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__________________________________________________________________________________________ 

 

Abstract: C4 olefins are important chemical raw materials, and ethanol is an important raw material 

for the preparation of C4 olefins. In order to improve the yield of C4 olefins, we studied the effects of 

catalyst combination and temperature on ethanol conversion and C4 olefin selectivity, so as to select 

the best catalyst combination and reaction temperature to obtain high yield of C4 olefins under the 

same experimental conditions. In order to explore the effects of different catalyst combinations and 

temperatures on ethanol conversion and C4 olefin selectivity, we used the control variable method to 

visualize the collected data, and compared it with the generated charts and histograms, excluding 

some large differences or single data. Finally, BP neural network model is used to analyze the 

influence degree of catalyst combination and temperature, and the influence degree of different 

catalyst combination and temperature on ethanol conversion and C4 olefin selectivity (MIV value) is 

obtained. 

Keywords: BP neural network, MIV value, data visualization. 

__________________________________________________________________________________________ 

 

1. INTRODUCTION 

C4 olefins are widely used in chemical products and pharmaceutical production. In the production 

process of enterprises, the use of C4 olefins can effectively improve the productivity and economic 

benefits of the petrochemical industry. Therefore, vigorously developing and utilizing C4 olefin 

resources is called an important index to improve productivity [1]. As a raw material for the 

production and preparation of C4 olefins, ethanol has a relatively low price and can be prepared by 

microbial fermentation, which is in line with the concept of sustainable development and 

regeneration [2]. Therefore, it is of great significance to design different catalyst combinations and 

reaction temperatures to improve the yield of C4 olefins. 

The main purpose of this paper is to use the existing experimental data to extract valuable variables, 

and use these variables to establish the catalyst combination and temperature impact evaluation 

system for ethanol coupling preparation of C4 olefins. Then, according to the expected C4 olefin 

yield, the optimal catalyst combination and temperature influence degree model are established, and 

the maximum C4 olefin yield is obtained according to the C4 olefin yield corresponding to different 

catalyst combinations and temperatures. In the discussion, attention should be paid to the effects of 
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invalid catalyst combination, temperature and experimental error. 

In order to explore the effects of different catalyst combinations and temperatures on ethanol 

conversion and C4 olefin selectivity, we plan to visualize the data through the control variable method, 

generate tables and corresponding PivotCharts and compare them, and then use the BP neural 

network model to analyze the variable effects of catalyst combinations and temperatures. The effects 

of various variables under different catalyst combinations and temperatures on ethanol conversion 

and C4 olefin selectivity (MIV value) can be obtained. 

In the whole paper, we Ignore the influence of environmental variables except catalyst combination 

and temperature, it is considered that all the existing experimental data are carried out under exactly 

the same ideal environment. We use the following symbol descriptions. 

symbol meaning 

ET Ethanol conversion 
T The temperature 

C C4 olefins selectivity 

A Charging mode ⅰ 

B Charging mode ⅱ 

 

2. MODEL ESTABLISHMENT AND IT’S SOLUTION 

2.1 Control variables and analyze data  

The analysis of the catalyst combination showed that the independent variables included Co loading 

capacity, Co/SiO2 and HAP loading ratio, carrier, loading mode and ethanol addition rate.In this 

paper, the method of controlling a single variable will be used to analyze the data in groups.For the 

independent variable Co load, data of A1, A2, A4 and A6 were divided into a group for analysis 

named "Co load 1", and data of A9 and A10 were divided into a group for analysis named "Co load 

2".The data of A12, A13 and A14 were divided into one group for analysis according to the 

independent variables of Co/SiO2 and HAP charging ratio, named as "Charging Ratio 1".For the 

independent variable carrier, the data of A11 and A12 are divided into a group for analysis, named as 

"Carrier 1".According to the charging method of independent variable, the data of A12 and B1 are 

divided into a group for analysis, named as "Charging Method 1".For the independent variable 

ethanol addition rate, the data of A7, A8, A9 and A12 were divided into a group for analysis named 

"Ethanol Addition Rate 1", the data of B1 and B5 were divided into a group for analysis named 

"Ethanol Addition Rate 2", and the data of B2 and B7 were divided into a group for analysis named 

"Ethanol Addition Rate 3".  

