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Structure and properties of polypropylene containing organo-clay and
carbon nanotubes as fillers
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The present work is focus on polymer composites containing multiwall carbon nanotubes (MWCNT) and organically modified clay
(OC) in different proportions as nanofiller in isotactic polypropylene (iPP). The composites were prepared by extrusion method in a
twin-screw co-rotating extruder and were subjected to a number of studies as X-ray diffraction (XRD), Scanning electron microscopy
(SEM), Transmission electron microscopy (TEM) and Thermogravimetric analysis (TGA). Establishing a connection between the
structure and properties are expected to provide opportunities for controlling the processes of the resulting materials. An XRD result
shows changes in the position of the diffraction peaks towards right side of the clay basal reflection peak, which can be explained by
collapsing of the clay layers after compounding. XRD results are consistent with TEM images confirming that the layered silicate
particles are dispersed in thin stacks consisting only of few layers. TEM and SEM structure analysis on the state of organo-clay and
carbon nanotubes dispersed in PP matrix proves homogeneous, but non-uniform filler dispersion due to formation of regions with
well dispersed fillers and on the other hand, the presence of regions with nanofiller aggregates. The thermal stability and thermal
degradation of the matrix as well two- and three-component materials was analyzed in nitrogen atmosphere. It was found a significant
improvement on thermal stability of PP with nanotubes loading in the investigated concentration range (0.5-5 wt.%). The conducted
studies concerning those composites showed that the structural changes or changes in the properties was not the result of the synergistic
effects or in other words fillers exhibit self-influence on the host matrix and its properties.
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INTRODUCTION polymer matrices [1]. Usually layered silicates offers
good opportunities to overcome the disadvantages,
but organo-clay (OC) truly affects the structure and
properties of polypropylene [4]. Many results have
been reported in the literature relating to the study of
polymer reinforced with layered silicates [5] and is
described the use of compatibiliser in nanocompos-
ites to improve dispersion of the silicate layers in the
volume of the surrounding polymer. Secondly point
of view in this study refers to multiwall carbon nan-
otubes (MWCNTs) which are recently used to rein-
force the polymer and to add novel physical proper-
ties to the composite, due to their remarkable electri-
cal, mechanical, optical, thermal and chemical prop-
erties [6—9] this making them a perfect for many en-
gineering applications.

Literature reveals limited information [10—12] on
hybrid composites combining two types of nanofiller
in a common matrix. This provokes our interest to
find joint effect between the two additives (MWCNTs
and OC), and to study the influence of fillers on the
structure and subsequent properties.

Although, the interest in polymer/layered sili-
cate nanocomposites is still at high level in the last
few years began to appear a new area on polymer
nanocomposites which refers to nanocomposites with
more than one filler. The most common reason for
investigating hybrid composite blends containing two
fillers is synergy effects which could occur when
using two different types of nanofiller and the re-
sulted properties of nanocomposites are substantially
different or better than those of the matrix [1]. In
our studies on polymer composites we have chosen
to use polypropylene (PP) because it is the second
most commercial polymer with wide use in many
areas such as packaging, automotive industry, con-
sumer goods, fibers and textiles [2]. Furthermore,
PP offers good chemical and fatigue resistance and
have stress cracking resistance, good hardness and
ease of machining, together with good processability
by injection molding and extrusion [3]. Great part of
modern applications of plastics is associated with spe-
cific requirements in terms of performance, process-

ing and good price make the introduction of fillers in
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MATERIALS AND METHODS

Isotactic polypropylene, PP6231 (Buplen 6231
Lukoil Neftochim Bourgas AD, having MFI 16—
25 g/10 min at 230°C) is the matrix polymer. Organi-
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Table 1. Two-component and three-component blends containing MWCNT and OC in isotactic polypropylene.

Short name Composites PP h/iatg%I;P M(‘VZS%I\;T (v(\f:f:;o,)
PP PP6231 100 — — —
PPO.SCNT PP+0.5%MWCNT 99.5 — 0.5 —
PPICNT PP+1%MWCNT 99 — 1 —
PP3CNT PP+3%MWCNT 97 — 3 —
PPSCNT PP+5%MWCNT 95 — 5 —
PPMA PP+12%MA-g-PP 88 12 — —
PPMA30C PP+3%Clay 85 12 — 3
PPMAO0.5CNT30C PP+0.5%MWCNT+3%Clay 84.5 12 0.5 3
PPMAI1CNT30C PP+1%MWCNT+3%Clay 84 12 1 3
PPMA3CNT30C PP+3%MWCNT+3%Clay 82 12 3
PPMASCNT30C PP+5%MWCNT+3%Clay 80 12 5 3

