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As one of the most important high value-added raw materials in the chemical industry, the synthesis of C4 Olefin by ethanol
coupling was of great significance in the field of the chemical industry. Different catalysts and various conditions have different
effects on the chemical reaction. This paper is based on the relevant data set. Firstly, Pearson and Spearman correlation
coefficient method and corresponding hypothesis test are used to get the influence of different catalysts on the chemical
reaction. Ethanol conversion and C4 Olefin selectivity are positively correlated with temperature. Secondly, a multivariate
linear regression model with significant core variables is constructed to investigate the effects of catalyst combination and
temperature on ethanol conversion and C4 Olefin selectivity. It can be concluded that the ethanol concentration is greatly
affected by temperature and CO loading, and there is a positive and negative correlation between ethanol concentration and
CO loading. The selectivity of C4 Olefin is affected by temperature and is positively correlated with the charge ratio of CO/
SiO2 and HAP. Finally, by using a multiple regression equation and simulated annealing model, it can be obtained that when
the loading of CO is 4.75wt%, the loading ratio of CO/SiO2 and HAP is 1 : 1.4242, the concentration of ethanol is 0.3658ml/
min, and the temperature is 448.21°C, the loading ratio of CO/SiO2 and HAP is 1 : 1.4242, the concentration of ethanol is
0.3658ml/min, and the temperature is 448.21°C, the yield of C4 Olefin can reach a higher value.

1. Introduction

In the traditional process of industrial production, non-
renewable fossil energies, such as coal and natural gas, take
a large proportion of the raw materials needed [1]. As one
of the high value-added products, C4 Olefin is widely used
in the production of chemicals and pharmaceuticals, and is
most likely to be fully utilized after ethylene and propylene
[2]. However, the current process of making C4 Olefin con-
sists of a series of high-tech procedures, thus the synthesis of
C4 Olefin by bioethanol coupling as a strategic direction and
breakthrough instead of oil is highly supported in China and
other industry giants [3]. But in the whole procedure,

reaction conditions vary when it involves different target
products [4]. Moreover, the coupling reaction is exothermic,
and the temperature has a significant effect on the reaction.
In addition, the catalyst combination also affects the forma-
tion of the target product [5].

Therefore, based on the available data, a mathematical
model is established to study the following three aspects in
the synthesis of C4 Olefin by ethanol coupling:

(1) A hypothesis test model of the correlation coefficient
is established to study the relationship between
ethanol conversion, C4 Olefin selectivity, and tem-
perature under different catalyst combinations
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(2) A multiple linear regression model is developed to
investigate the effects of catalyst combination and
temperature on ethanol conversion and C4 Olefin
selectivity

(3) In order to improve the yield of C4 Olefin as much
as possible under the same experimental conditions,
an optimal catalyst combination and temperature
are given by using the C4 Olefin optimization model

The rest of the paper is arranged as follows: Section 2 is
the data analysis, Section 3 is the introduction of theory and
method, Section 4 is the result and discussion based on the
mathematical model, and Section 5 is the conclusion.

2. Materials and Methods

2.1. Data Analysis

2.1.1. Data Characteristics of Reaction Variables. The scatter
plot is made to judge roughly the linear relationship among
the variables (The corresponding number is used below to rep-
resent the combination of 21 groups of catalysts, as shown in
Figure 1, the catalyst combination of 200mg 1wt% CO/
SiO2-200mg HAP-ethanol concentration 1.68ml/min is
obtained, representation with the corresponding catalyst com-
bination number A1) [6].

Figures 1 and 2 show that there is a non-linear relation-
ship between temperature, Ethanol conversion Rate, and C4
Olefin Selectivity under the combination of A1 and A2 cata-
lysts, respectively [7]. It can be seen from Figure 3 that there
is a linear relationship between temperature, Ethanol con-
version Rate, and C4 Olefin Selectivity under the combina-
tion of A3 catalysts. The following variable relationships
can be obtained from the analysis:

Non-linear Relationship between Research Data for each
Catalyst Combination: (A1, A2, A6, A7, A9, A10, A11, A13,
B2, B3, B4, B6, B7).

