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1. Introduction 

In the current work, Photocatalytic utilization of the 

integrated ytterbium vanadate nanomaterials was 

additionally researched for the corruption of MG under 

regular light conditions. It was found that the integrated 

ytterbium vanadate nanocatalyst had great productivity 

under regular light. MG is characterized in the coloring 

business as an organic compound color and is utilized 

in shade application. The dye is utilized widely in 

several applications such as fisheries and the 

hydroponics industry [1, 2]. MG toxin color is not 

degraded biologically and has now turned into a 

profoundly dubious compound because of the dangers 

it postures to the purchasers of treated fish, 

remembering its belongings for the invulnerable and 

multiplication frameworks. Moreover, MG and its 

derivatives cause several diseases such as mutagenic, 

cancer-causing, and teratogenic impacts to living 

beings [3]. It ought not to be utilized for refreshments, 

food, or medications since it causes skin bothering, 

obscured vision, or cause impedance. Its inward breath 

might make disturbance the respiratory parcel, and in 

huge amounts make tissue harm and irritation to the 

kidneys [4]. pure and composite nanomaterials have 

been seen as a few reactant and photocatalytic 

applications [5,6]. As of late, a few metal oxides have 

been utilized for the corruption of MG under various 

circumstances that are included in ref [7-16]. To 

observe the ideal upsides of boundaries influence on 

MG photodegradation processes, a test plan technique 

is used. In the technique, a Design Of Expert (DOE) 

utilizing Central Composite Design (CCD) is applied. 

Plan of Expert is a piece of programming intended to 

assist with the plan and understanding of multifaceted 

analyses. In the present photocatalytic process, the 

product is applied to assist specialists with planning an 

investigation to perceive the amount of photocatalyst 

and H2O2 utilized and how long time is expected to 

conclude the debasement interaction. The product 

suggests a wide scope of plans, such as factorials, 

partial factorials, and composite plans. Design Expert 

offers PC-created D-ideal plans for situations where 

standard plans are not pertinent, or where we wish to 

expand a current plan [17, 18]. A Box-Wilson Central 

Composite Design ordinarily called a focal composite 

plan, contains an embedded factorial or partial factorial 

plan with focus focuses that is increased with a 

gathering of focuses that permit assessment of ebb and 

flow. Assuming the separation from the focal point of 

the plan space to a factorial point is ±1 unit for each 

variable, the separation from the focal point of the plan 

space to appoint is |α| > 1. The exact worth of α relies 

upon specific properties wanted for the plan and on the 

number of elements included [17, 18]. This work 

reports the intermolecular communications in the gem 

design of Yb2V2O7 by Hirshfeld surface examination. 

Moreover, the photocatalytic execution of the 

combined Yb2V2O7 nanomaterial is explored for the 

debasement of MG under noticeable light conditions. 

Design expert technique is utilized to enhance factors 

influencing the corruption response. The elements are 

how much the nanocatalyst, H2O2, and the reaction time 

that affects the MG degradation yield. 

2. Experimental 

2.1. General Remarks 

All synthetics were of insightful grade, acquired from 

business sources, and utilized minus any additional 

refinement. Crystal phase identification was done by a 

powder X-ray diffractometer D5000 (Siemens AG, 

Munich, Germany) that uses CuKα radiation. The 

morphology of the fabricated samples was tested by a 

field emission scanning electron microscope 

instrument (Hitachi FE-SEM model S-4160). UV-Vis 

spectra were taken by an Analytik Jena Specord 40 

(Analytik Jena AG Analytical Instrumentation, Jena, 

Germany). Estimation of the photocatalytic action of 

the combined Yb2V2O7 tests in the corruption of MG 

was explored within the sight of H2O2 (35%, w/w) 

under visible light illumination. 