cally modified clay, Cloisite 30B (Southern Clay
Products, Inc) and PLASTICYLTMPP2001 — com-
mercial masterbach of 20 wt.% MWCNT in PP, with
real density 872 G/L are used as fillers. For the prepa-
ration of nanocomposites 20 wt.% clay is dispersed
by extrusion mixing in PP adding 12 wt.% MA-g-PP
(Fusabond 613, Maleic anhydride content 0.5 wt.%,
Mw = 95000; MFI = 120 g/10 min, Du Pont data),
as a compatibiliser. Then, the appropriate amount
of both masterbatches — 20 wt.% MWCNT/PP and
20 wt.% OC/PP are diluted with the polypropylene by
melt mixing with a 25-mm twin-screw co-rotating ex-
truder Collin Teach-line Compounder (L/D=24) and
Collin Teach-line Strand Pelletizer. The temperature
setting of the extruder from the hopper to the die
was 180/200/200/190/180°C and the screw speed was
45 rpm. In order to improve the carbon nanotube
dispersion, the compositions were extruded in three
runs. Variety of compositions was prepared contain-
ing 3 wt.% OC and 0.5-3 wt.% MWCNT in PP, sum-
marized in Table 1.

X-ray analysis

The X-ray characteristics of tested composites
were obtained using Bruker D8 Advance diffractome-
ter. Powder X-ray diffraction patterns were collected
within the range from 5.3 to 80 deg 26 with a con-
stant step 0.02 deg 20. Measurements were per-
formed using a nickel-filtered Cu Ko radiation and
LynxEye detector with wavelength A = 1.5418 nm at
40 kV and 30 mA. To obtain diffraction patterns at
small angles it was used plug-in device attached to the
diffractometer which provides 2—-10 deg 28 diffrac-
tion range. The results are superimposed on a com-
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mon graphics and the typical clay peak is analyzed.
The peak is indicative of the platelet separation or d-
spacing in clay structure. Any changes in this peak
(width or height) provide information about delam-
ination of clay stacks in the matrix volume which
in turn depends on the dispersion. The interlayer
distance of clay in the hybrids was calculated using
Bragg’s law (Eq. (1)).

ni

S 1
2sinQ’ M

doo
where n is an integer, A is the wavelength of inci-
dent wave, d is the spacing between the planes in the
atomic lattice, and 0 is the angle between the incident
ray and the scattering planes.
From the results, it was possible to calculate the
number of clay platelets per average stack [13, 14]
with the interlayer distance dyg; using Eq. (2)

N=1+t/do, 2)
where ¢ is given by the Scherrer Eq. (3)
t =0.91/(B;,cos6}), 3)

where A is the wavelength, B, 2= 0; — 6, (in radians)
at half peak height (Inax/2), 0, = (61 + 62) /2.

Thermogravimetric analysis

Thermogravimetric analysis (TGA) is a well-
known method used to study polymer degradation
mechanisms and kinetic to predict the thermal sta-
bility of the polymers. The effect of nano-fillers
presence on thermal stability of the composites was
observed by TGA Diamond Perkin-Elmer Instrument
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(TG/DTA) at the following conditions 30°C to 800°C
at 20°C/min under nitrogen atmosphere. Charts allow
defining features as temperature corresponding to ini-
tial 10% of weight loss (71g9) and peak temperature

(T).
Electron microscopy

Microstructure and morphology of the fresh-cut
nanocomposite samples was studied by scanning
electron microscopy (SEM), using an FEI Quanta
600 SEM equipped with a field emission gun. All
samples were cut in liquid nitrogen and coated with
chromium prior to examination. Transmission elec-
tron microscopy (TEM) was carried out with a Philips
CM20 instrument with an accelerating voltage from
60 kV to 200 kV and is equipped with a 4 megapixel
AMT camera, enabling digital recording of images.

RESULTS AND DISCUSSION

The XRD diffraction pattern of composite materi-
als, neat PP and Cloisite 30B using in this study are
shown in Fig. 1. The diffraction peaks of PP/CNT/OC
composite and neat PP show a number of character-
istic peaks in the range 260 = 14° = 22° due to the
semi-crystalline structure of polypropylene. The ad-
dition of carbon nanotubes and clay is not influenced
significantly the characteristic peaks within this range
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of 20. However, a strong effect of the clay is found in
the small angle region of 20 = 3° <-7° due to the clay
dispersion.

