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Abstract: The aim of the present study is to synthesis suitable carbon nano material using
pyrolysis oil as feed stock from printred circuit board (pcb) of waste electrical and electronic
equipments (weee). According to the American Journal of Environmental Engineering,
electronic waste (E-waste) is the fastest growing stream in the industrialized world. It is
estimated that 3-5% of e-waste consists of PCBs/connectors that need environmentally friendly
recycling techniques to manage.  The original research focuses on catalytic pyrolysis of waste
PCBs to generate energy rich e-oil and by using spray pyrolysis method carbon nano material
(CNMs) are synthesized on a crystal surface under inert environmental conditions. For the
synthesis of carbon nano material naturally occurring organic material are used as a feed stock
initially  and  hence  the  study  further  reveals  that  the  structure  of  the  resulting  CNM  is
determined by the feedstock type. Thus liquid condensate obtained from the pyrolysis of
printed circuit board is used as a raw material for the synthesis of carbon nano material by
using spray pyrolysis technique under inert Nitrogen environment on the surface of a quartz
crystal and the study demonstrates an efficient method to synthesize CNMs. The future study
deals with application of synthesized Carbon Nano Materials (CNMs) as a catalyst to improve
the yield of pyrolysis oil.
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1. Introduction:

Due to the advancement in science and technology and change in life style of an individual, the
electronic equipments are getting outdated before reaching the end of life. This has resulted in mass generation
of e-waste which requires proper disposal. According to the American Journal of Environmental Engineering,
electronic waste (E-waste) is the fastest growing stream in the industrialized world. It is estimated that 3-5% of
e-waste consists of PCBs/connectors that need environmentally friendly recycling techniques to manage.

The printed circuit boards are an integral part of all electrical and electronic equipments. The aim of the
present study is to efficiently utilize the waste printed circuit board for the synthesis of carbon nanomaterials.
The past five years have witnessed relentless growth in the research, development and technological
understanding of CNMs.  The global CNMs market’s revenue was estimated to be worth $926.3 million in
2012, which is expected to reach $2,398.4 million by 2018, growing at a CAGR of 15.5% from 2013 to 2018[1-
2].
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Industrial-scale production of CNMs is typically achieved through chemical vapor deposition (CVD)
methods or by flame synthesis techniques.  The spray pyrolysis deposition technique is gaining traction in the
scientific community due to its cost effectiveness and ease of integration in to a standard CMOS process. The
technique is used to grow crystal powders.

The study deals with the synthesis of Carbon Nano Materials (CNMs) using pyrolysis oil as feed stock
from printed circuit board (pcb) of waste electrical and electronic equipments (weee) and by using spray
prolysis method, on a quartz crystal surface, under inert Nitrogen environment.

2. Experimental Procedure

PCBs are collected from various electrical and electronic equipments. Collected Pcbs are pulverized by
using different size reducing equipments like ballmill, jaw crusher and drop weight crusher.  Mixture of equal
volumes of equal normal HCl, H2SO4 and HNO3 called “Mixed Acid” is prepared   in which powdered PCB’s
are added and it is found to be effective in removal of most of the metals by leaching process[3]. The resultant
mass  is  then  dried  in  a  Tray  drier  at  100○C for  15-20  minutes.  The  drier  is  inspected  for  every  5  minutes  to
prevent any burning.

Waste PCB                                Pulverized PCB
Fig.1 Feed stock used for obtaining pyrolytic oil.

The pulverized and dried PCB is pyrolysed in a fixed bed reactor [3], shown in Fig.2

Fig.2. Schematic representation of fixed bed pyrolytic reactor

The experiment is carried out at a temperature of 650○C in an inert nitrogen environment to yield pyrolytic oil
[4-7].   The properties of the oil obtained are shown in  Table 1.

