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ABSTRACT

Nano size spherical carbon particles of less than 100 nm diameters are attracting for new applications in human
life and industry fields. In this work, different nano carbon particles structures including spherical shape were synthesized
by phosphoric acid dehydration process. Shape and size of the obtained nano sized carbon sphere particles were
characterized by means of JEOL-JEM-1200 Transmission Electron Microscope (TEM). The effect of different phosphoric
acid concentrations, 0.06M, 0.1M and 0.5M respectively was studied. Also, influence of sugar concentration, temperature
and heating time were investigated. The optimum conditions were concluded as, 0.1M phosphoric acid, 50g/l sugar
concentration, 100°C and 15minutes heating time was selected for carbon nano spheres preparation.
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1. INTRODUCTION

The exclusive properties of nano size particles led
to a lot applications in the human life fields such as
agriculture, industry, and medicine beside global attention
towards science and technologies of nano materials
(Serrato-Valenti, G., et al2000). Different authors cited
that different types of nano particles have the ability to
penetrate walls of cell plants (e.g.) (I) Gold,capped meso-
porous silica nano particles (MSNs) were able to penetrate
cell wall and provide plant cell with DNA by
bombardment method.(II) Penetration of the cell wall and
cell membrane of tobacco cells using cell- walled carbon
nano carbon tubes(SWNTs, and (III) penetration of
carbon-coated iron nano tubes in plant cells using
pumpkin plants as previously reported (Torney, F..et al
2007; Gonzales-Melendi, P., et al 2008). Currently, there
are great interest about the penetration of nano carbon
materials in the plant and its ability to be used as smart
treatment-delivery systems and their impact on the plant
physiology. It was found that the interference of carbon
nano particles to seeds of crops increase the germination
percent and enhances the growth of seedlings.
Preparations of nano carbon by chemical vapor deposition
are reported within different techniques (Calderon-
Moreno, J.M., et al 2007). Pyrolysis of hydrocarbon
precursors (Lee, E. J., et al 2005, Wang, Z.D., et al
2008) and sol-gel emulsification (Pekala, R.W. 1989,
Hasegawa, T., et al., 2004, Chandra S., et al 2009) are
also reported. Investigations of carbon nano spheres
preparation are very few (Lee, E. J., et al 2005,Calderon-
Moreno, J.M., et al 2007, Wang, Z.D..et al 2008), while
there is a significant literature on the preparation of
circular carbon granules. Synthesis of different nano
carbon particles structures including spherical shape has
received a considerable attention in recent years due to
their enormous prospective.

1.1 Electro spraying technique

Electro spraying is one of the promising methods
for synthesis carbon nano particles (Cloupeau.M., et al
1989;Cloupeau M.,1990;Cloupeau M., et al 1994;Bagheri-
Tar., F., et al 2007;Jaworek, A., 2007;Yiquan, Wu., et al
2007;Jaworek, A., et al. 2008;Valvo,M. et al. 2009).
Electro spraying has several advantages over other
techniques, which offer preparation of homogeneous
spherical granules with a narrow distribution and high
yield (Jaworek, A., 2007; Jaworek, A., et al 2008) and
may be used as drug delivery carrier (Arya, N., et al,,
2009). Spray techniques can give simple scalable and
continuous method, for absorbent carbon production
(Suslick, K.S., et al 1999; Bang, JH., et al 2010; Skrabalak
SE., 2009; Hampsey, JE., 2005; Yan.Y., et al 2007; Hu,
Q., et al 2008; KodasTT., et al 1999). Carbon spheres
(0.5-3mm) diameter , where directly obtained using
ultrasonic sprays pyrolysis (USP) from organic salt
precursors (Skrabalak SE., et al 2007;Skrabalak SE., et al
2006;Fortunato ME., et al 2010). Meso- and macro-
porosity are developed using in situ templates and micro-
porosity results from in situ carbon gasification the
activity of the methanol fuel cell anode was upgraded by
using basic wet Pt-Ru in USP process (Bang JH., et al
2007). Other investigators used activated carbon as a
catalyst by impregnation of commercial carbon (Liu H., et
al 2007). Someone used USP as impregnation for
preparation of fuel cell catalysts (Hampden-Smith M., et
al 2003).

