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ABSTRACT 

Polyurethanes (PURs) are highly adaptable polymeric substances with a variety of physical and 

chemical attributes. High abrasion resistance, tear strength, shock absorption, flexibility, and elasticity 

are just a few of the desirable qualities of PURs. Despite their generally low thermal stability, this can 

be enhanced by utilizing clay that has been treated. From renewable resources, polyurethane/clay 

nanocomposites have been created. By combining oleic acid from palm oil with glycerol, a polyol for 

the manufacture of polyurethane by reaction with an isocyanate was created. As a catalyst and 

emulsifier, dodecylbenzene sulfonic acid (DBSA) was employed. Octadodecylamine (ODA-mont) 

and cetyltrimethyl ammonium bromide (CTAB-mont) were used to treat the unaltered clay (kunipia-

F).  The d-spacing in CTAB-mont and ODA-mont were bigger than that of the pure-mont (1.142 nm) 

at 1.571 nm and 1.798 nm, respectively. A pre-polymer technique was used to create 

polyurethane/clay nanocomposites, and the micro-domain structures of segmented PU, CTAB-mont-

PU 1, 3, and 5 wt%, and ODA-mont-PU 1, 3, and 5 wt% were determined by FTIR spectra. X-ray 

diffraction (X-RD) was used to evaluate the nanocomposites' morphology, and the results revealed 

that all of the intercalated type's nanocomposites were created as a result of this effort. When the 

surfaces of the materials were examined using transmission electron microscopy (TEM) observation 

and scanning electron microscopy (SEM), these were further confirmed. Thermogravimetric analysis 

(TGA) was used to examine thermal stability.Pure PU begins to degrade around 200°C, which is lower 

than the degrading rates of CTAB-mont PU and ODA-mont PU, which occur at roughly 318°C and 

330°C, respectively. Both pure polyurethane (PU) and PU/clay nanocomposites have their mechanical 

properties, including dynamic mechanical properties, tested. With only a 5 weight percent addition of 

the montmorillonite CTAB-mont PU or ODA-mont PU, respectively, the tensile strength of the 

nanocomposites increased by more than 214% and 267%, respectively, demonstrating the 

impressively positive impact of the modified organoclay on the strength and elongation at break of 

the nanocomposites. 

Keywords: Clay,Palm Oil, Polyurethane 

 

INTRODUCTION 

       Manufacturing of high molecular 

weight polyurethane elastomers (PUs) needs 

at least two groups as reactants: compounds 

with isocyanate groups (polyisocyanates, -

NHCO-O-) and compounds with hydroxyl 

groups (polyethers, polyester, etc). PUs are 

very important products related to their high 

hardness for given modulus, high abrasion 

and chemical resistance, excellent 

mechanical and elastic properties [Petrovic 

and Ferguson, 1991]. 

Currently, majority of the hydroxyl groups 

or most called polyols used for making 

polyurethane are derived from 

petrochemical products. Petrochemicals are 

based on finite resources of which, 

optimistic calculations assumed an 

availability of mineral oil for approximately 

50 years. Sooner or later new alternative 

resources should be prepared or explored. 

Many years ago, price of mineral oil are as 

low as compared to the bio-based materials. 

That is why research on the use of renewable 

resources is not of the public interests. But 

in the event of oil crisis and unpredictable 

price, we must pay more attention on finding 

an alternative from fossil which is finite to 

renewable bio-based resources. Amongst 
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advantages of bio-based materials are their 

biodegradable, non-toxicity, non-

carcinogenicity and renewable resources 

which are very close to green 

environmental, because almost all of them 

are coming from agricultural products 

[Warwel et al., 2001]. Since it was first 

synthesized in 1853, many studies on the 

production of polyol from agricultural 

products were carried out [Lu et al., 2005;  

Latere Dwan’isa et al, 2004; Silva Araújo et 

al., 2004; Uyama et al., 2003]. In the present 

studies, we are more interested in  exploring 

about the potential of using palm oil as raw 

materials in polyol production since, almost 

80% of worldwide production renewable 

resources are based on plants oils, i.e. 

soybean oil, palm oil, sunflower oil, olive 

oil, tung seed oils etc. Despite the versatility 

of PUs, they also have some limitations 

notably having lower thermal stability 

compared to other polymers. In order to 

solve this problem, we can employ modified 

clay montmorillonite (MMT) in the 

formulations for certain applications. For 

example, by adding minimum amount (<10 

wt. %) of MMT in the formulation, the 

mechanical and thermal properties of the 

composites could be enhanced significantly 

[Wang et al., 2002]. great profits for the 

community given the  
 

RESEARCH METHODS 

       This chapter details the preparation and 

characterization of polyol based on palm oil, 

synthesis of polyurethane based on palm oil, 

preparation and characterization of 

organophilic clay and lastly synthesis and 

characterization of Polyurethane/clay 

nanocomposites based on palm oil polyol. 

The properties of polyol were determined 

using fourier transform infrared spectra 

(FTIR) and gel permeation chromatography 

apparatus (GPC). Organophilic clay was 

analysis using the X-ray diffraction (X-RD) 

as an effective method for examining the 

crystal structure of pristine clay and clay 

nanocomposites. Finally, Polyurethane/clay 

nanocomposites were monitored by a pre-

polymer method and were evaluated by 

fourier transform infrared spectra (FTIR) to 

determine micro-domain structures. The 

morphology of the nanocomposites was 

characterized by X-ray diffraction (X-RD) 

and flame retardant was investigated with 

thermogravimetric analysis (TGA). The 

mechanical properties are analyzed by using 

instron and dynamic mechanical analysis 

(DMA). Materials used in this study were: 

Kunipia F (supplied by Kunimine Ind. Co. - 

it is a Na+ type montmorillonite, with a 

cation exchange capacity of 119 meq/100 g), 

4,4-diphenylmethane diisocyanate (MDI, 

Merck), polyol based on palm oil (patent 

application no. PI20043190, used materials 

i.e. : palm oil based oleic acid ; glycerol, 

systerm ;4-dodecylbenzenesulfonic acid, 

fluka ;extruded 3A molecular sieve, 

Aldrich), 1.4-butanediol (1,4-BDO, Fluka), 

cetyltrimethyl ammonium bromide (CTAB, 

Fluka), octadodecylamine (ODA, Merck) 

and dimethylformamide (DMF, 99%, 

Fisher) as a solvent. Other inorganic and 

organic materials that were used in this 

study were obtained from commercially 

available source, such as : Natrium Chlorid 

(NaCl, Merck), Ethyl Alcohol (C2H5OH, 

95%, Systerm) and Dioxane (Mallinckrodt) 

.  

