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Synthesis and Characterization of Carbon Soot Particles Doped

HPMC Polymer Composites
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Abstract: Biodegradable Hydroxyl propyl Methyl cellulose based polymer composites of various concentrations were
prepared by doping carbon particles of kerosene soot. These composites were synthesized by employing simple solution
casting method, to study the physical properties of the same. The analytical studies like XRD, AC conductivity, Tensile
strength, Acoustic impedance, AFM and FTIR spectroscopy were carried out to characterize these composites. From the
results it is seen that, the amorphous carbon particle disturbs the semi crystalline nature of the polymer by getting
interstitial into polymer network. Further, this results in the characteristic changes of other physical parameters like
tensile strength and AC conductivity. We have made an attempt to establish a structure property relation of such changes
in the physical properties with that of microstructural parameters derived from XRD.
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1. INTRODUCTION

There is an increase in research investigation on
bio-degradable materials for various use in day to day
life. In this context, Hydroxyl Propyl Methyl Cellulose
(HPMC) is one such material. Hydroxyl propylmethyl
cellulose (HPMC) belongs to the family of hydrophilic
polymers, which when in contact with fluids swell and
make a gel layer around dry core of the polymer matrix.
Water-holding HPMC or its solution can absorb and
hold moisture and it is easier to form smooth HPMC
films which can be tough and elastic in its physical
properties. These films are excellent oil resistant along
with its antioxidant nature. HPMC is water soluble
tasteless non-ionic derivative of cellulose, which is
used as food additives, capsules and eye drops [1-3].

The particles of matter emitted from kerosene wick
flames are hydrocarbons in origin, and are soot
particles. These soot particles result from competition
between soot formation and oxidation. Soot particles
smaller than 300 nm are known to have a negative
impact on health due to their physico-chemical
properties. It is a known fact that carbon particles are
amorphous and not so good conductor on its own.
There is always an interesting enigma to know carbon
nanoparticles behavior in a polymer matrix. Recently
morphological characterization of carbon particles from
soot without a catalyst precursor was reported [4]
wherein they observe the presence of significant
amount of carbon nanomaterial.
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The main motive behind this research is to examine
the changes in physico—-mechanical properties of these
polymer composites due to the addition of carbon
particles and to study the interaction of soot model
particles with the segment of polymer chain. In order to
establish  structure property relation in these
composites insight to correlate the microstructural
information with the physical properties.

2. EXPERIMENT DETAILS

2.1. Sample Preparation

HPMC polymer used in this research was obtained
in powder form with an approximate molecular weight
of 20,000 Daltons from Loba-Chemicals, Mumbai,
India. The polymer films were prepared employing
solution casting method [5]. Carbon soot particles were
obtained by placing a flat glass plate over a kerosene
lamp and scrapping off the soot collected from the
surface of the glass into a container. These soot
particles were added to 5% HPMC solution in
concentration of 0.01g, 0.02g, 0.03g and 0.04g.
Resulting in C4, C,, C3 and C, samples which were
dried under room temperature. A pure HPMC polymer
film was also prepared for comparative studies.

2.2. X-Ray Studies

X-ray diffraction pattern of the sample was recorded
using RigakuMiniFlex Il Diffractometer with Ni filtered
CuKa radiation of wavelength 1.5406A. The samples
were scanned at a speed of 5° per min with a step size
of 0.02° with a specification of 30kV and 15mA. In
setting up the specimen and apparatus, co-planarity of
the specimen surface with the specimen holder surface
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and setting of the specimen holder at the position of
symmetric reflection geometry was ensured.

2.3. FT-IR Studies

The FTIR spectra was recorded in transmission
mode with spectrophotometer model FTIR-4100 type A,
having a resolution of 4cm™ in the wave number range
400-4000 cm™. The nature of chemical bonds in
polymers can be studied through the characterization
of the vibration modes by infrared spectroscopy [6].

2.4. Acoustic Impedance

The ease with which an ultrasonic pulse can travel
through a material depends on a property of the
material called Acoustic impedance (Z). Digital
Ultrasonic Pulse Echo Velocity Meter with silicon
grease as couplant is used to determine Acoustic
impedance of the polymer samples in both Longitudinal
and Shear modes.

2.5. AC Conductivity

AC Conductivity measurements for the HPMC
polymer films of different carbon concentrations were
measured using HIOKI 3532-50 LCR HIiTESTER, the
test frequency was set from 50Hz to 5MHz under room
temperature.

2.6. Tensile Strength

The mechanical properties of the polymer samples
were recorded using Universal Testing Machine (Lloyd
Instruments, UK, 5kN load cell). Each sample was
tested at a specification of 50 mm gauge length, with
the crosshead speed of 20mm/min at room
temperature. A model LRX plus was used to determine
the maximum tensile strength, maximum percentage
elongation at break and elastic modulus.

2.7. AFM Studies

The surface morphology of polymer samples were
carried out using NanosurfeasyScan2, Atomic Force
Microscope (AFM-Switzerland) in contact mode with a
scanner size of 12um x 12um.

