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Abstract

At present, C4 olefins have been widely used in the production of chemical products and the
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pharmaceutical industry. Catalyst and reaction temperature jointly affect the selectivity of C4 ole-
fins and ethanol conversion during the preparation of C4 olefins. It is of great significance to guide
the production of C4 olefins by studying and designing the combination of catalysts and the reac-
tion temperature. In this paper, the results of multiple crossover experiments are analyzed, and
the idea of controlling variables is used to study the effects of temperature and catalyst combina-
tion on the selectivity of C4 olefins and the conversion of ethanol by using linear fitting and grey
relational analysis respectively. Finally, the stepwise regression model was used to obtain the op-
timal temperature and the optimal catalyst combination, which made the C4 olefin yield the
highest.
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Figure 1. Relationship between temperature and ethanol conversion
and C4 olefin selectivity over Al catalyst
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Figure 2. Relationship between temperature and ethanol conversion
and C4 olefin selectivity over A7 catalyst
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Table 1. Shapiro-Wilk test
%= 1. Shapiro-Wilk 36

1R

A FIH & giit B HE W
Al 0.861 5 0.231
A2 0.837 5 0.157
A3 0.928 5 0.580
A4 0.844 5 0.177
AS 0.997 5 0.997
A6 0.906 5 0.442
A7 0.903 5 0.429
A8 0.963 5 0.830
A9 0.969 5 0.869

A10 0.940 5 0.665
All 0.983 5 0.949
Al2 0.944 5 0.693
Al3 0.955 5 0.776
Al4 0.882 5 0.319
B1 0.935 5 0.629
B2 0.933 5 0.615
B3 0.935 5 0.628
B4 0.860 5 0.229
B5 0.928 5 0.580
B6 0.887 5 0.342
B7 0.958 5 0.794

T 50 4, & £ i H] Shapiro-Wilk #5:5: . F1 ] SPSS X} 21 41 %4k #£17 Shapiro-Wilk

XS 1K) Shapiro-Wilk #5645 Ml 40, P >0.05, fHAJRERE, BERMIES ) fi. AHt
1T Pearson 0% R E6 16 .

DOI: 10.12677/mo0s.2022.113052

551

RS


https://doi.org/10.12677/mos.2022.113052

EBRH %

2.2.2. Pearson X RZE RIS
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Hop
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2) HRELHRARE

MR 13 Person AHOC REUMBAL, FIF Matlab tHE RT3 r (B P, 25514 2 fs:

L LR 2 BRI EOS BT R x Sy, x5 2 AR ERENER R, T LE M AL
FIMLAER AR IR e BT 2 AT LUAEL, ME IS T 0.7, KA
0.9 Fffifr. HILAIRILE 95% M BEE/AKTF T, IES AmHAE, WEY CA MR EMEA R LR
B, HELREIEMR.
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Table 2. Pearson’s test for r-values and P-values

%% 2. Pearson #046 r(E5 P (&

AL k b WAL
Memwms  CEEFAR CARERNE CBFNER CAMRIEENE  JRFIE CAMmRiEREE
Al 0.33 0.15 ~84.07 -3.24 0.93 0.7
A2 0.66 0.22 -161.89 —41.55 0.99 0.84
A3 0.42 0.26 —95.83 -59.19 0.96 0.91
A4 0.58 0.23 ~144.54 -52.41 0.99 0.92
A5 0.41 0.23 ~97.59 -57.81 0.87 0.94
A6 0.49 0.2 ~119.69 ~50.64 0.97 0.73
A7 0.38 0.18 ~74.2 ~44.21 0.99 0.92
A8 0.34 0.24 -83.55 -57.23 0.94 0.98
A9 0.24 0.25 —65.51 -59.1 0.81 0.99
A10 0.18 0.05 —49.6 -12.33 0.81 0.69
All 0.2 0.05 ~56.47 -13.3 0.77 0.97
Al2 0.28 0.2 ~74.71 ~47.69 0.91 0.96
A13 0.25 0.16 ~67.23 ~35.91 0.84 0.92
Al4 0.33 0.14 ~86.55 35.07 0.91 0.89
B1 0.28 0.24 -73.11 ~56.69 0.9 0.96
B2 0.27 0.24 ~70.74 ~61.03 0.82 0.96
B3 0.13 0.11 ~36.18 ~28.29 0.79 0.94
B4 0.21 0.1 -56.9 —22.21 0.81 0.8
B5 0.27 0.15 ~72.4 -34.6 0.83 0.96
B6 0.38 0.19 -99.88 —45.76 0.88 0.96
B7 0.42 0.23 ~109.34 ~56.45 0.88 0.99

