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Abstract 

In this paper, by analyzing the experimental data of C4 olefin prepared by ethanol 
coupling, the function model of the relationship between ethanol conversion rate and C4 
olefin selectivity by temperature, Co loading, Co/SiO2, HAP loading ratio and ethanol 
concentration is established by controlling variables. Because the Taylor expansion of 
all functions is polynomial. Therefore, we established a polynomial model according to 
the data, and then calculated the residuals. Multiple linear regression analysis was used 
to determine the model with the best fitting degree, and MATLAB was used to solve the 
optimal model with the highest ethanol conversion rate and C4 olefin selectivity. 
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1. Problem analysis 

Preparation of C4 olefin ethanol coupling experiment, ethanol conversion rate per unit of time 
within which a one-way conversion rate, selectivity for a certain product proportion in all 
products, so the experiment mainly depends on the degree of reaction of ethanol conversion 
and the selectivity of C4 olefin alcohol conversion rate, the greater the C4 olefin selectivity, the 
greater the C4 hydrocarbon yield of the preparation of the better the results. The conversion 
rate of ethanol and the selectivity of C4 olefin are affected by temperature, catalyst combination, 
time and other aspects. Therefore, in order to make the coupling effect better, it is necessary to 
set up several groups of control experiments to analyze the temperature, catalyst combination 
and time, and determine the best combination of temperature and catalyst. 

2. Establishment and solution of the model 

2.1. The independent variable is temperature 

First of all, MATLAB is used to draw the relationship between ethanol conversion rate and C4 
olefin selectivity with temperature change, so that the linear regression curve is close to the 
polynomial regression curve. According to the image form, it is assumed that there are two 
possible forms of the regression model, namely: 

Quadratic polynomial model: 

cbxaxy ++= 2

1                                                     ① 

Cubic polynomial model: 

hgxfxexy +++= 23

2                                                            ② 

By comparing data generation into the above two models, write the specific equation of fitting 
degree in order to compare the two models, introducing the residual norm | | ei | |: 
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The smaller the residual norm, the better the fitting effect. Combining the data, the fitting 
images of the two functions are drawn and the residual norm is calculated, as shown in FIG. 2.1: 

 

 
Figure 2.1 Relationship between ethanol conversion rate of group A1 and 

temperature 

Table 2-1 shows the comparison of model residual norm of the relationship 
between ethanol conversion rate and temperature in groups A1, A2, A3 and A4. 

Table 2-1 Comparison of model residual norm of the relationship between ethanol conversion 
rate and temperature 

 A1 A2 A3 A4 
Residual norm of the quadratic model 3.8826 4.975 13.541 4.5031 

Residual norm of the cubic model 3.1726 1.3989 8.3037 2.4915 

It can be seen that the residual norm of the cubic model is smaller than that of the quadratic 
model, which indicates that the cubic model is more suitable for the model of the relationship 
between ethanol conversion rate and temperature. Whether there is a quadric model or a 
higher order model will be discussed later. 

Similarly, the relationship between C4 olefin selectivity and temperature variation is shown in 
FIG. 2.2: 
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Figure 2.2 The relationship between the selectivity of C4 olefin of group A1 and 
temperature 

Table 2-2 shows the comparison of model residual norm of the relationship between the 
selectivity of C4 olefin and temperature in the four groups A1, A2, A3 and A4. 

Table 2-2 Comparison of model residual norm of the relationship between the selectivity of  

four groups of C4 olefin and temperature 

 A1 A2 A3 A4 

Residual norm of the 
quadratic model 

3.988 2.6905 10.0066 4.3786 

Residual norm of the cubic 
model 

1.7187 2.0116 2.1236 1.1123 

It can be seen that the residual norm of the cubic type is smaller, and it can be concluded that 
the relationship between C4 olefin selectivity and temperature conforms to the cubic model. As 
above, whether there is a quadric model and a higher degree model will be discussed later. 

In conclusion, the cubic form is more suitable than the quadratic form for expressing the 
temperature dependence of ethanol conversion and C4 olefin selectivity. And basically, the 
higher the temperature, the higher the ethanol conversion rate and olefins selectivity. 

Therefore, based on the above conclusion, the expressions of the cubic model of ethylene 
conversion rate and C4 olefin selectivity as a function of temperature for the 21 groups of data 
in Appendix I are obtained, as shown in Table 2-3: 

Table 2-3 Expressions of the cubic model for ethylene conversion rate and C4 olefin selectivity  

as a function of temperature 

 
Ethylene conversion rate as a function of 

temperature 
C4 olefin selectivity as a function of 

temperature 

A1 y=3.8e-05x3-0.031x2+8.9x-8.5e+02 y=-6.1e-05x3-0.053x2-15x+1.4e+03 

A2 y=-8.1e-05x3-0.072x2-20x+1.9e+03 y=-3e-0.5x3-0.03x2-9.7x+1e+03 

A3 y=-2e-05x3+0.021x2-6.6x+6.7e+02 y=-1.9e-0.5x3+0.019x2-5.7x+5.7e+02 

A4 y=-1.9e-05x3-0.019x2-5.5x+5.1e+02 y=-2.1e-0.5x3-0.022x2-7.1x+7.6e+02 

A5 y=5.4e-06x3-0.021x2+0.016x+55 y=1.4e-0.5x3-0.012x2+3.8x-4e+02 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 8, 2022 

