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Abstract As of late, graphene-like boron nitride (g-BN), has been created another schedule as aer-

obic catalysis, and have a profound effect on the key performance of the catalyst. In this paper, C-

nanodots with low resistivity, were bounded through g-BN (C-dots/g-BN) to help electron versatil-

ity by a straight forward one-pot pathway. C-dots were bounded in graphene-analogous boron

nitride (g-BN) via a one-step, in situ process at increased temperature, which could upgrade the

interactions of C-dots and control the dimensions of C-dots in the scope of nearly 4–5 nm. The

results demonstrated that C-dots/g-BN has a superior execution in high-impact oxidation of diben-

zothiophene (DBT) in fuel oil with a reactant movement of 93.5%. Estimation showed that hydro-

xyl radicals produced from H2O2 as a result of the interaction with C-dots ended up a proficient

catalyst in the framework. The C-dots had a synergetic impact to enhance the proficiency of

H2O2 in the catalyst. The portrayal results showed that piece of the DBT was oxidized to its com-

paring sulfoxide which requires less oxidant than sulfone. Both of the oxidation items could be

extracted in the oil phase on the catalyst.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Other strategies are essential to reach the concentration of sulfur in

fuel with a safe content, e.g. lower than 10 ppm (Rappas, 2002). Oxida-

tive desulfurization (ODS) is viewed as a hopeful and novel technique

for very profound desulfurization of fuel. Contrasted and ordinary

reactant hydrodesulfurization (HDS), ODS can be completed under

extremely gentle situations: at room temperature and under climatic

weight. Amid oxidative desulfurization as well as sulfuric natural mix-

tures can be oxidized by the electrophilic increase of oxygen particles

with the sulfur iotas to shape sulfoxides and sulfones. The concoction
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and physical things of sulfoxides and sulfones are essentially not the

same as those of hydrocarbons in fuel oil, and thusly they can be

expelled by refining, dissolvable extraction subsequent dissolvable

extraction utilizing water-dissolvable polar solvents, for example,

NMP, DMF, DMSO, etc. (Rappas, 2002), or adsorption. Scheme 1

demonstrates the oxidation of natural sulfur mixes. By blend of the

procedures, the sulfur-containing substances of the diesel might be

decreased to 50 ppm (Sampanthar et al., 2004).

Aerobic catalysis, a cost-effective and high-dynamic strategy, has for

quite some time been exceedingly looked for after by researchers

(Miyamura et al., 2015; Xu et al., 2015; Yu and Cohen, 2015; Huang

et al., 2014; Zhong et al., 2015; Liu et al., 2016). In the previous a couple

of years, honorable metals, (for example, Au (Yu and Cohen, 2015;

Huang et al., 2014; Zhong et al., 2015; Liu et al., 2016; Zhang et al.,

2015; Hinde et al., 2015; Zhu et al., 2013), Pt (Tu and Chin, 2015;

Yang et al., 2013) and Pd (Yang et al., 2013; Huang et al., 2013) and

so on.) have been viewed as compelling channels to this objective, how-

ever constrained by their staggering expenses. Moreover, carbon-based

impetuses (counting carbon nanotubes, graphene, and so on.) addition-

ally have been intended for high-impact catalysis, and amazing exhibi-

tions have paid back (Huang et al., 2013; Jawale et al., 2015; Wen

et al., 2015). All the more as of late, as a similarity to graphene

(Pakdel et al., 2014; Liu et al., 2015; Weng et al., 2014; Xiong et al.,

2015), we understand other 2D substances, graphene-like boron nitride

(g-BN), can likewise work as an ease and great-effective impetus for

catalysis (Wu et al., 2016) Like graphene, g-BN shows great mechanical

quality and thermal conductivity (Corso et al., 2004) yet higher com-

pound steadiness. Graphene-analogue boron nitride (g-BN) nano sheets

have attracted greatly consideration because of their momentous things

(Zhi et al., 2013; Dean et al., 2010), for example, an extensive energy band

gap (Nag, 2010), top thermal conductivity (Zhi et al., 2009), significant

chemical endurance (Xiao et al., 2016), elevated surface area (Weng

et al., 2013; Liu et al., 2015) and remarkable adsorption performance

(Lei et al., 2015; Xiong et al., 2015; Huang et al., 2018), and extraordi-

nary interlayer structure. Besides that, nitride nanosheets could enhance

thermal and mechanical features of adsorbent.