2.2. Fabrication of Yb2V2O7 Samples by Solid 
State Route 

In a normal preparation experiment, 0.197 g (0.5 mmol) 

of Yb2O3 (Mw = 394.00 gmol−1) and 0.184 g (1.0 

mmol) of Na2VO4 (Mw = 183.91 gmol−1) were blended 

in a mortar and ground until an almost homogeneous 

powder was acquired. The acquired powder was treated 

thermally in a 25 mL crucible in one stage at 300 (S1), 

400 (S2), 500 (S3) and 600 ºC for 8 h (S4). The sample 

was then cooled ordinarily in the furnace to the normal 

temperature. The acquired powder was gathered for 

additional examinations. A yellowish powder was 

acquired. The reaction yields were 92, 85, 88, and 91 % 

for S1, S2, S3, and S4, respectively. 

3. Results and Discussions 

3.1. Materials Characterization 

The phase compositions of Yb2V2O7 nanomaterials 

were analyzed by powder X-ray diffraction method. 

Figure 1(a-d) shows the PXRD examples of the 

acquired materials in the 2θ territory 10-90° as well as 

the FullProf program was used for primary 

examinations on crystal phase type, growth, and purity 

of the fabricated sample. The primary examinations 

were performed utilizing profiles coordinating with 

consistent scale factors. Red lines are the noticed 

intensities; the dark lines are the determined 
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information; the blue lines are the distinction: Yobs-

Ycalc. The Bragg reflection positions are shown by 

blue and red bars for cubic and hexagonal periods of 

Yb2V2O7, individually. The examples fitted well with 

the cubic construction. The outcomes showed that the 

example had a cubic Yb2V2O7 crystal structure with 

space bunch Fd3 ̄m. Additionally, it was observed that 

there was the modest quantity of the hexagonal 

precious stone construction with P31 space bunch as an 

impurity. 

 
Figure 1. Yb2V2O7 PXRD Patterns and the Rietveld Analyses of 
(a) S1, (b) S2, (c) S3, and (d) S4. 

Table 1 presents the grain size (D) of the acquired 

nanomaterials in various process temperatures 

determined employing Scherrer condition (1). In the 

situation, D is the whole thickness of the translucent 

example, λ is the X-ray diffraction frequency (0.154 

nm), and Scherrer consistent is defined by the k 

parameter (0.9), the full width at half of its most 

extreme intensity is characterized by B1/2 of FWHM 

and the half diffraction point at which the peak is 

defined by h parameter. The information referenced in 

Table 1 reveals that by expanding the experiment 

temperature, the grain size is expanded from S1 to S4. 

D (nm)= Kλ/Bhkl cosθ  (1) 

For this reason, we utilized formula 1, Scherrer 

condition, picking a peak at around 29.6 ˚ and 

determining the crystallite size. As indicated by Table 

1, it was observed that the crystallite sizes were 

expanded with expanding the experiment temperature. 

Table 1. Scherrer data information for Yb2V2O7 compounds. 

Data 2θ θ B1/2 (°) B1/2 (rad) cosθB 
Crystal 

size (nm) 

S1 29.6541 14.82705 0.29893 0.005214 0.96670 28 

S2 29.6417 14.82085 0.28160 0.004912 0.96673 29 

S3 29.6431 14.82155 0.29907 0.005217 0.96673 27 

S4 29.5446 14.77230 0.28618 0.004992 0.96695 29 

Table 2 shows the cell boundaries information for 

Yb2V2O7 got by the Rietveld investigation. The data 

show that an increase in the experiment temperature 

makes an expansion in the cell boundaries. 

Additionally, the table shows the Rf, Bragg Rb variables, 

and χ2 to confirm the decency of the refinements. It was 

observed that experiment temperature is a fundamental 

element in the crystal phase growth development and 

the purity of the acquired compounds. It was observed 

that the cell boundary amount was expanded when the 

test temperature was expanded. Moreover, the purity of 

the cubic crystal phase was improved. When the test 

temperature was expanded to 600 ˚C at 8h, the count 

amount and phase purity were diminished. It shows that 

the compound is more steady at lower temperatures. 

Table 2. Lattice parameter values for the fabricated Yb2V2O7 
compounds. 