3. RESULTS AND DISCUSSION

X-ray diffraction pattern obtained for the polymer
composites are shown in Figure 1. It can be seen that
the diffraction patterns obtained for the doped polymer
composites are similar to that of the pure HPMC film
with change in its intensity i.e., the addition of carbon
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Figure 1: XRD pattern of HPMC and Carbon particles doped
in HPMC.

particles to the HPMC polymer do not affect the parent
polymer matrix significantly but makes it more
amorphous resulting in less intense peaks compared to
pure HPMC. This is further supported by the
crystallinity values calculated by Williamson-Hall plot
method [7]. W-H plot considers both limited size of the
crystals and the presence of crystallographic distortions
which leads to Lorentzian intensity distributions. The
slope of the W-H plot represents the average strain in
the crystal, whereas intercept with the y-axis gives the
crystallite size. The Williamson-Hall relation is given by
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Where 'B' is the full width at half maximum
(FWHM) of the peak measured in radians, ‘D’ is the
average crystallite size, and 'e' is the average lattice
strain [8]. The calculated microstructural parameters
are tabulated in Table 1. But further, for higher
concentrations, carbon particles dominate in the
polymer matrix and results in higher crystallinity values.
Though the crystallite size decreases for the first two
concentration it increases as the concentration of
carbon particle increases, this is because at higher

Table 1: Microstructural Parameters of HPMC and
Carbon Particles Doped in HPMC
Sample Strain (%) Crystallite Size (A)
HPMC 1.4 13.3
Cq 6.9 10.4
C, 2.3 8.9
Cs 2.0 11.3
Cs 1.1 14.2
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concentration carbon soot particles try to dominate in
the matrix and thus camouflage the structure of parent
polymer. The crystallite size values obtained for
composites at higher concentration is a resultant of
both the polymer and carbon particles.
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Figure 2: FT-IR spectra of Pure and Carbon soot doped
HPMC films respectively.

FTIR absorbance spectra for pure and the carbon
doped films of HPMC polymer samples are shown in
Figure 2. In the IR spectra we have considered a few
prominent bands around 2800 cm™ which corresponds

to C-H stretch. Around 1650 cm™' the bands
corresponds to stretching of —C=C- groups. For pure
HPMC, the fundamental and first overtone transition of
—C=C- bonds are centered at 1657 cm™ and 2827 cm’
respectively. The equilibrium Vibration frequency of the
chain about this bond is calculated using the relations
[9, 10]. FTIR results tabulated in Table 2 do correlate
with that of XRD which are indicated by the changes in
anharmonicity and force constant. |Initially force
constant increases with increase in carbon particles up
to 0.03% and thereafter it decreases. This is due to
changes in polymer network in the neighbourhood of
carbon particles. But, at the outset it is seen that both
the anharmonicity and force constant varies about a
constant mean and do not exceed pristine values. This
confirms that the carbon particles in the network is
physically interstitial and do not break the chemical
chains of the parent matrix. Thus, the concentration of
carbon particles in the matrix results in the variation of
these values, and thereby is in accordance with the
results of XRD.

Acoustic Impedance ‘Z' is calculated using the
relation Z = p x V, where ‘p’ is density and ‘V’ is the
velocity. Both longitudinal and shear modulus of
polymer composite decreases with increase in
carbonconcentration as shown in Table 3. This
indicates that there is considerable breaking of inter-
molecular interactions in these systems [11, 12].

After obtaining transconductance (G) from the
instrument, AC conductivity (o) for the polymer
composites were obtained by the relation,

(txG)
A

Where ‘t’ is the thickness and ‘A’ is the area of the
sample

Figure 3 shows the plot of conductivity as a function
of log Frequency. From the results obtained, it is found

Table 2: IR Data for Pure and Carbon Soot Doped HPMC Films
Sample Anharmonicity Equilibrium Zero point Energy (&) Force
Constant Vibration (cm™) Constant (K)
(Yo =107) (v,) (N/m)
HPMC 1.4 2145.4 1011.7 256.7
C4 10.5 2113.6 1001.5 249.1
Cs 9.8 2046.1 0973.1 233.5
Cs 10.9 2113.6 0999.3 249.1
Cs 10.1 2035.5 0966.6 239.0
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Table 3: Longitudinal and Shearmodulus

Sample v, A p Z, (*10%) (kg/m®s) | Z. (*10°%) (kg/m’ s)
(mis) (mis) (kg/m®)
HPMC 280 350 1438.4 43 5.0
C 340 425 1357.0 46 5.8
C, 320 400 1352.1 4.0 5.0
Cs 300 375 1283.4 3.9 48
Cu 280 350 1305.3 3.7 46

V,: Longitudinal Velocity, Vs: Shear Velocity, p: Density, Z;: Acoustic Impedance (Longitudinal), Zs: Acoustic Impedance (Shear).

that, for each concentration conductivity increases with
increase in frequency. But with increase in carbon
concentration we can observe an exponential decrease
in conductivity of the samples. This is due to the fact
that carbon nanoparticles in the polymer network
behaves to be more dielectric [13] and hence there is a
considerable decrease in the conductivity values. This
behavior of the polymer composites is represented by a
bezier fit of conductivity versus concentration, for a
frequency of 10kHz as shown in Figure 4.
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Figure 3: Variation of AC conductivity with log frequency.
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Figure 4: Variation of AC conductivity with Carbon
Concentrations.