The basal reflection peak of Cloisite 30B,
as well as the clay containing composites
(PPMA3OC, PPICNT30C) and masterbatch of
20%Cloisite30B/PPgMA are shown on Fig. 2. The
interlayer distances are calculated from the basal
peak by Bragg’s equation Eq. (1). Pure Cloisite
30B indicates a (dyy;) peak around 26 = 4.9° cor-
responding to an interlayer spacing of 1.8 nm. The
20%Cloisite30B/PPgMA masterbatch shows (doo1)
peak between the values of Cloisite 30B and the
PPMA3OC composite indicating that the dilution
with pure PP led to a decrease in the d-spacing in
comparison — 1.44 nm. It is seen from Fig. 2. that
nanocomposite peaks is appear to the right side of
the main peak of Cloisite 30 B, which indicates col-
lapsing of the silicate layers after compounding with
no evidence of exfoliation. Brief review of the lit-
erature [15-17] related to the use of Cloisite 30B as
filler in different polymers shows that there are many
reports of collapsing of the silicate layers after com-
pounding in nanocomposite. At the same time, this
behavior is not typical for other clays, as for example
Cloisite 15A [13,16] or Cloisite 20B [18,19]. Results
can be explained otherwise, the Cloisite 30B peak
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Fig. 1. X-ray diffraction patterns of Cloisite 30B, neat PP, PPMA, PPMA3OC and selected three-component systems.
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Fig. 2. X-ray diffraction patterns covering small angles region where 26 values are between 2-10 deg.

in the composites is masked by the angular shoulder
slope and appears at 20 = 6.1°, which assume the
hypothesis that the layered silicate particles are dis-
persed in thin stacks consisting only of few layers, as
shown in Fig. 3. These fine stacks are fastened each
other at their end parts forming edge-to-edge struc-
ture and the distance between the plates (stack) at
these points of contact decreases causing a reduction
in peak height.

The XRD parameters calculated for the Cloisite
30B, as well as MB-20Closite30B/PPgMA and two
composites (PPMA30OC, PPMA1CNT30C) are sum-
marized in Table 2 below. By using Eq. (2) and
Eq. (3), the number of clay platelets per average stack
was calculated. The interlayer distance of the clay
does not increases in the nanocomposite or master-
batch, but XRD peak profiles shown that some reor-
ganization occurs.

Table 2. XRD results obtained for Cloisite30B, MB-
20Closite30B/PPgMA and two composite blends, where
20 indicate main peak location, dyg; is interlayer distance,
and N is the number of clay platelets per average stack.

Sample name 20 (deg) dopo1 (deg) N

Cloisite30 B 4.9 1.8 5.55
MB-20Closite30B/PPgMA 6.05 1.46 542
PPMA30OC 6.1 1.44 6.97
PPMAICNT30C 6.3 1.44 6.55
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TEM analysis allows a qualitative understanding
of the internal structure, spatial distribution of the var-
ious phases, and views of the defect structure through
direct visualization Fig. 3. TEM morphology images
show clay tiles divided into finer stacks, with confirm-
ing the result suggested by the XRD. Fig. 3(a) shows
a TEM micrograph with focus on single tubes of
ternary blend at a low CNTs concentration (0.5 wt.%).
It is difficult to determine the distribution of the clay
in the first micrograph, but Fig. 3(b) clear shows sev-
eral individual flakes clay scattered in the volume, as
well as a stack of parallel plates in the middle of the
image. The last TEM image (Fig. 3(c)) at highest con-
centration of nanotubes — PP/3CNT/30C composite
shows nanotube aggregation section.

In Fig. 4(a, b), SEM images are shown in different
magnifications in order to observe the details. The
fractured surfaces of neat PP extruded three times
are shown in magnification x5000 (a) and x30000
(b). SEM micrographs show that the fracture surface
of neat PP is smooth with linear propagation lines.
Fig. 4(c, d) shows the micrographs of PP1CNT30C
system at magnifications of x5000 and % 50000, re-
spectively. It is observed by PPICNT30C image
at magnification x50000 the presence of nanotubes
and clay stacks leads to significantly different struc-
ture related to pure PP morphology. Fig. 4(e, f) mi-
crograph of PP3CNT30OC nanocomposite is similar
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Fig. 3. TEM micrographs of PPO.SCNT3OC nanocomposites on (a) and (b); and PP3CNT3OC on (c).

