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CHAPTER IV
THERMAL AND MECHANICAL PROPERTIES OF
PP/IORGANOCLAY NANOCOMPOSITES

41 Abstract

pp/organoclay nanocomposites with various clay contents were prepared
via a master batch by melt blending in a twin screw extruder using Surlyn® as a reac-
tive compatibilizer. The properties of pp/organoclay nanocomposites, crystal struc-
ture, thermal behavior, mechanical properties and oxygen gas permeability, were in-
vestigated and compared to pure pp. At a smaller amount of organoclays (1-5 wt%),
the degradation temperature at maximum rate of weight loss, as well as the crysta-
linities, melting ‘and crystallization temperatures of the nanocomposites was greater
than pure pp. The mechanical properties were reduced with increasing the clay con-
tent. The reduction of mechanical properties may involve with the aggregations of
clay or the remaining of some impurities in bentonite. The oxygen gas permeability
ofthe nanocomposite films was decreased when the clay content increases due to the
improvement of gas barrier properties of organoclay in nanocomposites.

42 Introduction

In recent years, polymer nanocomposites have attracted great interest, both
in industry and in academia, because they often exhibit remarkable improvement in
materials properties when compared with virgin polymer or conventional micro and
macro-composites. These improvements can include high moduli, increased strength
and heat resistance, decreased gas permeability and flammability, and increased bio-
degradability of biodegradable polymers [1],

Nanoclays have further attracted significant amount of interest because of
ready availability and their low cost disc-like structure with very high aspect ratio
which can maximize the reinforcing. During recent years, bentonites have been in-
vestigated in the development of polymer nanocomposites [2, 3], Bentonite is clay
generated from the alternation of volcanic ash, consisting predominantly of mont-



morillonite. Depending on their genesis, bentonites may contain a variety of acces-
sory minerals such as quartz, feldspar, calcite, gypsum and other metal oxides. The
presence of these minerals influences the grade and some properties of bentonite
clays.

Polypropylene (PP) is one of the most widely used thermoplastic polymers
due to its low price and balanced properties. However, polypropylene is a hydropho-
bic polymer which is incompatible with hydrophilic clay and hence it is difficult to
get the exfoliated and homogeneous dispersion of the clay particles at the nanometer
level in the matrix polymer. Normally, there are two ways to compatibilize the hy-
drophilic clay and hydrophobic PP. One is to organically modify the clay with cati-
onic alkylammonium surfactants via cation exchange reaction [4], The other way is
by using a compatibilizer, such as ethylene methacrylic acid copolymer, Surlyn®.
There are two important factors to achieve the exfoliation of the clay layer silicates:
(1) the compatibilizer should' be miscible with polymer matrix, and (2) it should in-
clude a certain amount of polar functional groups in a molecule. Surlyn® can fulfill
the .two requirements and is'frequently used as a compatibilizer for polypropylene
nanocomposites [2]

The aim of this study Is to prepare pp/organoclay nanocomposites. The
properties of these nanocomposites, 1.e. crystal structure, thermal behavior, mechani-
cal properties and oxygen gas permeability, with various clay contents were investi-
gated.

4.3 Experimental

A. Materials

Sodium activated bentonite (Na-BTN), under the trade name Mac-Gel®
(GRADE SAC), with cationic exchange capacity (CEC) of44.5 meg/100 g clay, was
supplied by Thai Nippon Co., Ltd. Thailand. Dipalmitoylethy hydroxyethylmonium
methosulfate was purchased from Sunny World Co., Ltd. Sodium-neutralized ethyl-
ene-co-methacrylic acid with MFI = 4 dg/min used as a compatibilizer was pur-
chased from DuPont Co Ltd. Polypropylene (PP) with MFI = 11 dg/min was pur-



chased from Thai Petrochemical Industry Public Co., Ltd (ERPC Co., Ltd). Ethanol
(c2H50H) 98% viv was commercially purchased from Carlo Erba.