       The experiments were carried out in a 

250 ml three-necked flask fitted with a 

mechanical stirrer and a cooling system. The 

operation conditions were as follows: oleic 

acid, glycerol, dodecylbenzene sulfonic acid 

(DBSA), and an extruded 3A molecular 

sieve. After filtration to remove the 

molecular sieves, the reaction mixture was 

washed with a solution of NaCl to remove 

excess glycerol. Polyol based on palm oil 

was prepared by the reaction of oleic acid 

and glycerol. Since the two reactants are not 

miscible, need to added additives to favor 

contact between them. Surfactant such as 

CTAB or DBSA will be producing a 

homogeneous reaction. In this case, DBSA 

choose as emulsifier in this system. Because 

DBSA can work in dual action, as emulsifier 

and as catalyst. In the presence of DBSA, all 

esters of glycerol are formed. Although the 

conversion of oleic acid was elevated, little 
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glycerol monooleate was formed [Eychenne 

and Mouloungui, 1999].  

The polyurethane-terminated prepolymer 

was prepared by reacting MDI and polyol at 

a specified NCO/OH equivalent ratio by 

using the following procedure. Polyol (12 

grams) in DMF was placed in a 0.5L glass 

reaction kettle, which was equipped with a 

mechanical stirrer, thermometer, heating 

mantle and a gas inlet and outlet for 

continuous flow of nitrogen. When the 

temperature of the isocyanate reached 70oC, 

MDI (6 grams) was added in several 

portions to the reactor under constant 

mixing. The reaction temperature was 

maintained at 70oC to 80oC and periodic 

samples were withdrawn to determine the 

isocyanate content. After the theoretical 

NCO% value was reached (using FTIR 

graph), the reaction was stopped by cooling 

and the prepolymer stored in a sealed glass 

bottle under nitrogen. In the second step, the 

prepolymer was heated at 90-100oC and a 

specified amount of the prepolymer was 

weighed into a 250 ml plastic cup. The chain 

extender (1,4 -BDO) (1.08 grams), which 

was preheated at 100oC, was added to the 

prepolymer under vigorous mixing. The 

TPU films were formed by casting the 

solution in a mold and remove the solvent 

under pressure at 70oC. The flow diagram 

for preparation of polyurethane is shown in 

Figure 1. 

 6 grams

4,4'-diphenylmethane diisocyanate (MDI)

pre-polymer  polymerization

12 grams

Poly (tetramethylene adipate) glycol (PTMEG)

+

+

dissolved in DMF solvent Heated at 90
o
C 

Stirrer for 2.5 hrs

 1.08 grams 

1,4 - Butanediol

+

Heated at 90
o
C 

Rapid stirrer for 10 min

more stirring at room temperatur for 3 hrs 

Polyurethane film were formed by casting the solution in a mold 

and then removing the solvent at 70
o
C

Next steps

 
Figure 1 Synthesis of Polyurethane 

 

An amount of 0.05 mol (18.2 grams) of cetyl 

trimetyl ammonium bromide (CTAB) and 

250 mL of distilled water were placed in a 

500 ml beaker. These solutions were heated 

at 80oC for 1 h.  Twenty (20) grams of 

Kunipia-F and 500 ml of distilled water 

were dispersed in a 1000 ml beaker. The 

dispersion of Kunipia-F was added to the 

solution of ammonium salt of CTAB, and 

this mixture was stirred vigorously for 1 h 

[Yano et al., 1993]. The treated Kunipia-F 

was repeatedly washed by distilled water. 

The filtrate was titrated with 0.1 N AgNO3 

until there is no chloride or bromide present. 

The filter cake was then placed for drying in 

an oven at 60oC. The organophilic Kunipia-

F was ground and particles of size less than 

100 μm were collected by using sieve tray 

for preparation of nanocomposite. The 

product was termed CTAB-mont. For the 

preparation of octadecylamine (ODA-

mont), a similar procedure as for the 

preparation of CTAB-mont was adopted. 

The flow diagram for preparation of 

organoclay is shown in Figure 2.2. 

 
KUNIPIA -F

600 ml H2O Stirring

CTAB

250 ml H2O 

Heating 80
o
C

Stirring

Filtrate and washed 

with hot distilled 

water

+ +

Chloride Test

Yes No

Washed with hot distilled 

water untill there is no 

chloride or bromide 

present

Dryed in oven 60
o
C

Dryed in oven 60
o
C

 
Figure 2 Synthesis of organophilic clays 

 

Polyurethane/clay nanocomposites were 

prepared by melt blending [Figure 2]. In this 

study, the amounts of organoclay used in the 

PU/clay nanocomposites were 1, 3, 5 wt% of 

polyurethane, respectively. The total volume 

in each blending was 40 gr. Mixings were 

carried out using a laboratory internal mixer 

(Haake Polydrive) at temperature setting of 

80oC and a rotor speed of 50 rpm. The 
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compounds were then compressed using 

HSINCHU moulded into 1 mm thickness 

sheets under a pressure of 98 x 105 Pa at 

100oC to produce sample sheets [Figure 

3.4]. Similar procedures were done for 

ODA-mont. The physical appearance of clay 

treated and polyurethane/ clay 

nanocomposite in inserted in Figure 3 

 
Figure 3 Thermo Haake Polydrive machine  

 

3. RESULTS AND DISCUSSION 

       This chapter presents the result and 

discussion of the synthesis of polyurethane 

based on palm oil polyol, preparation of 

untreated clay to be clay nanocomposites 

with difference surfactants i.e. cetyl 

trimethyl ammonium bromide (CTAB) and 

Octadecylamines (ODA), synthesis of 

polyurethane based on palm oil polyol as 

metric with clay nanocomposites as 

reinforcement, and determine the efficiency 

of thermal resistance of polyurethane/ clay 

nanocomposites with using 

thermogravimetric analysis (TGA). The 

result of investigation to determine the 

micro-domain structures of segmented PU 

and PU/clay nanocomposites were evaluated 

by fourier transform infrared spectra (FTIR). 

The mechanical properties in term of their 

tensile properties, including the dynamic 

mechanical properties of pure polyurethane 

(PU) and PU/clay nanocomposites, were 

measured. Wide angle x-ray diffraction 

techniques were utilized to explore the 

extent of dispersion of clay in filled systems. 