Sample 

Cell 

parameters 

(Å) 
Rf Rb χ2 Count 

Cubic phase 

purity (%) 

A 

S1 10.42714 1.82 1.92 1.92 1126 89 

S2 10.43151 1.74 2.61 1.98 908 84 

S3 10.43099 1.35 2.87 2.00 924 87 

S4 10.46498 1.87 1.99 2.08 427 81 

FESEM pictures of the acquired samples are 

presented in Figure 2. It is obvious from the pictures 

that when the test temperature was 300 ºC, the material 

morphology was predominantly porous and the 

homogeneous nature of the size and morphology of the 

Yb2V2O7 compound was confirmed. The data indicated 

that the diameter size of the samples was around 40-50 

nm. With expanding the reaction temperature to 400 ºC, 

the morphology of the material was as yet porous. 

Notwithstanding, the porosity of the got targets was 

expanded. Whenever the test temperature was 

expanded to 500 ºC, the morphology of the example 

was molecule and plate. It was observed that the 

molecule sizes decreased to around 20-30 nm. 

Additionally, it was observed that when the response 

temperature was expanded to 600 h, the material 

morphology was a multigonal particle. The molecule 

sizes were around 20-40 nm. 

 
Figure 2. FESEM Pictures of a,b)S1, c,d)S2, e,f)S3 and g,h)S4. 

2.3. Experimental Design and Accomplishing 
Ideal Circumstances in MG Corruption 
Process 

There are a lot of trial plans in references to investigate 

the ideal level of the variables influencing a synthetic 

experiment. One of the normal plans is the full factorial 

plan [19, 20] which is characterized by all potential 



4 Advances in Energy and Materials Research, Vol 1, Issue 1, 2023 

blends of the elements and their settings. Suppose that 

there are k exploring factors and that each parameter is 

set to m various levels. The number of potential blends 

of the elements and their settings will then, at that point, 

be mk. In synthetic frameworks, three levels of the 

element sets are common and such plans grant the 

assurance of every principle impact and all cooperation 

impacts with a modest number of tests. 
The connection between variables and reaction is 

hypothetically displayed by a capacity that is the basic 

actual component of the issue being scrutinized. This 

connection makes the reproducibility of the peculiarity 

under study the option to explore different avenues 

regarding it and to decipher the outcomes. Response 

surface methodology (RSM) is a numerical and 

measurable technique, which investigates exploratory 

plans by applying an exact model [19]. The sufficiency 

of the applied model is actually looked at utilizing 

analysis of variance (ANOVA) [20] which needs some 

recreate tests. In our work, in toxin paint corruption, the 

objective was to decide the amount of nanocatalyst that 

ought to be utilized. Besides, the time and temperature 

values for the debasement ought to be observed. The 

response was the acquired debasement (Y%). Various 

potential blends of these elements were planned which 

are detailed in Table 3. The examinations were done 

over two days with arbitrary requests. The noticed 

information of the factorial plan was fitted to a straight 

reaction model. Preceding the investigation, low and 

high element levels were coded to -1 and +1, separately. 

Equation 2 shows the connection between the elements 

and the yield of the response, Y%, based on the first 

request model:  

Y= +69.18 +9.91A +7.24B +17.23C +1.37AB -

11.13AC -3.63BC -1.68A² -4.86B² -7.98C² 

The optimized values of the parameters that affect 

the photocatalytic reaction yield are shown in Figure 3. 

Figure 4 presents the normal plot and anticipated 

corruption yield versus actual information for the 

Yb2V2O7 test. As could be found from the plots, 

obviously the information is on a straight line and no 

self-evident and impressive deviation is found among 

genuine and anticipated outcomes. To represent the 

impacts in the above models, the three-layered (3D) 

reaction surfaces plot of the reaction (utilizing 

condition (2) when how much time was fixed at the 

ideal level and the other two parameters, catalyst and 

H2O2, were permitted to fluctuate) is displayed in 

Figure 5. To examine the intelligent impacts of three 

compelling elements on the suggested interaction, the 

reaction surface procedure (RSM) was utilized. Figure 

5 addresses the 3D plots connected with the 

communication of AC, AB, and BC wherein A is H2O2, 

B is catalyst amount and C is the response time. The 

semi-curvature of these plots showed the association 

between the factors. As such, as mixing time, H2O2, and 

catalyst amount increment, the colors evacuation rate 

improved. This actually intends that the mass exchange 

of color particles improves on the outer layer of the 

catalyst and the color adsorption process on the catalyst 

arrives at harmony state rapidly. Additionally, by 

expanding the catalyst amount, more surface area of the 

catalyst is accessible for colors particles catalyst which 

improves the colors expulsion rate. 