Carbon-based materials have been used as catalysts in several pro-

cesses because they have appropriate properties such as mechanical

and thermal stability, adaptable surface area, and porosity (Meng

et al., 2022; Chen et al., 2021; Liu et al., 2015).

Carbon dot is one of the carbon-based nanoparticles with a size of

<10 nm, have become gradually popular in the last years due to its exclu-

sive electrical and optical and properties.Carbon dots can lift photograph

actuated electron exchange after mixing with g-BN. Likewise, C-dots

bring about special up change features, which implies changing over at

least two low-vitality siphon photographs to a higher-vitality yield photo.

Furthermore, the stacking of C-dots could advance the mix of oxygen

and the animated electron, along these lines enhance the photocatalytic

hydrogen generation effectiveness (Tian et al., 2009).
Scheme 1 Oxidation pro
C-dots could be applied as a way for the vehicle of charge trans-

porters, to mix with oxygen. In addition, C-dots have likewise been uti-

lized as a fantastic help for nucleation and development of the perfect

nanocrystals because of the oxygen-containing utilitarian gatherings at

first glance (Kannan et al., 2015). In C-dots there are carboxylic and

hydroxyl bonds through which superb water solvency and additionally

biocompatibility are provided. Also, the bands participate in catalyst sta-

bility. Considering previous studies on catalyst projects, the application

of C-dots as strong supports for the catalysis framework has been less

considered (Xu et al., 2004). Strong connections among supports and

C-dots could make appropriate characteristics for the catalytic activity

and dependability in a chemical reaction. Thus, the coordinate addition

of C-dots via g-BN to acquire g-BN-kept (C-dots/g-BN) was carried

out by a basic technique. As of late, C-dots are defined as another form

of carbon structure with intriguing effects that were first achieved in the

cleansing of single-wall carbon nanotubes (Nag et al., 2010).

The control of C-dots by g-BN could lead to better scattering and

strength of C-dots. Contrasted and g-BN. The upgraded catalytic reac-

tant action is observed to be established in the enhanced electron mobility

by presenting C-dots. Here, C-dot was used as a catalytic developer in the

synthesized impetus to enhance the usage proficiency of H2O2 by provid-

ing one extra course for improving the effective application. Hence, we

coated the C-dots on expelled sulfur compounds. When C-dots are lim-

ited in the g-BN structure, the electron movement is obviously improved.

The g-BN surface area activated by a catalyst does not decrease because

of the ultra-minor size of C-dots, and consequently, the performance of

the catalytic can be improved. The system is apprehended by utilizing C-

dots accompanied by nano-sizes in the structure of g-BN (C-dots/g-BN).

In comparison to g-BN, the C-dots/g-BN displays an advanced operation

for oxidizing aromatic sulfur compounds with H2O2. The catalytic

action is proven to be origins in the enhanced mobility of electrons by

raising C-dots. The C-dots/g-BN showed a high level of activity to

remove aromatic sulfur from fuels.

In the present study, the targets of this examination were per-

formed to indicate the role of C-dots on the surface area of g-BN

for the adsorption of DBT and also to examine the impact of C-dots

loading on the aperture of the g-BN for the first time.

Carbon dots have a number of superior properties such as excellent

photostability, biocompatibility, small size, good water solubility in

order to use in bio-applications, easily functionalize with modifiers.

A novel graphene-like BN modified with C-dots was prepared for

the first time via a simple process in this research with the assistance

of urea. It was found that the mechanical stability of BN is quite dif-

ferent from that of C-dots/g-BN. BN-carbon dots, as the new BN

nanomaterials, with extremely high surface/volume ratios. They have

shown very valuable catalytic effects in desulfurization in this research.