Linear Relationship between Research Data for each
Catalyst Combination: (A3, A4, A5, A8, A12, A14, B1, B5)

For a catalyst combination with a non-linear relationship
between the variable data, the correlation coefficients of tem-
perature, ethanol conversion, and C4 Olefin selectivity are
obtained directly by SPEARMAN correlation analysis.

To explore the correlation among the variables with a
linear relationship in the small sample data, the distribution
state of the group variable data should be judged by the
Shapiro-wilk test.

Using SPSS to calculate the significance of the catalyst
combinations with linear relationships in the data of the
seven group variables in the linear data set, and the probability
of significance of the three variables is calculated using A3 and
A4 as an example in Table 1 below:

Assuming that the data of all three variables in Group A3
conform to the normal distribution, the Shapiro-wilk test is
performed with SPSS, it can be seen from the results in
Table 1 that the significance probability of the three variables
are 0.853, 0.353, and 0.491, respectively, which are all higher
than the general significant level of 0.05, so the original
hypothesis can be accepted. That is, the data of temperature,

Ethanol conversion Rate and C4 Olefin Selectivity under the
combination of A3 catalysts are in accordance with approx-
imate normal distribution [8].

Similarly, the significance probability of the three
variables in group A4 is greater than the average level of
0.05, and it can be concluded that: the data of temperature,
Ethanol conversion Rate, and C4 Olefin Selectivity under
the A4 catalyst combination are also approximately normal
distribution.

Table 2 below shows the Normality test results for a lin-
ear relationship of three variables for seven different catalyst
combinations.

Except for Group B5, all the other six groups approxi-
mately conform to the normal distribution, the correspond-
ing correlation coefficient can be obtained by PERASON
correlation analysis method. In addition, Group B5 variable
data does not conform to the normal distribution, using
SPEARMAN correlation analysis to determine the correla-
tion coefficient [9].

2.1.2. Different Catalyst Combinations and Temperature
Data. Based on the Model of Influence of Temperature on
Chemical Reaction, the components of different catalyst
combinations are disassembled, and the special combination
A11 containing quartz sand and the combination A10 with
no significant correlation is removed. And through STATA
software processing data table descriptive analysis, results
are shown in Table 3 below:

It can be found that there is a large gap between the max-
imum value of 88.43934 and the minimum value of
0.3947734 in the data for Ethanol conversion Rate, and the
overall mean value of 23.29791 is a lower level, showing a
skewness distribution. And there is a correlation between
the random perturbation term μ0 of the multiple regression
model and the explanatory variable xkðk = 0, 1,⋯k − 1, kÞ, to
reduce the generation of endogeneity, all variables are used
as explanatory variables of the model: The catalyst composi-
tion is defined as the CO loading, the CO/SiO2 and HAP
mass ratio and the ethanol concentration, the catalyst
combination and temperature are the core variables, and
the other variables are defined as the control variables[7].
Through the heteroscedasticity test, the scatter plot of
the predicted value and the residual error is depicted for
preliminary analysis. The specific analysis is as follows:
Figure 4 shows:

It can be seen from Figure 5 that some of the predicted
values are less than 0, and with the increase of the predicted
values, the distribution of the predicted values of ethanol
and the predicted values and residuals of C4 Olefin become
more and more dispersed. To verify that there is heterosce-
dasticity between the two, the Ethanol conversion Rate and
the C4 Olefin selectivity are analyzed by White-test.

The first step is to establish the original hypothesis and
the alternative hypothesis:

H0 : NoHeteroscedasticity VSH1
: Heteroscedasticity Exists ð1Þ

Then set the fixed degree of freedom, through the chi-
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square value of the F-test, to solve the corresponding P
value, the final results are shown in Table 4.