Furthermore, the molecular weights of 

materials were determined by Gel 

Permeation Chromatography apparatus. 

Manufacturing polyurethane elastomers 

(PUEs) needs at least two groups as 

reactants: compounds with isocyanate 

groups and compounds hydroxyl groups 

(polyols).  In this study, we are using palm 

oil as raw materials for production polyol. 

Oleic acid and glycerol was synthesized by 

direct esterification in the absence of 

solvent. Since the two reactants are not 

miscible, additives was employed to favor 

contact between them. The employed 

additives can produce a homogeneous 

reaction system also and dodecylbenzene 

sulfonic acid (DBSA) selected as it has both 

emulsifying and catalytic activity [Eychenne 

and Mouloungui, 1999].  

       The preparation of polyol from palm oil 

based oleic acid and glycerol was monitored 

by FTIR spectroscopy. Some notable 

features of the IR spectra include 3384.940 

(vO-H), 2926.140 (vC-H saturation), 

1741.362 (vC=O), 1462.932 (vCH=CH) and 

1174.186 and 1039.892 cm-1 (v C-O-C) are 

presented in Figure 3.1 The micro domain 

structures of the segmented PU were 

analyzed by FTIR as shown in Figure 4.2. 

These steps a process synthesis of 

polyurethane based on palm oil polyol. The 

collect data start from 0 hour which the peak 

of isocyanate still in full and finished of 

synthesis if the peak of isocyanate were 

disappearances (7 hrs). Following the work 

by Nunes et al (2000) the degree of phase 

separation in segmented PU can be 

estimated.The main regions interested in the 

study are –NH absorption peak at 3320 cm-1 

was due to hydrogen bonded –NH groups of 

urethane linkages. The hydrogen bonding 

was constituted as proton donor and the 

oxygen in carbonyl of the hard segment and 

in ether linkages as soft segment. The 

formation of hydrogen bonding by –C=O 

group can be determined by examining the 

peak position at 1709 cm-1 for hydrogen 

bonded –C=O and at 1731 cm-1 for free –

C=O similar results were reported by  Chen 

(2000).  
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Figure 4 The FTIR spectra of the 

synthesized polyol based on palm oil  

 

 
Figure 5 The FTIR spectra of the synthesis 

polyurethane based on palm oil polyol 

 

The molecular weight (MW) of polyol was 

obtained by using gel permeation 

chromatography (GPC). The GPC is also 

termed size exclusion chromatography 

(SEC). As suggested by the names, the 

mechanism of separation in GPC/SEC is 

based on apparent size differences among 

the sample components in solutions.There 

are many techniques for determining the 

various molecular weight average [Lobo, 

2003] such as Number average (Mn), can be 

obtained by membrane osmometry or end-

group analysis, Weight average (Mw) is 

determined by light scattering, while Z and 

Z+1 averages (Mz and Mz+1) are measured 

by ultracentrifugation. But GPC is unique in 

that all these averages can be obtained in a 

single analysis. 

The GPC result of polyol is given in Figure 

4 It shows that all the data of various 

molecular weight average appearance in the 

below of graphic. The GPC data tabulated 

possesses the molecular weight averages 

was about Mw = 955 and Mn = 679. This 

gives dispersity value of 1.4. From the data 

also show the result of Mz  was about 1256. 

The Mw value that is vital in the synthesis of 

PU, i.e., the isocyanation process between 

polyol, MDI and 1,4-BDO.The molecular 

weight (Mw) of PU based on palm oil was 

about 3266 [ Figure 4.4]. Mn of the products 

has become 1425 and Mz become 10090. 

The corresponding dispersity value is 2.29. 

That is, there is an overall increase in the 

molecular weight of the sample synthesized. 

The increase molecular weight value 

indicating that product is high polymers. 

      The value in determining the different 

molecular-weight averages is related to the 

influence the various molecular-weight 

fractions have on properties and behavior 

(Gopakumar and Gopinathan, 2006). For 

example, additional high-molecular 

polymer chains may change the flexibility of 

the polymer to a much greater extent than 

the same number of low-molecular chains in 

the material. Raising the molecular weight 

to higher power in the calculation of Mz than 

in the calculation of Mn reflects the greater 

influence of these longer chains. Mz is 

related to elongation and flexibility, while 

Mn is related to brittleness and flow 

properties. Meanwhile Mw is related to 

characteristics such as tensile strength and 

impact resistance (Lobo, 2003). 

      The structure of the segmented 

polyurethane molecule can be classified into 

two phases: soft segment and hard segment. 

Soft segment is obtained by reacting polyol 

and hard segment is coming from 

isocyanate. Hard segment associate into 

rigidity and hydrogen bonding, meanwhile 

soft segment most conjugated with 

flexibility (Petrovic and Ferguson, 1991). 

In the case of synthesis of polyurethane 

elastomers, the structure segmented 

polyurethane is important parameters for 

control of physical properties. GPC is most 

measurements to determinant the segmented 

of polyurethane by calculated of molecular 

weight of the hard segment concentration 

(HSC) and calculated soft segment 

concentration (SSC).  
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Figure 6 The GPC profiles of the polyol 

based on palm oil 

 
Figure 7 The GPC profiles of the   synthesis 

polyurethane based on palm oil polyol 

The flexible (soft) segments in polyurethane 

elastomers greatly influence the elastic 

nature of the material and significantly 

contribute to its low temperature properties 

and extensibility. Therefore the parameter of 

soft segment is highly important. 

Furthermore crystallinity, if any, the melting 

point, and the possible ability to crystallize 

with strains, will also certainly influence the 

ultimate mechanical properties [Jia et al, 

2007] 

      The hard segments in polyurethanes 

typically consist of an isocyanate and chain-

extender glycol or amine components. 

Structure of the diisocyanate can have a 

critical influence on the properties of 

thermoplastic polyurethanes, such as  

highest levels of modulus, tear, and tensile. 

The diisocyanate structure apparently 

influences the ability of the hard segments to 

pack more regularly and consequently to 

have higher intermolecular hydrogen bond 

interaction and s stronger physical network 

[Chun et al, 2006]. 

