
 

Optimization of Discharge Plasma Reactor for Dry 

Reforming of Methane using Response Surface 

Methodology 
 

Nabil Majd Alawi1,*, Hassan H. Al-Mohammedawi2, Firas Khaleel AL-Zuhairi1, 

Hoang M. Nguyen3, Jamal M. Ali1 

 
1Chemical Engineering Department, Chemical Engineering Department, University of Technology-Iraq,  

Baghdad, Iraq. 
2Biochemical Engineering Department, Al-Khwarizmi College of Engineering, University of Baghdad,  

Baghdad, Iraq. 
3Department of Chemical Engineering, University of Science and Technology, the University of Danang, 54 Nguyen 

Luong Bang st, Danang, 550000, Vietnam. 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (2) 2023, 303-314 

Abstract 

This research provides a study of the dry reforming of methane (DRM), which converts two main greenhouses gas-

es (CO2 and CH4) to synthesis gas (H2 and CO) by a Dielectric Barrier Discharge (DBD) plasma reactor at atmos-

pheric pressure. The Box-Behnken Design (BBD) method based on the Response Surface Methodology (RSM) was 

applied to determine the optimum experimental conditions on the plasma stability and the synthesis gas produc-

tion. The synergistic effects of input power (P), CO2/CH4 ratio (R), and flow rate (FR) on the CO2, CH4 conversions, 

H2, CO yields, and the syngas ratio of H2 to CO were studied. With the desirability value of 0.97, the optimum val-

ues of 10.05 W (P), 1.03 (R), and 1.58 L.min−1 FR were identified with CO2 conversion of 48.56% and CH4 conver-

sion of 86.67%; H2 and CO yields of 45.87% and 39.43% respectively; and syngas ratio of H2 to CO of 0.88. The 

study shows that both P and FR have a major significant effect on the reactant conversions and syngas ratio, fol-

lowed by R. Meanwhile, the value of R has a significant impact on the H2, CO yields followed P and FR. In con-

trast, the synergistic effects between P-R, P-FR, and R-FR had a weak significant on the CO2 and CH4 conversions, 

H2 and CO yields, and H2 to CO ratio respectively. The quadratic term coefficients of P, R, and FR had a remarka-

ble effect on all responses. Thus, the synergistic effect of the most important parameters improves the process effi-

ciency. 
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1. Introduction 

Due to the high energy consumption and rap-

id population growth, there are now environ-

mental problems due to Green House Gases 

(GHG) release Methane and carbon dioxide are 
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major contributors to global warming and cli-

mate change, making up a sizeable portion of 

GHG [1,2]. Many technologies and methods are 

used to create synthesis gas from CH4 and CO2 

[3]. Chemical engineers use synthesis gas (H2 + 

CO) as a starting point for the Fischer-Tropsch 

Synthesis (FTS) of a variety of fuels and chemi-

cals, including dimethyl, methanol, and diesel 
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fuel, as well as other value-added chemicals [4–

6].  

Gas phase reactions can be induced in an 

unusual way thanks to plasma technology. Me-

thane and carbon dioxide have been trans-

formed into synthesis gas using a variety of 

plasma dry reforming techniques, such as ther-

mal plasma and non-thermal plasma discharge 

[7,8]. Synthesis gas produced by the steam 

reformation of methane gas (CH4 + H2O → CO 

+ 3H2) [9], dry reformation of methane gas 

(CH4 + CO2 → 2CO + 2H2) [10],partial oxida-

tion of methane (2CH4 + O2 → 2CO + 4H2) [11]. 

POM produces synthesis gas with a ratio of H2 

to CO) equals 2.0 that is a sensible ratio for (F-

T) synthesis [12]. SRM generates synthesis gas 

with a ratio of H2 to CO equals 3.0, but SRM 

creates synthesis gas with a ratio of H2 to CO 

equals 3.0. But DRM delivers syngas with a ra-

tio close to 1 that is preferable for use as an in-

termediate in oxygenated chemical synthesis 

and hydrocarbon synthesis. Despite this, DRM 

is more optimistic than other reforming meth-

ods due to its use of CO2, one of the primary 

factors contributing to global warming [13]. 