 
Figure 3. Ramp Data for the MG Degradation Process. 

 

 
Figure 4. Left) Normal Plot Residuals and Right) Predicted Versus 
Actual Plots for the Removal of MG dye. 
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Figure 5. 3D Surface Plots for the Removal of MG dye Under the 
Photocatalytic Reactions. 

In the current work, the advancement of the 

proposed methodology given the as-incorporated nano 

impetus (S1) was displayed by the central composite 

design (CCD) method. The CCD method with three-

level and three elements (H2O2 (A), impetus (B), and 

time (C)) was utilized to examine the impacts of 

variables. The test reach and levels of free factors are 

displayed in Table 4. The state of 20 analyses planned 

by CCD went with to color corruption rate (reaction 

(Y%)) are present in Table 4. As displayed in Table 4, 

the autonomous factors (H2O2 volume (A), impetus 

sum (B), and blending time (C)) are given the coded 

structure (- α, - 1, 0, +1, +α). 

 
Table 3. Experimental Results Based on the Proposed Model for 
Photo-Catalytic MG Degradation by Yb2V2O7 Photocatalyst. 

Catalyst H2O2 Time Yield 

30 0.1 10 79 

20 0.08 25 72 

3 0.08 25 50 

20 0.08 25 72 

20 0.08 25 74 

10 0.05 40 71 

20 0.08 25 72 

37 0.08 25 74 

30 0.05 10 51 

10 0.05 10 12 

20 0.08 50 74 

20 0.03 25 34 

20 0.08 25 60 

20 0.08 25 66 

30 0.1 40 74 

20 0.08 0 15 

10 0.1 40 74 

30 0.05 40 74 

20 0.12 25 72 

10 0.1 10 21 

 

Table 4. Ranges of Proposed Parameters According to CCD 
Model. 

Name 
Lower 

Limit 

Upper 

Limit 

Lower 

Weight 

Upper 

Weight 
Importance 

A:catalyst 10 30 1 1 3 

B:H2O2 0.05 0.1 1 1 3 

C:Time 10 40 1 1 3 

As should have been visible from the ANOVA 

results recorded in Table 5, the p-worth of the relapse 

was less than 0.05. This demonstrated that the designed 

model was huge at a significant degree of certainty 

(95%). The p-value of the absence of fit was likewise 

more prominent than 0.05, which affirmed the meaning 

of the model. Likewise, the coefficient of assurance 

(the R-square, changed R-square) was utilized to 

communicate the nature of the quadratic model 

condition. For this situation, R2 of variety fitting for 

Y% 77 showed a serious level of relationship between 

the reaction and the autonomous variables (R2 = 0.94). 

The high worth of the changed relapse coefficient (R2-

adj = 0.89) was additionally one more file for the high 

meaning of the suggested model. This intended that the 

distinction between the trial and the anticipated 

reactions was negligible. Likewise, the anticipated R-

squared worth (0.68) was sensible which shows the 

high precision and dependability of the created model 

in the assurance of reaction values. 

Table 5. ANOVA Results Based on the Proposed CCD Model for 
Degradation of MG Using Yb2V2O7 Photocatalyst. 