PUs posses good mechanical properties such 

as high abrasion resistance, tear strength, 

flexibility and elasticity. However, they also 

have some limitations by having lower 

thermal stability compared to other 

polymers. In order to solve this problem, we 

can employ modified clay montmorillonite 

(MMT) in the formulations for certain 

applications, because by adding minimum 

amount of MMT (<10 wt. %) in the 

formulation, the mechanical and thermal 

properties of the composites could be 

enhanced significantly [Chen et al., 2001]. 

Natural montmorillonite has a layered 

structure made up of disc shaped silicate 

layers with dimensions of approximately 

100 nm in diameters, and 1 nm in thickness. 

Montmorillonite based clay is hydrophilic 

and lacks affinity with hydrophobic organic 

polymers, ion exchange reactions of 

montmorillonite with various organic 

cations such as alkylammonium cations 

rendered the originally hydrophilic silicate 

surfaces hydrophobic. 

 If montmorillonite containing sodium ions 

between its layers is dispersed in water, it 
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turns into a state in which the silicate layers 

swell uniformly. If the ammonium salt of 

alkylamine is added to this aqueous mixture, 

then the alkylammonium ions are exchanged 

with the sodium ions. As a result of this 

reaction, clay forms in which the 

alkylammonium ions are intercalated 

between the layers. Because the silicate 

layers in the clay are negatively charged, 

they bond with the alkylammonium ions 

through ionic bonding if an ammonium salt 

is injected. If the length and type of the alkyl 

chain are changed, the hydrophilic and 

hydrophobic characteristics and other 

characteristics of this organophilic clay can 

be adjusted such that surface modification of 

the clay becomes possible. Furthermore the 

replacement of inorganic exchange cations 

by organic sodium ions can cause the clay 

galleries.  

       The WAXD was used to examine the 

extent of dispersion of clay in the filled 

samples. It was also used to measure the 

silicate layers distribution of the modified 

clays in the polymer matrix. The 

montmorillonite (Kunipia-F or termed pure-

mont) that was modified with cetyltrimethyl 

ammonium bromide (CTAB) and 

octadodecylamine (ODA) are termed 

CTAB-mont and ODA-mont. In Figure 4.5, 

the d-spacing in CTAB-mont and ODA-

mont are 1.571 nm and 1.798 nm, 

respectively, being larger than that of the 

pure-mont, 1.142 nm. These indicate that 

both CTAB and ODA were successfully 

intercalated into the silicate layer. 

 
Figure 8 The WAXD pattern of pure-PU 

 

Na+ type montmorillonite is composed of 

sodium ions and negatively charged 

montmorillonite. It disperses 

homogeneously in water, but it does not 

blend direct in polymer because 

montmorillonite is too hydrophilic. The 

hydrophilicity of montmorillonite should be 

reduced to allow blend in polymer. As 

montmorillonite has an excess negative 

charge, it can be combined with organic 

cations to yield organophilic 

montmorillonite with organic cations. The 

scheme is shown in Figure 8 

 
10A

2000 oA

Na+ -type montmorillonite

Na+

Montmorillonite

H
2
O

Intercalating

reagent

PUs

Organophilic montmorillonite

 
Figure 9 Dispersive behavior of 

montmorillonite 

 

Figure 8 and 9 present three series WAXD 

curves of CTAB-mont-PU and ODA-mont-

PU that were corresponded to polyurethane 

clay nanocomposites based on palm oil. In 

that graphs the appearance of WAXD peaks 

(2 = 2-10o) in 1, 3, and 5% CTAB-mont-

PU indicated that these organoclay were 

completely intercalated in polyurethane as 

matrix. The similar results were obtained for 

1, 3, and 5% ODA-mont-PU and as shown 

in Figure 3.8, the intercalated could also be 

obtained.  

 
Figure 10 The WAXD pattern of CTAB-

mont-PU 
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Figure 11 The WAXD pattern of ODA-

mont-PU 

 

In the case of 1% CTAB-mont-PU, a very 

small peak was observed at 2  = 4.82o (d-

spacing = 1.868). With the increasing the 

clay content, the peak becomes stronger and 

exhibits a sharp increased peak toward the d-

spacing 2.055 nm for 5% CTAB-mont-PU. 

From the calculation, it was clearly shown 

that the interlayer spacing of ODA-mont-PU 

is higher than CTAB-mont-PU. The 

different swollen spacing in these two 

organoclays are attributed to the respective 

size of the swelling agent, with the size of 

octadodecylamine being larger than of 

cetyltrimethyl ammonium bromide [Chen et 

al., 2000]. Table 3.1 summaries the d-

spacing and 2  (degree) for CTAB-mont-

PU and ODA-mont-PU. 

Table 3.1 :Summary of the d-spacing (nm) 

and 2 (degree) for Pure Kunipia, CTAB-

mont, ODA-mont, CATB-mont-PU and 

ODA-mont-PU    

 
The microdomain and the hydrogen bonding 

of segmented PU and the PU/clay were 

analyzed FTIR. It was found that the 

positions of peaks for distinctive functional 

groups in the IR spectra of the pure PU and 

PU/clay nanocomposites are identical, 

which means that the chemical structures of 

polyurethane had not been affected by the 

presence of organoclay, which implied that 

either the organic modified silicate layers 

did not react with the PU molecules or 

reactions between organic modified silicate 

layers, thus indicating that PU did not cause 

any detectable change by FTIR.   

 

 
Figure 12 The FTIR spectra of pure PU 

and 1,3,5% CTAB-mont-PU 

 

 
Figure 13 The FTIR spectra of pure PU and 

1,3,5% ODA-mont-PU 

 

Therefore, the effect of the intercalated 

silicate layers on the degree of phase 

separation in polyurethane can be 

determined solely from the extent of 

hydrogen bonding in the hard segments and 

the degree of hydrogen bonding in these 

polyurethane nanocomposites can be 

obtained from their IR spectra also. 

From the investigation by Pattanayak and 

Jana (2005)   that has been studied the nature 

and behavior of hydrogen bonding in 

segmented polyether and polyester urethane 

elastomers, it has been concluded that at 

3320 cm-1 peak and 3480 cm-1 peak in the IR 

spectra of pure PU are due to hydrogen 

bonded –NH groups and free –NH groups 
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respectively. The hydrogen bonding was 

constituted by the –NH groups being as 

proton donor and oxygen in carbonyls of the 

hard segment and in ethers of the soft 

segment as proton acceptors. The formation 

of hydrogen bonding can be determined by 

examining the peak position of free urethane 

carbonyl and hydrogen bonded carbonyl. 