Since “p <0.05” is true for both, the original hypothesis is
rejected, that is, the test results show that there is heterosce-

dasticity in ethanol and C4 Olefin, and the above conclusion
can also be proved by observing the scatter plot. Based on
the above situation, the OLS algorithm of robust standard
deviation is used to process, and the P value is observed by
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Figure 1: Group A1: Ethanol conversion Rate, C4 Olefin Selectivity and Scatter Plot of Temperature Variable Data.
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Figure 2: Group A2: Ethanol conversion Rate, C4 Olefin Selectivity and Scatter Plot of Temperature Variable Data.
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judging the accuracy of F-test. To this point the follow-
ing original hypothesis and alternative hypothesis are
established:

H0 :
bβ1 = bβ2 = L = bβk = 0VSH1 :

bβ1
¿bβ2

¿
L¿bβk

¿0 ð2Þ

As for the above hypothesis, the Joint significance
test analysis is conducted by using F-statistics, and the
analysis results are shown in Table 5.

Through the joint significance test analysis of multivari-
ate statistics, we find that P=0<0.05, we reject the original
hypothesis and adopt the alternative hypothesis, that is,
there is a significant Linear independence between them.

Therefore, a small number of factors are excluded by the
variance expansion factor method to modify the explanatory
variables properly and exclude the influence of the
correlation among the variables. The results of the variance
expansion factor test are shown in Table 6 [10].

2.2. Method. In the study of this problem, 4 assumptions are
made for the model:

(1) It is assumed that the pore structures of different
supports are all moderate, so that the catalyst perfor-
mance is the best. (The pore size of the support has a
significant effect on the dispersion and reduction of
CO in the catalyst, and moderate pore size can
improve the activity of the catalyst.)

(2) It is assumed that the 21 different combinations of
catalysts are the test data obtained at different tem-
peratures when the reaction is complete and stable

(3) It is assumed that the optimum catalyst combination
and temperature are within the range of a series of
experiments

(4) It is assumed that the relationship between Co/SiO2
and HAP charge ratio and the yield of C4 Olefin is a
quadratic function

2.2.1. Hypothesis Testing of Correlation Coefficients.
PEARSON correlation coefficient measures the correlation
between groups of variables that are linearly related.

SPEARMAN correlation is used to solve the correlation
coefficient of the variable data between two groups of vari-
ables that do not have a linear relationship and linear rela-
tionships but do not conform to normal distribution [11].

And the corresponding hypothesis test method is chosen
to calculate the test correlation coefficient to judge whether
the sample correlation coefficient is meaningful.
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Figure 3: Group A3: Ethanol conversion Rate, C4 Olefin Selectivity and Scatter Plot of Temperature Variable Data.

Table 1: Group A3: Ethanol conversion Rate, C4 Olefin Selectivity
and Significance Probability of Temperature Variables.

Technological parameter
Shapiro-Wilke

Statistics DOF Significance

A3: Temperature [°C] .964 7 .853

A3: Ethanol conversion rate [%] .903 7 .353

A3: C4 olefin selectivity [%] .923 7 .491

A4: Temperature [°C] .983 6 .964

A4: Ethanol conversion rate [%] .962 6 .837

A4: C4 olefin selectivity [%] .860 6 .190
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So, two correlation coefficient solving methods,
PEARSON correlation analysis, and SPEARMAN correla-
tion analysis, are mainly used, and the significance of the

correlation coefficient of the sample is judged by the signifi-
cant difference test and the look-up table.

2.2.2. Hypothesis Test of PEARSON Correlation Coefficient.
The larger the absolute value of R, the stronger the correla-
tion. The closer the correlation coefficient is to 1 OR -1,
the stronger the correlation degree is, the closer the correla-
tion coefficient is to 0, and the weaker the correlation degree
is. If the correlation coefficient R= 0, it shows that there is no
linear correlation between two variables.