ISSN: 2664-9640                

53 

A6 y=-3.5e-05x3+0.035x2-11x+1.2e+03 y=3.2e-05x3-0.029x2+8.8x-8.7e+02 

A7 y=-1.6e-06x3-0.0013x2+0.055x-50 y=-2e-06x3-0.0031x2-1.2+1.4e+02 

A8 y=-5.8e-06x3-0.0074x2-2.6x+2.9e+02 y=-2.1e-06x3+0.0028x2-0.9x+89 

A9 y=1.6e-05x3-0.013x2+3.6x-3.4e+02 y=-1.1e-0.5x3-0.011x2-3.2x+3e+02 

A10 y=9.2e-06x3-0.0071x2+1.9x-1.6e+02 y=4.8e-06x3-0.0039x2+1.1x-95 

A11 y=6e-0.7x3-0.0004x2+0.12x-14 y=6e-07x3-0.0004x2+0.12x-14 

A12 y=5.4e-0.6x3-0.0034x2+0.73x-55 y=-3.2e-06x3-0.004x2-1.4x+1.5e+02 

A13 y=9.6e-06x3-0.0071x2+1.8x-1.5e+02 y=-1.3e-05x3-0.013x2-3.8x+3.7e+02 

A14 y=-4e-0.7x3-0.0014x2-0.62x+78 y=-4e-0.7x3-0.0014x2-0.62x+78 

A15 y=-7.7e-06x3+0.0084x2-2.8x+2.9e+02 y=-7.7e-06x3-0.0084x2-2.8x+2.9e+02 

A16 y=1.7e-0.5x3-0.014x2+3.8x-3.5e+02 y=-7.1e-06x3+0.0079x2-2.6x+2.7e+02 

A17 y=7.8e-06x3-0.0062x2+1.7x-1.5e+02 y=1.7e-06x3-0.0012x2+0.34x-35 

A18 y=1.5e-05x3-0.012x2+3.5x-3.3e+02 y=-6.4e-06x3-0.0073x2-2.5x+2.9e+02 

A19 y=1.6e-0.5x3-0.013x2+3.8x-3.5e+02 y=-2.4e-06x3+0.003x2_x+1.1e+02 

A20 y=2.2e-05x3-0.019x2+5.6x-5.5e+02 y=-2e-05x3-0.019x2-6.2x+6.3e+02 

A21 y=1.5e-0.5x3-0.011x2+2.9x-2.5e+02 y=-6.1e-0.6x3+0.0064x2-2x+1.9e+02 

The purpose of the reaction of ethanol coupling preparation of C4 olefin is to prepare C4 olefin. 
The degree of reaction is mainly determined by ethanol conversion rate and C4 olefin selectivity. 
The higher the ethanol conversion rate is, the higher the C4 olefin selectivity is, the better the 
preparation effect will be. The relationship between the selectivity of C4 olefin and time was 
fitted to the curve and residual analysis was carried out: 

Table 2-4 Comparison of model residual norm of ethanol conversion rate and C4 olefin 
selectivity over time. 

It can be determined that the degree of fitting of the cubic model is higher than that of the 
quadratic model. It can be seen from the image that under the conditions of this temperature 
and catalyst, the conversion rate of ethanol gradually decreases, while the selectivity of C4 
olefin is basically unchanged. 
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Figure 2.3 Relationship between 
catalyst time at 350 degrees and 

ethanol conversion rate 

FIG. 2.4 relationship between C4 olefin 
selectivity and catalyst time given at 

350 ℃ 

 

Table 2-4 Comparison of model residual norm of ethanol conversion rate and C4 olefin 
selectivity over time 

 
Ethanol 

conversion rate 
C4 alkene selectivity 

Residual norm of 
quadratic model 

1.3546 2.5012 

Norm of cubic model 
residuals 

1.3321 1.6423 

2.2. Independent variables are catalysts 

In order to study the effects of catalyst type and temperature on ethanol conversion rate and 
C4 olefin selectivity, that is, to study the effects of Co/SiO2 and HAP loading ratio, Co loading, 
ethanol concentration and temperature on ethanol conversion rate and C4 olefin selectivity, a 
mathematical model was established. The effects of catalyst type and temperature on ethanol 
conversion and C4 olefin selectivity were marked by mathematical notation to find the best 
reaction conditions. After sorting the data, see table 2-5, including ethanol conversion rate (%), 
C4 olefin selectivity (%), Co/SiO2 and HAP loading ratio, Co load (wt%), ethanol concentration 
(ml/min), temperature. See appendix for all documents (zhengheshuju.xlsx). 