The peak at 1733 cm-1 is assigned to free the 

urethane carbonyl, while the peak at 1703 

cm-1 is due to hydrogen bonded carbonyl 

[Tien and Wei, 2001 ; Dai et al., 2004]. The 

standard assignment of vibration modes the 

absorption band of these groups are listed in 

Table 3.2. 

Table 3.2 : Assigments of the Absorption 

Bands in FT-IR Spectra of  Polyurethane 

(modified from Pattanayak and Jana (2005) 

; Tien and Wei, 2001  ; Dai et al., 2004 )    

 
The degree of the carbonyl groups 

participating in hydrogen bonding can be 

described by the carbonyl hydrogen bonding 

index, R, as given in Eq. (4.1). 

 

1733

1703

A

A

C

C
R

freefree

bondedbonded 



 …………. (4.1) 

 

where A is the intensity of the characteristic 

absorbance, C is the concentration and 

bonded and free are the extinction coefficients 

of the bonded and the free carbonyl groups, 

respectively. The value of bonded / free was 

between 1.0 and 1.2 [Jia et al. 2007 ; 

Rekondo et al. 2006]. In this study, the value 

of bonded / free is taken as 1.0, and the 

carbonyl hydrogen bonding index is directly 

equal to the ratio of the normalized 

absorbance intensity in 1703 cm-1 to that in 

1733-1. The degree of hard segment linking 

hard segment (degree of phase separation, 

DPS) and the degree of hard segment linking 

soft segment or silicate layers (degree of 

phase mixing, DPM) can be obtained readily 

by using Eqs. (4.2) and (4.3), respectively 

[Chen et al., 2000]. 

1





R

R

CC

C
DPS

freebonded

bonded ..…...(4.2) 

DPSDPM 1 …………………(4.3) 

 

Table 4.3 :  Absorption of carbonyl and 

degree of phase separation 

       
Based on these calculations, the DPS and 

DPM values of organoclay/PU 

nanocomposites are given in Table 4.3. As 

indicated in Table 4.3, the phase separation 

ratio in pure PU is about 52%. There was 

almost no change in DPS and DPM of all 

CTAB-mont/PU and ODA-mont/PU 

nanocomposites, indicating no dependence 

on the amount of added organoclay. This can 

be explained by an uniform dispersion of 

intercalated silicate layers of organoclay in 

the nanometer scale in PU matrix, which 

cannot be matched by the classical 

composite materials. Similar phenomena 

were also observed by Pattanayak and Jana 

(2005 a); Gorrasi et.al. (2005). 

      The MW of pure PU and PU/ clay 

nanocomposites are given in Table 4.4. Pure 

PU had MW of 3915.19, 1% CTAB-mont-

PU had MW of 4160.33, 3% CTAB-mont-

PU had MW of 4360.29 and 5% CTAB-

mont-PU had MW of 4417.25 while 1% 

ODA-mont-PU had MW of 4245.12, 3% 

ODA-mont-PU had MW of 4429.45 and 5% 

ODA-mont-PU had MW of 4610.11. In each 

case, corresponding to the fact that the 

segmented PU structures were affected by 

the presence of organoclay as identified by 

their FTIR spectra, the molecular weight of 

pure PU and PU/ clay nanocomposites in 

general were not strongly affected by the 

addition of organoclay, this result is similar 

with the research by T.-K. Chen et al (1999).  
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Table3.4:Thenumber-average molecular 

weight and mechanical properties of 

Pure PU and PU/clay nanocomposites 

 
The mechanical properties of PU and 

PU/clay nanocomposites are given in Table 

3.4, Figures 14 and 15. The modified 

organoclay had a remarkably beneficial 

effect on the strength and elongation at 

break of the nanocomposites, which both 

increased with increasing clay content, the 

ODA treated varieties having the highest 

values.  The fact that the elongation at break 

of the nanocomposites increased with the 

organoclay content suggests that elongation 

was related to the interaction between the 

pure PU and the treated clays [Rihayat et al, 

2007] 

Figure 14. Tensile strength of pure PU and 

PU/clay nanocomposites 

Figure 15 Elongation at break of pure PU 

and PU/clay nanocomposites  
 

As shown in Table 3.4, and Figure 3.11, the 

ultimate strength was increased dramatically 

with the increasing of the organoclay 

content and has reached maximum values at 

5 wt% organoclay content with the increase 

of the tensile strength of more than 214.76% 

and 267.63 % by the addition of only 5% of 

the montmorillonite CTAB-mont and ODA-

mont respectively. Furthermore Table 4.4 

and Figure 15  also illustrate that the 

elongation at break of the nanocomposites 

were increased with the addition of 

organoclay content, which means it was 

related to the interaction between the pure 

PU and treated clays [Xiong et al, 2004]. 

The graphics in Figures 14 and 15 also 

explains that the tensile strength and 

elongation at break value of the 

polyurethane containing octadodecylamine 

(ODA-mont) was usually higher than that of 

cetyltrimethyl ammonium bromide (CTAB-

mont), it was indicated a strong effect of 

ODA-mont on polyurethane.Most 

applications of elastomers would be 

impossible without the reinforcement of 

certain fillers, such as carbon black, clay, 

etc. Reinforcement is usually associated 

with improvement in modulus, hardness, 

and tensile and tear strength of vulcanized 

materials. 

     The modulus reinforcement of Pus-clay 

nanocomposites was examined using Guth, 

Halping-Tsai and the modified Halping-Tsai 

equations, which are universally used for 

composites reinforced by fiber-like or rod-

like filler. Experiments have been performed 

to measure Young’s modulus of the 

nanocomposites in the direction of the 

aligned platelets for Pus-clay 

nanocomposites of different clay 

concentration. The results are shown in  

Table 3.5 : Measured tensile modulus E 

for Pus-clay nanocomposites 
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Figure 16 compares experimental modulus 

data of 1,3, 5 wt% of CTAB-mont-PU and 

ODA-mont-PU, respectively, with the 

model predictions using the parameter 

values in Table 4.3. The results show that the 

predictions by Guth equation agree very 

well with the experimental data; whereas the 

Halpin–Tsai equation can only be applied to 

predict the modulus of rubber–clay 

nanocomposites in the range of low clay 

volume fractions, for example, less than 1 

wt%.  

 

 

 
Figure 16  Experimentally measured 

modulus and theoretical predictions by two 

different models : Guth and Halpin-Tsai 

equations for (a) CTAB-mont-PU and (b) 

ODA-mont-PU. 