So, by Equation (3):

r = ∑ X − �X
� �

× Y − �Y
� �ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

∑ X − �X
� �2 × Y − �Y

� �2q ð3Þ

X and Y in the above Equation represent groups of two
variables with different catalyst combinations, the correla-
tion coefficients of the pairwise variables of seven different
catalyst combinations with linear correlation are calculated,
and through the significant difference test to determine the
correlation coefficient of the significant difference test steps
are as follows:

Step 1: Make assumptions:

H0 : r = 0 vsH1 : r ≠ 0, ð4Þ

Step 2: Determine the level of significance:

α = 0:05, n = 5, 6, ð5Þ

Table 2: Normality Test Results for Ethanol conversion Rate, C4 Olefin Selectivity, and Temperature Variable Data for Seven Groups.

Catalyst combinations A3 A4 A5 A8 A12 A14 B1 B5

Significance level>0.05 YES YES YES YES YES YES YES NO

Approximate normal distribution YES YES YES YES YES YES YES NO

Table 3: Descriptive Analysis of Data.

Variable Number
Mean [standard

deviation]
Std. dev. [mean

value]
Minimum

value
Maximum

value

CO load 104 0.0126923 0.0090822 0.005 0.05

CO/SiO2 and HAP mass ratio 104 1.175307 0.9050216 0.4925373 5.153846

Ethanol concentration 104 1.443462 0.5215842 0.3 2.1

Temperature 104 315.625 52.16054 250.0 450.0

Ethanol conversion rate 104 23.29791 23.22071 0.3947743 88.43934

Ethylene selectivity 104 1.955481 2.850053 0.1 14.84

C4 olefin selectivity 104 17.69798 13.49318 1.89 53.43

Acetaldehyde selectivity 104 8.726731 7.251988 0.94 42.75

Carbon number 4-12 fatty alcohol selectivity 104 59.48798 22.52308 9.22 90.74

Methyl benzaldehyde and methylbenzyl alcohol
selectivity

104 3.4075 2.473008 0.0 10.51

Other products selectivity 104 8.724327 5.498607 0 23.71
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Figure 4: Scatter Plot of Residual and Predicted Values of Ethanol
Concentration.
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Figure 5: Scatter Plot of Residual and Predicted Values of C4
Olefin Selectivity.
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Step 3: Calculate T-test Statistics and Look Up Table to
Get P Value

t = r

ffiffiffiffiffiffiffiffiffiffiffi
n − 2
1 − r2

r
ð6Þ

2.2.3. Hypothesis Test of SPEARMAN Correlation Coefficient.
The solution of the correlation coefficient of the variable
data between two groups of variables which do not have
linear relation and have linear relation but do not conform
to normal distribution, SPEARMAN correlation analysis
can be used to determine the correlation coefficient, and if
the sample size is too small, we need to check the hypothesis
by looking up the table to determine whether the correlation
between variables is significant. The SPEARMAN correla-
tion coefficient is a rank correlation coefficient without
parameters, that is, its value is independent of the specific
value of the two related variables, but only related to the size
between the values. The correlation coefficient can be calcu-
lated by Equation (7).

ρ = 1 − 6 ⋅ ∑N
i=1di

2

N ⋅ N2 − 1
� � ð7Þ

It represents the difference in the position of the two
paired variables, and N represents n samples, reducing the
effect of outliers. The correlation coefficients between the
variables of 14 different catalyst combinations are calculated,
and the significance of the variables is judged by looking up
the table.

2.3. Multiple Linear Regression Equation. Multiple linear
regression equations are used to study the quantitative
dependence between a dependent variable and several inde-
pendent variables.

Establish the following multiple regression equations:

y = bβ + bβ1x1 + bβ2x2+⋯+bβkxk + μ0 ð8Þ

In the above equation, IS the correlation coefficient, is
the explanatory variable and is the perturbation term. The
analysis is then carried out through the following steps:

Step1: Identify and determine which variables are related
to y and which are not related to Y, that is, select the corre-
sponding explanatory variables.

Step2: Remove the variables that are not related to y, and
determine whether the remaining variables are positively or
negatively related to y.