Many valuable properties of this material are yet to be clarified and

therefore are expected to stimulate a lot more theoretical and experi-

mental study.
cess of natural sulfur.
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2. Experimental section

2.1. Material

Boric acid (H3BO3), urea (CO (NH2)2, citric acid, hydrogen
peroxide (H2O2, 30 wt%), n-heptane, Dibenzothiophene

(DBT, 98%), and methanol all were bought from the company
of Sigma-Aldrich (USA) without more purifying.
2.2. Report of characterization

AUV-2450 UV/Vis spectrophotometer (Shimadzu, Japan) was
used to measure diffuse reflectance UV–Vis (DR-UV–Vis) in
the spectrum of 200–800 nm. Also, the photoluminescence

emission spectrum was obtained from a fluorescence spec-
trophotometer (SHIMADZU RF5301-PC).

A Fourier transform infrared (FTIR) spectroscopy mod-

eled Nicolet 560 operated in a transmission state, was
employed to define the surface properties of magnetic
nanoparticles. FTIR spectra were collected in transmission

mode using the KBr pellets in the frequency range of 4000–
500 cm� 1. The morphologic properties of the nanocomposites
applied in this study were examined by field emission-scanning

electron microscope (FE-SEM). Also, the characteristics of
adsorbents including surface area, pore diameter, and pore
volume, as well as the nature of the adsorbents were tested
by SEM. Transmission electron microscopy (TEM) images

were reached out by a JEOL JEM-2100 TEM at an accelerat-
ing voltage of 200 kV. Raman spectra were obtained using a
Jobin-Yvon Labram spectrometer.

The structure of the crystalline adsorbents was verified by
powder X-ray diffraction installed in a Siemens D–500 X-ray
diffractometer fitted with Ni–filtrated CuKa radiation (40 kV

tube voltage, 100 mA tube current, and k = 0.154 nm, Shi-
madzu, Japan). The analyses were carried out by Statistical
Software (Minitab version 16, Minitab Inc.).
2.3. Preparation of samples

2.3.1. Synthesis of g-BN

Urea and boric acid with a molar ratio of 0.1: 2.4 were dis-
solved in 40 mL of ultra-pure water. The solution was heated
in a water bath to 45 �C until a green–blue solid formed and

then collected. The residue was then transferred to a furnace
and heated to 900 �C at an inclination rate of 5 �C per minute.
This step was performed under N2 atmosphere (Gholinejad

et al., 2016). Urea did not show any structural change up to
100 �C. When the temperature rose to 200 �C, the urea turned
into a polymer. (C3H3N3O3, JCPDS Card No. From 23 to
1637). Once the response temperature was increased to 300

�C, the boron nitride was formed.
2.3.2. Synthesis of C-dots

The mixture of Citric acid and urea (1 and 0.5 g, respectively)
were dissolved in ultra-purified water (25 mL), and the mixture
was heated at 160 �C for 6 h in a Teflon autoclave. At that
point, the temperature of the reactor was cooled to RT, and

the obtained mixture was centrifuged at 10000 rpm for
10 min to remove solids (Wang et al., 2011).
2.3.3. Synthesis of C-dots/g-BN

Arrangement of C-dots/g-BN is followed by adding C-dots

solution with a molar ratio of 0.1: 2.4: 0.000123 in execution
time synthesis g-BN (Wang et al., 2011).

2.4. Oxidation of aromatic sulfur compound average sulfur
oxidation process

The oil samples utilized for analyses were set up by dissolving

DBT in n-heptane and reaching out a 100-ppm sulfur solution.
In run-of-the-mill desulfurization oxidation, 0.01 g of catalyst
was added to 20 mL modeled oil in a 50 mL flask, and 0.1 mL

30 wt% H2O2. Then the solution was agitated in a thermo-
static oil bath of 120 �C to remain unsettled for 180 min.

