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Abstract

“Ethanol catalytic coupling to prepare C4 olefin” has been widely used in industry, and the impor-
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tant factors affecting the reaction are the combination of catalysts and temperature. Therefore, it
is of great significance to study the technological conditions of this reaction to improve the pro-
duction efficiency of C4 olefin. In this paper, sets of cross experimental data are analyzed, by
adopting the idea of control variables, using the polynomial fitting and correlation coefficient of
catalyst composition and temperature and ethanol conversion rate, the relationship between C4
olefin selectivity, and using multivariate linear regression model to get the relationship between
the yield of catalyst composition and temperature, to get the highest production rate of C4 olefin
optimal combination of catalyst and the optimal temperature.
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Figure 1. Scatter plot of the relationship between temperature and ethanol conversion and C4 olefins selectivity in four

groups
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Table 1. Schapiro-Welk normal test
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Table 2. Pearson correlation coefficient

5% 2. Pearson tHX & #
T HA Pearson A8 4% R_X Pearson AH X R4 R_Y

Al 0.97 0.89
A2 0.99 0.91
A3 0.98 0.96
A4 0.99 0.97
A5 0.93 0.97
A6 0.98 0.89
A7 1.00 0.97
A8 0.98 0.99
A9 0.92 1.00
Al0 0.92 0.86
All 0.90 0.99
Al2 0.96 0.98
Al3 0.94 0.99
Al4 0.96 0.96
Bl 0.96 0.99
B2 0.93 0.99
B3 0.89 0.97
B4 1.00 0.94
B5 1.00 0.90
B6 0.91 0.98
B7 0.96 0.89
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Table 3. Table of k and b parameters of fitting equation of different catalyst combinations

F 3 AEMENFIEAMAZIE Kb SHE

‘ 2 b DA R?
et . . .
LEELE  CAMRKATIE  LMFLE  CAMGREI  ZMFLE  CalRRii
Al 0.33 0.15 —84.07 -3.24 0.93 0.79
A2 0.66 0.22 —-161.90 —41.55 0.99 0.84
A3 0.42 0.26 —95.83 —59.19 0.96 0.91
A4 0.58 0.23 —144.50 —52.41 0.99 0.92
A5 0.41 0.23 —97.59 —57.81 0.87 0.94
A6 0.50 0.21 —119.70 —50.75 0.97 0.78
A7 0.38 0.19 —74.18 —44.26 1.00 0.94
A8 0.34 0.24 —83.63 —57.26 0.96 0.98
A9 0.25 0.25 —65.62 -59.10 0.85 0.99
Al10 0.18 0.05 —49.69 —-12.36 0.85 0.74
All 0.21 0.05 —56.57 -13.31 0.82 0.98
Al2 0.29 0.20 —74.80 —47.73 0.93 0.97
Al3 0.25 0.16 —67.33 —-35.89 0.88 0.98
Al4 0.34 0.14 —86.64 -35.12 0.93 0.92
B1 0.28 0.24 —73.91 —56.73 0.93 0.97
B2 0.27 0.24 —70.86 —61.07 0.86 0.97
B3 0.13 0.12 —36.18 —-28.29 0.79 0.94
B4 0.21 0.10 —56.90 —22.21 0.81 0.80
B5 0.27 0.15 —72.40 —34.60 0.83 0.96
B6 0.38 0.19 —99.88 —45.76 0.88 0.96
B7 0.42 0.23 —109.30 —-56.45 0.88 0.99
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Table 4. Yield at different Co/SiO, masses
%= 4. I ColSiO; KIRE T HI R

LMW Co ik

CEEFALE CAIRIRIRFENE CARIRIE

Co/SiO, (mg) HAP (mg) wAE(C)

(mL/min) (Wt%) (%) (%) (%)
10 10 1.68 1 350 6.01 13.81 0.83
25 25 1.68 1 350 9.64 13.10 1.26
50 50 1.68 1 350 19.31 1.22 0.23
75 75 1.68 1 350 27.03 22.41 6.05
100 100 1.68 1 350 16.19 22.88 3.70

i/l MATLAB X et Tl &, G RIEB I 2 fros.