Step3: Give different weights, that is, different regression
coefficients, to know the direct relative importance of differ-
ent variables.

Step 4: Solving multiple regression model and analyzing
its results.

2.4. Optimization Model of C4 Olefin Yield. Construct the
corresponding optimization equation:

max y = a1x1 + a2x2 + a3x3 + a4x4 + b

s:t:

lb1 ≤ x1 ≤ ub1,
lb2 ≤ x2 ≤ ub2,
lb3 ≤ x3 ≤ ub3,
lb4 ≤ x4 ≤ ub4:

8>>>>><
>>>>>:

ð9Þ

Since the problem is a multivariable optimization prob-
lem, it can be solved by simulated annealing optimization.
The rules for the generation of new solutions are as follows:

Suppose the current solution is: ðx1, x2,⋯,xkÞ, randomly
generates a random number that obeys Nð0, 1Þ: ðy1, y2,⋯,ykÞ,
and calculates:

Zi =
yiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

y12 + y22+⋯+yi2
p ð10Þ

The resulting optimization model is as follows:

xnew = xu + TZ ð11Þ

For this model, it is necessary to determine whether satisfies
the following boundary conditions:

lbi ≤ xnew ≤ ubi ð12Þ

If xnew < lb, then:

xnew = rlbi + 1 − rð Þxi ð13Þ

If xnew > lb, then:

xnew = rubi + 1 − rð Þxi ð14Þ

Where R is a random number distributed uniformly over
(0,1), lbi is the lowest critical value, ubi is the maximum critical
value, T is the conversion of ethanol, and Z is the selectivity of
C4 Olefin [12].

Table 4: White-test Results for Ethanol and C4 Olefin.

Heteroscedasticity Chi-square value DOF p

Ethanol 89.91 52 0.0009

C4 olefin 86.42 42 0.0001

Table 5: Joint Significance Test of Ethanol conversion Rate and C4
Olefin Selectivity.

Source Number of OBS =104

Model [ethanol] Prob > F =0.0000

Residual [ethanol] R-squared =0.8144

Total [ethanol] Root MSE=10.471

Model [C4 olefin] Prob > F =0.0000

Residual [C4 olefin] R-squared =0.6490

Total [C4 olefin] Root MSE=8.238
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Table 6: The Results of The Variance Expansion Factor Test.

Variable VIF 1/VIF

Carbon number 4-12 fatty alcohol selectivity 10.85 0.09217

Temperature 6.55 0.152578

Other products selectivity 5.37 0.186387

Ethylene selectivity 3.72 0.269093

Acetaldehyde selectivity 2.65 0.377189

CO load 1.68 0.594621

Methyl benzaldehyde and methylbenzyl alcohol selectivity 1.46 0.684273

CO/SiO2 and HAP mass ratio 1.25 0.801575

Table 7: Group A3: The Correlation Coefficient and Significance Value between Temperature, Ethanol Conversion Rate and C4 Olefin
Selectivity.

Parameter Temperature [°C] Ethanol conversion rate [%] C4 olefin selectivity [%]

Temperature [°C] 1 .982∗∗∗ .955∗∗∗

Ethanol conversion rate [%] .982∗∗∗ 1 .977∗∗∗

C4 olefin selectivity [%] .955∗∗∗ .977∗∗∗ 1

“∗∗∗"p < 0.01,”∗∗"p <0.05,”∗"p < 0.1; “∗∗∗” represents a 99% confidence interval, “∗∗” represents a 95% confidence interval, “∗” represents a 90%
confidence interval.

Table 8: Group A1: The Correlation Coefficient and Significance Value between Temperature, Ethanol Conversion Rate and C4 Olefin
Selectivity.

Parameter Temperature [°C] Ethanol conversion rate [%] C4 olefin selectivity [%]

Temperature [°C] 1 1.000∗∗∗ .900∗∗

Ethanol conversion rate [%] 1.000∗∗∗ 1 .900∗∗

C4 olefin selectivity [%] .900∗∗ .900∗∗ 1

“∗∗∗"p < 0.01,”∗∗"p <0.05,”∗"p < 0.1; “∗∗∗” represents a 99% confidence interval, “∗∗” represents a 95% confidence interval, “∗” represents a 90%
confidence interval.

