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Abstract

In this paper, fitting and multiple linear regression models were used to study ethanol conversion
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and C4 olefin selectivity. First, for each catalyst, the quadratic relationship between temperature,
ethanol conversion and C4 olefin selectivity was studied, and a regression analysis model was es-
tablished. We use Matlab software to perform linear regression fitting and quadratic regression
fitting respectively; secondly, when the temperature is 350 degrees, the experimental results at
different times of an experiment correspond to which catalyst combination, adopt Monte Carlo
simulation to solve, and establish multiple linear regression model, and then obtain the corres-
ponding catalyst group at 350 degrees. The effect of ethanol on ethanol conversion and C4 olefin
selectivity under different catalyst combination conditions and temperatures was studied by two-
factor analysis of variance; the control variables were used to study the three factors in the control
catalyst combination, and the other factor was unchanged. The effect of varying concentrations on
ethanol conversion and C4 olefin selectivity; finally, under the same catalyst combination, the re-
gression analysis was performed using multiple linear regression functions, and the relationship
between ethanol conversion and C4 olefin selectivity and various factors was obtained. Finally, we
use mathematical programming model and Monte Carlo simulation to calculate the best C4 ole-
fin yield and the catalyst combination and temperature here, and finally calculate which catalyst
combination and temperature make the C4 olefin yield reach the maximum, and make practical
guidance and suggestions for the actual industrial production.
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Figure 1. Scatter plot of AC and T over Al, A9 and B1 catalysts
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Figure 2. Comparison of linear regression and quadratic regression of T to AC and CS over Al catalyst
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Figure 3. Comparison of linear regression and quadratic regression of T on AC and CS under A5 catalyst
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Figure 4. Comparison of linear regression and quadratic regression of T on AC and CS over B3 catalyst
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Figure 5. Prediction of linear regression model
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fitto HHT SR RIS BENLIE, FEZUGSITIR, Mk R, TRz 4,
FIT LI FE R ISR RIS R T R . SR TR MR J5, 5800 T i) & AT L,
16 HH RIS B ) — T, Gn SR 220 U ORI 1t gk R Ok B LIS RR AL K R B m) o B SRAE T T
56 HH Matlab gt dk4T 2 e &G, alftlat y, .y, R RN F277 1 H:
y, =—0.0438, +0.1385x, +0.1517x, —8.7454x, +0.3394x, —82.5897
{yz = 0.1477x, —3.2144x, — 0.0625X, + 2.7806X, +0.1875x, —50.0706

RGN BT 1 SRR 29.9%, CA I JRIEHEPE &0 Ry 35.5% RN Fik R4, FIH S
RIEBRCR A LR TR, ik — AR g BoN:
X, = 63.8265
X, =1.4263
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Table 1. Changes after data elimination

* 1 BESIRZEHEL

LTI &
I LR R C4 Jis ke H L 1k
Al A2 A3 A4 A5 Al A2 A3 A4 A5
250 2.07 4.60 9.7 4.0 14.8 34.05  18.07 55 9.62 1.96
275 5.85 17.20 19.2 121 12.4 3743 17.28 8.04 8.62 6.65
300 1497 38.92 29.3 295 20.8 46.94 19.6 1701 1072 10.12

350 36.80 67.88 48.9 60.5 36.8 47.21 39.1 36.85 27.25 18.75

400 64.2474 102.9451  83.7 88.4 76.0 42.0966 72.2254  53.43 41.02 38.23
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HH ALl “200 mg 1 wt% Co/SiO,-200 mg HAP-Z ik & 1.68 ml/min” 204, A2 JNTE “200 mg 2
Wt% Co/Si0,-200 mg HAP- ZBEiR & 1.68 mI/min” 204, A3 4 “200 mg 1 wt% Co/Si0,-200 mg HAP-Z, i
WEE 0.9 ml/min” 404, A4y “200 mg 0.5 wt% Co/Si0,-200 mg HAP-Z.EK FE 1.68 mi/min” 414, A5
N “200 mg 2 wt% Co/Si0,-200 mg HAP-Z FE K 0.3 ml/min” 414 . Bt 5 — R M-S T FEfh 4
B AL, A2 1E 400 Bl B AT CA IRk B, T T Z s Ry, gk 2 v LA H, bk
4 p E¥/NT0.05, BG4 7RI 2 A AR FE AR SRR A FR DL I CA I R B 1M A 3 52

Table 2. Pearson’s test for ethanol conversion and C4 olefins selectivity
2. CEREECEM CA GIRINIEFE MR /REMETS