2.3. —& M EYIRBIAIESL

R R R E S LA RN C4 I IR IR R 2 (Rl E B R AR, FET R SCR MM R 0 dr, A
SRS T TN T IRER — u M R AR T,
TRV B 26 (AT AR 5 L RE R ¢ 2001,  C4 iR ik Bk R B T 1)
y=kx +b ®)
k-b=arg,, min[zn:(yi -9 )zj =arg, , min(zn:( —kx, —b) J (6)
i=1 i=1
/Q»,\
L:i( —kx, —b)’
Hr, LARERERZE T M, 24 L &/ ENEE L R{E B A H0E .
H
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FEE, ¥ Z=kx+b, Ak FE.
iz H Matlab Xt #lE 247 [H1H, AI4331 k 5 b A% 3 Biok:
Table 3. Table of parameters of k and b for the linear regression equation of different catalysts
3. TEMENT— & mYIHFEE kK A b B8k
HEALF k
HEwmY LA AR C4 Ml # 1t LA R C4 ki ## 1t
Al 0.33 0.23 —84.07 —-25.24
A2 0.66 0.22 -161.89 —41.55
A3 0.42 0.26 —95.83 -59.19
Ad 0.58 0.23 —144.54 -52.41
A5 0.41 0.23 -97.59 —57.81
A6 0.49 0.2 -119.69 -50.64
A7 0.38 0.18 —74.2 —44.21
A8 0.34 0.24 —83.55 -57.23
A9 0.24 0.25 —65.51 -59.1
Al10 0.18 0.05 —49.6 -12.33
All 0.2 0.05 —56.47 -13.3
Al2 0.28 0.2 —74.71 —47.69
Al3 0.25 0.16 —67.23 -35.91
Al4 0.33 0.14 —86.55 35.07
Bl 0.28 0.24 -73.11 —56.69
B2 0.27 0.24 —70.74 —61.03
B3 0.13 0.11 —36.18 —28.29
B4 0.21 0.1 -56.9 —22.21
B5 0.27 0.15 —72.4 —34.6
B6 0.38 0.19 —99.88 —45.76
B7 0.42 0.23 -109.34 —56.45
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Figure 3. Regression image under Al catalyst
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Figure 4. Regression image under A7 catalyst
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1) BESHIIRFH. UL OB RN RGUT HIFAER 51 (Xo),  LAFE ISR DR 4 A 2% IR 3
FI( X izio04) Feht xa  Co FEREL, X, ColSIO, HI HAP HEBHEL, X N ZBFIRIL, x4 NIE. k=1, 2,
- 114, UK 114 IRSE5.

2) MHGEHAT AL E . SRR, IR TREBR LIS, SRRy Z, Z T

%%iﬂ?‘\j Zij
X
Z; :7_1 (8)
i
AT ARE A R R o
3) ENKEFRH, RIEFRIRIRERECH
_ a+pb 212 mk=
y(x,(k),xi(k))—|X0(k)_Xi(k)|+pb(|_1,2, ,m,k =1) 9)
Horba Mtk Nz, b AWIEKZE, p N PRRE R
a:iminkmin Xo(k)_xi(k)|
D = i Ko [%o (K) = (K)| (10)
4) THE IR ICHKE :
¥(0%) = 3y (50 (k). (K) (11)

IIHT IR A SRR L BRI A5 e 418
3.2. HREKRE

3.2.1. #E5BE Co/SIO, §E, HAP ZE, ARUEE, CofHE, ZERE
T ColSiO, & &, HAP &8, fAFEMEE, Co MiE, ZMEIKREE, BKEOKBESHEE, &/
Matlab =R fif 15 2 Ik BLOCHRBEERERE, 45 Rk 4 s

Table 4. Grey relational matrix

® 4 RBREKEREM

1AL 7 Co/SiO, & & HAP & & VEE R Co fi#i & LR E
R R 0.94 0.94 0.89 0.93 0.92
C4 Ik Bt 0.95 0.95 0.89 0.93 0.94
FH 2K €6, 52 Bk 2 BT AT 4

1) ST OB R KRR S MKE NS E: HAP &, Co/SiO, % &, Co fidi&E, LEHK
FE, AU, WK HAP & i, S/MURA R E&E, HIECRERE.