1.2 Traditional dehydration mechanism

White crystals were obtained by freezing H,SO4
(98%) at 10.5°C.These crystals are solid three dimensional
hydrogen bonded network persists in liquid and aqueous
state. Heating pure acid to evolve SO; and H»O, this
H,SOs4 reaches its boiling point 330°C  and
98.33%concentration.Concentrated H,SO4 of 18M is used
for gas drying and doesn’t react with SO,, Cl,, Ny, and O,.
So it used for drying out carbohydrates, acids, organic
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alcohols, and hydrate crystals. The following equation,
shows the reaction of sucrose drying out carbohydrate to
carbon then carbon is oxidizes to CO;,

C12H2201 Pehydrate —s 12C(s) + 11H,0 Oxidation —s COx+ SO,

Time lag one minute before reaction progress was
observed. Because the reaction is exothermic, the rate of
water removing increases and the acid begins to be yellow.
Removing water from the sugar molecules generates heat
and converts water to steam which expands the remaining
carbon into porous, black smoky columns which leads to
sharp acid vapors with burned sugar odour.

2. MATERIAL AND METHODS

2.1 Material

Commercial sugar produced by El Masreya for
Sugar production Co., Phosphoric acid MERK, Distilled
water.

2.2 Production procedure

Sugar solution 5% solution was prepared by
dissolving 50gm of sugar in lliter distilled water. About
100ml of this solution was used for the preparation of
carbon nano sphere. The sugar solution was boiled then
Sml of concentrated phosphoric acid was added with
continuous stirring till the color of solution changes from
transparent colorless to dark brown. After stopping the
stirring and cooling the solution, the sample is analysed by
TEM analysis.

2.3 Testing

Shape and size of the obtained nano sized carbon
sphere particles were characterized by means of a JEOL-
JEM-1200 Transmission Electron Microscope (TEM).For
TEM test the sample was prepared by adding a drop of the
nano carbon solution on a 400 mesh copper grid coated by
an amorphous carbon film and keep the sample for drying
in open air at room temperature. The diameter of the
carbon nano particles was determined by taking the
average of 100 nano particles from several chosen areas in
enlarged microphotographs. Also, the same apparatus was
used for X-ray diffraction test (Hussien, Nabila H., et al
2014)

3. RESULTS AND DISCUSSIONS

3.1 Influence of H3PO4 concentration

The influence of phosphoric acid concentration
on the nano carbon spheres size at operating conditions of
sugar concentration 50g/1, temperature 100°C and heating
time 15min. with stirring of 150rpm are shown in Figs (1,
2,3).
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Figure-1.TEM measurement of 0.06M phosphoric acid

sugar concentration 50g/1, temperature 100°C and heating
time 15min with stirring of 150rpm.

Figure-2. TEM measurement of 0.1M phosphoric acid
sugar concentration 50g/1, temperature 100°C and heating
time 15min with stirring of 150rpm.

Figure-3. TEM measurement of 0.5M phosphoric acid at
sugar concentration 50g/1, temperature 100°C and heating
time 15min with stirring of 150rpm.
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The results show that as the phosphoric acid
concentration increases from 0.06M to 0.5M the particles
size increases too and the obtained particles sizes were
1lnm, 40nm and over 70nm at phosphoric acid
concentration of 0.06M, 0.1M and 0.5M respectively. Also
the results show that as the phosphoric acid concentration
increases to 0.5M the shape of the obtained carbon
particles changed from spherical shape to flakes shape as
shown in Figure-3. Figures 4-6 show the histogram of the
obtained nano carbon particles at different phosphoric acid
concentration ranged from 0.06M to 0.5M. From these
figures and the above mentioned results and according to
the optimum particle size of nano carbon used in the
agriculture applications (up to50nm) phosphoric acid
concentration of 0.IM was selected as the optimum
concentration for the preparation of nano carbon sphere.
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Figure-4. Histogram of carbon nano particles, prepared
using 0.06M phosphoric acid at sugar concentration
50¢g/1, temperature 100°C, heating time 15min with
stirring of 150rpm.
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Figure-5. Histogram of nano carbon particles prepared
using 0.1M phosphoric acid sugar concentration 50g/1,
temperature 100°C, heating time 15min with stirring
of 150rpm.
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Figure-6. Histogram of nano carbon particles prepared
using 0.5M phosphoric acid sugar concentration 50g/1,
temperature 100°C, heating time 15min with stirring
of 150rpm.

