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Abstract: 
   Black carbon nanoparticles BCNP were prepared from 

H2O/kerosene by a flame method using a specific chamber homemade 

which designed to provide specific conditions.  Methanol alcohol was 

used as a source for producing CO gas to reduce the oxygen on the 

reaction and to provide the atmospheric conditions.  All the ratios of 

water 5.26%, 11.11%, 17.64%, 25% and 42.85% were succeeded to 

reduce the size of carbon black nanoparticles when mixed with 

kerosene.  The diameter of carbon black nanoparticles was 67.61 nm 

with pristine kerosene which reduces to 33% (45.33 nm) when used 

42.85% of DI water in mixture.  The particles were characterized by X-ray 

diffraction, scanning electron microscopy which supplied with Energy-

dispersive X-ray spectroscopy and surface area. 
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1. Introduction: 

   Carbon one of widespread material in nature with verities in abilities to 

forming different compounds using hybridization in pure and mixture 

form such   graphite structures and millions hydrocarbons compound.  

The elements with nano size shows unique properties which disappears or 

at least reduce at the classic level of materials [1]. The effect of gravity, 

with surface area and the number of active sites were responsible in the 

physical and chemical properties of nanomaterials NM [2]. Nano 

technology can deals with NMs at dimensions less than 100 nm to make 

ideal in industrial, medical and environmental applications. The 

applications confirm that NMs can enhance the maximum efficiency 

when may reach to 100%, which economically and practically required 

[3]. Carbon nano-materials CNM were considered ideal model for 

compounds with nanostructures, multiple formats and variant in 

characteristics behavior [4-5]. Actually chemical, mechanical, thermal 
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and electrical properties of CNMs determined through orientation and 

hybridization of carbon groups [6]. The behavior responsible to decide 

the possibility for using in different application. Black carbon (BC) 

represent common CNMs which consist [7] of different hybridization of 

carbon atoms when produced by decomposition of hydrocarbon 

materials. Black carbon nanoparticles BCNP is a traditional carbon form 

which manufactured in most conditions to forming specific behavior and 

properties of aggregates carbon nanoparticles. The applications of BCNP 

were represented by used as additives to rubbers when enhanced 

reinforcement, strength, and conductivity in additions to pigments for 

many purpose. In this work BCNPs were prepared from H2O/kerosene by 

flame deposition method with CO atmosphere. The BCNPs were 

characterized by X-ray diffraction XRD, scanning electron microscopy 

SEM with Energy-dispersive X-ray EDX and surface area. 
2. Experimental: 

2.1Materials: 

Kerosene was purchase from local market in Baghdad/Iraq without any 

purification.  Methanol with more 99% in purities were supplied from 

Hyman, England.  Aluminum foil which was used as surface for 

precipitation which purchased from local market with diameters (7 cm x 

7 cm x 0.04 cm). 

 

2.2Preparation of BCNPs: 

The process of synthesized BCNPs from Kerosene with different ratios of 

H2O was reported in figure 1. Pristine Kerosene and different ratios 

H2O/kerosene were placed in laboratory lamp which equipped with 

filament made from cotton. The filament was soaked for 24 h in kerosene 

than switched on the heat lamp for 5 minutes to start the precipitation on 

plate of aluminum which fixed with distance 20 cm above the kerosene 

lamp.   As-prepared nanomaterials were desperate by ultrasonic water 

bath (30 Hz) with 150 mL ethanol then, filtered and dried at 80 ͦ C for 4h. 

https://en.wikipedia.org/wiki/Energy-dispersive_X-ray_spectroscopy
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Figure 1: Schematic diagram of reactor and experimental setup for 

synthesized BCNPs. 

 

:and Discussion Results. 3 

The X-ray diffraction patterns of prepared sample were taken by X-ray 

powder diffractometer (Rigaku Rotalflex) (RU-200B) using Copper at 

wavelength 1.54056 nm, and 0.15405 nm for kα1 kα2 respectively. The 

scan was taken between 10°- to 80° with increments of 0.02° with scan 

rate 5°/min. The morphological structure and continent materials was 

studied by a JEOL 7500F Field Emission scanning electron microscope 

which equipped with energy-dispersive X-ray (EDX). 

Table1: summary for the ratios H2O/kerosene with the average of 

precipitation materials. 

 
 

Figure 2 represent the XRD patterns for synthesized BCNPs which 

prepared from pristine kerosene and different ratios of H2O/kerosene. The 

two peaks can be related to graphite [8] structures, whatever the first peak 

at ~24º for (002) planes is more intense than the second plane (010) at 43˚ 

when refer to hexagonal graphite lattice [9]. The intensities and width for 
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the two peaks of six samples show variance in value as reported in table 

2. As we reported in our previous work the broad peak arises as a result 

of disorder in sp2 hybridized carbon with σ and π bonding [10].  
 

 

Figure 2. XRD patterns of BCNP prepared from (a)-pristine Kerosene 

and different ratios of H2O with Kerosene (b) -5.26%H2O/kerosene, (c) -

11.11%H2O/kerosene, (d )-17.64%H2O/kerosene, (e)-25%H2O/kerosene 

and (f)- 42.85%H2O/kerosene in CO Atmosphere. 