to PPICNT30C, but surface fracture looks much
rougher with small cracks indicating a more rigid
structure. The surface in Fig. 4(d) reveals group of
relatively closely located MWCNTs in this area and
adjacent to this part of image is visible surrounding
matrix structure. The structure image analysis on
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state of organo-clay and carbon nanotubes dispersed
in PP matrix investigated by TEM and SEM proves
homogeneous, but non-uniform filler dispersion due
to formation of areas with presence of better nan-
otubes distributions, but also areas with poor disper-
sion.
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Fig. 4. SEM micrographs of pure PP (a, b); PP1ICNT30C on (c, d); and PP3CNT30C nanocomposites on (e, f) at low

and high magnification.
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Fig. 5. TGA and DTG curves in nitrogen atmosphere for binary PP/CNT (a, b) and ternary PP/CNT/OC(c, d) systems

TGA and DTG curves for neat PP and PP/CNT
nanocomposites at a heating rate of 20°C/min un-
der nitrogen atmosphere are presented in Fig. 5(a,
b). Temperature values at 10% weight loss (T10%)
and peak temperature (7p) for pure PP, PPMA,
PPMA3OC, binary PP/CNT and ternary PP/CNT/OC
composites are presented in Table 3. The addition
of the nanotubes in the investigated concentration
range (0.5-5 wt.%) improves the thermal stability of
PP in nitrogen atmosphere. The addition of carbon
nanotubes causes a weak displacement of the curves
in the direction on the high temperatures from 2 to
7°C. Further increase on amount of nanotubes in two-
phase compositions up to 5 wt.% shifts the curves
10°C toward higher temperature values. The ther-
mal stability of the binary composites is improved by
approximately 25°C and around 20°C of ternary com-
posites. Regarding the three-phase composites there
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is a slight shift of the curves at low temperatures
from 4 to 12°C by adding organoclay Fig. 5(c, d).

Table 3. Temperature values at 10% weight loss (7199 ) and
peak temperature (7p) in nitrogen atmosphere determined
from corresponding TGA and DTG diagrams

Sample name Ti09 (°C) Tp (°C)
PP 436.19 471.88
PPO.5CNT 447.79 473.48
PPICNT 447.15 474.21
PP3CNT 456.23 478.84
PP5CNT 460.01 481.45
PPMA 434.89 472.16
PPMA30C 442.66 460.53
PPMAO0.5CNT30C 443.70 459.79
PPMAICNT30C 444.63 460.99
PPMA3CNT30C 450.39 468.01
PPMAS5CNT30C 456.08 472.88
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Thermal degradation of binary and ternary compos-
ites under nitrogen decreases with 7°C and 10°C, re-
spectively.

CONCLUSIONS

In this work, the effect of the addition of two dif-
ferent types of nanofillers (MWCNT and OC) upon
the structure and properties of PP was investigated
through XDR, Electron microscopy and TGA. Ac-
cording to the XRD results the diffraction peaks of
composites are shifted to right side of the main clay
peak, which indicates collapsing of the silicate layers
after compounding. These results are explained with
the dispersion of clay in fine stacks, which form edge-
to-edge structure and the distance between the edges
at the points of contact decreases causing a reduction
in peak height.

This is consistent with the analysis of the micro-
scopic images. TEM and SEM observations proved
relatively homogeneous, but non-uniform filler dis-
persion due to formation of areas with presence of
better nanotubes distributions, but also areas with
poor dispersion. Thermal stability increases with
30% at 10% mass loss, but this effect is mostly due
to the addition of MWCNTs and there is no differ-
ence between the thermal stability in a two-phase
and three-phase composites. Finally, it is important
to note that despite the changes in the structure and
properties of the composites studied, these changes
dependent on either one (OC) or the other MWCNT)
filler, but a synergistic effect is not confirmed.
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CTPYKTYPA 1 CBOVICTBA HA TIOJIMTTPOIIWJIEH, Ch/IbPXKAIL OPTAHUYHA IVIMHA
Y BBIVIEPOAHV HAHOTPBEWYKHU KATO ITBJIHUTEIN

UB. Iletposa, E. UBaHOB, P. KouiniakoBa

Jla6opamopus OJIEM, MexaHuka Ha ¢ayudume, HHcmumym no mexavuka, bsnzapcka akademus Ha HayKume,
ya. “Akad. T. Bonues” 6ok 4, 1113, Cous, Benzapus

(Pesrome)