Table 1. Properties of  pyrolytic oil

Properties Oil Characteristics
Colour  Reddish brown to dark green
Odor an acid smoky smell

Density 1.3 kg/liter
Viscosity Can vary from 25-1000 centistokes

Heating value  lower than fossil oil
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The synthesis of CNMs was carried out in a spray pyrolysis unit by using liquid condensate as a feed
stock. The carbon precursor in the presence of a catalyst is subjected to pyrolysis which resulted in deposition
of CNMs on a quartz substrate [8-10].   .

PCB pyrolysis oil was used as carbon source and ferrocene [Fe (C5H5)2] (Sigma Aldrich, high purity
98  %)  was  used  as  a  source  of  Fe,  which  acts  as  a  catalyst  for  the  growth  of  CNMs.  Quartz  crystal  of  size
(1x1cm2) was used as a substrate[11].   .

The spray pyrolysis set up consisted of a nozzle (inner diameter~0.4mm), attached to a precursor-
solution-supply used for spraying the solution into a quartz tube (~300 mm long with an inner diameter of ~25
mm). The outer part of the quartz tube was attached with a water bubbler[12]. Prior to use, the substrate was
cleaned properly with acetone by ultra-sonication followed by de-ionized water and finely dried using Nitrogen
blower.  The  substrate  was  kept  in  a  quartz  boat  which  was  then  placed  at  the  center  of  the  quartz  tube.  The
quartz tube was first flushed with Nitrogen gas in order to eliminate air and heated to a reaction temperature.

The precursor solution (PCB pyrolysis oil and ferrocene mixtures) was sprayed into the quartz tube,
using Nitrogen gas.  The concentration of ferrocene in PCB pyrolysis oil was ~15 mg/ml. The solution was
sonicated for 10 min to prepare the homogeneous mixture. The flow rate of Nitrogen was 250 sccm/min. The
experiments were conducted at 650 ○C and 1 atmospheric pressure, with reaction time of 1 hr. was maintained
for each deposition. After deposition, the furnace was switched off and allowed to cool down to 30○C under
Nitrogen gas flow. A uniform black deposition on the quartz substrate at the reaction zone was observed.
Finely, the substrate containing entangled CNMs was removed from the quartz tube for characterization [13].   .

Fig.3. Schematic representation of spray pyrolysis unit

The  N2-grown CNMs materials were characterized using Scanning Electron Microscope (SEM was
performed by Hitachi-3000 H). Raman spectroscopy of samples was performed by JASCO NRS-1500 w, green
laser with excited on wave length 532 nm.

3. Result and Discussion:

Fig.4 shows Scanning electron microscopic image of as-grown CNMs deposited on quartz substrate at
650 ° C in Nitrogen atmosphere by spray pyrolysis[14].   .

5 µm 1 µm
Fig.4. HRSEM images of CNMs at 650 ºC

HRSEM images (Fig.4) illustrate a high density of fibers with diameter of 250 ± 50 nm laid down on
quartz substrate, with  long randomly oriented spaghetti-like structures.
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Energy Dispersive X-ray (Fig. 5) analysis shows the amount of carbon and iron. Carbon is the major
element in the deposited products with 97.26 wt. % followed by iron content of 02.74 wt. %, which is in
agreement with our SEM observation that metal particle in our sample, is negligibly small.

Fig.5. EDX of the CNMs at 650ºC

The CNMs crystal structure was studied by X-ray diffraction. In Fig. 6 the intense peak at ca. 26.35°
can be indexed to the (002) diffraction plane of hexagonal graphite. The (002) peak indicates the graphitic
structure of the CNMs.

Fig.6. XRD spectra of the CNMs at 650 ºC

Raman spectroscopy is wildly used to characterize the structural and phase disorder information in
carbon related material. Fig. 7 shows Raman spectra of as-grown CNMs on quartz substrate indicating two
characteristic peaks at 1346 cm and 1576 cm-1 corresponding to D and G bands, respectively.