Models from the upper liquid phase of the reaction were
occasionally pulled back and centrifugation separated in

advance to measure sulfur content. The concentration of
DBT in modeled oil was tested in an UV–Visible spectropho-
tometer (At a wavelength of 325 nm).

g-BN displays a relation with low activity of catalytic which
provides approximately 60% of sulfur reduction under the
reaction circumstances and reaction factors. C-dots/g-BN

could raise the activity in the catalytic to >98%. It is represen-
tative of the introduction of C-dots enhancing electron move-
ment efficiency and increasing the catalytic activity of C-dots/
g-BN. Desulfurization ratio was calculated by the following

equations:

Desulfurization ratio %ð Þ ¼ C0 � Cð Þ=C0½ � � 100

where C0 is the initial molar concentration of sulfur (mol/L),
and C is that of sulfur at the end of the reaction (mol/L). When

the reaction is completed, all DBT has been reduced from the
oil phase and only the catalyst phase oxidation product will
remain. It is demonstrating that all DBT was oxidized to

DBTO2.

3. Results and discussion

3.1. Characterization of adsorbent

FT-IR spectra of C-dots/g-BN were conducted to analyze the
native forms (Fig. 1). In FT-IR spectra, both examples show
properties peaks of about 804 cm�1, resulting in transverse

optional BAN in-plane methods and NAB vibration extending
modes respectively (Peak et al., 2003) and could provide one
active IR peak (1500–1300 cm�1) for unequal BAO and asym-
metric BAO stretching bands (1100–950 cm�1) for inactive or

weak IR active (related to molecular misshaping) presented by
scanning electron microscopic observation (Wang et al., 2015).
Bands at 3200–3600 cm�1, are determined as the stretching

pulses of hydroxyl groups. It is presented that carboxylate with
negative electricity and hydroxyl groups place mostly on the
surface area of C-dots (Calvaruso et al., 2001). A number of

wide peaks have been detected in the region between 3000
and 3500 cm�1, OAH and NAH frequencies that stretch vibra-
tions, respectively. The NH2 monomeric urea stretching band
is characterized by two strong and sharp components, 3440

and 3548 cm�1. The CH stretching band is in the region
between (2860, 2960 cm�1) (Gaddam et al., 2014). In the spec-
trum FTIR (Fig. 1) the CAO stretching frequency is also pre-

sent at 1124 cm�1. The detection of a peak at 1630 cm�1 can be



Fig. 1 FT-IR spectra of C-dots/g-BN.
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associated with the frequency of C‚O aromatic carbonyl
stretching; also two peaks were observed at 1440 and

1560 cm�1, which might be derived from the existence of aro-
matic C‚C (Lian et al., 2012).

Fig. 2 displays the crystallographic construction of the

organized models in the 2h range of 10�–80�. The XRD ana-
lyzes are used for the analysis of the structure (crystal align-
ment, phase analysis, grain dimensions, and steady grid
factors by precision of ±0.01 lA) of the doped pristine, and

metallic carbonates g-BN consequences recorded are com-
pletely contrasted to the initial XRD patterns of the standard
peaks of hBN (ICDD card no: 34-421) in (Fig. 2a) where g-BN

phase attribute peaks are labeled as the Miller Indices (hkl).
Two wide peaks made at 2h = 25.68 and 2h = 42.48 were
related to the (002) and (100) crystal planes of BN (JCPDS

card No. 34-0421). The (002) peak was apparent as the inter-
planar wide range of aromatic components and the (100) peak
was attributed to the structural pressing theme in the plane,

which reflected the successful synthesis of g-BN (Chen et al.,
2004). The expulsion of cross-section nitrogen could prompt
a more extensive appropriation scope of the separations
between strands. Thus, the demand for the strands was

remarkably declined, which leads the low intensity of the
Fig. 2 2a. XRD spectra of g-BN, 2b. XRD spectra of C-dots.
peaks. After loading the C-dots, the potency of both diffrac-
tion peaks declined (Fig. 2b). The presence of C-dots may dis-

turb the polycondensation of urea and the stacking of g-BN
sheets. Illustrating a few-layer graphene structure. XRD graph
of C-dots indicating the presence of an intensified peak at

2h = 24.7� and a frail peak at 2h = 43.3� that are linked to
(002) and (100) diffraction models of graphitic carbon indi-
vidually. This distortion of the crystal lattice can also cause
deformities in C-dots.