HaHoHayKaTa ¥ TeXHOJIOTMSTA JaBaT YHUKATHY Bb3MOXKXHOCTY 3a Ch3ZaBaHe Ha PEBOJIIOI[MOHHO HOBYM KOMOMHAIMY OT MaTepua-
JIV CBbC CcrelbUYHM CBOVICTBA U ChC 3HAUMTEIHM MTPEIMMCTBA 10 OTHOILIEHVEe Ha KaueCTBO M HOBM CBOJICTBA IpeJ, KIacM4ecKUTe Ma-
Tepuany. [To Ta3u mpuuMHa HaNoCIeAbK Ce OTAess Bce I0Beue BHMMaHMe Ha HalTbIHEHMTe MHKeHepHU MOoMMepPY C HaHOpa3MepPHU
TBIHUTEIN.

B HacrosmiaTa pa6oTa ce pasrieknaTr XMOpUAHM KOMIIO3UTY ChAbPKALYM MHOTOCTEHHY BbIVIEPOAHM HAHOTPBO6MUKY (MWCNT) u
opraunyHo Mmogubuuypana rmHa (OC) B pa3auuHO CbOTHOLIEHVe KaTO HAaHOIIBIHUTEY B M30TaKTeH nonumnponuieH (iPP). Kommnosu-
TUTeE Ca IOTyYeHU Upe3 eKCTPYy3UsI B ABYIIHEKOB eKCTPYAep U ca MOJJI0KeHU Ha peulia U3CaeABaHMs 3a TbTHOTO UM XapakTepusupaHe
uusydaBase [1,3]. YcTaHOBSIBaHETO Ha BPb3Ka MeXAY CTPYKTypaTa M CBOJCTBATA Ce OYaKBa J1a IPelOCTaBy Bb3MOKHOCTY 3a YIIPaBIIsIBa-
He Ha IpoliecuTe Ha nonyyeHuTe matepuasnu [2]. EbextuBeH MeTor 3a nmomyvyaBaHe Ha MHGOpMaLms 3a Kpyucranorpadekara CcTpykTypa
U CTPYKTYPHU IIPOMEHM Ha MOJMMEpPUTEe € peHTTeHOCTPyKTypeH aHaiu3 (XRD). OpraHnvHaTta miyHa MOKa3Ba XapakTepeH MUK, Ibl-
SKalll ce Ha HejfHaTa peryIsipHa CTPYKTypa, KOMTO e MToKa3aTeleH 3a pa3cosBaHeTO Ha CUIMKATHUTE CTeKOBeTe WM TaKa HapeuyeHOTO
d-pascTosiHMe B KOMIIO3UTHATA CTPYKTYPa, KOETO Ce M3UMCISIBA 0 3aKOoHA Ha Bpar. TepMuyHaTa CTaGMIIHOCT ¥ TEPMUYHATA Aerpaja-
YIS Ha MaTPULATa U ABY- U TPUKOMITOHEHTHM ChCTaBy B 230THA U Bb3/IyIIIHA CPeJia Ce aHAIM3UPa ITOCPEICTBOM TepMOTpaBUMETPUYEH
anam3 (TGA). 3HaunTeTHO OAOOPsIBaHEe HA TEPMUYHMTE CBOJICTBA Ce MOSIBSIBA ITPU HUCKO ChIbpyKaHue Ha mbaHuTen ot 0.5 06.%, Kb-
neto TGA-kpuBuTe Ha iPP/MWCNT KOMITO3UTHUTeE ca M3MeCTeHM KbM I0-BMCOKa TeMIlepaTypa B CpaBHEHMe C UMCTUS TTOIUITPOIMAIIEH.
CkaHMpamaTa enekTpoHHa Mukpockonus (SEM) ocurypsiBa Bb3MOXKHOCT 33 IMPEKTHA BU3ya/M3alMsl HA CTEIIEHTa Ha JUCIIepTUpaHe
Ha MBJIHATEINTE B MaTpUIaTa, opMaTa 1 CTPYKTYPHOTO pasIipee/ieHe Ha YacTUIMTE, MeXAy(asoBaTa HOBbPXHOCT B KOMITO3UTUTE.
OcHOBHATA LieT HAa Te3U eKCIepUMEeHTATHM U3CIeABAaHNUSI € HAMUPAHEeTO Ha CbBMecTeH e(eKT Ha JBaTa BMUIA HAHOITBIHUTENN BbPXY
CBOJICTBAaTa M CTPYKTypaTa Ha OTyYeHUTe KOMIIO3UTHUTE MaTepUain.
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