 

       According to the Halpin-Tsai theory of 

filler reinforcement, volume fraction and 

aspect ratio are key parameters governing 

the mechanical properties of composites. In 

the formation of nanocomposites, clay 

platelets initially stacked together to form 

clay particles are intercalated with polymer, 

exfoliated and dispersed in the polymer 

matrix. A single platelet layer is sheet like, 

having a thickness of only about 1 nm and 

lateral dimensions that are typically on the 

order of 500-2000 nm [Ray and Okamoto, 

2003]. The theoretical prediction for 

modulus behavior investigated above 

suggested that the resulting aspect ratio of 

1000, with 3 wt% clay for example, is a 

contributing reinforcing factor. Such high 

aspect ratio silicate platelets could be 

present in exfoliated systems where 

individual platelets separate from the clay 

stack and are dispersed in the polyurethane 

matrix. In order to see if this is the case, x-

ray diffraction (XRD) was conducted to 

explore the microstructure of PUs-

montmorillonite composites. 

Table 3.5 showed the summarized of tensile 

modulus. The enhancement of tensile 

modulus is directly attributed to the 

reinforcement provided by the dispersed 

silicate layers and Young’s modulus can 

also be affected by the interfacial interaction 

between silicate layers and polyurethane 

matrix. Therefore, Young’s modulus 

increased with increasing the clay content 

and the dispersibility of organoclay. The 

largest increase in Young’s modulus 

(144.550 MPa) was shown at 5% ODA-

mont-PU. As mentioned above, there are 

two strong interactions between 

polyurethane matrix and layered silicates 

such as the hydrogen bonding and the 

chemical bonding, so the tensile strength 

and elongation at break increased by 

introducing organoclay. Because the 

interfacial area between organoclay and 

polyurethane matrix became larger and the 

interaction between organoclay and 

polyurethane matrix became also stronger, 

the tensile modulus of ODA-mont-PU was 

significantly higher than that of CTAB-

mont-PU and pure polyurethane. 

      The dynamic mechanical analysis 

(DMA) was performed to examine the effect 

of the clays on the structure, concentration 

and organization of the hard-segments, and 

their interaction with the soft segments, have 

a dominant influence on the physical and 

mechanical properties of the urethane 

polymer [Abdalla et al, 2002]. The loss 

factors (tan ) value of pure PU and PU/clay 

nanocomposites are presented in Figure 3.14 
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and 3.15. Treated clay seems to be more 

efficient for increasing the glass transition 

temperature (Tg). According to Choi et al 

(2004) and Agag et al (2001), it was 

confirmed that the Tg increase with the 

increased of the clay content resulting from 

the confinement effect of clay to 

polyurethane molecules and the strong 

interactions of hydrogen bonding in between 

the urethane groups of polyurethane 

molecules and oxygen atoms on the surface 

of organoclay. 

In Figure 3.14, the Tg of CTAB-mont-PU 

were -11.776oC, -8.113oC and -6.764oC for 

clay content of 1%, 3% and 5%, 

respectively. Those values are higher than 

pure PU which was: -12.200oC. But in fig 

3.15 the Tg of ODA-mont-PU is higher than 

the Tg of CTAB-mont-PU with the results 

(for the ODA-mont-PU sample) are -

11.114oC , -6,5oC and -5oC at the similar 

clay contents respectively.   

 
Figure 3.14. DMA curves for tan  of pure 

PU and CTAB-mont-PU 1, 3 , 5 wt% 

 
Figure 3.15. DMA curves for tan  of pure 

PU and ODA-mont-PU 1,3,5 wt% 

The thermal properties were determined 

using Thermogravimetric analysis (TGA). 

During a ramped heating under nitrogen, 

such as in a TGA experiment, the 

degradation process usually passes through 

three stages. In the first and second stage, the 

urethane bonds decompose to form alcohols 

and isocyanates. Complete volatilisation of 

resulting chain fragments is prevented by 

dimerisation of isocyanate to carbodiimides, 

which react with the alcohol groups to give 

relatively stable substituted ureas (second 

step) that decompose in the third stage. 

Trimerisation of isocyanates may also occur 

under certain conditions to yield thermally 

stable isocyanurate rings. The final step is 

the high temperature degradation of these 

stabilized structures to yield volatile 

products and a small quantity of 

carbonaceous char. The  TGA analysis of 

pure PU, CTAB-mont 1, 3, 5 wt% and 

ODA-mont-PU 1, 3, 5 wt%, respectively, 

are shown in Figure 4.16 and 4.17. With 

regard to pure PU , the degradation at 200-

400 oC is attributed to depolycondensation 

reaction. Then at higher temperature, the 

material degrades slowly, and it degrades 

completely at about 700oC. The results show 

that thermal resistances are enhanced in the 

presence of clay compared to pure PU. This 

indicates an improvement in thermal 

stability of PU because the organic material 

can prevent the heat from expanding quickly 

and limit the further degradation. Onset 

degradation of pure PU is at 200oC, and is 

lower than of the CTAB-mont-PU  and 

ODA-mont-PU takes place at about 318oC 

and 330oC. It means the thermal resistance 

of nanocomposites improved above 62% 

compared pure polymer. But in overall 

thermal resistance of ODA-mont-PU 

nanocomposites was much higher than that 

of pure PU and CTAB-mont-PU. 
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Figure 4.16.  The TGA curves of pure PU 

and PU/clay nanocomposites  CTAB-mont- 

PU 1, 3, 5 wt% 

Figure 4.17. The TGA curves of pure PU 

and PU/clay nanocomposites ODA-mont-

PU 1,3,5 wt% 

From the graphic analysis showed of CTAB-

mont-PU and ODA-mont-PU in the 

temperature range from 100 to 275oC, the 

PU/clay nanocomposites contain swelling 

agent (CTAB and ODA) degrades slightly 

faster than pure PU, especially in 1 and 3 

wt%. This is because the amount of CTAB 

and ODA used increased with the amount of 

organoclay in PU. These small organic 

molecules tend to degrade before the PU 

polymer, causing a slight weight loss in the 

nanocomposites. After a complete 

decomposition of the swelling agent, the 

PU/clay nanocomposite displayed higher 

thermal resistance than that of PU in the 

temperature range above 400oC because of 

the presence of clay. This indicating 

inorganic material can prevent the heat to 

expand quickly and limit the further 

degradation.  

       Only single heating rate, pseudo first 

order method has been applied in this study. 