DRM demonstrated its superiority over oth-

er methane reforming processes by producing 

synthesis gas using greenhouse gases rather 

than releasing them into the atmosphere [14]. 

The use of plasma DRM is thought to be the 

most efficient method of obtaining a high con-

version for CO2, CH4, and synthesis gas selec-

tivity [6]. There are two primary processes used 

in dry reforming, namely thermal plasma and 

cold plasma discharge. Cold plasma can reform 

CH4-CO2 through a variety of methods includ-

ing DBDs, Corona Discharges (CDs), Atmos-

pheric pressure glow discharges (APGDs), Glid-

ing Arc Discharges (GADs), MW Discharges 

(MWDs), and Spark Discharges [15]. The ther-

mal method includes Alternating Current (AC), 

arc torch Direct Current (DC), and radio fre-

quency (RF) [16].  

The Design of Experiments (DoE) is an im-

portant tool for optimizing processes since mul-

ti-input factors can be processed to determine 

how each factor influences process performance 

individually and together in the form of a sin-

gle or multiple output response, thereby reduc-

ing the experiments number compared to tradi-

tional experiments with just single factor at a 

time [17,18]. Response Surface Methodology 

(RSM) is a very useful experimental design 

methodology for establishing the relationship 

between output responses and multiple input 

parameters, allowing us to interpret the re-

sponses in three dimensions and using con-

tours to better understand the impact of factors 

individually and their interactions on the re-

sponses. H2 and CO yields, as well as the ratio 

of H2/CO, are influenced by a number of factors 

in plasma DRM, including feed gas rate of flow, 

the ratio of CO2/CH4, discharge power, and res-

idence time [19]. Since these parameters have 

no dependency on each another, it is necessary 

to take into account how they interact in order 

to optimize the plasma DRM procedure. The 

need for numerous experiments under various 

test conditions makes it time-consuming and 

expensive to determine the plasma process' op-

timal performance using standard experiments 

[20]. In our previous study, we developed an al-

gorithm successfully [21,22]. The best value for 

output responses was found to be determined 

using the chemical model. Comparing this 

model to conventional methods, an importantly 

smaller number of experiments are needed 

[18]. To the best of the authors' knowledge, in-

vestigation of the synergistic impacts of main 

factors and finding of the optimum operating 

conditions for plasma stability and syngas pro-

duction using DBD still requires more investi-

gation and this has motivated the present 

work. Therefore, in the present study, a Box- 

Behnken design is employed to investigate the 

synergistic effects of the important factors in-

cluding P, R, and FR using three levels and 

find their optimum values. 

 

2. Materials and Methods 

2.1 Procedure of Experiments 

In this study, CH4, CO2 and N2 gases with 

high purities of 99.99% were used. The sche-

matic diagram of the experimental setup ap-

plied to produce syngas using plasma reactor 

was described previously [23]. The plasma re-

actor was injected with N2 gas which was ap-

plied to generate the plasma flame. CH4 and 

CO2 were mixed with desired composition using 

Factor Lower level Average Higher level 

Input Power [A] (W) 8 10 12 

CO2/CH4 Ratio [B] 0.8 1 1.2 

Flow Rate [C] (L.min-1) 1.2 1.6 2 

Table 1. Experimental range and levels of the independent factors in the Box-Behnken Design. 
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a gas mixer. Then, reactant gases were fed to 

plasma reactor. The product gases were ana-

lyzed by the GC/MSD. The values of measure-

ments were represented with the average of 

three measurements to enhance the accuracy. 

The function of independent variables ex-

pressed in Equation (1) is named as Response 

surface: 

 

y = (x1, x2, x3, … , xn) (1) 

 

Where, the answer of the system is y, and xi are 

the factors, which are the action variables. The 

objective is to maximize the variables of action 

known as factors and the response variable Y. 