B. Preparation of Organo-modified Bentonite

In a container, 350 g of Na-bentonite, Na-BTN, was swollen in 1.05 liters
of distilled water for 24 h, followed by heated at 80°c for 30 min. In another con-
tainer, a cationic surfactant with 2.0 equivalents of CEC was dissolved in 100 ml of
ethanol at 80°c for 30 min. After that, the solution of both containers were mixed
and vigorously stirred at 80°c for 3 h. The resulting organomodified bentonite, de-
noted as OBTN was filtered and washed with hot water several times to remove the
excess surfactant. Then, it was dried in vacuum oven at 100°c overight, ground,
and screened-through a 325 mesh sieve.

C. Preparation ofPP/Organo-modified Bentonite Nanocomposite Films

pp/organoclay nanocomposites were prepared by conventional melt interca-
lation a Collin D-8017 Model T-20 co-rotating twin-screw extruder with L/D=30 and
D=25 mm. The operating temperatures of extruder were maintained at 80, 170, 180,
190, 200, and 210 °c from hopper to die respectively. The screw Speed was main-
tained at 50 rpm. The master batches containing 50 wt% organomodified clays with
the compatibilizer was added to pp and Surlyn®, fixed at 6 wt%, in appropriate
amounts to obtain nominal contents of 1, 3 and 5 wt% clays in the nanocomposites.
Each composition was premixed by a tumble mixer for 10 min before introducing
into the twin-screw extruder and extruded through a single strand die. The yielded
single strands of the pp/clay nanocomposites were obtained and solidified by cool
water, palletized and then dried in a vacuum oven at 80°c before characterizations
by SEM, TGA, and DSC.

PP and nanocomposite pellets have different thermal history. That is, nano-
composite pellets were prepared by using twin-screw extruder whereas pp pellets
were not processed by twin-screw extruder.
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The nanocomposites films were prepared by blown film extrusion machine,
The nanocomposites pellets were dried in vacuum oven at 80°c for 12 h prior to
blowing. Following extrusion conditions were employed, the rotational speed of
screw of 50 rpm and blowing ratio of 1.52. The barrel and mold temperature were
210 c. The thickness of the films was controlled to about 45 pm. The nanocompo-
site films from blow molding were used for preparing intelligent film and studying
mechanical properties.

The nanocomposites films which were prepared by compression molding
machine were used to investigate crystal structure and oxygen permeability con-
stants. The thickness of the films was controlled to about 150 pm. The mold contain-
ing the pellets was preheated at 200°c for 5 min, followed by compressed under 10
tons of force for 5 min. After that the molding was cooled to 50 °c under pressure.

pp and nanocomposite films have different thermal history. That is, nano-
composite films were prepared by using twin-screw extruder and blow molding or
compression molding whereas pp film was only processed by blow molding or com-
pression molding.

D. Characterizations

The X-ray Diffractometer (XRD) was used to determine the interlayer
spacing of pristine bentonite, organomodified bentonite, and to observe the crystal
structure of nanocomposites. Wide angle ray diffraction-X(WAXD) were patterns
obtained by usingdiffrac 2002Rigaku Model Dmax a tofiltered Cu K-meter with Nia
(X=0.154 nm) kv and 40tion operated at radia a tube current of 30 mA. The
organoclay powder samplesw ere measured inzthe o range of 2degree 20-swith scan
For the .degree O.0Imin and scan step /degree 2speed nanocomposite film samples
périment was performed on athe ex2-4degree Osdegree 5scan speed with smin and /
egreed 0.025can Step .

Fourier transform infrared spectroscopy (FT-IR) was used to investigate the
presence of the cationic surfactant. The FT-ER. spectra were recorded using a Nicolet
Nexus 670 FT-IR spectrometer in the frequency range of 4000-400 cmr1 with 32
scans at a resolution of 2 cmr1
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Thermogravimetric analysis (TGA) was used to study thermal stability of
organomodified bentonite and pp/organoclay nanocomposites as compared to the
pure PP.DTA curves-TG ,collected on a Perkin-Elmer Pyris Diamond TG/DTA
Instrument was carried out from 30°c to 900°c at a heating rate of 10°c/min in a
nitrogen atmosphere of 200 ml/min. The degradation temperature, initial degradation
temperature, weight loss, and final degradation temperature of the samples were de-
termined. The nanocomposite pellets from twin screw extruder as well as pp pellets
were3010aded on the platinum pan and heated from ° ¢ t0900°c at a heating rate of
10°flow of 2 under N/C 2m QOlmir/.