Figures 4.18-4.24 show the plot of Ln [-

(dw/dt)/w] against -1/T for the pure PU and 

PU/ clay nanocomposites 1, 3, 5 wt%, 

respectively, on the basis equation (3.10) 

from section 3.7.8 (Chapter III), if the 

reaction is first order, it should be expected 

that the data calculated from TGA 

thermograms base on equation (3.17) could 

be fitted by a straight line of the slope equal 

to activation energy, E, and intercept equal 

to Ln A, where A is pre-exponential or 

frequency factor.The values of E and A 

calculated following the approach described 

above are summarized in Table 4.6. The E 

value of the materials can be used to 

determine whether the initial degradation 

step [Gu and Liang, 2003]. As can be seen 

from Table 4.6 the clay had a great effect on 

activation energy of nanocomposites and 

pristine polyurethane, especially for 5 wt% 

CTAB-mont PU and 5 wt% ODA-mont PU. 

Table 3.6:A summary of the kinetics 

parameters obtained using the simple linear 

regression method. 

 
From the data clearly indicate that the long 

chain molecular motion in the PU-clay 

nanocomposites encounters a markedly 

larger energy barrier than it does in pure PU. 

That is at the same temperature the 

nanocomposite should have lower 

molecular mobility than the pure polymer. 

Because the molecular mobility is the major 

factor that contributes to the transport of 

reactive species (e.g., oxygen and or/or 

radicals) within the polymer, the 

nanocomposite is likely to have lower 

reactivity and, therefore, greater chemical 

and thermal stability than pure PU 

[Vyazovkin et al, 2004]    
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Figure 3.18: First order kinetic plot for pure 

Polyurethane 

Figure 3.19: First order kinetic plot for 

PU/Clay nanocomposites CTAB 1 wt% 

 
Figure 3.20: First order kinetic plot for 

PU/Clay nanocomposites CTAB 3 wt% 

 
Figure 3.21: First order kinetic plot for 

PU/Clay nanocomposites CTAB 5 wt% 

 
Figure 3.22: First order kinetic plot for 

PU/Clay nanocomposites ODA 1 wt% 

 

 
 

 
Figure 3.23: First order kinetic plot for 

PU/Clay nanocomposites ODA 3 wt% 

 
Figure 3.24: First order kinetic plot for 

PU/Clay nanocomposites ODA 5 wt% 

 

In figures 3.25 and 3.26, morphological 

observations on the fractured surfaces of the 

PU and PU/clay nanocomposites samples 

are shown. The filler employed as 

reinforcements for polymers and resins are 

invariably coated with sizing resin whose 

role to protect them during handling and 

impregnation. Furthermore the filler surface 

is treated to provide chemical interactions 

with the polymer employed as the matrix. 

The net result of SEM is that the nature of 
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differing interactions such as the physical 

mixing of the matrix and sizing resins and 

the nature of chemisorptions at the filler 

surface gives rise to a interphase region as 

opposed to a distinct interface between 

nanoclay and polymer matrix [ Lam et al, 

2005]. 

Figure 3.25. SEM micrographs of 

interfacial adhesion between nanoclay and 

matrix PU 

Figure 3.26. SEM micrographs of a good 

dispersion between nanoclay and ODA-

Mont- PU  3 wt%  

Jayaraman (2003) studied the fibers and 

matrix must corporate for a composite to be 

an effective load bearing. This corporation 

between the fillers and matrix will not exist 

without the presence of the interface. The 

interface acts as a binder and transfer load 

between the matrix and the reinforcing 

fillers. Further, because each filler forms an 

individual interface with the matrix, the 

interfacial area is very large. The interface, 

therefore, plays a key role in controlling the 

mechanical properties of a composite. 

The role of the matrix in the fiber-reinforced 

composite is to transfer the load to the stiff 

fiber through shear stress at the interface. 

This process required a good bond between 

the polymeric matrix and the filler [Wambua 

et al, 2003]. The interface between fiber and 

matrix is shown below in Figure 3.25 

In Figure 3.26 show ODA-Mont- PU  3 wt% 

has a good dispersion between matrix and 

fiber. Duquesne et al. (2003) studied the 

better dispersion between nanoclay and 

polymer matrix. The bright spots on the 

backscattered images correspond to clay 

aggregates. Figure 3.26 presents the 

microstructure of a nanocomposite with 3 

wt% of organoclay. The clay particles are 

finely dispersed in the material. Moreover, 

the finest dispersion can probably not be 

detected by SEM. Apparently, the clay 

particles are more finely dispersed in the 

nanocomposite as compared with in the 

conventional composite. This difference 

must be due to the treatment of the clay. The 

alkylammonium ions render the clay 

organophilic and allow a better dispersion of 

the clay in an organic medium. Small 

particle aggregates are observable at 

relatively low magnification.  

Figure 3.27-3.32 shows the transmission 

electron micrograph of sections of the 

PU/Clay nanocomposites. The dark lines are 

intersections of silicates layers, and the other 

region is PU matrix. It can be seen that 

silicate layers have reached nanometer scale 

and effectively intercalated or exfoliated in 

the PU matrix. Observations of the 

micrograph reveal that each dark line often 

corresponds to several clay layers 

[Kornmann et al, 2001]. In some cases, this 

is because the layers are closely stacked 

together, suggesting the absence of 

alkylammonium ions in the galleries.  

      The TEM image of the PU/clay 

nanocomposites showed that the clay 

particles were broken into small tactoids and 

uniformly dispersed in the PU matrix, which 

resulted from strong interaction between 

clay and polymer and it is imperative that the 

surface polarities of the polymer and clays 

or organoclays be matched [Park et al, 2002] 

Figures 3.27 and 3.28, TEM photograph of 

PU/Clay nanocomposites CTAB 1 wt% and 

ODA 1 wt% show that clay layers are 

completely intercalated  when 1% clay were 
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added into PU matrix. Figures 3.29 and 3.30, 

exhibits a well-intercalated and exfoliated 

structure. At the other image in figures 3.31 

and 3.32, show fine and almost uniform 

distribution of clay particles in the PU 

matrix where the clay particles exhibit both 

stacked and flocculated to the sample 

surface and an intercalated structure has 

been produced. The presence of exfoliated 

clay layers at higher concentration probably 

caused by high shear impact on the mixture. 

