoclay-DDA montmorillonite clay surface modified with 35-45 wt% 

dimethyl dialkyl (C14-C18) amine 
organoclay-DHA montmorillonite clay surface modified with 25-30 wt% methyl 

dihydroxy-ethyl hydrogenated tallow ammonium 
organoclay-TSA montmorillonite clay surface modified with 25-30 wt% 

trimethylstearyl ammonium 
PA6 Polyamide 6  
PC Polycarbonate  
PCDI Polycarbodiimide 
PE-AA HDPE-graft-acrylic acid  
PEC3300 Propylene-ethylene (12 wt%) copolymers 
PEC3401 Propylene-ethylene (15 wt%) copolymers 
PEG400 Poly (ethylene glycol)  
PHBV Polyhydroxybutyrate-valerate  
PLA Poly (lactic acid)  
PMMA Polymethylmethacrylate  
POM Polyoxymethylene 
PP Polypropylene  
PP-g-MA Polypropylene grafted with maleic anhydride  
PS Polystyrene  
PVOH Polyvinyl alcohol  
SAN Poly(styrene-co-acrylonitrile)  
SEI Scanning electron image 
SEM Scanning electron microscopy  
Si69 Bis-(3-triethoxy silyl propyl) tetrasulfane  
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Tc Crystallization temperature  
Tg Glass transition temperature  
Tm Melting temperature Tm 
tanδ Mechanical damping parameters  
TEM Transmission electron microscopy  
TGA Thermogravimetric analysis  
TNPP Tris (nonyl phenyl) phosphate  
TPS Thermoplastic starch TPS 
XRD X-ray diffectometer  
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