A Differential Scanning Calorimeter (DSC), Perkin-Elmer DSC 7, was used
to measure the crystallization and melting behavior of the pp/organoclay nanocom-
posites. All operations were performed under a nitrogen atmosphere. The samples
were first heated from 30°c to 200° at a heating rate of |Q°C/minin order to elimi-
nate the influence of thermal history and then cooled down at a rate of 10°c/min
from 200°c to 30°c to observe the melt crystallization behavior. After that the sam-
ple was immediately reheated to 200°C at the same heating rate in order to observe
the melting behavior. The crystallinity can be calculated with the following formula

% crystallinity = e x1Qy

Arsapie = enthalpy of fusion of the sample (J/g)
anepr = enthalpy of fusion of completely crystalline pp (~ 209 Jig)

A Scanning Electron Microscope (SEM), JEOL (JSM-5800 LV), was used
to ohserve the dispersion of clay particles in the pp matrix. The selected samples,
which were nanocomposite pellets from twin screw extruder as well as pp pellets,
were dipped and fractured in liquid nitrogen. Then the samples were coated with
gold under vacuum to make them electrically conductive before viewing under a
scanning electron microscope (SEM) operating at 15 kv.

The mechanical properties of pp/organoclay nanocomposite as well as neat
PP films were performed with Lloyd Universal Testing Machine, at room tempera-
ture following the procedure described in ASTM D882. The films were prepared by
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blown film extrusion machine of thickness of 45 pm and were cut in machine direc-
tion into rectangular shape with 10x100 mm. The crosshead speed was 50 mm/min
and the load cell was 500 N. The values of tensile strength, percentage of elongation
at yield and Young’s modulus for virgin pp and pp/organoclay nanocomposites were
Investigated. The results from this test were reported as the average of the data taken
from 5 specimens, pp and nanocomposite films have different thermal history. That
IS, nanocomposite films were prepared by using twin-screw extruder and blow mold-
ing whereas pp film was only processed by blow molding.

Gas permeability tester, Oxygen Permeation Analyser Model 8000, Illinois
Instrument Inc., was used to determine oxygen permeability constants of pristine pp
and nanocomposite films. Gas permeation experiments were investigated following
the procedure described in ASTM D1434. The films were prepared from a compres-
sion-molded sheet with the same thickness of 150 pm and were cut into circular
shape with 15 cm in diameter. The thickness of the films was measured by using the
peacock digital thickness gauge model PDN 12N by reading 15 points at random
position over tested area and the results were averaged.

4.4 Results and Discussion

A. Characterizations ofthe Organomodified Bentonite

The X-ray diffraction patterns of Na-bentonite (Na-BTN) and organomaodi-
fied bentonite (OBTN) are given in Fig. 5.1 (a) and (b), respectively. The (001) dif-
fraction peaks of BTN presents at 29= 7.62° and 29 =5.92° and 4.42° for OBTN
which correspond to the interlayer spacing of 1.15, 1.49 and 1.99 nm, respectively.
The interlayer spacing of OBTN is larger than their pristine clays. This evidence in-
dicates that the molecules of alkylammonium surfactant are incorporated between the
silicate layers and expanded them.
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Figure 41 The WAXD patterns: (2) Na-BTN and (b) OBTN.

The OBTN was investigated by using FT-IR in order to confirm the 'incor-
poration of alkylammonium surfactant molecules between the silicate layers. Fig. 4.2
() and () shows the FT-IR spectra of Na-BTN and OBTN, respectively. After the
modification of BTN, A pair of strong bands 2852 and 2921 cm1 at each spectrum
can be assigned to the symmetric and asymmetric stretching vibration of methylene
group ) of the quest molecules, respectively. The absorption bands at 1740 cm1 is
observed due to the stretching vibration of carbonyl group (>¢=0). These results
support the incorporation of alkylammonium surfactant molecule between the silicate
layers [4],
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Figure 4.2 FT-IR spectra, () Na-BTN and (b) OBTN.