As shear mixing progress, the molten 

polymer becomes more and more viscous 

with the dispersion of clay particles. At 

higher clay content the viscosity will help 

the delamination of silicate layers and also 

intercalation of the polymer chains into the 

silicate layers therefore increase the basal 

spacing of clay platelets in the PU matrix 

(Fornes et al., 2001).     

 
 Figure 3.27. TEM photograph of  PU/Clay 

nanocomposites CTAB 1 wt% 

 
Figure3.28. TEM photograph of  PU/Clay 

nanocomposites ODA 1 wt% 

 

Figure 3.29. TEM photograph of  PU/Clay 

nanocomposites CTAB 3 wt% 

 
Figure 3.30. TEM photograph of  PU/Clay 

nanocomposites ODA 3 wt% 

 
Figure 4.31. TEM photograph of  PU/Clay 

nanocomposites CTAB 5 wt% 

 
Figure 4.32. TEM photograph of  PU/Clay 

nanocomposites ODA 5 wt% 
 

CONCLUSION 

Isocyanate groups (polyisocyanates, -

NHCO-O-) and hydroxyl groups 

(polyethers, polyester, etc.) are required as 

reactants for the production of high 

molecular weight polyurethane elastomers 

(PUs). PUs are very significant goods that 

have great mechanical and elastic qualities, 

high hardness for a given modulus, and 

strong abrasion and chemical resistance.The 

majority of the hydroxyl groups, also known 
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as polyols, now utilized to make 

polyurethane come from petrochemical 

goods. Mineral oil, which is a finite resource 

whose supply has only been anticipated to 

last for about 50 years in optimistic 

projections, is the source of petrochemical 

products. Other potential sources should be 

found or investigated sooner or later. 

Since about 80% of the world's production 

of renewable sources is based on plant oils, 

such as soybean oil, palm oil, sunflower oil, 

olive oil, and seed oils, among others, the 

options used in this research work to use 

palm oil as a raw material in polyol synthesis 

are quite interesting.Glycerol and palm oil 

(bought from a local manufacturer) based on 

oleic acid were combined to create polyols. 

The polyols could also be utilized as starting 

materials for the isocyanation of isocyanate 

compounds to produce polyurethanes. 

FTIR spectroscopy was used to track the 

production of polyol from glycerol and oleic 

acid derived from palm oil. Gel permeation 

chromatography (GPC) was used to 

determine the molecular weight (MW) of 

polyol, and the result was around 950.  

Following Seymour et al.'s research, the 

segmented PU microdomain structures were 

examined by FTIR to determine the degree 

of phase separation. By comparing the peak 

positions at 1709 cm-1 for hydrogen bound 

-C=O and at 1731 cm-1 for free -C=O, it is 

possible to ascertain the establishment of 

hydrogen bonding by the -C=O group. The 

molecular weight (MW) of the palm oil-

based PU was around 3.266. 

       Because of ion exchange interactions 

between montmorillonite and other organic 

cations, such as alkylammonium cations, the 

initially hydrophilic silicate surfaces became 

hydrophobic, making montmorillonite-

based clay hydrophilic and lacking affinity 

for hydrophobic organic polymers. The 

silicate layer distribution of the modified 

clays in the polymer matrix was examined 

using the WAXD, and the degree of clay 

dispersion in the filled samples was also 

measured. The terms "CTAB-mont" and 

"ODA-mont" refer to the montmorillonite 

(Kunipia-F or "pure-mont") that has 

undergone chemical modification using 

cetyltrimethyl ammonium bromide (CTAB) 

and octadodecylamine (ODA). As a result, 

the d-spacing of CTAB-mont and ODA-

mont is bigger than that of pure-mont, which 

is 1.142 nm, at 1.571 nm and 1.798 nm, 

respectively. These show that the silicate 

was successfully intercalated with both 

CTAB and ODA. 

The morphology, mechanical and thermal 

properties that have been investigated in this 

study were corresponded to the disperse of 

organoclay in the polyurethane matrix. The 

treated clays were completely intercalated in 

polyurethane matrix and the intercalation 

effects were increased with the increasing of 

the clay contents. In the appearance of 

WAXD peaks (2 = 2-10o) in 1, 3, and 5% 

CTAB-mont-PU indicated that these 

organoclay were completely intercalated in 

polyurethane as matrix. The similar results 

were obtained for 1, 3, and 5% ODA-mont-

PU. The microdomain and the hydrogen 

bonding of segmented PU and the PU/clay 

were analyzed FTIR. It was found that the 

positions of peaks for distinctive functional 

groups in the IR spectra of the pure PU and 

PU/clay nanocomposites are identical, 

which means that the chemical structures of 

polyurethane had not been affected by the 

presence of organoclay. 

       The mechanical properties of PU and 

PU/clay nanocomposites were studied in 

this work. It was found that the modified 

organoclay content had a remarkable effect 

on the strength of the nanocomposites. The 

tensile strength and elongation at break 

increased more than 200%, which could be 

assumed as a result of the strong interaction 

between treated clay and polyurethane as 

nanocomposites. The dynamic mechanical 

analysis was employed to examine the effect 

of clay contents on the thermomechanical 

properties and microstructure of the material 

and it was found that, the glass transition 

(Tg) was increased with the increasing of the 

clay contents, which was assumed as a result 

of the confinement effects of clay to 

polyurethane molecules and the strong 
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interactions such as hydrogen bonding 

between the urethane groups of 

polyurethane molecules and oxygen atoms 

on the surface of organoclays. 

The thermal properties were determined 

using TGA. The TGA analysis of pure PU, 

CTAB-mont 1, 3, 5 wt% and ODA-mont-PU 

1, 3, 5 wt%, respectively. With regard to 

pure PU, the degradation at 200-400 oC is 

attributed to depolycondensation reaction. 

Then at higher temperature, the material 

degrades slowly, and it degrades completely 

at about 700oC. The results show that 

thermal resistances are enhanced in the 

presence of clay compared to pure PU. This 

indicates an improvement in thermal 

stability of PU because the organic material 

can prevent the heat from expanding quickly 

and limit the further degradation. Onset 

degradation of pure PU is at 200oC, and is 

lower than of the CTAB-mont-PU  and 

ODA-mont-PU takes place at about 318oC 

and 330oC. It means the thermal resistance 

of nanocomposites improved above 62% 

compared pure polymer. 

Morphological observations on the fractured 

surfaces of the PU and PU/clay 

nanocomposites samples were determined 

by SEM and TEM. The result show clay 

particles are finely dispersed in the material. 
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