The fact that the operating variables are con-

tinuous and subject to negligible error in exper-

iments is a crucial presumption. Finding a good 

approximation of the real functional relation-

ship between the response surface and the in-

dependent variables is necessary [24,25]. In 

this work, three variables were used in a 3-

level Box-Behnken design (BBD) to examine 

how these variables interacted to affect the per-

formance of H2 and CO yields and the ratio of 

H2 to CO. The conversions of CO2, CH4, the 

yields of H2, CO, and the syngas ratio of H2 to 

CO are influenced by three independent varia-

bles, which have been named as input power 

[A], the ratio of CO2 to CH4 [B], and feed flow 

rate [C]. As shown in Table 1, each independ-

ent process factor has 3 distinct levels that are 

lower level, average, and higher level.  

A total of fifteen experiment runs worked 

randomly in BBD, including 3 repeated experi-

ment runs, as see in Table 2. The Response sur-

faces were produced by Minitab-17 Statistical 

Software. The analysis of variance (ANOVA) is 

used to decide the models’ capability and fit-

ness. The F-test and adequate metrics like the 

coefficient of determination R2 can be used to 

determine the models’ statistical significance 

and each term within these models. By creating 

projected contour plots and 3-D surface plots, 

the impact of the process parameters was in-

vestigated. 

 

3. Results and Discussion 

3.1 DoE Analysis 

The inputs and outputs values relationships 

are described based on DoE analysis in 5 equa-

tions see Table 2. The CH4 and CO2 Conver-

sions (Y1, Y2); H2 and CO Yields (Y5, Y6); and 

the ratio of H2 to CO (Y7) are presented below 

in Equations (2-6). 
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As shown in Table 3, the values of adjusted 

R2 and predicted R2 for CH4 conversion are 

0.9455 and 0.9275, respectively, for CO2 con-

version are 0.9129 and 0.9039, respectively, for 

H2 yield are 0.9278 and 0.9088, respectively, for 

CO yield are 0.9004 and 0.8940, respectively, 

and for H2/CO ratio are 0.9206 and 0.9132 re-

spectively. The difference between the adjusted 

R2 and predicted R2 is less than 0.2. This indi-

cates a high degree of correlation between the 

actual and predicted values. 

To assess the significancy and suitability of 

the quadratic models, ANOVAs were used 

(Tables from 4 to 8). The CH4 conversion 

equals 0.96, CO2 conversion equals 0.97, H2 

yield equals 0.95, CO yield equals 0.96 and the 

ratio of H2 to CO equals 0.94 were the coeffi-

cients of determination (R2), as shown in Table 

3. Because R2 is close to 1, as shown in Figure 

1(a-e), the relation between the responses and 

the variables that represented by the 2nd order 

equation, and there is an acceptable matching 

between the experimental and the predicted 

values. 

 

3.2 Analysis of Variance (ANOVA) 

The ANOVA for the 2nd order polynomial 

equations and significance, interactive, quad-

ratic, and adequacy terms of the progression 

equations are presented in Tables 4 to 8. The 

level of importance of each term of fitting mod-

els was indicated by p-value. The impact is con-

sidered remarkable if p-value less than 0.05, 

the factor has a significant impact on the re-

sponse, while if p-value is higher than 0.05 the 

factor has no significant effect on the response.  

Tables 4 to 8 show that the linear term coef-

ficients (A and C) significantly influenced the 

CO2 and CH4 conversions and H2/CO ratio; 

while the linear term coefficient (B) was identi-

fied as significant parameters in the H2, CO 

yields. In contrast, the quadratic term coeffi-

Parameter R2 Adjusted R2 Predicted R2 

CH4 Conversion 0.9627 0.9455 0.9275 

CO2 Conversion 0.9689 0.9129 0.9039 

H2 Yield 0.9485 0.9278 0.9088 

CO Yield 0.9609 0.9004 0.8940 

H2/CO Ratio 0.9431 0.9206 0.9132 

Table 3. Fit statistics for CH4, CO2 conversions; H2, CO yields and H2/CO ratio. 