Table 9: Multiple Regression Results of Ethanol.

Ethanol conversion rate
Variation
coefficient

Sum of squares of variance of coefficient of
variation

T P>T Beta

CO load 739.8686 137.4698 5.38 0 0.2893821

CO/SiO2 and HAP mass ratio -0.1659586 0.862253 -0.19 0.848 -0.0064682

Ethanol concentration -10.05095 2.016961 -4.98 0 -0.2257647

Temperature 0.2636583 0.0546618 4.82 0 0.5922541

Ethylene selectivity 0.9279059 0.7140385 1.3 0.197 0.1138889

Acetaldehyde selectivity -1.184395 0.2624459 -4.51 0 -0.3698946

Carbon number 4-12 fatty alcohol selectivity -0.3667037 0.1871308 -1.96 0.053 -0.3556866

Methyl benzaldehyde and methylbenzyl alcohol
selectivity

0.690327 0.720967 0.96 0.341 0.0735199

Other products selectivity -0.4832207 0.5234983 -0.92 0.358 -0.1144255

_CONS -22.40733 24.64738 -0.91 0.366 .
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3. Results and Discussion

3.1. Experiment Result on Effect of Temperature, Ethanol
Conversion Rate and C4 Olefin Selectivity. Taking Group
A3 as an example, through the hypothesis test of the corre-
lation coefficient of PEARSON, Table 7 can be obtained.

Table 7 shows that there is a strong correlation between
Group A3 temperature and Ethanol conversion Rate, and
between temperature and C4 Olefin selectivity, while there
is a strong correlation between group A3 temperature and
C4 Olefin selectivity.

In the same way, it can be concluded that the conversion
of ethanol and the selectivity of C4 Olefin in A3, A4, A5, A8,
A12 and B1 groups are correlated with temperature.

Taking Group A1 as an example, through the hypothesis
test of SPEARMAN correlation coefficient, Table 8 can be
obtained.

According to Table 8, it can be seen that there is a strong
correlation between group A1 temperature and Ethanol con-
version Rate, while there is a strong correlation between
temperature and C4 Olefin selectivity, and between Ethanol
conversion Rate and C4 Olefin selectivity. Therefore, for
Group A1, it can be concluded that the conversion of etha-
nol and the selectivity of C4 Olefin in Group A1 are corre-
lated with temperature [13].

In the same way, for the 13 groups of catalyst combina-
tions, we can draw a conclusion that, except for the A10
group, A1, A2, A6, A7, A9, A11, A13, B2, B3, B4, B6, B6,
B7 are all related to temperature.

3.2. Experiment Result on Effect of Catalyst Combination and
Temperature. Stata calculates the multiple regression results
for ethanol and C4 Olefin as shown in Table 9 below:

The Co load, Ethanol concentration, Temperature, and
Acetaldehyde Selectivity are all significantly lower than
0.05 by solving the multiple regression model, so rejected
the original hypothesis. From the above table, we can know
the effect of catalyst composition and temperature on the
Ethanol conversion Rate, as shown in Table 10 below:

According to the Table above, the temperature has the
greatest influence on the ethanol conversion rate, which is
a positive correlation, that is, the higher the temperature is,
the higher the ethanol conversion rate will increase by 0.59
percentage points on average. Secondly, when the CO load
increases, the final ethanol conversion will increase by an
average of 0.29 percentage points. Similarly, when the con-
centration of ethanol is reduced, the final conversion of eth-
anol will increase by an average of 0.23 percentage points, as
shown in Table 11.

In the same way, the results of the multiple regression
model for C4 Olefin are as follows:

In Table 12 above, the C4 Olefin Selectivity increased by
an average of 0.91 percentage point when the temperature
increases. Similarly, the C4 Olefin Selectivity increases by
0.09% on average when the charge ratio of CO/SiO2 and
HAP increases.

