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Abstract: Graphene monolayer and multilayers have been prepared through functionalization of the graphite powder with anionic 

surfactant to make the hydrophobic graphite more hydrophilic and sheared using different agitator blades. EDX revealed high weight 

percent yield and non production of graphene oxide which usually affect the conductivity of graphene. Raman microscopy confirmed 

that band peaks are functions of graphene multilayer. The plot of intensity band ratios of D:G versus reciprocal of lateral flake size 

validated a D:G band ratio of 0.48 for our starting powder, confirmed a slope of 0.17 as obtained using other sources of graphite powder 

elsewhere, and demonstrated the production of mean lateral flake sizes of 1, 2, 3, and 9 layers of graphene. Also, the ID/IG versus ID'/IG 

plot of the graphenes showed a slope of 2.21 as against those reported for defected graphenes, attesting to the production of defect-free 

graphene monolayer and multilayer.  
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1. Introduction  
 

Graphene is a two dimensional monolayer of carbon atoms 

tightly packed in a honeycomb-like lattice, which is the 

fundamental building block of graphitic materials of several 

other dimensions [1]. It a zero band gap, high carrier 

mobility and concentration material, with a nearly ballistic 

transport property at room temperature [2]. Researchers are 

united in their quest to a cost effective route to graphene 

production, because of their intriguing electrical, mechanical 

[3], thermal [4] etc. properties. This is promising owing to its 

anticipated range of technological applications, which 

include but are not limited to optoelectronics, foldable 

devices, conductive inks, fire retardants, composites [5]. 

 

Expectedly, these researchers have reported several 

processing routes to graphene production, among which are 

oxidation of graphite powders [6], catalytic unzipping of 

carbon nanotubes [7], thermal shock exfoliation [8], etc. - 

with all these routes having varied sub routes. Most of these 

methods require functionalization of graphite powder (GP) 

with chemicals which introduce 'defects' sites to graphene, 

therefore hampering and, most times, extinguishing their 

electronic properties [9]. 

 

Furthermore, the surface free energy of graphene is 46.7 

mJ/m
2
 compared to 54.8 mJ/m

2
 for graphite flake (GF) at 

room temperature and 62.1 mJ/m
2
 for graphene oxide (GO). 

These energy differences account for the hydrophobic nature 

of graphene [10] and its difficulty in exfoliation in water 

irrespective of the shear force applied. Hence, in order to 

strike a balance between the total surface energy of GP [11] 

and that of the liquid in which graphene is to be exfoliated, a 

series of optimization techniques would be required to 

modify the hydrophobicity of graphene, make it more 

hydrophilic, without tampering on its physical properties.  

 

Literatures have reported exfoliation of graphene from 

different harsh liquid solutions, which in turn introduced 

defects and damage the conductivity properties of graphene. 

In this paper, mild anionic surfactants would be used to 

functionalize the GNs in water before consigning the 

resulting aqueous mixture to localised turbulent high shear 

rates [12], using a household blender. The rotating blade has 

a Reynolds number (Re) [13] given by; 



ND
Blade

2

Re 

 

.............. (1) 

where  ,  , D and N are density (1000kg/m
3
), viscosity 

(0.001 Pa s), diameter of the agitator and rotational speed 

respectively. Strong spatial and temporal variations [12, 14] 

were generated by the turbulent shear rate,
.

, which in turn 

was controlled by the rate of energy dissipation, (per unit 

mass) [15].  

V
P

.

 

................ (2) 

This study is important, if we desire to produce graphene 

with pristine physical and chemical properties, which would 

result in more efficient graphene-based devices. In this paper, 

reports on analytical investigation using raman spectroscopy 

are presented. 

 

2. Experimental  
 

2.1. Materials and Method 

 

Graphite powder (SP-1 grade) containing 1 ppm silicon and 

trace amount of caesium, and zinc was obtained from Bay 

carbon. The anionic surfactant and hydrotropes used were 

contained in a household washing liquid (Morning fresh).  

 

Graphite powder (GP) and anionic surfactant were mixed 

into a paste in a ratio of 4:1 and left for 12 hours. The paste 
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was then sheared for 60 minutes in a house- hold blender 

containing 250ml deionized water, using a two-, three and 

four blade agitator (with different turbulent shear rates), at 20 

minute interval. Successively, 250ml of deionized water was 

added to the mixture until the total volume became 1500ml. 

After each addition, the resulting mixture was sheared for 20 

minutes. 

 

 
Figure 1: Images of (A) two blade (B) three blade and (C) 

four blade agitators used in shearing of the GP 

 

Five samples (A-E) of supernatant were collected after 45 

minute intervals, centrifuged for 30 minutes at 3000rpm, 

filtered, dried in the oven for 3 hrs, and analysed using 

Renishaw inVia raman microscope (wire 2.0 software) at 

633nm excitation wavelength and, x20 objective lens. 

 

 
Figure 2: Size selection of graphene from the supernatants 

labelled as samples A – E 

 

3. Results and Discussion  
 

Raman characterization of graphene and graphene-based 

materials [16,17] is advantageous because of its outstanding, 

non-destructive nature, on sample materials. The raman 

spectra of the dried samples, taken under room temperature 

conditions are presented in figure 5 (Figure 5a shows the 

raman spectrum of GP, reference spectrum, while figures 5b 

to 5e show the spectra of samples A-D corresponding to 45, 

90, 135, 180 minutes respectively. The D, G and 2D bands 

peaks are fingerprints of multilayer graphene [16,18]. Liquid 

phase exfoliation of graphene is fraught with by-product of 

graphene oxide, however, our EDX measurement revealed a 

high (84.49 wt %) yield of carbon for Sample C (figure 4). 