2.2 Data visualization 

Under the control of a single variable, the distribution of ethanol conversion rate and C4 olefins 

selectivity in the control group named "Co Load 1" are shown in Figure 2-2.1. 

As shown in Figure 2-2.1, at the same temperature, when Co load is 1wt%, ethanol conversion rate is 

the lowest and C4 olefins selectivity is the highest. In addition, when Co load is different, ethanol 

conversion rate and C4 olefins selectivity change greatly at the same temperature, so it is speculated 

that Co load has a great influence on ethanol conversion rate and C4 olefins selectivity. 

The distribution of ethanol conversion rate and C4 olefins selectivity in the control group named"Co 

Load 2" was shown in Figure 2-2.2. 
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Figure 2-2.1: Distribution of Ethanol Conversion and C4 Olefins Selectivity under different Co Loads 

(Group: Co Load 1) 

 
Figure 2-2.2: Distribution of Ethanol Conversion and C4 Olefins Selectivity under different Co Loads 

(Group: Co Load 2) 

 

 
Figure 2-2.3: Distribution of Ethanol Conversion and C4 Olefins Selectivity at different charge ratios 

(Group: Charging Ratio 1) 

As shown in Figure 2-2.2, when Co load was 1wt%, both ethanol conversion rate and C4 olefins 

selectivity were highest; when Co load was 5wt%, both ethanol conversion rate and C4 olefins 

selectivity were lowest.The ethanol conversion and C4 olefins selectivity varied greatly at the same 

temperature with different load capacity.Therefore, based on the comparison results of "Co Load 1" 

and "Co Load 2", it can be seen that Co load has a greater impact on ethanol conversion and C4 

olefins selectivity, and it is speculated that when Co load is 1wt%, the catalyst combination has a 

better catalytic performance of ethanol conversion to C4 olefins. 
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Under the condition of controlling a single variable, the ethanol conversion rate and the distribution 

of C4 olefins in the control group named "Charging Ratio 1" are shown in Figure 2-2.3.The charging 

ratio of catalyst combination A12 is 1:1, the filling ratio of catalyst combination A13 is 2:1, and the 

filling ratio of catalyst combination A14 is 1:2. 

As shown in Figure 2-2.3, when the charging ratio was 2:1, the ethanol conversion rate was the lowest; 

when the charging ratio was 1:2, the ethanol conversion rate was the highest and the C4 olefins 

selectivity was the lowest; when the charging ratio was 1:1, the C4 olefins selectivity was the 

highest.The higher the temperature, the greater the ethanol conversion and C4 olefin selectivity at 

different charge ratios.The maximum value at 400 degrees Celsius. In conclusion, the higher the 

temperature, the greater the impact of charge ratio on ethanol conversion and C4 olefin selectivity. 

When the charging ratio is 1:1, the quality of Co/SiO2 and HAP is taken as independent variable, and 

the data of B1, B2, B3, B4 and B6 are taken as the control group to explore the influence of Co/SiO2 

and HAP quality on ethanol conversion and C4 olefin selectivity when the loading ratio is 1:1. In 

order to ensure the consistency of comparison data, the 325 degrees Celsius data of B3, B4, B6 is 

discarded.The comparison figure of the influence of Co/SiO2 and HAP quality on ethanol conversion 

and C4 olefins selectivity when the charging ratio is 1:1 is shown in Figure 2-2.4. 

 
Figure 2-2.4: Comparison diagram of the influence of Co/SiO2 and HAP quality on Ethanol 

Conversion and C4 Olefins Selectivity when the charging ratio is 1:1 

 As shown in Figure 2-2.4, when the mass of Co/SiO2 and HAP is 75mg, the ethanol conversion rate 

is the highest; when the mass is 10mg, the ethanol conversion rate is the lowest; in other cases, there is 

little difference in ethanol conversion rate.When Co/SiO2 and HAP were 50mg, the C4 olefins 

selectivity was the highest, and there was little difference in other conditions.It can be inferred from 

the figure that when the filling ratio is 1:1, the combination of Co/SiO2 and HAP catalysts with a 

mass greater than 25mg has better catalytic performance of ethanol conversion to C4 olefin. 