ANOVA
e ss of MS F P fif
7 38468.4 4 9617.11 131.72 2.25E-34
i 16019.3 20 800.96 10.97 1.61E-15
LR .
i 5841 80 73.01
it 60328.7 104
5 113535 4 2838.38 85.26 4.72E-28
Ca KA i 7685.2 20 384.26 1154 4.03E+16
SEFETE R 2663.2 80 33.29
it 21701.9 104

SRIGER RER AR, B EAFAe T IR =AEAE, S A2 5EEN L%
AN CA I IR R & 75 0, BT IR 8] (1 0 22 43 #

1) 7£ ColSiO, &4 50 mg, Co f#E A 1 wt%, HAP &4 50 mg i, 2 N5 %A 5 XA
BN CREREAER I TT 2004, B SR I L YRS R P RRAL, R AN [ ) 2T SN T R B T
N BRI R, (RS IR Tk i R R B, BIRIAS R 3 Ry 307E 2 BE@ NG A H 1)
5L (1.68 mi/min A1 2.1 ml/min &t), ] REXT CEEFEALR AN RIFEN, T2 73 ek ept 7 20 | Fnr)
75 3N B AR S BRR AT XN 3R 5 22434, Wi4e 3 Fizw o

Table 3. Influences of ethanol inlet rate and temperature on ethanol conversion under different charging methods

3. FRIEMART CEBANRRMEEY CERE L RPNR

PRl | T LB iE(C)

i JE = (ml/min) 250 275 300 350 400
03 19.7 29 40 58.6 76
0.9 6.3 8.8 132 317 56.1
1.68 1.4 35 6.9 19.9 445
2.1 2.1 3 47 13.4 408

BRI N T E(C)

I JE = (ml/min) 250 275 300 350 400
1.68 1.4 34 6.7 19.3 436
2.1 2.1 38 58 15.9 45.0
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2) fE ColSiO, &4 50 mg, Co 7i#iE N 1 wt%, HAP & &4 50 mg i, 2B N 15 %A B XA
B CA MR T 2200, Q)KL BIEBIARIRR T e, B H o O T Rk B
PERITT 22508, W03k 4 s

Table 4. Influences of ethanol infusion rate and temperature on C4 olefins selectivity under different charging methods
4. FEIENAR T CEBANREMRER C4 HIZEFHFmE

R T R IBEE(C)

JBAGEZE (ml/min) 250 275 300 350 400
0.3 5.75 6.56 8.84 18.64 33.25
0.9 5.63 8.52 13.82 25.89 41.42
1.68 6.17 8.11 11.22 22.26 36.3
21 5.4 9.68 16.1 31.04 42.04

BT 1 F 2 L (C)

BN (ml/min) 250 275 300 350 400
1.68 6.32 8.25 12.28 25.97 41.08
21 43 5.06 7.92 15.34 25.83

3) £ Co/SiO, & & 200 mg, HAP &4 200 mg, ZFEE N#F A 1.68 mi/min i, Co fizkE ik
FERUR Fxt S WA (77 22 53T, Wk 5 BiR .

Table 5. Influences of Co loading and temperature on ethanol conversion

% 5. Co AHBKIREN CBEE L ERR

i IREE(C)
Co i # (Wt%)
250 275 300 350
0.5 4 12.1 29.5 60.5
1 2.07 5.85 14.97 36.8
2 4.6 17.2 38.92 67.88
5 13.4 12.8 25.5 55.8

4) 7E Co/SiO, & &~ 200 mg, HAP & &k 200 mg, ZEEE Ni#Z N 1.68 ml/min i, Co fE &AL
JERUH AT CA Mk B 77 22 00T, 103k 6 FioR.

Table 6. Effect of Co loading and temperature on C4 olefins selectivity
% 6. Co A BFIRE X C4 HIRIEFMRMR

‘ BE(C)
Co f#kE(Wt%)
250 275 300 350
0.5 9.62 8.62 10.72 27.25
1 34.05 37.43 46.94 47.21
2 18.07 17.28 19.6 39.1
5 3.3 7.1 7.18 10.65
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3.2. {ERIRYK R

321 BEURBS S

N T A EA R G SR X QRERA AR UL S CA M ade B PE /R B A2, F ] Matlab
T Anova2 bR B E AR R AR AL BE O id s AR 8) R, MINASE (A 45 R) M E R 5 A &
ZEFt . FARRFEMEIRINGE 7 Pik:

Table 7. Significance test of different catalyst combinations
7. FRMENFIAEHNEZHRR

NGBS RIR SS df MS F P4
17l 5892.7 4 1473.02 68.16 3.79E-08
FRTA R 17 3148.1 3 1049.37 48.56 5.51E-07
BN
%of 7 Bt A R RE 259.33 12 21.61
&t 9299.49 19
2l 2493.77 4 623.442 348 0
Ey Sy [ 17 0.32 1 0.324 0.18 0.6925
BN AN ‘
%of Bt Ak %R RE 7.17 4 1.792
&t 2501.26 9
1l 2912.37 4 728.093 140.83 0
Ey Sy v I T 110.27 3 36.755 7.11 0.0053
BN
X Ca it Bk R 62.04 12 5.17
it 3084.68 19
1l 1119.67 4 279.918 17057 0.0084
gy v [ T 125.67 1 125.67 7.89 0.0484
BRI N AN
X Ca kit Bk R 63.74 4 15.936
it 1309.08 9
1l 5797.22 3 1932.41 52.59 0
Co Sk B AR i 1T 633.86 3 211.29 5.75 0.0177
R LRHAL R 330.71 9 36.75
it 6761.79 15
]l 536.05 3 178.682 8.63 0.0052
Co f BB AR 1T 2657.64 3 885.879 42.77 0
X CA Skt i P R 186.41 9 20.712
it 3380.09 15
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BT SR Z T RSB — AR, W AR RIS R N L N R B 2
ALK R E R, R TR, [EE ColSiO, & . Co fi#li&E. HAP & &, HEREHE
JEXFINIIY) P {H 2y 3.79E-08 < 0.05, X BLHHIEE 5 L REf bR 2 M A RN B MR, [FN ZRER@E
NI FRXF ) P BN 5.51E-07 < 0.05, BRI E 2 MR EEERR. HICREENEE
LI 2 [0 A8 A FH I8 I 0 R I SR o8 R MEAR B . 7EZERI 730 N IR, R R L RERE N %
BB A P {EIAS] T 0.6925, EIWIIMMERFBME S22, mbEmwig 2 msa Lk
S, WEUERA S E

SR JE T LB N E 2 5 IR FEAEAS ARk 7 s H A 25 A 2 FI SO TS C4 MRk £ (1) B 3 M 5%
FAATHRAL, SIS RAA R e, BIERER 731 B4 T Co k@& AR E#INT C4 JdiE
PR REME ), BRI A B R

XtF7E ColSiO, & &~ 200 mg, HAP & &4 200 mg, ZEEE N#E R Jy 1.68 ml/min i Co fi & Mk
FEXS CRERANEE . CA IRIRIE R AT, (EBURIRIERTIE, 190 7 3k 7 AR FD T gk & AR X B
ARSI A B X, AT DAL [F] 0 S M 7R LA R AT DLZNE AN T . R TH AT R R SRR A
fRELI, IR T DA R P B2 B8 0 A1 0.0177, #Fim T 0.05, FTLAT LA Co fiEkEA
XS CREREACTR I BB . [FIE, XT C4 Mekeiiksitt, fEE SRR P fE5) %4 0.0052 1
0, [FIFEERS 0.05 MHZEIR K, AAYENGHE XMEZEER R

R TR LA R, AR R T 2R AN [F R A T A DR BERT B AR CA I IR B 1L
FATLAZIEANTE, AN AL A A RO B AR B 1R A 2 .

3.2.2. EYASR

1E FIRBIE R ERATR IR RE T A RN CBEE AL 2 AT CA B i B2 AR, W LZBEAN T,
XREHE— B IGAE T 55— 34T 2 SR R B A B . X RET] DI 22 T 2R T R AT R AT, 15
B O BEGACE RN CA I IR IR BEME S 5N BRI 2 2 R 1 RS =2 o8 & [5]

FIF 2 I SRAF 1) 2 Ju e P [RA 75 72

y, =—0.0438x, +0.1385x, + 0.1517x, —8.7454x, +0.3394x, —82.5897
{yz =0.1477x, —3.2144x, —0.0625Xx, + 2.7806x, + 0.1875x, —50.0706

Hey,, v, 2AA OB AR A CA Wik B, x Bl x; 45N ColSio, % &, Co HIfi#&E, HAP &
w®, CREENERE, .