 

Table 2: summary of position and relative intensity of peaks for the 

six samples BCNPs. 

 

The first peaks at 2Ө≈ 24∘ shows positive deviations which increase with 

increasing the ratios of H2O with Kerosene in addition to increasing the 

width and intensities for the peaks as compare with BCNP-a. The second 

peaks at 2Ө≈ 43∘ did not shows clear change which may related to lower 

intensity and width.      
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Figure 3. SEM image for BCNP prepared from pristine Kerosene BCNP-

a and different ratios of H2O with Kerosene: (b) -5.26%H2O/kerosene, 

(c) -11.11%H2O/kerosene, (d )-17.64%H2O/kerosene, (e)-

25%H2O/kerosene and (f)- 42.85%H2O/kerosene in CO Atmosphere. 

The surface morphology of the samples were represented in figure 3 

which shows the diameters of BCNPs were ranging from 25 to 74 nm 

with more variance in diameter when used pristine Kerosene as source of 

carbon. The results show that diameters were more regular when ratios of 

H2O increase in the mixture of Kerosene. The elemental cotenant was 

performed by EDX analysis for the six samples were represented in Fig.4. 

The synthesized BCNP shows pure carbon without any impurities which 

contained 100% carbon with change in ratios of carbon with variance in 

ratios of oxygen. 

 

Table 3: the average of produce weight and particle size of BCNPs. 
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Figure 4. EDX analysis of BCNP prepared from pristine Kerosene 

BCNP-a and different ratios of H2O with Kerosene: (b) -

5.26%H2O/kerosene, (c) -11.11%H2O/kerosene, (d )-

17.64%H2O/kerosene, (e)-25%H2O/kerosene and (f)- 

42.85%H2O/kerosene in CO Atmosphere. 

 

The values of surface area BET were measured for all the samples 

represent in figure 5. The surface area of BCNPs were shown increase 

with exist and increase the ratios of DI-H2O which proportion with 

degrees the calculated particle size.   

 

 
Figure 5: The skim of surface area for synthesized BCNPs 
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4. Mechanism of growth: 

Theoretically onion particulars could forming homologous series, of 

fullerene which stable with carbon layers [11] equivalent to graphite in π-

electronic structure and 3-dimensional spherical shapes. The most an 

acceptable molecular model of the spiral intermediates [12] refers to a 

path of growth around a fixed center point by free radical centers. The 

conjugation of carbon atoms responsible to enhance stabilized the free 

radicals [13] that could be produced under the incomplete combustion 

conditions. The free growth of radicals forming primary graphene layer 

that able to aggregate to complex structure and deforming balls [12-13] 

by physical and chemical forces.  As mentions previously incomplete 

combustion of kerosene which is mixture of hydrocarbon materials 

CxHyOz mostly forming fragments of free radicals with different and 

variant in molecular mass. The fragments responsible to forming the 

primary graphene layers as shown in mechanism below which produce 

different species of fragments: 

zOyHn
1-x+ C n→ CO  22O/+ 1  zOyHxC 

n ) zOyH1-x→  (C  zOyHn
1-xC 

n+OH zOn
1-yHx→ C  22O/+ 1  zOyHxC 

n)zO1-yHx→ (C zOn
1-yHxC 

n+On
1-zOyHx→ C  22O/+ 1  zOyHxC 

n)1 -zOyHx→ (C n
zOyHxC 

The primary fragments with different charge n when n refer to free 

radical, cationic or anionic. The decomposed kerosene produce species of 

free radical which start [13-14] to react with each other in sp2 

hybridization and forming many primary layers of benzene ring.  All of 

benzene ring acts as nuclei when grow as planer net sheet or spherical 

structure that mostly tend to form aggregates with growth surface. Water 

is a polar molecule with stronger intermolecular forces than [14] the 

mixture of different hydrocarbon compounds and different molecular 

masses represent by kerosene.  The water molecules can inter between 

layers which characterized by variance velocity value leading to reduce 

viscosity at normal temperature and pressure for mixture. This interaction 

causing new behavior for mixture of kerosene within water when 

decomposed in smaller groups forming less size of free radicals. Thus the 

water plays two effect: the first was reduces the molecular interaction 
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between component of kerosene, while the ether shown quencher for free 

radicals which limit the growth of BCNPs. Figure 3 of SEM images 

shows that increase the ratios of water with kerosene causing digresses 

the particle size and make it more regular BCNPs as reported in table 3.     

5. Conclusion: 

The process of forming BCNPs influence with the conditions of carbon as 

free radicals when built the nanoparticle carbon with different orientation 

and hybridization. In this work, the two atmosphere CO and O2 were 

chosen to produce black carbon nanoparticles which shows influence in 

size. The atmosphere condition of kerosene/air diffusion flame to 

generates BCNPs which is cheap and safe to produce BCNPs with the 

abilities to control the particle size and the amount of product. The CO 

gas succeeded to reduce the practical size of BCNPs with using simple 

strategy in reaction without any complication for the method. 
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