2) XT C4 MRt BRI MR EINESIZ: ColSiO, & &, HAP & &, ZFHKREE, Co
FEE, AN, W ERHIE ColSIo, &, /MR AR &R, HIkE Co fidiE.
3.2.2. ELFIESE ColSIO, HE, HAP RE, Co iEiE, ZERE

T Aserh JTE ALL I, FEAREURR D, BOZRITH. FUARSCRIBRA SR, X TR
AN PR LEAT R BRI BT, 43 B85 a0k 5 fios:

m
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Table 5. Grey relational matrix

5. B XREKEER

TEALF) Co/SiO, & & HAP & & Co ¥ & LR E
LR 0.74 0.75 0.72 0.69
C4 JFIE i B 1 0.76 0.76 0.72 0.72

T R SRR MR EN NS Z: HAP &, Co/SiO, & &, Co fi#E, LIRkE.
S D BRI HAP B, /MR SRR, BRI S 350 )y e KN /2 HAP & &, /i)
& LR

XTT C4 ki B &R ) MREI/NMESZ: ColSiO, &, HAP &, Co figkE, L8E
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1) W T LB AL BRI HAP B, BN LEEIRE
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TR CA MR R T RE . R 5 BN EIR IR R R (R = Fefb® x i),
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Figure 5. Temperature vs. yield scatter plot
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DRl LA S5 R R FH B0 [ AR A o e AN FEIR LA 3R, SR 4L 5 R 10 22 T Rk [l A A,
SR [ AR F A A 6%*%%{%4{%']@4\ FERARAEACTI AT T, ERTIMAR SR bR, HREET 2T
LEPEIRNASRIA, SRBVRAAIR L . IR 4G 2R iR e Ui, B MR R B sR ™ 2 fo v I AR PE 5
EAFIA S .

4.2. B{FEBRR
4.2.1. mtELFIRIEREF
N SRR A A RN E X L, SPATAR R, A R AR e R AR R — AN A,
WY, RRFZR, HEE x;: Co/SIO, F&E, X: HAP &8, X3: AR EE x,: Co MiEE, xs: L%
W,
y=f(X1,X2,X3,X4,X5) (12)
TR SR 2 e 2 P B AR A,

{y = Lo+ BiXs + BoXo + BoXo + PuXy + PeXs + €
2 (13)
~N (0,6 )
e By, Br By Bs Bas Bs FRNIENE R 3L
FU N ZRIEAS TR A R M, BRSO RLAG T B, 1524 B, = B, I, B2 T RIS/
Q= Zl:gf = Zl:(bi _Bi )2 = ;(bi = BiX = BoXo = PaXq _ﬂ4x4)2
Q 14
¥ =0,j=0,1234 (14)
KRG pEWIE 6 Fiar.
Table 6. The value of the regression coefficient
6 EAR¥PE
Po B B Ba Ba Ps
23.3862 0.0467 0.0420 —0.0996 —1.7753 —4.3199

23815 R? = 0.8003, P =0.00008 < 0.05, %

B UE AT B S IACR, ColSiO, &, HAP &
KL,

TR Z R M A R A R, SR 6 B, ASCRIUER A5 AT, AL IE
W TIRZERLS, JEH A3 ATIA G X RN C4 IR i, AT R AR RS LR, A3 2R
I SR A B U

W ESCRA TR, A3 AL S AR, 1H A BRZERIE L, IR SRR, PR A SO
A5 HHT MM, A3 5 A5 I ERRT N 7 iR

4.22. BINBRERIERF
HEZD AR AT R, ZOR R AR UM, A 2 AE B R el AR b FE AT (B9, ol T A e DL

T B L . PIEARTSONT A3, A AL AR BE 57 A [l ARE 22 i, DY 2 T h 26 ]
VAR R Z2 7T MIE AT 2 TG R Y, O BB R B faTint

REm—u%; HEpERE, Co MlE, LFRKER
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[E 9. A5CA I 1R = PEIE FE FY TR 2k

55V SR FHZ D (Rl AR IR SR H 72 R K B R S s e AR b, B e A 5 36 25 A A )
BIEMT, RN 427.5°C. BALFIECEL A Co FiEi&E N 1 wt%. Co/SiO, Fl HAP 3kt = 1:1, ZFhnA
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