When the loading ratio was 1:1, the effects of Co/SiO2 and HAP mass on ethanol conversion and C4 

olefins selectivity were investigated by taking the data of A1 and A12 and A3 and A8 as control 

groups, respectively, with Co/SiO2 and HAP mass as independent variables.Figure 2-2.5 shows the 

relationship between Co/SiO2 and HAP mass and ethanol conversion when the charging ratio is 

1:1.0.9 and 1.68 respectively represent the adding speed of ethanol at 0.9 mL /min and 1.68ml/min 

respectively. 

As shown in Figure 2-2.5, the ethanol conversion rate when the mass of Co/SiO2 and HAP is 200mg 

is significantly higher than that when the mass of HAP is 50mg, and when the ethanol addition rate is 

0.9ml/min, The effect of Co/SiO2 and HAP on ethanol conversion was significantly higher than that 

of 1.68 mL /min. 
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Figure 2-2.6 shows the relationship between Co/SiO2 and HAP mass and C4 olefins selectivity when 

the charging ratio is 1:1. 

 
Figure 2-2.5: The relationship between Co/SiO2 and HAP mass and Ethanol Conversion when the 

charging ratio was 1:1 

 
Figure 2-2.6 Relationship between Co/SiO2 and HAP mass and C4 Olefins Selectivity at a charging 

ratio of 1:1 

As shown in Figure 2-2.6, the ethanol conversion rate at 200mg of Co/SiO2 and HAP is significantly 

higher than that at 50mg, and when the ethanol addition rate is 1.68ml/min, The effect of Co/SiO2 and 

HAP on ethanol conversion was significantly higher than that of 0.9 mL /min. 

Under the control of single variable, the ethanol conversion rate and distribution of C4 olefin in the 

control group named "Carrier 1" are shown in Figure 2-2.7. 

 
Figure 2-2.7: Distribution of HAP/ Quartz Sand on Ethanol Conversion and C4 Olefins Selectivity 

(Group: Carrier 1) 

As shown in Figure 2-2.7, when HAP is the carrier, the ethanol conversion rate and C4 olefins 

selectivity are significantly higher, which is because the conversion rate of formaldehyde and 

acetaldehyde photocatalytic degradation by TiO2/HAP is 89.2% and 82.7%, respectively[3]，But 

acetaldehyde as the intermediate product of this reaction, using HAP can promote the forward 

reaction faster. 



Volume 10 Issue 3 2022 

19 

Under the condition of controlling a single variable, the ethanol conversion rate and distribution of C4 

olefin in the control group named "Charging Method 1" are shown in Figure 2-2.8. 

 
Figure 2-2.8: Distribution of Ethanol Conversion and C4 Olefins Selectivity under different Charging 

Methods 

(Group: Charging Method 1) 

As shown in Figure 2-2.8, under the same reaction conditions, there is little difference in the ethanol 

conversion rate and C4 olefins selectivity corresponding to the two charging methods. Therefore, it is 

speculated that the charging method has almost no influence on the ethanol conversion rate and C4 

olefins selectivity. 

Under the condition of controlling a single variable, the distribution relationship between ethanol 

conversion rate and C4 olefins selectivity in the control group named "Ethanol Adding Rate 1" and 

ethanol adding rate is shown in Figure 2-2.9. 

 
Figure 2-2.9: Distribution of Ethanol Conversion and C4 Olefins Selectivity at different Ethanol 

Adding Rates Figure 1 
(Group: Ethanol Adding Rate 1) 

 
Figure 2-2.10: Distribution of Ethanol Conversion and C4 Olefins Selectivity at different Ethanol 

Adding Rates Figure 2 

(Group: Ethanol Adding Speed 2) 
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As shown in Figure 2-2.9, when the ethanol addition rate is 0.3 mL /min, the ethanol conversion rate 

is obviously the largest, but the C4 olefins selectivity does not change significantly because of the 

ethanol addition rate. 