3.2 Influence of sugar addition

Influence of sugar concentration on the obtained
carbon nano particles prepared at phosphoric acid
concentration 0.1M, 100°C and 15min heating time at
150rpm were shown in Figures (7, 8 and 2). The results
show that as the sugar concentration increases, the
obtained particle size of the nano carbon decreases. Also
the shape of the obtained nano carbon converted from
flake shape at 10g/1 sugar to spherical shape at 50g/l. From
the above results, it was concluded that the optimum sugar
concentration is 50g/1.

Figure-7. Nano carbon particles prepared using 0.1M
phosphoric acid at sugar concentration 10g/1, temperature
100°C, heating time 15min with stirring of 150rpm.
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(55
Figure-8. Nano carbon particles prepared using 0.1M

phosphoric acid at sugar concentration 35g/1, temperature
100°C, heating time 15min with stirring of 150rpm.

3.3 Effect of heating

The effect of heating on the prepared nano carbon
spheres at phosphoric acid concentration of 0.1M, sugar
concentration 50g/1, heating time 15min, and stirring rate
150rpm was studied from the range of 50°C to 100°C as
shown in Figs (9,10). The results show that at 50°C, 80°C
no conversion of sugar to nano carbon were obtained
while at 100°C particles size of nano carbon sphere was
40 nm as illustrated in Figures 2 and 5. So, the temperature
100°C was selected as the optimum temperature for carbon
nano spheres preparation.

100 mm

Figure-9. Nano carbon particles prepared using 0.1M
phosphoric acid at sugar concentration 50g/1, temperature
100°C, heating time 30min with stirring of 150rpm.

Figure-10. Nano carbon particles prepared using 0.1M
phosphoric acid at sugar concentration 50g/1, temperature
100°C, heating time 60min with stirring of 150rpm.

3.3.1 Effect of heating time

The effect of heating time on the prepared nano
carbon spheres at phosphoric acid concentration of 0.1M,
sugar concentration 50g/1, boiling at 100°C, and stirring
rate 150rpm was studied from the range of Smins to
60mins. The results show that no conversion to nano size
was obtained before 15mins as mentioned in Figures 2 and
5 and after that with increasing of heating time carbon
particle size increases where at 30mins it reaches to about
90nm as mentioned in Figure-9 and reaching to micro size
at 60mins as shown in Figure-10. Based on that results
15mins was selected as the optimum heating time to
converts sugar to the desired carbon nano spheres (50nm).
Based on the investigation of the optimum operating
conditions for the preparation of nano carbon sphere with
the range of 50nm, it is concluded that the optimum
conditions were phosphoric acid concentration of 0.1M,
sugar concentration 50g/1, boiling at 100°C for 15mins at
stirring rate 150rpm. The obtained carbon nano sphere is
suitable to be used as fertilizer and as seed germination
enhancement as predicted from the literature review.
Figure-11 represents the SAED pattern of the obtained
nano carbon sphere at the selected optimum conditions.
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Figure-11. SAED pattern of carbon nano sphere
optimum conditions.

4. CONCLUSIONS

Carbon nano spheres were prepared by acid
dehydration process using phosphoric acid. The results
show that as the phosphoric acid concentration increases
from 0.06M to 0.5M, the particles size increases and
varied from 1lnm, 40nm to 100nm at phosphoric acid
concentration of 0.06M, 0.1M and 0.5M respectively. The
optimum acid concentration was 0.1M. Also, as the sugar
concentration increases the particle size of nano carbon
decreases, the optimum sugar concentration was 50g/1. at
heating conditions 100°C for heating time 15mins, were
selected for carbon nano sphere preparation. It is
recommended in the next investigation to apply these
carbon nano spheres in agriculture testing.
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