SEM and TEM graphs of the catalysts were revealed in
Fig. 3. From the acquired SEM of g-BN, (Fig. 3a) we discov-
ered that the arranged g-BN display a typical layer form of

graphene-analogous material. The permeable structure of the
carbon nitride could be watched. In (Fig. 3b, 3c) morphologies
of all C-dots/g-BN are similar to g-BN. The sizes of C-dots

particles were unpredictably placed on the exterior of g-BN,
also the previous investigations demonstrated that various
nanoparticles can be discovered in C-dots/g-BN. Ultrafine

nanoparticles can be discovered by diameters less than 20 nm.
The morphology of the C-dots is explored by TEM. Obser-

vation of C-dot particles with unpredicted sizes and shapes in
the C-dots solution, proposing the effective union of C-dots.

From (Fig. 4a), it tends to be observed that the as-blended
C-dots are uniform in size and have an about round shape
and it is characteristic of their undefined nature and with

widths inside 5 nm. In (Fig. 4b) C-dots are obviously limited
through g-BN, prompting high level of security and having a
layer structure.

The characteristic peak of Raman spectra at 1376 cm�1 is
related to the BAN vibration mode (E2g) in g-BN
(Gholinejad et al., 2016). While C-dots present the D-band
about 1314.63 cm�1 and G-band at 1586.27 cm�1. The inten-

sity ratio of the D and G bands (ID/IG) could be explained
by the extent of disorder and the ratio of carbon atoms calcu-
lated as sp3/sp2 (Weng et al., 2014). C-dots/g-BN, both the

characteristic c-dot and g-BN peaks can be discovered. The
results of over two spectroscopies show that C-dots are dis-
tributed on the exterior layer of g-BN and their structures

are maintained from another aspect in the synthesis process.
To confirm whether the presentation of layer (Sainsbury
et al., 2012). From the information obtained using Raman

spectra(Fig. 5), a comparative end to that dependent on the
XRD examples could be explained that C-dots are very scat-
tered in g-BN (Baker and Baker, 2010).



Fig. 3 3a. SEM of g-BN, 3b, 3c. SEM of C-dots/g-BN.

Carbon-dot confined in graphene-analogous boron nitride 5
3.2. Fluorescence spectroscopy

The C-dots solution displays strong splendid blue lumines-
cence under simulation of 365 nm, which might be viably
observed with a propelled camera. The peaks of C-dots could
be identified at different wavelengths from 300 to 440 nm. Flu-

orescence property is a vital parameter for C-dots which is
basic toward the further application (Fig. 6) demonstrates
the fluorescence wavelength spectra of the C-dots, C-dots have

a strong blue photoluminescence of 450 nm with a full width of
up to half (FWHM) as low as 60 nm. It is possible that by
expanding of excitation wavelength, the power of luminescence

increase to the greatest excitation (340 nm). The utmost thick-
ness at half-maximum is around 68 nm. The peaks can not to
change, demonstrating that the luminescence birthplace of C-
dots may be not quite the same as most different C-dots that

demonstrate the wavelength subordinate fluorescence. The
highest wavelength at various excitation conditions stays at
448 nm. In this way, 340 nm is chosen as the wavelength for
the going with experimentations (Pan et al., 2010). From the

FTIR examination unmistakably the C -dots are ended with
a carboxyl gathering at first glance. As a result, the fluores-
cence characteristics normally alter when they react with metal

particles.

3.3. UV–Vis spectroscopy analysis

Furthermore, UV–Vis ranges were likewise utilized for the

portrayal of g-BN and C-dots/g-BN (Fig. 7). Intense tops at
240 nm were observed in both the g-BN and C-dots/g-BN
spectra, which further indicate that g-BN forms were not pul-

verized (curve1). The C-dots arrangement holds a maximum
absorption at 340 nm and an element at 235 nm in the UV–
Vis absorption range of C-dots (curve2), which could be



Fig. 4 4a. TEM of C-dots, 4b. TEM of C-dots/g-BN.