Source Sum of Squares DF Mean Square F-value p-value 

Model 413.78 9 59.76 41.33 0.0051 

A 552.98 1 552.98 222.20 0.0063 

B 589.41 1 589.41 242.65 0.2557 

C 556.78 1 556.78 118.38 0.0082 

A2 137.93 1 137.93 132.35 0.0004 

B2 187.38 1 187.38 125.84 0.0007 

C2 168.31 1 168.31 139.53 0.0001 

AB 617.52 1 617.52 119.25 0.7326 

AC 562.64 1 562.64 117.54 0.6791 

BC 487.14 1 487.14 112.72 0.2604 

Lack of Fit 158.98 3 52.99 73.84 0.0135 

Table 4. Analysis of variance (ANOVA) for CH4 conversion. 

= − + + +

− − −

− − −

1

2 2 2

1506 139.1[ ] 773[ ] 598.7[ ]

4.192[ ] 178.1[ ] 115.8[ ]

31.06[ ] 14.83[ ] 58.3[ ]

Y A B C

A B C

AB AC BC

2

2 2 2

842.9 76.04[ ] 483.2[ ] 320[ ]

2.490[ ] 151[ ] 69.03[ ]

14.61[ ] 7.12[ ] 17.7[ ]

Y A B C

A B C

AB AC BC

= − + + +

− − −

− − −

3

2 2 2

842 86.2[ ] 361[ ] 321.7[ ]

2.821[ ] 99.9[ ] 63.8[ ]

13.91[ ] 9.62[ ] 8.7[ ]

Y A B C

A B C

AB AC BC

= − + + +

− − −

− − −

4

2 2 2

487.6 43.39[ ] 285.3[ ] 192.4[ ]

1.26[ ] 67.7[ ] 33.56[ ]

10.27[ ] 4.92[ ] 26.9[ ]

Y A B C

A B C

AB AC BC

= − + + +

− − −

− − −

5

2 2 2

17.96 1.427[ ] 11.05[ ] 7.39[ ]

0.0456[ ] 3.62[ ] 1.547[ ]

0.2562[ ] 0.1563[ ] 0.719[ ]

Y A B C

A B C

AB AC BC

= − + + +

− − −

− − −
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(a) (b) 

(c) (d) 

(e) 

Figure 1. Actual and predicted values of (a) CH4 conversion; (b) CO2 conversion; (c) H2 yield; (d) CO 

yield and (e) H2/CO ratio. 

Source Sum of Squares DF Mean Square F-value p-value 

Model 259.56 9 37.95 17.31 0.0039 

A 131.59 1 131.59 263.20 0.0067 

B 145.17 1 145.17 234.71 0.2438 

C 133.49 1 133.49 128.51 0.0016 

A2 366.40 1 366.40 145.31 0.0032 

B2 334.77 1 334.77 116.67 0.0019 

C2 450.36 1 450.36 155.70 0.0001 

AB 236.65 1 236.65 116.90 0.8765 

AC 229.84 1 229.84 113.06 0.2053 

BC 218.03 1 218.03 107.99 0.5656 

Lack of Fit 38.40 3 12.79 32.59 0.0748 

Table 5. Analysis of variance (ANOVA) for CO2 conversion. 
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cients (A2, B2, and C2) had significant impacts 

on the CO2 and CH4 conversions, H2 and CO 

yields, and the syngas ratio of H2 to CO (p less 

than 0.05), as shown in Tables 4 to 8. However, 

this implies that the interactive term coeffi-

cients (AB, AC, and BC) did not have a signifi-

cant impact on the CO2 and CH4 conversions, 

H2 and CO yields, and syngas ratio of H2 to CO 

(p is more than 0.05) (Tables from 4 to 8). That 

means, the P and FR were remarkably affected 

by the linear terms of CO2 and CH4 conver-

sions, and H2/CO ratio, while R had the most 

Source Sum of Squares DF Mean Square F-value p-value 

Model 416.04 9 57.34 28.48 0.0152 

A 226.99 1 226.99 159.38 0.5661 

B 222.28 1 222.28 123.20 0.3234 

C 207.57 1 207.57 110.19 0.0002 

A2 470.22 1 470.22 125.34 0.0004 

B2 459.01 1 459.01 123.18 0.0002 

C2 384.34 1 384.34 120.71 0.0002 

AB 223.77 1 223.77 116.67 0.8976 

AC 237.01 1 237.01 112.77 0.6453 

BC 211.93 1 211.93 120.10 0.4604 

Lack of Fit 91.40 3 30.47 44.17 0.0223 

Table 6. Analysis of variance (ANOVA) for H2 yield. 