The results of thermogravimetric analysis (TGA) of Na-BTN and OBTN
were represented in Table 4.1 and Fig. 4.3. The content of the organic component
was determined from the weight loss during TGA. For Na-BTN, the weight loss was
observed over temperature range of 44-76 and 617-657 °c, corresponding to the loss
of the physically adsorbed water dehydroxylation of clay, respectively. The mass loss
of OBTN was investigated in the range 270-370 °c, derived from the decomposition
ofthe intercalated cationic surfactants within the clay interlayer [5, 6]

Table 41 Thermal behavior of BTN and OBTN

Mass Mass Char Desurfactant
Sample LossHA  Surfactant Residual — Td Ti Tf

(wie) — (wt%)  (wth) (C) (C) (O
BTN 0.52 - %833 .
OBTN 0 34 643 3368 2708 3678
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Figure 4.3 Thermal behavior: (a) Na-BTN and (b) OBTN.

o

B. Crystal Structure 0fPP/Organoclay Nanocomposites

Crystal structure of the nanocomposites was examined by XRD with the 20
range of 2-40°, as indicated in Fig. 4.4. According to the WAXD pattern, the (001)
diffraction peaks of 3% and S%clay in nanocomposite films presents at 29= 5.88°
and 29 = 5.72° which correspond to the interlayer spacing of 150 and 1.54 nm, re-
spectively. Nevertheless, at 1%clay, the low angle peak was not observed. This may
imply that some silicate layers were delaminated and dispersed in the pp matrix.
Therefore, some exfoliated structure was achieved at 1%clay. From the peak position
of a structure, virgin pp reveals five major diffraction peaks at the following 20 an-
gles: 14.18°, 16.62°, 18.32°, 20.92°, and 21.68° from a crystalline phase: (110)a,
(040)a, (130)a and (111, 041)a crystal planes, respectively. There is no evident differ-
ence between pristine pp and nanocomposites in the WAXD pattern, implying that
the addition of organoclay does not affect the crystal structure of pp matrix [3, 5, 7,
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Figure 44 The WAXD patterns of pp and pp/organoclay nanocomposites: (a) pp,
(b) PPle%Surlyn, (c) PPle%Surlyn/l%Clay, (d) PP/6%Surlyn/3%Clay, and
(e) PP/6%Surlyn/5%Clay.

C. Thermal Stability ofPP/Organoclay Nanocomposites

TG-DTA curves of pp and the nanocomposites are shown in Fig. 4.5 and
Fig. 4.6. The temperature corresponding to initial dedradation temperature of weight
loss (. final degradation temperature of weight loss (++. the temperature at maxi-
mum rate of weight loss (o). and the char residue are given in Table 4.2. The TG-
DTA curves show a single degradation step. It was observed that the degradation
temperatures of the nanocomposites are higher than virgin pp and tend to increase
with clay content. From the results, it can be concluded that the incorporation of clay
in PP improves the thermal stability of the pp matrix and this improvement also in-
creases with clay content. This behavior may be attributed to the formation of a high-
performance carbonaceous-silicate char on the surface of the nanocomposites, creat-
Ing a physical protective barrier on the surface of the materia] [3, s],



Table 4.2 Thermal behavior of pp and pp/organoclay nanocomposites

TGA
Sample _ .
Residue (wt%) Td (°C) Ti(°C)
PP - 4437 4205
PP/6%Surlyn/1%Clay 6.7 a5.7 4284
PPls%Surlyn/3%Clay 11 4466 4210
PP/§YSurlyn/5%Clay 113 M6 422
100 e
b 80 +
73
o T —— PP
£ 60+ ——— 1 wt% clay
= -~ 3 Wt% clay
[0 ] - §Wt% clay
= 40
S 1
20 +
0 ......................
200 300 400 500 600

Temperature (°C)

Figure 45 TGA thermograms of pp and pp/organoclay nanocomposites.
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Figure 4.6 DTA thermograms of pp and pp/organoclay nanocomposites: (a) pp,
(b) PP/s%Surlyn/1%Clay, (c) PP/6%Surlyn/3%Clay, and (d) PP/6%Surlyn/5%Clay.