The distribution relationship between ethanol conversion rate and C4 olefins selectivity in the control 

group named "Ethanol Adding Rate 2" was shown in Figure 2-2.10. 

As shown in Figure 2-2.10, the effect of ethanol addition rate on ethanol conversion rate is not 

obvious, but the value of C4 olefin conversion rate at ethanol addition rate of 1.68 mL /min is 

significantly higher than that at ethanol addition rate of 2.1 mL /min. 

The distribution relationship between ethanol conversion rate and C4 olefins selectivity in the control 

group named "Ethanol Addition Rate 3" with respect to ethanol addition rate is shown in Figure 

2-2.11. 

 
Figure 2-2.11: Distribution of Ethanol Conversion and C4 Olefins Selectivity at different Ethanol 

Adding Rates Figure 3 

(Group: Ethanol Adding Speed 3) 

As shown in Figure 2-2.11, when the ethanol addition rate is 0.9 mL /min, the ethanol conversion rate 

is obviously the largest, but the C4 olefins selectivity does not change significantly because of the 

ethanol addition rate. 

2.3 Analysis of variable impact based on MIV algorithm in neural network  

This section analyzes the variable impact degree based on the MIV algorithm in the neural network, 

and the model is shown in Figure 2-3.1. 

 
Figure 2-3.1: Schematic diagram of neural network model 

Data adjustment: It can be concluded from FIG. 3-3.1 that the influence of quartz sand as a carrier on 

improving the olefin yield is far less than HAP, and there are few experimental data about the catalyst 

combination using quartz sand as a carrier in the original data. This paper is mainly to explore the 

influence of catalyst combination using HAP as a carrier on the preparation of C4 olefin by ethanol 

coupling. Therefore, the catalyst combination with quartz sand as the carrier is not analyzed too much, 

and the data of quartz sand part is not considered in the analysis of this model. 

The variable data in the performance table is taken as input, and the above model is used for training, 

so as to obtain the impact degree of each variable.The TRAINING model of BP neural network for 

ethanol conversion is shown in Figure 2-3.2. The closer R value in the figure is to 1, the higher the 
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consistency between the model and experimental data is. 

 
Figure 2-3.2 BP neural network training curve for Ethanol Conversion 

The corresponding data in training Attachment 1, namely, the influence degree of each variable on 

ethanol conversion rate, is shown in Table 2-3.1. 

Table 2-3.1: MIV values of various variables on ethanol conversion rate 

variable MIV value 

The temperature 20.7506 

Co load -3.0176 

The quality of HAP 11.5989 

The quality of the Co/SiO2 -9.4401 

Ethanol addition rate -2.2676 

Loading way 2.0873 

The absolute value of MIV in the table represents the impact degree. If MIV is positive, it means that 

this variable is positively correlated with ethanol conversion rate; if MIV is negative, it means that 

this variable is negatively correlated with ethanol conversion rate.As can be seen from the table, 

temperature has the greatest influence on ethanol conversion, and the higher the temperature, the 

greater the ethanol conversion.The effect of Co loading on ethanol conversion rate is small. Since 

there is no simple linear relationship between Co loading and yield data in the data samples, the error 

caused by Co loading is small, the influence is small, and the reference value is small, so specific 

analysis is not carried out for the time being.The influence of HAP mass on the ethanol conversion is 

greater, and the higher HAP mass is, the higher the ethanol conversion is.The influence of Co/SiO2 

mass on ethanol conversion is great, and the higher the Co/SiO2 mass is, the higher the ethanol 

conversion is.The effect of ethanol addition rate on ethanol conversion was small, and the lower the 

ethanol addition rate was, the higher the ethanol conversion rate was.The charging method has the 

least influence on the ethanol conversion rate, and the ethanol conversion rate is higher in the 

experiment using charging method A. 

The BP neural network training model for C4 olefin selectivity is shown in FIG. 3-3.3. The closer R 

value in the figure is to 1, the higher the consistency between the model and the experimental data is. 
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Figure 2-3.3: TRAINING curve of BP neural network for C4 Olefins Selectivity 

The corresponding data in training Attachment 1, namely, the influence degree of each variable on 

ethanol conversion rate, is shown in Table 3-3.2. 