The remaining signals came from minuscule amount of 

impurities from the graphite powder, the anionic head 

(sulphates) of the surfactant, the hydrotropes, and other 

adsorbates on the graphene surfaces. 

 
Figure 3: EDX showing high yield of graphene and the non-

existence of GO. 

 

Bulk and edge defects affect the symmetry conditions of 

energy versus wave vector characteristics of graphene, and 

encourage inter/intra valley processes between/within its D 

and D' bands [19, 20]. The extents of these defects have 

direct relationship to the ratios of the intensity peaks of the D 

bands to those of the G bands, the larger the defects the 

larger the ratio. Elsewhere, studies show that if graphene 

nanosheets contain only edge defects (an intrinsic property of 

nanosheets) [21,22], then the D:G intensity peak ratio would 

be connected approximately to the mean lateral flake size, 

L  by  
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................ (2) 

 

where (ID/IG)GP is the graphite powder D:G band ratio, and k, 

a constant approximately equal to 0.17 [23]. Presented in 

figure 4 is the ID/IG versus 1/< L > plot from our samples, the 

intercept is approximately 0.48, and confirmed from table 1. 

Also, if the lateral flake size of the crystallite were assumed 

large, then 1/< L > would approach zero, and the ratio of 

peak intenstites D to G becomes equal to our experimental 

intercept (i.e 0.48). This is a further pointer showing non-

introduction of edge defects during graphene exfoliation.  

 

 

Table 1: Raman peak ratios of GP and samples A, B, C, and 

D 

 ID/IG ID'/IG ID/ID'
 I2D/ID I2D/IG  

GP 0.48 0.49 0.98 1.19 0.58 

 A 0.50 0.47 1.001 1.24 0.62 

 B 0.53 0.48 1.086 1.18 0.62 

C 0.57 0.49 1.136 1.10 0.56 

 D 0.62 0.50 1.266 1.33 0.82 

 

Table 2: Sample mean lateral flake size and its reciprocal 

 < L > 1/< L> 

Sample A 8.5 0.12 

Sample B 3.4 0.29 

Sample C 1.88 0.53 

Sample D 1.21 0.83 
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Figure 4: ID/IG versus reciprocal of lateral mean size  
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Figure 5a: Raman spectrum of pristine graphite (Bay 

carbon) 
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Figure 5b: Raman spectrum of graphene collected from 

supernatant after 45 mins  
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Figure 5c: Raman spectrum of graphene collected from 

supernatant after 90 mins 
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Figure 5d: Raman spectrum of graphene collected from 

supernatant after 135 mins  
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Figure 5e: Raman spectrum of graphene collected from 

supernatant after180 mins  

 

The slope of our straight line graph is 0.17, in conformity to 

the results reported elsewhere [23], an indication that 

equation 2 is a good approximation for size selection of 

graphene sheets, that is, 

 
Consequently, the mean lateral flake sizes obtained from our 

work were approximately 9, 3, 2 and 1 corresponding to 

samples A (45 mins), B (90 mins), C (135 mins) and D (180 

mins). 

 

However, in order to verify whether or not there was an 

introduction of basal plane defect into our graphene during 

the shearing process, a graph of ID/IG versus ID'/IG was plotted 

(see figure 6), and a slope of 2.21 obtained. Eckmann et al 

reported a slope of approximately 3.5 for edge defect, 7.0 for 

vacancy in the basal plane, and 13 for sp
3
 defects [24].  
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Figure 6: Ratio of intensities of D:G versus D':G for size 

evaluated graphene  prepared through anionic surfactant 

shear method as compared to Eckmann's et al [24] 

 

This departure from the edge-, vacancy- and sp
3 
defect curves 

proves that no basal plane defect was introduced into our 

shear exfoliated graphene, under turbulent condition. 

  

4. Conclusions 
 

In this paper, we have reported a facile and replicable route 

to graphene production using anionic surfactant and 

hydrotropes contained in household washing liquid. The 

graphene produced was not tainted with graphene oxide. This 

was confirmed by EDX measurement which revealed high 

weight percentage yield (84.49%). Raman characterization 

showed the exfoliation of graphene monolayer, 2 layer 

graphene, 3 layer graphene, 9 layer graphene, a D:G intensity 

band ratio of 0.48 for our starting powder (note that this is 

different for different source of graphite) and a slope of 2.21, 

from our ID/IG versus ID'/IG plot. This is a strong in indication 

that during the shearing process, no basal or edge defect was 

introduced in our graphene. Ab-initio calculations [25] 

simulated graphene of sp
3
 type to be approximately 1.3, 

whereas Eckmann et al experiment put it at 13 [24]. The 

discrepancy adduced by the experimental group must have 

introduced so much error that their "hopping" component of 

the defect must have been exaggerated. We therefore 

conclude that our 2.21 slope must be somewhere between the 

cone bounded by edge and sp
3
 defects. 
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