[). Melting and Crystallization Behavior 0fPP/Qrganoclay Nanocomposites

The effects of clay content on melting and crystallization behavior of the
nanocomposites was investigated by DSC. The peak values for melting (Tn) and
crystallization temperature (Tc), as well as the melting enthalpy (AHM) and %crystal-
linity for various clays content are listed in Table 4.4. The melting curves of the
nanocomposites are presented in Fig. 4.7. It was observed that the melting tempera-
ture of the nanocomposites is greater than that of pure PP; however it is almost the
same when the clay content is increased. As shown in Fig. 4.8, the crystallization
temperature of the nanocomposites is shifted to higher temperature than that of virgin
PP but less sensitive to the clay content (1, 3, 5wt%). The crystallinities of the nano-
composites are slightly higher than that of pure pp. This could be attributed to the
organo-modified clays acting as a nucleating agent for the crystallization of the pp
matrix. However, the crystallinity of 5 wt% clay is lower than virgin pp. This may be



due to the aggregation of organo-modified clay leading to the obstruction of the
packing of the crystalline. From these results, the melting and crystallization tem-
peratures of the nanocomposites are insignificantly changed by clay content. It can
be concluded that the addition of clay has minimal effect on the melting and crystal-
lization temperatures of the nanocomposites [9, 10],
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Figure 4.7 DSC thermograms (melting temperature) of pp/organoclay nanocompo-
sites: (a) pp, (b) PP/s%Surlyn, (c) PP/s%Surlyn/I%Clay, (d) PP/6%Surlyn/3%Clay,
and (g) PP/6%Surlyn/5%Clay.
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Figure 4.8 DSC thermograms (crystallization temperature) of pp/organoclay nano-
composites: (a) pp, (0) PP/s%Surlyn/I%Clay, (c) PP/6%Surlyn/3%Clay, and (d)
PPr6 %Surlyn/5%c fy.

Table 4.3 Melting and crystallization behavior of pp and pp/organoclay nanocom-
nosites

Sample Tc,peak (°C)  Tmpeak (°C) AHm (3/g) % crystallinity
PP 108.63 15837 69.46 33.23
PPls%Surlyn/l%Clay ~ 109.97 159.20 66.10 34.00
PP/6%Surlyn/3%Clay ~ 110.30 158.87 04.61 3397

PP/6%Surlyn/5%Clay ~ 112.30 159.20 61.59 311
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E. Mechanical Propertiest 0fPP/Organoclay Nanocomposites

The effect of clay contents on the mechanical properties, Young’s modulus,
tensile strength and elongation at break, of both pp and PP/organoclay nanocompo-
sites are shown in Fig. 4.9, 4.10, and 4.11, respectively. The average values of these
mechanical properties are reported in Table 4.4. pp and nanocomposite films have
different thermal history. That is, nanocomposite films were prepared by using twin-
screw extruder and blow molding whereas pp film was only processed by blow
molding. Young’s modulus of the nanocomposites was greater than that of pure pp.
The Young’s modulus was optimized at 1 wt%, and then gradually decreased when
the clay content increases to 5wt%. In case of tensile strength, it was lower than that
of virgin pp and decreased with increasing the clay content. This may imply that the
incorporation of clay into pp matrix reduced the ability of the composites to transfer
applied stress. Moreover, the elongation at break ofthe nanocomposites was reduced
with increasing the clay contents. The decrease in mechanical properties of the nano-
composites may involve with the aggregations of clay or the remaining of some im-
purities in bentonite. The aggregations of clays or the impurities in bentonite act as
stress concentrators, allowing crack initiation and propagation, consequently decreas-
ing mechanical performance of the nanocomposites [2],
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Figure 4.10 Tensile strength of pp and pp/organoclay composites
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Figure 4.11 Elongation at break of PP and pp/organoclay composites

Table 4.4 Mechanical properties of PP and pp/organoclay nanocomposites

Young's Tensile Elongation
Sample Modulus Strength At break
(MPa) (MPa) (%)
PP 49153+ 1882  2810£231  17.4442.63

PPls%Surlyn/%Clay ~ 600.89+4.04 26041055 12731 176
PP/6%Surlyn/3%Clay ~ 553.1828.18 2440+ 148 1192+ 143
PPI6%Surlyn/S%Clay ~ 52495£20.90 2346+ 185 1108+ 130
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F. Dispersion of Organo-modified Clay in Nanocomposite Films