Source 
Sum of 

Squares 
df 

Mean 

Square 

F-

value 

p-

value 
 

Model 8329.80 9 925.53 19.59 
< 

0.0001 
significant 

A-

catalyst 
1341.68 1 1341.68 28.40 0.0003  
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Source 
Sum of 

Squares 
df 

Mean 

Square 

F-

value 

p-

value 
 

B-H2O2 716.33 1 716.33 15.16 0.0030  

C-Time 4038.54 1 4038.54 85.49 
< 

0.0001 
 

AB 15.13 1 15.13 0.3202 0.5840  

AC 990.13 1 990.13 20.96 0.0010  

BC 105.13 1 105.13 2.23 0.1666  

A² 40.83 1 40.83 0.8642 0.3745  

B² 341.19 1 341.19 7.22 0.0228  

C² 904.15 1 904.15 19.14 0.0014  

Residual 472.40 10 47.24    

Lack of 

Fit 
331.07 5 66.21 2.34 0.1859 

not 

significant 

Pure 

Error 
141.33 5 28.27    

Cor 

Total 
8802.20 19     

The preparation of the 50 ppm MG color 

arrangement was done by mixing 50 MG powder in 

1000 mL of pure water. The pH of the acquired 

arrangement was 4. As indicated by Table 3, in a 

normal test, a certain amount (g) of the as-fabricated 

Yb2V2O7 (S1) photocatalyst was poured into 70 mL of 

MG stock solution and sonicated for 10 min in a dark 

space to lay out an adsorption/desorption balance 

between MG molecules and the outer layer of the 

photocatalyst. A short time later, a certain volume (mL) 

of H2O2 was added to the solution mixture, trailed by 

attractive blending under normal light. Whenever the 

planned time (min) was slipped by, the solution was 

filtered and the photocatalyst was isolated by 

centrifugation to gauge the retention spectra of MG and 

ascertain the MG focus utilizing UV-Vis 

spectrophotometry. The photodegradation (%) of MG 

was determined by the accompanying recipe: 

(
A0-At

A0
) × 𝟏𝟎𝟎      (3) 

in which, the absorbance of MG at time 0 and t, 

was defined by A0 and At, respectively. Figure 6 shows 

the color debasement graphs for the got materials in the 

ideal circumstances. Figure 6a shows the impact of 

color fixation on the corruption yield. Obviously, by 

expanding the color fixation to 60 ppm, the corruption 

of color was increased. Notwithstanding, the corruption 

was diminished the dye concentration was expanded up 

to 70 ppm. It appears that the light frequency can not be 

entered into the dye solution when the dye 

concentration is high and so the photocatalytic action 

can not be begun productively. Figure 6b shows the 

color volume impact on the corruption yield. It was 

observed that at 50 mL dye volume, the corruption was 

almost finished; when the volume was 50 and 60 mL, 

the debasement was high. Maybe, by expanding the dye 

volume up to 70 mL, the yield was diminished 

extensively. It tends to be because of the diminishing 

adsorption of dye on the material causing the 

interaction to be gone on leisurely. Figure 6c shows the 

impact of pH value on the corruption yield. MG 

solution pH was 4. It was observed that at acidic pH 

values (2-4), the corruption yield was little. 

Notwithstanding, when the pH was expanded up to 10, 

by adding 0.01M NaOH arrangement, the corruption 

yield was expanded and the debasement value was 

100% at pH=5.5 to 10. It may be because of the 

existence and expanded measure of OH-in the solution 

causing the interaction to be gone quickly. The 

reusability performance of S1 is presented in Figure 6d. 

It demonstrates that the fabricated catalyst shows high 

reusability execution for the interaction until run 3. In 

any case, the synergist performance was diminished 

impressively when the recovery of the catalyst was 

accomplished more. It is expected to the failure of the 

catalyst to adsorb the color on a superficial level. Figure 

6 d presents the photodegradation of MG by 

synthesized and raw materials. It shows that the 

degradation yield for Yb2V2O7 is high.  
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Figure 6. MG Degradation (%) at (a) Different dye Concentrations, 
(b) Different Solution pH, (c) Different dye Volumes, and (d) 
Experiments for the MG Degradation Versus Synthesized and Raw 
Materials. 

Conclusion 

In the current work, the photocatalytic execution of 

Yb2V2O7 to eliminate toxin dye was prepared. The 

photocatalytic information showed that the got 

materials had astounding proficiency for the expulsion 

of MG from the watery arrangement. The ideal 

circumstances were gotten by the experimental design 

program. It was observed that the ideal condition was 

0.07 mL H2O2, 0.02 g catalyst, 40 min. The yield in the 

condition was 77 %. 
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