Fig. 5 Raman spectra of C-dots/g-BN.

Fig. 6 Fluorescence emission spectra of C-dots.
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related to the p-p* change of nanocarbon (Zhang and Wang,
2018).

3.4. Proposed reaction mechanism

Concerning the mechanism of the reaction, UV–Vis spectra
were performed. Firstly DBT can be homogenized in the oil

phase, while DBT and DBTO2 tend to be in the catalyst phase.
Using C-dots, electron mobility could be advanced in relation
to reaction rate.

C-dots might catalyze the oxidation of DBT with H2O2.
That could be credited to the �OH species produced from the
interaction between C-dots and H2O2 (Kennedy and
Krouse, 1999).

Based on the above-mentioned analysis, the reaction steps

are proposed as follows: First, adsorption of DBT and O2
(H2O2) onto the surface of C-dots/g-BN; Extension of the
bond length of O-O, then, O2 is adsorbed onto g-BN. There-

with, the sole pair electrons on S made in DBT (or 4,6-
DMDBT) transfer to adsorbed-O2 via C-dots. The activated
C-dots connect to the S atom to formulate sulfoxide. Next,

another oxygen atom also connects to an S atom similarly.
Then the aromatic sulfur mixtures could be oxidized to corre-
sponding sulfones. It is valuable seeing that C-dots/g-BN dis-



Fig. 7 UV–Vis spectra of C-dots/g-BN.
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play a prompter reaction for the reduction of 4,6-DMDBT. It
is mainly due to the dissimilarity in electron density of DBT

and 4,6-DMDBT (Plackett and Burman, 1946). More densi-
fied electrons can carry more lone pair electrons via C-dots
and supply more concentration of O2, leading to higher activ-

ity (see Scheme 2).

3.5. Experimental design

3.5.1. Screening of significant factors using Plackett-Burman
experimental design (PBD)

In this paper, C-dots/g-BN were used and evaluated by exper-

imental design. Although many factors have an impact on this
process, some of them have no noteworthy impact on it.
Screening plans are utilized to recognize the primary elements

and their communications with every single imaginable factor
(Sharif et al., 2014). PBD is a beneficial functional design to
find important process variables in an experiment
Scheme 2 Proposed mechanism of the oxidative
(Zolgharnein et al., 2013). So, the screening design was applied
mostly. The important factors in the evaluation model can be
determined by analyzing the variance (ANOVA) (Tarley et al.,

2009). The Placket–Burman (PB) factorial structure can recog-
nize the central point influencing the DBT adsorption and
extraction by a generally few examinations. Table 1 demon-

strates the test format of the 12-run PBD with reaction esteems
(as current pinnacle statures) in two degrees of variables. Fol-
lowing the primer experimentations, the concentration of cat-

alyst, solution volume, temperature, mixing rate, exposure
time, n (H2O2)/n (DBT), and amount of C-dots loading with
two levels were the considered variables for modified ben-
tonite. The Pareto standardized plots illustrate major PBD

effects. The plot of Pareto shows the effects catalyst amount,
solution volume, n (H2O2)/n (DBT) and amount loading of
C-dots are most imperative to the procedure, these factors

should therefore be studied in more noteworthy profundity.
Differences in the measured parameters may influence the ana-
lytical signal based on the preliminary experiments. The use of

central composite design (CCD) was also studied.

3.5.2. Optimization using CCD

The technique used for optimizing the experiment initiated

with a screening approach to choose the key parameters and
continued with an enhancement structure, for example, the
Taguchi plan, CCD, Doehlert grid (DM), or Box-Behnken

structure (BBD) (Tarley et al., 2009). In comparison with other
methods such as BBD and DM, CCD was shown to be very
effective. A CCD consolidates a two-step complete or frag-

mentary factorial structure with extra focuses (star focuses)
and in any event, one point in the focal point of the trial area
is chosen to accomplish different properties, e.g. reliability or
orthogonal properties. Table 2 displays CCD and current

peaks for C-dots/g-BN. The objective of this examination is
to augment these assessed reactions to the mean estimation
of four signals under the equivalent trial conditions. The rea-

son for this examination is to expand these assessed reactions
by applying relapse investigation on test information to the
normal estimation of four signals under the equivalent test cir-
desulfurization of oil mixture by C-dots/g-BN.