Source Sum of Squares DF Mean Square F-value p-value 

Model 455.01 9 50.56 13.64 0.0054 

A 120.07 1 120.07 169.02 0.8947 

B 115.41 1 115.41 117.46 0.2815 

C 101.10 1 101.10 127.28 0.0003 

A2 193.78 1 193.78 125.31 0.0005 

B2 127.10 1 127.10 117.32 0.0003 

C2 106.46 1 106.46 128.73 0.0001 

AB 267.49 1 267.49 118.21 0.9865 

AC 262.02 1 262.02 116.74 0.2574 

BC 218.53 1 218.53 115.00 0.8797 

Lack of Fit 17.15 3 5.72 8.30 0.1096 

Table 7. Analysis of variance (ANOVA) for CO yield. 

Source Sum of Squares DF Mean Square F-value p-value 

Model 529.43 9 58.78 9.21 0.0124 

A 146.21 1 146.21 265.33 0.5904 

B 139.67 1 139.67 211.38 0.5635 

C 130.03 1 130.03 240.48 0.0007 

A2 177.12 1 177.12 19.26 0.0074 

B2 198.78 1 198.78 12.16 0.0082 

C2 188.27 1 188.27 35.42 0.0002 

AB 245.04 1 245.04 6.58 0.5098 

AC 238.83 1 238.83 9.79 0.3753 

BC 223.71 1 223.71 2.07 0.6321 

Lack of Fit 32.03 3 11.75 15.75 0.1077 

Table 8. Analysis of variance (ANOVA) for H2/CO ratio. 
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significant impact on H2 and CO yields with a 

p-value is less than 0.05, as can be seen in Ta-

bles 4 to 8.  

The quadratic terms of P, R, and FR were 

identified as significant parameters on the con-

version of CO2 and CH4, yields of H2 and CO, 

and the syngas ratio of H2/CO (p-value less 

than 0.05) (Tables from 4 to 8). The interactive 

terms of P, R, and FR did not significantly in-

fluence the CO2 and CH4 conversions, H2 and 

CO yields, and the syngas ratio of H2 to CO 

with a p-value is less 0.05, as illustrated in Ta-

bles from 4 to 8. Therefore, all three factors (P, 

R, and FR) were found to have significant im-

pacts on CO2 and CH4 conversions, H2 and CO 

yields, and the syngas ratio of H2 to CO (Tables 

4 to 8) 

However, for the conversions of CO2 and 

CH4 and syngas ratio of H2/CO, the important 

factors were P and FR, followed by R, as shown 

in Tables 4 to 8. In contrast, for the yields of H2 

and CO, R had a greater effect than other fac-

tors, followed by P and FR (Tables 4 to 8). The 

synergistic effects of P-R, P-FR, and R-FR had 

a weak effect on the CO2 and CH4 conversions, 

H2 and CO yields, and the syngas ratio of H2 to 

CO because it had the lowest F-value (0.8765, 

0.2053, and 0.5656 for CO2 conversion; 0.7326, 

0.6791, and 0.2604 for CH4 conversion; 0.8976, 

0.6453, and 0.4604 for H2 yield; 0.9865, 0.2574, 

and 0.8797 for CO yield; and 0.5098, 0.3753, 

and 0.6321 for H2 to CO syngas ratio, respec-

tively), as shown in Tables 4 to 8.   

The quadratic term coefficients of P, R, and 

FR on the CO2 conversion, CH4 conversion, H2 

yield, CO yield and H2/CO ratio were more sig-

nificant factors (0.0032, 0.0019, and 0.0001 

conversion for CO2; 0.0004, 0.0007, and 0.0001 

conversion for CH4; 0.0004, 0.0002, and 0.0001 

yield for H2; 0.0005, 0.0003, and 0.0001 yield 

for CO; and 0.0074, 0.0082, and 0.0001 for syn-

gas ratio of H2 to CO, respectively), as illustrat-

ed in Tables 2 to 8. 