Table 2-5 Collation and comparison data 

C4 
alkene 

selectivit
y(%) 

C4 
alkene 

selectivit
y(%) 

The 
temperature

（x1） 

load

（x2） 

The 
proportion
（x3） 

The ethanol 

concentration（x4） 

2.07 34.05 250 1 1 1.68 

5.85 37.43 275 1 1 1.68 

14.97 46.94 300 1 1 1.68 

19.68 49.7 325 1 1 1.68 
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36.80 47.21 350 1 1 1.68 

4.60 18.07 250 2 1 1.68 

17.20 17.28 275 2 1 1.68 

38.92 19.6 300 2 1 1.68 

56.38 30.62 325 2 1 1.68 

67.88 39.1 350 2 1 1.68 

 

 

According to the first question, it can be concluded that the conversion rate of ethanol has a 
cubic polynomial relationship with temperature. Then, the control variable method is used to 
compare the conversion rate of ethanol with different load, catalyst proportion and ethanol 
concentration in the form of several degrees, as shown in Table 2-6: 

The temperature, Co/SiO2 and HAP loading ratio were controlled, the ethanol concentration 
was unchanged, and the Co load was changed. In the Appendix, we selected four groups of data 
A1,A2,A4, and A6 for comparison. After analysis, we found: Ethanol conversion Y1 and Co load 
x2 are more consistent with quadratic polynomial, and C4 olefin selectivity Y2 and Co load x2 
are more consistent with quadratic polynomial. 

Table 6 

 Co load (wt%） Ethanol conversion rate(%) C4 Selectivity of olefin(%) 

A4 0.5 36.80 27.25 

A1 1 67.88 47.21 

A2 2 60.5 39.1 

A6 5 55.8 10.65 

The temperature, Co/SiO2 and HAP loading ratio were controlled, the Co loading was 
unchanged, and the ethanol concentration was changed. In Appendix I, we selected A7,A8,A9, 
and A12 for comparison. After analysis, we found: Ethanol conversion Y1 and ethanol 
concentration X4 are more consistent with quadratic polynomial, and C4 olefin selectivity Y2 
and ethanol concentration X4 are more consistent with cubic polynomial. 

Table 7 

 
The ethanol concentration

（ml/min） 
Ethanol conversion 

rate(%) 
C4 Selectivity of 

olefin(%) 

A7 0.3 58.6 18.64 

A8 0.9 31.7 25.89 

A1
2 

1.68 13.4 22.26 

A9 2.1 19.9 31.04 

Control the temperature, Co load, ethanol concentration, change the Co/SiO2 and HAP loading 
ratio, in Appendix I, we selected A12,A13,A14 three groups of data for comparison, after 
analysis: Ethanol conversion Y1 and Co/SiO2 and HAP charge are more in line with quadratic 
polynomial than X3, and C4 olefin selectivity Y2 and Co/SiO2 and HAP charge are more in line 
with quadratic polynomial than X3. 

 

 

……
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Table 8 

 
Co/SiO2  

and HAP loading ratio 
Ethanol conversion rate(%) C4 Selectivity of olefin(%) 

A14 0.5 19.9 22.26 

A12 1 14.6 23.46 

A13 2 24.0 10.83 

By using the control variable method, the analysis of the above three points, set Y1 is different 
combination of catalyst and temperature on the influence of ethanol conversion functions, Y2 
is the different combination of catalyst and temperature on the influence of C4 hydrocarbon 
selective function, considering the independent variables through the mutual influence 
between Y1, Y2 values change, the function relation between the set in the interaction, namely 
x1x2, Two sets of functional models are assumed: 
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Through all the data in Table 4, MATLAB was used to transform nonlinearity into linearity, and 
multiple linear regression calculation was carried out. By applying the data, the coefficients 
were solved and substituted into the function model to obtain: 
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(The above analysis does not exclude the possibility of higher order types being better, which 
will be discussed later) 

Then calculate the correlation coefficient R2 from the results obtained by Matlab to judge the 
fitting effect. The closer its value is to 1, the more significant the regression equation is: 
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The R2 of Y1 is 0.73, and that of Y2 is 0.66, indicating a high degree of fitting. 

2.3. Solution of the model 

Y1 represents the effect of different catalyst combinations and temperatures on ethanol 
conversion, and Y2 represents the effect of different catalyst combinations and temperatures 
on C4 olefin selectivity, because the yield of C4 olefin = the conversion of ethanol * the 
selectivity of C4 olefin. Therefore, according to the function model Y1 and Y2 solved by the 
second question, the yield of C4 olefin is (Y) : 

Y=Y1*Y2 

The value range of x1 is (250,450), x2 is (0.5, 2), x3 is (0.5, 5), x4 is (0.3, 2.1); Using Funmin 
function in Matlab to solve: 

When the temperature is 379℃, the ratio of Co/SiO2 and HAP is 1:1, the concentration of 
ethanol is 1.53 mL /min, and the Co load is 1wt%, the maximum yield of C4 olefin is 40.53%. 
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