Table 1 The results of PB experimental design matrix.

Standard order Run order Blocks Sorbent (g) volume(ml) T(�C) rate(rpm) time (min) % amount

loading of C-dots

n(H2O2)/

n(DBT)

A

1 1 1 0.008 5 60 3000 20 0.8 2 0.451

2 2 1 0.008 10 25 5000 20 0.4 2 0.702

3 3 1 0.004 10 60 3000 40 0.4 1 0.454

4 4 1 0.008 5 60 5000 20 0.4 1 0.441

5 5 1 0.008 10 25 5000 40 0.8 1 0.441

6 6 1 0.008 10 60 3000 40 0.4 2 0.591

7 7 1 0.004 10 60 5000 20 0.8 1 0.221

8 8 1 0.004 5 60 5000 40 0.8 2 0.171

9 9 1 0.004 5 25 5000 40 0.4 2 0.211

10 10 1 0.008 5 25 3000 40 0.8 1 0.331

11 11 1 0.004 10 25 3000 20 0.8 2 0.219

12 12 1 0.004 5 25 3000 20 0.4 1 0.291

Table 2 The results of CCD experimental design matrix.

Standard order Run order PtType Blocks Sorbent

amount(g)

solution

volume

% amount

loading of C-dots

n(H2O2)/

n(DBT)

A

1 1 1 1 0.006 7 0.6 0.5 1.360

2 2 1 1 0.01 7 0.6 0.5 1.540

3 3 1 1 0.006 7 0.6 1.5 0.961

4 4 1 1 0.01 7 0.6 1.5 1.054

5 5 1 1 0.006 12 0.6 0.5 1.460

6 6 1 1 0.01 12 0.6 0.5 1.640

7 7 1 1 0.006 12 0.6 1.5 0.970

8 8 1 1 0.01 12 0.6 1.5 1.138

9 9 1 1 0.006 7 1 0.5 1.410

10 10 1 1 0.01 7 1 0.5 1.600

11 11 1 1 0.006 7 1 1.5 0.964

12 12 1 1 0.010 7 1 1.5 1.115

13 13 1 1 0.006 12 1 0.5 1.465

14 14 1 1 0.010 12 1 0.5 1.690

15 15 1 1 0.006 12 1 1.5 0.990

16 16 1 1 0.010 12 1 1.5 1.142

17 17 �1 1 0.006 9.5 0.75 1 1.120

18 18 �1 1 0.010 9.5 0.75 1 1.330

19 19 �1 1 0.009 9.5 0.75 0.5 1.490

20 20 �1 1 0.009 9.5 0. 75 1.5 1.011

21 21 �1 1 0.009 7 0.75 1 1.146

22 22 �1 1 0.009 12 0. 75 1 1.261

23 23 �1 1 0.009 9.5 0.6 1 1.201

24 24 �1 1 0.009 9.5 1 1 1.211

25 25 0 1 0.009 9.5 0.75 1 1.207

26 26 0 1 0.009 9.5 0.75 1 1.1845

27 27 0 1 0.009 9.5 0.75 1 1.206

28 28 0 1 0.009 9.5 0.75 1 1.191

29 29 0 1 0.009 9.5 0.75 1 1.209

30 30 0 1 0.009 9.5 0.75 1 1.189

31 31 0 1 0.009 9.5 0.75 1 1.206
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cumstance; the CCD results were equipped with a polynomial
condition for every reaction. The accompanying quadratic

models communicated an experimental relationship in
uncoded values among reaction and information factors:

A:1.753-31.6 sorbent amount(g)-0.0679 solution volume

(ml) � 0.486n(H2O2)/n(DBT) + 0.1687n(H2O2)/n(DBT)*n(
H2O2)/n(DBT) + 35.0 catalyst amount(g)*%amount loading
of C-dots � 21.12 catalyst amount(g)*n(H2O2)/n(DBT)-0.03
47 solution volume(ml)*%amount loading of C-dots-
0.1275 %amount loading of C-dots*n(H2O2)/n(DBT).

