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Abstract- Biogas produced from animal waste available from a dorndstigas plant has been used as a precursor gas
to explore the presence of carbon related nanoralteGSoot deposited on a stainless steel subdbyatine Non
Catalytic Open Flame Synthesis process was analyaeliiwalled Carbon nanotubes having diameter earigo 20

nm and length of 125 nm have been characterized) &ianning Electron Microscope (SEM), Transmiss&itacttron
Microscope (TEM), Raman Spectroscopy and X RayrBifion (XRD). Thermo Gravimetric Analysis (TGA)
showed the purity of synthesized MWCNTSs as neanhlar to commercial grade CNTSs.

Index Terms-Biogas, Carbon Nanotubes, Flame Synthesis

1.INTRODUCTION

The large scale production and wide applicatio€NfTs MWNTs synthesis. Other non conventional liquid el
makes the selection of raw materials for their lsgais such as Turpentine oil [20], Mustard ojR1] and
important. The influencing factors which should bétucalyptus oil [22] have been found suitable foe th
considered when selecting a carbon source areid¢he y synthesis of CNTs. Some research groups have also
and quality of the CNTs produced. Hydrocarbonstlaee reported synthesis of CNTs using solid fuels, premt
most frequently used carbon sources for the pramuct among them being commercial Paraffin wax candlg [23
of CNTs by different methods such as Arc Dischargeyith simple wick method, Coal[24],Polythene was28][
Laser Vaporization, Chemical Vapor Deposition anetc.
Flame Synthesis [1-4]. Commercial applications of CNTs have been rather
Gaseous hydrocarbon fuels such as Methane [S]ow to develop primarily because of the high piiun
Ethylene [6] and Acetylene [7] have been used lfar t costs. The high price is due to the fact that CHuila be
synthesis of nanostructures because of their tayyden produced so far only on a laboratory scale, through
produce less amorphous carbon during combustiodifferent gas-phase processes using costly fueld an
Among all of the gaseous hydrocarbons, Methanéds tequipment and requires a complex cleaning and
most widely used and studied pure fuel even thaugh separating procedures. Comparatively cheaper foel a
quite expensive [9-12]. It is suitable for the getien less sophisticated equipment is needed to prodart®c
of high quality Single and Multiwalled nanotubes on bulk scale so as to reduce the casteof
nanotubes (SWNTs and MWNTs) provided thamaterial. Biogas is a renewable energy source wteéch
appropriate catalysts and optimal technologicalmeg be produced from regionally available raw materaaisl
are implemented. Higher saturated hydrocarbons asichrecycled waste and is environmentally friendjogas is
Liguefied Petroleum Gas (LPG) were successfullydusgroduced by fermentation of biodegradable materials
for the production of multiwalled CNTs [13-15]. such as manure, sewage, municipal waste, greere wast
Aromatic hydrocarbons Benzene [8], Toluene [16plant material, and crops and it comprises prinaoii
and Xylene [17] were also studied as potential @arb Methane ( CH) , carbon dioxide( C¢) traces of HS and
sources for CNTs production however they do notrseefractions of HO vapors. Biogas was used as precursor
to offer substantial advantages over alkanes akehas for the synthesis of Carbon Nano Particles (CNPgain
and thus, were not widely used. Oxygen-containinGVD process [26]. From the available literaturegems
organic compound such as ethanol wathat there is little work done on the flame synibiasf
successfully used for the synthesis of CNTLNTSs using this cheap fuéelhe present work is a step in
[18-19] and it was found to be most suitable fodirection towards synthesizing CNTs through flamete
obtaining SWNTs and DWNTs and less acceptable farsing Biogas
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confirms the presence of CNTs in the sample.Thiaser
morphology of the CNTs deposited seems to be umifor
in nature. TEM imagewere taken using a Transmission
Electron Microscope, Hitachi (H-7500) microscope in
2.EXPERIMENTAL PROCEDURE high resolution mode. It was operated at 40-120nkt
magnification at 3, 00,000x. Fig.3 shows the TEM
A simple experimental setup as shown in fig.Imicrograph of the carbon nanotube sample colledtés!.
consisting of a co-flow burner, substrate platayérse seen that multiwalled CNTs in the range of outer
mechanism, acrylic sheet, Oxygen cylinder, rotansete diameter from 7 to 20 nm and inner diameter frofta.
flow valves, hose pipes, thermocouple and thermpleou 7 nm. were synthesized. Length of CNTs was
readout and a biogas tank (fix dome type) was weed approximately in the range of 125nm. The CNTs were
carry out synthesis process. The traversing meshani made of parallel graphene planes oriented alonguthe
was used to adjust the horizontal and vertical mem  axis with amorphous carbon structure attaching tmeo
of the Stainless Steel substrate plate (Grade 348dLof outer surfaces as no purification was carried out.
size 203 x 203 x 3 mm) where soot was collectegr aft Fig. 4 shows the XRD spectra of the synthesized
the completion of experiment. A transparent acrgtieet sample. The strong and sharp reflection peak at827.
of 6 mm thickness enclosed the setup so that fleonéd  shows that the CNTs are crystalline in nature. jfaak
be protected from the effect of surroundings, mining  (002) arises due to interlayer stacking of graprsests.
the flame disturbance and to allow the opticaloristo . The presence of this peak in the XRD pattern NTE
the flame. The burner consisted of simple tube—tmbe indicates the concentric cylindrical nature of drape
configuration. Three concentric tubes of length 20 sheets nested together and the multiwalled streicbdir
and diameters 10 mm, 50 mm and 62 mm respectiveBNTs. The characteristic 0.32 nm inner layer spacing
were arranged coaxially. Two rotameters have besed u which provides evidence that highly ordered wereTEN
to measure the volume flow rate of Biogas as wsll gresent in sample. The average diameter of the CNTs
Oxygen both having range 0 — 25 liters per minlgm).  present was calculated to be 16.20nm.
Calibrated J Type thermocouple (temperature range 0
650°C) was attached on the substrate plate to gbese Using Scherrer Equation the diameter of nanotulaes c
surface temperature on which the soot has to e calculated
deposited. Supply of Biogas was taken from a sma\b 094
domestic plant where animal waste was the main raW (B cos 8)
material. Substrate plate for the present studykegs at