The dispersion of clay particles are better observed by scanning electron
microscopy (SEM), as shown in Fig. 4.12. With increasing in clay contents, the ag-
glomeration of silicate layers and the impurities in pp matrix could be formed that
leads to poor compatible to the pp matrix. The effect of incompatibility between clay
and PP matrix reduced mechanical properties in nanocomposites [L1],
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Figure 4.12 SEM images of pp/organoclay nanocomposites at 10000 magnify:
(2) pp/e%Surlyn/1%Clay, (b) PP/6%Surlyn/3%Clay, and (c) PP/6%Surlyn/5%Clay.

G. Oxygen Permeability ofPP/Organoclay Nanocomposite Films

The oxygen gas permeability of the nanocomposite films are shown in Fig.
4.13 and reported in table 4.5. Those films were the same film thickness of 150 pm.
The oxygen gas permeability of the nanocomposite films was lower than that of pure
PP and reduced slightly with increasing the clay content. The reduction of oxygen
0as permeability can be attributed to more tortuous path that retard the progress of
gas molecules through the pp matrix, providing the improvement of gas barrier prop-
erties [12], Another possible explanation for the reduction in permeability is that
crystalline act in a similar manner to crosslinking, restricting the motion of the chains
involved in the diffusion process [L3)],
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Table 4.5 Oxygen Gas Permeability of pp and pp/organoclay nanocomposite films

Oxygen Gas Permeability

sample (cc/ma.day)
PP 3580+ 84
PP/5%Surlyn 1649+ 139
PP/s %Surlyn/I%Clay 634 £ 19
PP/s % Surlyn/3%Clay 627+ 16
PP/6%Surlyn/5%Clay 615 £ 40
4000
& 3500 - ;./:,_»’r'—‘-'—°‘*‘”‘_*+‘_‘—‘—‘—‘_‘”‘—‘—‘—‘+ %
= 3000 - —~— PP/6%Surlyn
g = 20 . —+— PP/6%Surlyn1%Clay
5 S —e— PP/6%Surlyn3%Clay
2 = ARO ~a— PP/6%Surlyn5%Clay
© & 1500 e <
i;” 1000 - 5l
(@) 500 cﬂ:;::j’.;tﬁ""*—r—t—’— +—a—0—2—0—2
0 - ./’/ T — T T T -
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Figure 4.13 Oxygen Gas Permeability of pp and pp/organoclay nanocomposite
films

From XRD and oxygen permeability results, it could be assumed that some
exfoliated structure was achieved in this experiment. However, the mechanical prop-
erties were reduced which may involve with the aggregation of clays and the impuri-
ties. This gives contrast result with XRD and oxygen permeability. It may be implied
that some aggregation would be associated with the exfoliation of silicate layers.
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4.5 Conclusions

The properties of pp/organoclay nanocomposites, crystal structure, thermal
behavior, mechanical properties and oxygen gas permeability, were studied and
compared to pure pp. According to XRD patterns, the addition of the organoclay
does not affect the crystal structure of pp matrix. However, the incorporation of the
organoclays can enhance the thermal stability of pp/organoclay nanocomposites. The
melting and crystallization temperatures of the nanocomposites are higher than those
of pure PP but less sensitive to the clay content. It can be concluded that the addition
of clay has minimal effect on the melting and crystallization temperatures of the
nanocomposites. The crystallinities of the nanocomposites are slightly higher than
that of pure pp. This could be attributed to the organo-modified clays acting as a nu-
cleating agent for the crystallization ofthe pp matrix. Young’s modulus of the nano-
composites was greater than-those of pure pp and gradually decreased when the or-
ganociay content increases to 5 wt%. In case of tensile strength, it was lower than
that of virgin pp and decreased with increasing the clay content. Moreover, the elon-
gation at break of the nanocomposites was reduced with increasing the clay contents.
The decrease in mechanical properties of the nanocomposites may involve with the
aggregations of clay or the remaining of some impurities in bentonite. The oxygen
gas permeability of the nanocomposite films was lower than that of pure pp and re-
duced slightly with increasing the clay content.
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