R-sq and R-sq (adj) were obtained 99.31% and 98.71% for
modified model, respectively. Table 3 depicts the analysis of
variance (ANOVA) calculated for the regression models. The

maximum measure of the p-value for lack-of-fit i.e. 0.701 (p-
value > 0.05) was estimated for modified parameters. On
the basis of the method presented by Derringer and Such



Table3 Electrode preparation factors, obtained by response surface design.

Source DFa Adj SSb Adj MSc F-Value p-Value

ANOVA for five experimental

Linear 4 1.11076 0.277690 547.02 0.000

Square 4 0.04147 0.010367 20.42 0.000

Residual error 21 0.00575 0.00027

Lack-of-fit 16 0.00812 0.000508 0.71 0.701

Pure error 6 0.00373 0.000621

Total 30 1.17665

a Degrees of freedom.
b Adjusted sum of squares.
c Adjusted mean squares.

Fig. 8 Interpretation of residual graphs.
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(Tarley et al., 2009), the optimum points were obtained at
0.01 g, 12 cm3, 0.5, and 1% for catalyst amount, solution vol-

ume, n (H2O2)/n (DBT), and % concentration of C-dots,
respectively. Concerning C-dots, when the C-dots loading
got optimized to 1%, the ODS system showed the best desul-

furization capacity. At the ideal conditions, the anticipated
reactions of conditions and reactions to the connected attrac-
tive quality, desulfurization technique were performed. In the

ideal condition, the expected desulfurization percentage was
equivalent to 98.13%, and the concentration of the DBT resi-
dues was equal to 1.87 ppm. In the optimal condition, the
anticipated content of sulfur reduced with g-BN was equal to

60%, and the DBT was declined to 40 mg/L.

3.5.3. Interpretation of residual graphs

One procedure of testing for an ordinary dispersion is to

decide how intently the focus on a typical likelihood plot com-
plies with a direct line. Minitab typically gives the standard
probability plot directly as portrayed in Fig. 8. The usual prob-

ability plot is a helpful instrument for indicating the normal
distribution of residuals. The points pursue a straight line in
this plot. From this test, it is clear that the data has normally
been distributed. Residual study (the difference between the
experimental and the predicted value) is an important compo-

nent in model interpretation. For an excellent model, the resid-
uals should be distributed randomly and normally. In Fig. 8,
the plot of residuals against the fitted qualities is given and

the residuals don’t clarify a specific example and are roughly
normally conveyed. The histogram in Fig. 8 shows a dispersion
of estimations around the symmetrical means with the major-

ity of the estimations grouped around the focal point of the
diagram proposing a typical circulation without anomaly of
the residuals. The final graph of the residual against the order
of observation is balanced and centered near-zero without a

clear outline of the order of observation.

4. Conclusion

C-dots were wrapped in g-BN which has been made using a primary

single-step in situ process, and their execution for OADS of the

unmanageable natural sulfur compound DBT in the oil stage with

watery H2O2. Sizes of C-dots can be controlled in the scope of about

4–5 nm. High desulfurization effectiveness of 93.5% could be framed

with a lower proportion of H2O2/DBT as 0.5 which is not demonstrat-

ing the exact stoichiometric measure of H2O2.C-dots demonstrated
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phenomenal synergist impact in this H2O2 oxidized response as an

advertiser in the impetus H2O2 can be viably deteriorated using the

cooperation with C-dots to create. OH claims unprecedented oxidative

movement. The extra way provided by C-dots for the use of H2O2

assumed an imperative job to the decrease of the invalid debasement

of H2O2. Furthermore, g-BN additionally provides synergic impact

bringing about a high reactant action. C-dots could open up potential

roads for research as a compelling nano test.
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