X SRR CA IR IR BT AT an . % Ty, B Z B AL 3ok 3, Bt 1o mg 1Y)
Co/Si0,, FHI Ak 0.0438%IH) Z B 4k s 4T+ 1 ool Co fi#k &, P44 T 0.1385% 1) Z B 51k 2 5
BT 1 mg B9 HAP, PR BEAK 0.1517% 1) LB HAL 2, 471 1 mi/min 1) 2B SR, PR 8.7454%
OB BT L, P37t 0.3394%11) L REfE A 3.

X CA M e PR, W ATIE y, ARRIE USSR T . BT 1 mg 1 Co/SiO,, 1171 0.1477%
) CRFHAL R BT 1 wi%l) Co T3, ~FIYIFIK 3.2144% ) ABF AL H7H 1 mg B HAP, -F
HF#AIC 0.0625%I LI FE A2, FETHE 1 mlimin () ZESENESR, ~FITHE 2.7806% 1) LRE L%,
Tha 1%, “FITHE 0.1875%1) LR

XFEELR ] T LEEFEAL R CA MR IRE PR S HAL BRI 3R 2 I MR R R

4, MRERIRR C4 BBRBERFE AR RELTIBETE
4.1. RBIEST
BN H A SIRE AL, WREALEE S — ] R AN 77k, B REE—A/Na R, 5T common 28,
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ERVE P nsAcA RSl EiEE
y, =—0.0438x, +0.1385x, +0.1517x, —8.7454x, +0.3394x, —82.5897
y, =0.1477x, —3.2144x, —0.0625x, + 2.7806x, +0.1875x; —50.0706

T H A 8 KN
max1=y,y,

HREE T A “AEAR R SEa A R 7 BT, AT DL x 31 x A AR X UEVE A A O
PRSI Va2 B LA %A
10<x, <200
05<x,<5
10 < x, 200 (%)
03<x,<21
250 < x5 <450

Hey, v, DN OB R CA MR B, X B X, 225N Co/SiO, # i, Co HIfidkiE, HAP &
&, OFENEE, HE.
% special 35, T LAR S8 — A gt o al S AR E N R B0 i, B E BRERECN
max 2 = (0.0023a; —1.2735a, +177.778) x(0.0002a; —0.0675a, +5.5858)

AP L]
250 <a, <400 (6)

He, a NEE.
IXAE S BfEE K common 28R special 2RI AAE,  FLEIRANORMEROR,  HUHAE g FRaT
4.2. IRBIRRER
IX B AR A R I SR R RV AR SR M B KA, X B A SR 05 22 (R B AL A S5 (BE L BUR =i 2 7 2,
REEAEEEY), BUACNLIREMIGAE, W 2 S s N BAr REOREoME, b F N, &
J& 2 IS AT B K I RI ]
X F 58— AN, 1 S T SR N PR (BRI AH [ 5256 26 £F) i) common 2R K E, 32 A Matlab it
AT RnfE
X, =199.7532
X, =0.6717
X, =198.1183

X, = 0.4236
X, = 448.5582

S INI- = ONI-V5)
max1=4382.4381

SR JE 5 special 258 KAE, 12 Matlab 15 7] %17E a, = 400.0000 HUi KM, e K{H N 385.0902. Fir
DATE 3 AN PR ({H PR IEH [F] 5236 45 1) I 1) C4 I I s d K Ay 4382.4381.
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5. ESEEMETE

N T BRORSR AR AR vz T 2 A 22 e 2 1 [ VAR Fg 30k 45 R E AR AR F L SIEPEAS DLORAIE, JZ STk
f# SPSS ks [MIARRIMAR G R TR R A FREE ET R, SRR E R B S IES S
Ay IR EASRHEAL SR Z A IEZS P-P &, KRGS T AL A RR B (0 il 2 A s AL PN (B A R A

TR I T, T R 7 B KB 1 -2, 2] K I
5.1. XTFCEEAERLRFFERNIKIE

2, Z&ME RN R? =0.796, 5 1+, B DS SRR AR e b . @i SPSS 15
I 2504 71 5-0.044, 0.138, 0.152, —8.745, 0.339 5%t Matlab i+ &5 2 5 12 254 .