The 3-D response surfaces shown in Figures 

2 to 6 (a, b, and c) are based on Equations (2 to 

6) respectively, with one independent parame-

ter kept at a fixed level which is (coded zero-

levels), while the other 2 parameters were 

changed within the ranges of the experimental 

values. These figures show the effects of P and 

R, P and FR, and R and FR, respectively, on 

the conversions of CO2 and CH4, the yields of 

H2 and CO, and the H2/CO ratio.  

The responses become better as the corre-

sponding parameters increased until the maxi-

mum was reached. Afterwards, they continue 

to decrease even when both parameters still in-

creasing, as presented in Figures from 2 to 6 

(a, b, and c). For instance, Figures 2-6 (a and b) 

indicate that CO2 and CH4 conversions, H2 and 

CO yields, and the ratio of H2 to CO increase 

rapidly when P was extended from 8 to 10.5 W 

and then decreased a bit when P keep to in-

creasing from 10.5 to 12 W. The reason for this 

behaviour might be the electron collisions for 

the molecules of CO2 and CH4 at 10.5 W till 

reaching the optimum value and then gradual-

ly declining with increasing P.  

Previous studies [3,4,6–14] have shown that 

increasing input P leads to the development 

the electric field, the density of electrons, and 

the temperature of gas in the discharge zone 

[12]. When the residence time becomes shorter 

this will be translated to this situation CH4 

Figure 2. Effect of input power, CO2/CH4, and flow rate and their interaction on CH4 conversion [(3D 

surface plots (a, b, and c)].  
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and CO2 have shorter reaction times and fewer 

collisions with energetic species, such as elec-

trons, OH, O, and O−, leading to dissociation of 

CH4 and CO2 as represented by possible reac-

tions listed in Equations (7) to (12) and Equa-

tions (13) to (18) for CH4 and CO2, respectively 

[15]. The initial reactions for CH4 and CO2 con-

versions are generally operated by electron-

impact dissociation of CH4 and CO2, as shown 

in Equations (7) to (12). The CH4 conversion to 

generate CH3, CH2, and CH as a reaction path-

ways exist (see Equations (7-11). These reac-

tions are follow by radical recombination reac-

tions to form higher hydrocarbons or electron-

impact dissociation of radicals. When CH4 and 

CO2 are co-fed to a plasma reactor, they can 

promote the conversion of each other compared 

to CH4 or CO2 conversion pure [16]. The disso-

ciation of CO2 produced atomic oxygen species 

that can also break the C−H bond in CH4 (see 

Equation 10), whereas the CH4 dissociation 

produces hydrogen atoms that can help the 

CO2 conversion (see Equation 13) [16]. 

After reaching the optimum value, the colli-

sion molecules of CO2 and CH4 decreased with 

increased P, as shown in Figures 2 to 6 (a and 

b). Therefore, the possibility of interaction mol-

ecules of CO2 and CH4 could be enhanced. 

 

CH4 + e → CH3 + H + e (7) 

CH4 + e → CH2 + H2 + e (8) 

CH4 + e → CH + H +H2 + e (9) 

CH4 + O → CH3 + OH (10) 

CH4 + OH → CH3 + H2O (11) 

CO2 + e → CO + O + e (12) 

CO2 + H → OH + CO (13) 

Figure 3. Effect of input power, CO2/CH4, and 

flow rate and their interaction on CO2 conver-

sion [(3D surface plots (a, b, and c)]. 