Tensile strength, percentage of elongation and
elastic modulus are parameters that are related with
the mechanical properties of the sample and their
chemical structures. Figure 5 shows stress-strain curve
for the samples. The values of Tensile strength,
Young's modulus and percentage of elongation for
HPMC polymer samples with carbon concentrations
are presented in Table 4. The tensile strength of the
polymer composites vary with carbon concentration,
which is found to be maximum for pure HPMC (43.14
MPa) and minimum for the sample C,. Stress-Strain
curve for pure HPMC indicates its high Tensile strength
and modulus with higher range of elastic limit. It has
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Figure 5: Stress vs Strain Curve.
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Table 4: Mechanical Properties of Pure and Carbon Soot Doped HPMC Polymer Composites

Sample % Elongation Maximum Tensile Strength (MPa) Young's Modulus (MPa) EIongatl?:‘:It)Fracture
HPMC 17.8 43.1 1278.7 5.9
C, 5.4 31.2 949.3 2.0
Cz 11.0 37.2 1169.4 3.7
Cs 12.2 29.9 1082.1 4.2
Cs 6.6 34.1 1147.0 2.3
Topograghy - Scan forward Meen &t
3
HPMC 1
Topuermny - Scw fiwandd Lire bl
£
£ z
Cl1 .
£
5
8
¥
Tupogiapty, St favend e B
C2 s,
5 3 5
Topoguaphy - Scan lrwoud Moam 8
c3

C4

lopography - Scanforward Line #t

Topaasn age

LACERR o8

opocpphy Scan omand e

Livwe @01

Lim R1E2 Y

Figure 6: AFM Images of Pure HPMC and carbon doped HPMC concentrations.
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Table 5: AFM Analysis of HPMC- Carbon Particle Films

Sample Ra (nm) Rq(nm) Ry(nm) Sa (nm) Sq(nm) Sy(nm)

HPMC 13.0£3.0 17.4+2.7 87.4+27.5 12.4+3.5 16.114.6 129.3+42.1
C4 11.64+2.0 14.242.4 67.4+14.7 13.9+4.8 18.016.0 122.5+23.7
C, 13.241.7 17.115.0 92.8+18.5 16.918.6 21.6+11.00 146.1+64.8
Cs 15.742.1 19.0£3.6 76.2+20.6 12.245.2 18.2+1.5 124.5+33.6
Cs 23.2+17.0 27.3+19.8 114.5+80.1 20.3+16.6 25.5+19.3 149.0487.1

Ra,Sa: average values of line and surface roughness, Rq,Sq: root mean square value of line and surface roughness, Ry,Sy: maximum value of line and surface

roughness.

high flexibility when compared to other films. All
films have same initial modulus, however the sample
C4 has a little high initial modulus than others. Only
pure HPMC has longer elastic limit and plastic region
when compared to othersamples. This shows addition
of carbon particles have affected the plasticity of HPMC
polymer matrix.

Figure 6 shows the topography, 3D AFM and
deflection images of the polymer composites, from
which the average sample roughness value is
obtained. Sample roughness corresponds to the
particle size distribution and sample nature [14]. The
line roughness parameters (R,, Rq and R,) and surface
roughness parameters (S,, Sq and Sy) are physical
scales which describes the roughness degree of the
samples which are presented in Table 5. In most of the
regions the sample exhibit irregular particle dimension
and have high R; and RMS roughness value, this is
maximum for the C, sample. From the resultsobtained,
a decrease inmechanical properties and an increase in
surface roughness of the polymer composites can be
observed.

4. CONCLUSION

With an interest to study the properties of carbon
soot as an effective dopant in a polymer matrix, an
attempt has been made to characterize polymer
composites by various analytical measurements. The
main expectation behind was in its conducting property,
which exhibited contradictory results. Even though
characterizations like XRD, FTIR, Acoustic Impedance
and AFM show some characteristic behaviour with the
concentration of carbon particles,the  overall
conductivity of the composites have not shown a
positive change. Carbon soot particle in the matrix
arrange themselves in the form of small crystallite like
structures and these clusters behave to be a hindrance
for conductivity. Soot particles being more dielectric in
nature, makes these polymer composites to be

nonconductive. This indicatesthat the addition of
carbon soot to the polymer exterminates the semi-
conducting property of the host matrix. Thus, the use of
carbon soot particles as conducting dopant is not
recommended.
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