Hedfa A 2 DI A S e OO = RIS UL ORI, T LA ColSiO, (B HAP) i it 5 C4 Mk
L E SR VY BNl i E

Co HgkA Iy — AR B, 42 42 5 o A9 Bt ke 5 Fror

HBEAT =0 2 A 2t 4] 3 B

LRHRFEN RN, BRI, W04k 6 Prs.
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Figure 2. Fitting curves of different Co/SiO, (or HAP) mass and C4 olefins yield
2. I8 ColSiO, (8t HAP)RRE 5 C4 HIRIHAIHLE rhZk

Figure 3. Fitting curves of different Co loading rates and C4 olefin yield
E 3. FE Co afE 5 C4 IHIRIERMHILE L

Table 5. Yield at different Co loading rates
2 5. A& Co faEiFE RHIULER

ColSiO, (mg)  HAP (mg) LIRS Co fig*x HEE(C) AL R CA MR RE C4 Rl E

(mL/min) (W1%) (%) (%) (%)

200 200 1.68 05 350 60.49 27.25 16.47
200 200 1.68 1 350 36.80 4721 17.37
200 200 1.68 2 350 67.88 39.10 26.54
200 200 1.68 5 350 55.76 10.65 5.94
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Table 6. Yield at different ethanol concentrations
%< 6. TR CERE TR E

Co/SiO, (mg)  HAP (mg) LR E Co fig*x EE(C) AL R CAMRIRIERE C4 R

(mL/min) (Wt%) (%) (%) (%)
50 50 03 1 350 58.60 18.64 10.92
50 50 0.9 1 350 31.72 25.89 8.21
50 50 1.68 1 350 19.91 22.26 4.43
50 50 2.1 1 350 13.39 31.04 4.16

i/ MATLAB X et Tl &, G ERIG I 4 Fros.

®  yield vs. C2H50H
—ri

yield

:
4 I | I I I I ! I .
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Figure 4. Fitting curve of different ethanol concentration and C4 olefin yield
4. FRIZEERES C4 BRERIIAHh%

Table 7. Fitting results of different catalyst composition and C4 olefin yield
F= 7. FREMBEUFIESS C4 BGRWENAUEESR

AL RS R?
Co/SiO, (B HAP) ¥ i & 0.74
Co f#&E 1.00
LR 0.97

MBI A (25 (L2 7)Y BAE L, ColSiO, (5 HAP) IR &5 Co MIf#F 5 C4 MR MR 4 &
ZIRREIAR R R R, AFAEOMENE NG SRR FE R, T SRR INANE R ) 5 C4 I ke i 28 2 A7 5k

Btz 4h, FEXEHE AT A BT, AL3 ZH(Co/SiO, F1 HAP ZEk| LN 2:1)F1 Al4 2H(Co/SiO, fil HAP
BRI 1:2) 11 C4 J5 @ISR 5 AR A5 A FAH [R] R A 2 % b W R BRI, DR 7R S R A AL AR e B, Rt
Co/SiO, Fl HAP ZkHLb 4z HiI7E “17 BIFfiT, DACRBEE S C4 MRl

X R 5 AR .
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Figure 5. Yield of C4 olefin in groups Al, A12, A13 and Al14
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Table 8. The value of the regression coefficient g

= 8. EEARKSE

i P B3 Pa Ps Bs B Ps
_2%10°° -8%107* 0.2510 —1.9855 -0.0921 1.7164 —4.8835 -11.6300
BRI TN

y =-0.000002 * x* —0.0008 * x? +0.2510 % X, —1.9855% X,
—0.0921% X3 +1.7164 % x —4.8835% x, —11.7653

[l )95 31 (1 5225 MR P = 0.015 < 0.05, AT LA AR BA 3 .

WHZTTRE A FIA & h = AR S CA IR R Z A MR & .

oM 2 IeARLNE BT R, WTLAMS R, A3 EALIALA X RN CA Mkl ik, Bt Rl AT,
FEMR BEAR RIS LT, A3 LI AR A 2% PR B B«
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Figure 6. C4 olefin yield of A3
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Figure 7. Fitting curve of C4 olefin yield at A3 group temperature
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