Figure 4. Effect of input power, CO2/CH4, and 

flow rate and their interaction on H2 yield [(3D 

surface plots (a, b, and c)]. 
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CO2 + e → O + 2O + e (14) 

CO2 + e → CO + O− (15) 

CO2 + O → CO + O2 (16) 

CO + O− → CO2 + e (17) 

CO + O → CO2 (18) 

 

Similarly, the conversions of CO2, CH4, the 

yields of H2, CO, and the ratio of H2 to CO ini-

tially increased when R ranged from 0.8 to 1.03 

and then decreased with increasing values of R 

from 1.03 to 1.2, as shown in Figures 2 to 6 (b 

and c). The reason for this behaviour could be 

that the number of collisions between the mole-

cules of CO2 and CH4 increased until reaching 

the optimum value [16]. Afterwards, the colli-

sion interaction decreased with increased R, as 

shown in Figures 2 (b and c). Similar results 

have been reported by other researchers 

[10,17,19,20]. These transitions can be caused 

by increasing the initial concentration of CO2, 

enhancing the collisions between the CO2 and 

CH4 molecules and the energetic electrons 

[13,21].  

As depicted in Figures 2 to 6 (a and c), CO2 

and CH4 conversions, H2 and CO yields, and 

the syngas ratio of H2 to CO increased with in-

creasing FR from 1.2 to 1.58 L.min−1 and then 

declined with increased FR from 1.58 to 2 

L.min−1. The reason for this behaviour might 

be the residence time of the gas mixture mole-

cules inside the discharge zone [19,22,24,26], 

which increased with escalated FR till reaching 

the highest value, and then started to decrease 

with increasing FR. This is consistent with pre-

vious studies [3,10,12,14,17,25,27,28]. 

Tables 4 to 8 respectively, indicate the F-

values for the regression model for CO2 conver-

sion were 263.2076, 234.7125, and 128.5198; 

for CH4 conversion were 222.2043, 242.6516, 

and 118.3809, for H2 yield were 159.3832, 

Figure 5. Effect of input power, CO2/CH4, and 

flow rate and their interaction on CO yield [(3D 

surface plots (a, b, and c)]. 

Figure 6. Effect of input power, CO2/CH4, and 

flow rate and their interaction on H2/CO ratio 

[(3D surface plots (a, b, and c)]. 
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123.2065, and 110.1989; for CO yield were 

169.0267, 117.4609, and 127.2834; and for syn-

gas ratio of H2 to CO were 265.3321, 211.3876, 

and 140.0948, respectively.  

The results of the F-value suggest that the 

model is statistically significant and represent 

the correlation between the input process fac-

tors and the plasma performance process. 

These results show that the regression model is 

adequate for the prediction and optimisation of 

the plasma H2 and CO and yields. 

 

3.3 Models Optimization and Validation 

Lastly, the best operating values of the inde-

pendent parameters for the production process 

of the synthesis gas were determined, and the 

fitting ability of predicting best responses val-

ues by models were calculated. The desirability 

function (DF) method was used to prove the op-

timal approaches to multiple responses. In ad-

dition, DF values are dimensionless, and the 

scale of desirability function ranges between (0 

for unaccepted value of response and 1 for a de-

sired value of response) [29]. The maximum de-

sirable value of 0.97, and the optimal condi-

tions of input P, R, and FR were 10.5 W, 1.03, 

and 1.58 L.min−1, respectively, as shown in Fig-

ure 7. Under these conditions, the predicted re-

sponses of CO2 and CH4 conversions, H2 and 

CO yield, and the syngas ratio of H2 to CO were 

48.56%, 86.67%, 45.87%, 39.43, and 0.88,        

respectively. 

 

4. Conclusions 

The present study was designed to deter-

mine the optimum conditions and investigate 

the synergistic effect of the P, R, and FR on the 

plasma stability and the synthesis gas produc-

tion using a DBD plasma reactor system. The 

most obvious finding to emerge from this study 

is that the conversion of CO2 and CH4, the yield 

of the targeted products and the ratio of H2 to 

CO were enhanced by synergistic effect of 

BBD. The results of this study indicate that us-

ing a DBD plasma reactor helps to reduce envi-

ronmental problems and produce valuable com-

pounds from CO2 and CH4. However, it would 

be interesting to assess the impact of integrat-

ing catalyst with DBD to enhance the conver-

sions of CO2 and CH4 and the yield or selectivi-

ty of syngas. 
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