45mm from the burner exit (HAB). Fuel flow ratq wasp the present sample, value of d = 3.208W B =

fixed at 1 Ipm and an Oxygen flow rate was variety 78° ¢ 1.54 A= .154nm, B (FWHM) = 0.502° =
fromllpm to 2 Ipm. with a residence tinué 15 minutes g 00876 radian,

as shown in the tablel. Soot thus collected wasgtcoed
from the substrate and weighed. The collected sampb is diameter of nanostructure = 16.20 nm
was characterized without any purification.
The grown CNTs were characterized by Renishaw invia
3.RESULTS AND DISCUSSION Raman Microscope 51454 with He-Ar laser (514nm)
with 50% laser strength. The ratio between the Ddba
Biogas used as the precursor in the present wosk wand G band is a indicator of the quality of CNTsain
taken from a domestic biogas plant. Gas chromapigra sample. The Raman spectrum of CNTs synthesized by
was carried out to find the composition of the lbi®g using biogas is shown in Fig. 5. The sharp peak at
used and calculation were done for methane andoarb1599.05 crit the G band and the peak at 1339.34'cm
dioxide percentage. Main constituent in the biogas the D band. In this case the RBM was observed as a
found to be Methane with 77% by volume and Carbosmall peak which indicated very less quantity of
Dioxide with 23% by volume. SEM images were takerlSWCNTs as compare of MWCNTs confirming the
using a JEOL JSM - 6610LV microscope in conventionaesults obtained from TEM  analysis. The intensities
and high resolution mode. Operating at an accéhgrat corresponding to G and D bands were 826.025 counts
voltage of (0.3 to 30 kV), magnification can bethe and 730.229 counts respectively. In this case &haevof
range of x5 to 300,000. SEM image of the CNT$y/I; was calculated as 0.88. This intensity ratio iatkd
synthesized from Biogas is shown in fig.2.This givehigher
information about surface morphology of the sangrid
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orders of the CNTs are present in sample. Fig.dvsh
the weight loss curve for the CNTs synthesized. TGA
measures the decrease in sample mass as a funétion
annealing temperature. Because CNTs generally have

A

1.Fixed dome type Biogas plant

Fig.1: Schematic diagram of the experimental set up

mechanism 9.Thermocouple wire 10.Co-flow burrieEhclosure 12.Thermocouple readout

Tablel. Parameters for bulk production of CNTs g8iogas
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2.Regulator $der cylinder 4.Hose pipes 5.Flow control valvésRotameters 7.Substrate 8.Traverse

S. No. Oxygen | Biogas flow | HAB(mm) | Weight of Residence | Total soot | Temperature
flow rate rate(lpm) soot (gm / Time collected range (°C)
(Ipm) min.) (min.) (gm)
1 1 1 45 0.00833 15 3 410
2 2 1 45 0.00867 15 3.15 420
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Fig. 2. SEM image of CNTs synthesized using biogas 3.TEM images of CNTs synthesized using biogas
higher decomposition temperatures than adsorbi [
molecules and amorphous carbon, TGA data can kb us wod

to estimate CNT purity and the presence an
concentration of organic molecules attached to CN
sidewalls. The oxidation peak temperature of th
synthesized sample was observed at 540 °C, whieah is
indicative of the overall quality of the nanotubaterial.

The oxidation and thermal degradation of sample we
observed from the graph at this temperature and tl

Intensity (counts)

derivative weight was found to be 95 %. mﬂ"ﬂ

e T T
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Fig. 4 XRD pattern of CNTs synthesizethgdiogas
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CNTs. This research opens the possibility that Chérs
1000 be grown in simple oxy-fuel flames using Biogas as

precursor gas.
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