Table 10: The Main Influence Composition on The Ethanol conversion Rate.

Composition CO load Ethanol concentration Temperature

Correlation Positive correlation Negative correlation Positive correlation

Correlation coefficient 0.2893821 -0.2257647 0.5922541

Table 11: Multiple Regression Results of C4 Olefin.

C4 olefin selectivity
Variation
coefficient

Sum of squares of variance of coefficient of
variation

T P>T Beta

CO load 115.2935 84.9195 1.36 0.178 0.0776038

CO/SiO2 and HAP mass ratio 1.285841 0.559148 2.3 0.024 0.0862446

Ethanol concentration 0.758588 1.059446 0.72 0.476 0.0293235

Temperature 0.236416 0.0117148 20.18 0 0.9139105

Ethylene selectivity -0.5294 0.1430326 -3.7 0 -0.2845312

Acetaldehyde selectivity -1.08284 0.345097 -3.14 0.002 -0.1984616

Carbon number 4-12 fatty alcohol selectivity -52.6805 4.218859 -12.49 0 .

Methyl benzaldehyde and methylbenzyl alcohol
selectivity

115.2935 84.9195 1.36 0.178 0.0776038

Other products selectivity 1.285841 0.559148 2.3 0.024 0.0862446

_cons 0.758588 1.059446 0.72 0.476 0.0293235

Table 12: The Main Influence Composition on The C4 Olefin
Conversion.

Composition
CO/SiO2 and HAP mass

ratio
Temperature

Correlation Positive correlation
Positive

correlation

Correlation
coefficient

0.0862446 0.9139105
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3.3. Experience Result on C4 Olefin Optimum Yield. Building
the target equation, the yield of C4 Olefin is treated by loga-
rithmic transformation, and the yield of C 4 olefins after log-
arithmic transformation is taken as the explanatory variable,
the loading capacity of CO, the charge ratio of Co/SiO2 and
HAP, and the ethanol concentration as explanatory vari-
ables, perform stepwise regression analysis to construct mul-
tivariate linear equations:

Y = 21:26901x1 − 0:0999692x2 − 0:7628968x3
+ 0:0309049x4 + 8:334332

ð15Þ

Where Equation (15) of the predicted value and the true
value of the comparison sees Figure 6:

The final result x = (0.0475,1.4242, 0.3658,448.2077) is
obtained by MATLAB calculation. That is, the final result
is: the loading capacity of CO=4.75wt%, the charge ratio
of CO/SiO2 and Hap is 1.4242 : 1, the concentration of etha-
nol is 0.3658ml/min and the temperature is 448.21°C.

4. Conclusion

According to the above models, there is a significant correla-
tion between the ethanol conversion, C4 Olefin selectivity
and the temperature, and the ethanol concentration is
greatly affected by the temperature and the CO load, there
is positive and negative relationships between ethanol con-
centration. The C4 Olefin selectivity is greatly affected by
temperature and is positively related to the charge ratio of
CO/SiO2 and HAP. Without temperature limit, the sup-
ported amount of CO is 4.75wt%%, the charge ratio of
CO/SiO2 and HAP is 1 : 1.4242, the ethanol concentration
is 0.3658ml/min, and the temperature is 448.21°C, the yield
of C4 Olefin can get larger value.

With the continuous development of the chemical and
automobile industry, the existing traditional fossil energy
sources are gradually unable to meet today’s energy needs,
as a kind of clean energy, ethanol can be used to produce
C4 Olefin by some chemical processes, and the shortage of
resources, environmental pollution, and other problems
have affected the development of the society. The chemical
process of producing C4 Olefin by ethanol coupling dis-

cussed in this paper can improve the conversion efficiency
of C4 Olefin from raw materials, ethanol to target product
to a certain extent, the invention can greatly reduce the
waste of raw materials caused by the formation of by-prod-
ucts, and has strong practical.
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