HITHE
FAFR: LEEHFAER (%)
15 VM = —2.99E-15
FrEZE =0.977
ANZEH =109

-2 -1 0 1 2 3

1.0

0.8

0.6

] AR AL R 2 B 1R A5 P-P IR
HAEE: CEHALE(%)

0.2 0.4 0.6 0.8 1.0

] A A e 22 S R
B
R E: LEFE %)
3
.
2 . . d
j'% R . . ® o .
gl i. ’ L *
& .
LE ~}... i * * ’ ® hd
i) 0 e ., O T
[a] ° .0.0 °o. . ™
‘: 00.‘.‘.0 )
1 0‘. "o *
. .
‘. o..c
-2
2 1 0 1 2 3

[0 Y1 A T

Figure 6. Regression equation test 1
E 6. Bl FHTERT 1
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WK 6, AR ER GIESHMEE, RN P-P BB R iZT R AR, MEHUS
IS B bR AEAL TR B R B A 48 [-2, 2] X, RA R BNME R AR S, Zia Lb ., KT 4w
AL R 2 U VE Rl RE R (DL A R B A S PE RE HAA e vk i SO

5.2. X T C4 ipiEFEEAARENEE

HEASIZ e TR R = 0.733, [ARES 120450, BT LA H g R (A S i . it SPSS
B RS S 7 0.148, —3.124, —0.063, 2.781, 0.188 5%t Matlab 1182 H1 IR R EIE .
w7 Fros, ZENET R EUE RS L5 ik G AR R, B AT DA B2 5 R i T AR

AVAS VRS
HTHE B A FRUEA TR 22 1 IEZSP-PI
AR CAMERIERENE(%) L0 NA & LB R (%)
20 P8 = 2.63E-15
PRt =0.977
NRH =109
=
=
B
=
B
00 02 04 06 08 10
B bR HELL AR 2 S R AR
S
RIAR & CAM Ik £ (%)
4
L
. *
o
HH 2 - [ ] [ ] .
§ L4 . * . E.
& * otee o°, s e T,
‘;%0 o..‘o..o. ...0.::.0 ) .
z S D A .
se .!‘..!: s E. . n‘
* *
) o
3 2 1 0 1 2 3
(=] YA A o A T

Figure 7. Regression equation test 2
7. BEFHERE 2

6. MRERSLHIR
R FAFE R T URLEEAE 350 SERNF7E— VS S AN [ i 6] 1) S 56 45 SR 7 R R RM RE AL VAL 4, 6 S R R
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PRI ALL AL, RIS RISHHUSKR . ¥ Co/SiO, &, Co IFEE . HAP &, ARl NEE, RHE
WHEERE, 7N OREHAEN CA RIS NNAL R, B 7 2okt RIaEA. FRH Matlab
YR FEIEAT 2 e 2R ML A SR B 5 AR ARY, 0T SR HY 350 FE TR S R AL 2L A, 45 R K 2058 BT 4H47(100
mg 1 wt% Co/Si0,-100 mg HAP- Z. ¥ & 0.9 ml/min).

[ 280 7 2250 I3 21, HEAGTRIAL G SR FEXT CREFALZE AN CA I R i Bt I so i # A R 3 s DAL
5E Co/SiO, % & 450 mg, Co MEE N1 wit%, HAP &N 50 mg i, ZEEHKEEXT ZREHEAL R AN C4 Hi
FE IR FEMEAT B 5 R R T SONTIR B2 XU R 3R AR 7 V8047 7 Z2 00 i, 19 31360k} 77 00 Lk
HEFN CA IR s B2 AR, T LLRES AT

IR 1e AU R RN 525, RIS LI 7%, SRA34E ColSiO, & 199.7352 mg, Co Hfi#i&E
0.6717*1 wt%, HAP 7 & 198.1183 mg, JBEilE Ni#= 0.4236%, i/ 448.5582 FEI A {f C4 M RIS %
K, BKIEN 4382.4381. IXFEAFLH T Tk SERRIEA = C4 Mfei 43 C4 Ml OR e K — AN 7
%, HIE T Tk,

P
[ BER%, Bh3E, SO, A, JE TR AN R A& C_A MO LB Bl AR 0JH, 2022(8):
9-12.

[21 EAEo7, EilE, ERE ETREASIr SPE %I LEEEAH] C4 Mm@, B Tolkik, 2022(1): 245-248.
[3] ZEHRAE, A, IR, S, 2R ESH % C 4 HRMILBRI[I]. & M 2B R, 2021(6): 26-32+77.

[41 ZEmnak, sk, REEBE BN, 0%, LYl RREE, 2. BT SPSS HiEZ K& T 2 AT TEA S
PR FI]. AR S S, 2017(4): 22-26.

[5] XA, kg, BERJE. FEERIGE BB AT TR AR R S ML Aimie T, 2020, 49(9): 910-913.
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