The G bands are related to stretching vibration in the basal plane of graphite crystal, which have been
normalized to the same intensity. D bands are associated with disorder (or) detective planner graphite structure.
The  D  peaks  at  1346  cm-1 has been known to be attributed to the defects in the curved graphene sheet.
Therefore, the Raman spectrum provides definite evidence that the CNMs have graphitic structure.

Fig.7. Raman spectra of the CNMs at 650 ºC
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The main conclusion of this work is the growth of CNMs on quartz substrate by spray pyrolysis using
PCB pyrolysis oil which is derived from waste PCB.  From the above experimental results, we conclude that the
carbon nano-fiber diameter of 250 ± 50 nm was observed with HRSEM.

References:

1. Marketsandmarkets.com - Carbon Nanotubes (CNTs) Market by Type, Application & Geography -
Global Trends & Forecasts To 2018.

2. Global Markets and Technologies for Carbon Nano tubes – A BCC Research Nano Technology Report
– Jul 2012.

3. Manis  Kumar  Jha,  Shivendra,  Vinay  Kumar,  “Leaching  studies  for  the  recovery  of  metals  from  the
waste printed circuit boards (pcbs)”, EPD congress 2010, TMS, the Minerals, Metal and Materials
society, 2010.

4. Williams, T. P., 2010. “Valorization of Printed Circuit Boards from Waste Electrical and Electronic
Equipment by Pyrolysis”. Waste Biomass Valor, 4 February.pp. 107-120.

5. Kaminsky, W. and Mennerich, D., Pyrolysis of synthetic tire rubber in a fluidized-bed reactor to yield
1,3-butadiene, styrene and carbon black. J Analytical and Applied Pyrolysis, 803, 58-59 (2001).

6. Jinhui Li , HuaboDuan, Keli Yu, Lili Liu, Siting Wang, “Characteristic of low-temperature pyrolysis of
printed circuit boards subjected to various atmosphere”, Resources, Conservation and Recycling,
vol.54,no.11, pp.810-815, 2010.

7. Karthikeyan, S., Sathiskumar, C. and Srinivasa moorthy, R., Effect of process parameters on tire
pyrolysis: a review. J Sci Ind Res., 71, pp.309-315 (2012).

8. G.  L.  Messing,  S.-C.  Zhang,  and  G.  V.  Jayanthi,  “Ceramic  powder  synthesis  by  spray  pyrolysis,”
Journal of the American Ceramic Society, vol. 76, no. 11, pp. 2707–2726, 1993.

9. S. Karthikeyan and P. Mahalingam, “Studies of yield and nature of multi-walled carbon nanotubes
synthesized by spray pyrolysis of pine oil at different temperatures,” International Journal of
Nanotechnology and Applications, vol. 4, pp.189-197, 2010.

10. P. Ghosh, R. A. Afre, T. Soga, and T. Jimbo, “A simple method of producing single-walled carbon
nanotubes from a natural precursor: Eucalyptus oil,” Materials Letters, vol. 61, no. 17, pp. 3768-
3770,2007.

11. Min-Sheng, Liu., Mark., Ching-Cheng Lin., I-Te, Huang and Chi-Chuan, Wang., “Enhancement of
thermal conductivity with carbon nanotube for nanofluids”. Int Commun Heat Mass Transfer., 32,
1202–1210 (2005).

12. Park, C., Anderson, P.E., Chambers, A., Tan, C.D., Hidalgo, R. and Rodriguez, N.M., “Further Studies
of the Interaction of Hydrogen with Graphite Nanofibers”. J Phys Chem B., 103 (48), 10572–10581
(1999).

13. See, C. H.; Harris, A. T. “A Review of Carbon Nanotube Synthesis via Fluidized-Bed Chemical Vapor
Deposition”. Ind. Eng. Chem. Res. 2007, 46, 997−1012.

14. Sathiskumar. C, Karthikeyan.S, “Synthesis of One Dimensional Carbon Nanofibers from Tire Pyrolysis
Oil”, J. Environ. Nanotechnolgy, Volume 1, No. 1 (2012) pp.46-49.

*****