Table 2-3.2: MIV values of various variables for C4 olefin selectivity 

variable MIV value 

The temperature 9.9960 

Co load -0.2489 
The quality of HAP -8.2484 

The quality of the Co/SiO2 9.8842 

Ethanol addition rate 0.9522 

Loading way 0.7149 

It can be seen from Table 2-3.2 that temperature has the greatest influence on C4 olefin selectivity, 

and the higher the temperature is, the higher the C4 olefin selectivity is.Co loading has the least 

influence on C4 olefins selectivity. Since there is no simple linear relationship between Co loading 

and yield data in the data samples, the error caused by Co loading is small, the influence is small, and 

the reference value is small, so specific analysis is not carried out for the time being.The effect of 

HAP mass on C4 olefin selectivity was greater, and the lower HAP mass was, the higher C4 olefin 

selectivity was.The effect of Co/SiO2 mass on C4 olefin selectivity is greater, and the higher the 

Co/SiO2 mass is, the higher the C4 olefin selectivity is.HAP and Co/SiO2 have similar effects on C4 

olefin selectivity, but HAP has negative correlation with C4 olefin selectivity, while Co/SiO2 has 

positive correlation with C4 olefin selectivity, and the correlation is opposite.The addition rate of 

ethanol had little effect on C4 olefin selectivity, and the higher the addition rate of ethanol, the higher 

the C4 olefin selectivity.The loading method has little effect on C4 olefin selectivity, and the loading 

method A has higher selectivity for C4 olefin. 

The data in the attachment are mainly in charging mode A, and the data in charging mode A is too 

single, with only two kinds of mass 50mg and 200mg. The data group with large difference and 

overlap with the data in charging mode B only has experimental data of mass 50mg. If this variable is 

added to the calculation of the model, a large number of data will be deleted, which will reduce the 

data source of the model and reduce the credibility. 

 

3. MODEL SENSITIVITY ANALYSIS 

3.1 Model Parameters 

(1) net.trainparam.goal  Target error of neural network training 

(2) net.trainparam.epochs  Maximum iteration 



Volume 10 Issue 3 2022 

23 

(3) Invisible neuron number 

3.2 Influence of Parameter Variables 

net.trainparam.goal  Target error of neural network training 

 In this case, the goal value is set as 1E-5. When the error value is too small, the accuracy of model 

data fitting can be increased.When the error value is too large, the accuracy of BP neural network 

training data will decrease, but the calculation speed will increase. 

net.trainparam.epochs  Maximum iteration 

 The EPOCHS of ontology is set as 300, and BP neural network training is conducted for other values. 

It is found that when epoCHS is increased on this basis, the speed of data training will be slow and the 

accuracy will not increase significantly.When the EPOCHS data is too small, the training speed 

increases, but the reduction in the number of iterations means the reduction in the number of training, 

and its accuracy will be greatly reduced. Moreover, the fitting data with high accuracy also has great 

contingency, so it is difficult to draw a conclusion with high reliability. 

Invisible neuron number 

 Subject to the number of hidden neurons is set to 20, in the case of single input and single output 

system identification is generally hidden neurons in 10, but due to the variable of the model is more 

complex and many is nonlinear, so the need to increase the number of hidden neurons to spend more 

time to improve the fitting degree of model, get a better fitting results. 

 

4. MODEL EVALUATION AND IMPROVEMENT 

4.1 Advantages of the model 

The influence degree of each variable on the dependent variable can be obtained directly through 

training, which is beneficial to deduce the catalyst combination and temperature that can increase the 

yield of C4 olefin. 

4.2 Shortcomings of the model 

When the available data is small, the training cannot be carried out, and the error obtained will be 

relatively large, which is not credible. 

4.3 Model improvement 

BP neural network training should be carried out separately for the interval of specific values, and the 

influence degree of each variable in each interval should be obtained and analyzed, so as to improve 

the fitting degree of training results and the credibility of relevant data. 
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