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Abstract

With the rapid development of modern science and technology, C4 olefins are widely used in the
production of chemical products and pharmaceutical intermediates. Energy supply presents a
trend of diversification. Among many new energy sources, ethanol is the ideal raw material for the
production and preparation of C4 olefin. It is of great practical significance and economic value to
explore the technological conditions for the preparation of C4 olefin by ethanol catalytic coupling.
Aiming at the research on question B of the National College Students’ mathematical modeling
competition of the higher education society cup in 2021, based on the given groups of experimen-
tal data, In this paper, ethanol was used as platform compound and Co/SiO,-HAP catalyst was used
as catalyst. Based on the given experimental data, Kriging proxy model was constructed. Finally,
EGO optimization algorithm was used and numerical calculation was performed by MATLAB pro-
gramming to obtain the optimal technological conditions for the preparation of C4 olefins by
ethanol catalytic coupling. Moreover, the mathematical model constructed in this paper can be
used to obtain the best experimental scheme through optimization calculation, thus greatly re-
ducing the number of experiments and saving costs.
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SRULS IR RS G R, FHRIE R REIRAAEJEBE . LA ORI S, K LEfEouiEaaels, T4
PR C4 R[] FERR AT, CREREALEN C4 MRS B . EAFRIHAED: Co
IR Co/SiO, f HAP RRH L. ARHIREIIHE)RIFEm . Blt, i e @R R LR & ) 2%
C4 Ik (R Bt T 256 B BRI SO B e 2]

ASCAE Y SiO,-HAP 504 LBl 26 C4 Hi ke S B2 (AL, FEAE H R T 708 it s P Co &)
A Co I FBEA S SiO-HAP [ ELFR T AEALFIR M AR BE, [N R 30 N e 4
SFATFHEATIRAL, DR C4 ik Fett. MR IRAMEIL SR N KR, 456 2 MRILTBL I Hes iR st
SO AL TIE BE I AS T D 2R [ 3]

2. EHFRE
2.1. FFEHAGR D

Table 1. Symbol description
1. TSR

Giine) L B

X Co fi#k & wt%
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X, Co/SiO, Al HAP #E KLk —
X LR ml/min
x, R C
y C4 itz %
H e € R —
o’ R A —

s(x) bRz —
S2 7:7% -
EI e —

2.2. RMNREE

Co/SiO-HAP 4l ZBEF AL A RiFrvERe, MBI =YhER T C4 Jife il C4-C,OH =iikBE, i&F
C2 e LB, NSy, K55 T C4-C,0H KIS FE. B C4 Wik BtErsgm, &
25T C4MEEnA Bt 2.

LIEREAL R CA I R R I R P REAFEAE LA R SRONE BB AT : LI E SEAEBIEAL e Co W& PERL I A A i 2%
CEAERRBRE VEAL 3L [FIFE F R AT R B & A RO I, Wb Jo B K AR R R %, S MPV N
INEAERRE SR, AR B E R A NI R — R BEBUKA R 1,3-T 20, B—Frgns
JEAERCTBE, TEEM— 7K 1-T . A RBIERET, SEnEE. K. st rfEcE vl
DRIP4 i, BN C4 IR iR .

2.3. EGO fiLiv &% mTH

TR 2 S 17 A A B2 AR R A AT VA 45 e AR 4] [5]. EGO MRACSVE M T KRR EA H breki %
fERT AR AL I RE[6] T SEAR Y F AR BE 3L AR S A IRAMEA UK s AUE, 2207 Kriging QB
FRY, So Ji o)t 1) H AR BB EAT AT 7] AR Kriging ACHARAY 1) 0000 b0 20 5 1% 22 eR R BT #ENR],
A BGO RALSEE, #E4T 2 UGEACE BB s AT V5, S AR 3 iR 1) R S ALh e I A

B N AREA 0 {20 22, ) SRR v,y ™), Kriging ARFEEU I F BT
e

f(x)=pu+c(x),
Hop p R REE, o(x) RIRET, FFAFEEMEN 0 TTEN o IES . Kriging FCHBRA
AR A R Z TSGR AR SRR, P52
Corr[c(xi),c(xj )} = e(_’gak‘x;{_xi‘p ] ,
Hon RAZBMANE, p (k=1,2,--,n) &FFE RE9].

M TT 2 MR IE R AT UG, ST E B A R V) BB AR, BTSSR B T 1, T
AP R B BLE I, SRR REBERIE T 0. WAL U Kriging ACERRRY b 5 — i) F A R £ (8 32 34
B 3T s B BSE RE M AR, S2 HLRE R BR B S R B o A IRATFT LS BME R S x AT AR -
y(x)=m+r"R" (y-H),
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11" RY
WMMER T % 57 (x)=6" {1FTRIV+%}

R o s gt R T R,

ik, Kriging ARELBIRAMEE H TAES IR R TNME, 45 1 T IR Z[10].
EI A0 — NS I, W] DO AT R S R A R R, 0 T REIR x, FATAT PR H 1
AN T (x) s BREZEA s () BUIEA AT HIBEHL A,
Y(x) ~ N()_/(x),s(x)).

UM FT LA A — M BEALA i 1 (x) = max (f,,,, —Y(x),0), H¥H1H

1 I

EL(x)= [ (fuwe =Y) NI "WdY . EIENFESEEC S B D, T RN AL A
T\ X
EGO It A 50 TE Aot 37 Mok 40 B A 2. FRvER EGO ARALSEIR W42 2

Table 2. Standard EGO algorithm flow
2. ¥R EGO BILRE

FriE EGO HiENifE

Require: HIAHFEA mi(x, )

Ensure: LA (Xmaxs Ymax)

1: while AN R FEHLAEN] do

2 FIREA s B (x, 1)K Kriging fRHEEHRL
3: x*) = argmaxEl(x)

4: TR R X R LS FARE y (<)
5:xex U ™
6: y—yU ()

7: Ymaxe—max(y)

8: Xmaxe—X € X:Y(X) = Vmax
9: end while

2.4. RS

2.4.1. REXNT ZEFELEN C4 BIZEFHORIG

AT BRI AL FETT 204, BER CRE R C4 Mt B SRR R Il 525206 %Y
I S IUAN TR T 30 Z AL AN C4 I kel P AT WY SR B2 M0 o 6 P AR 07 30l il A LR
R C4 Mkt Bt SIRERIT LT B kBT R ARIEFSET A IR RFR AL, LREE
WEIN C4 I Je s BV S IR LA B IEAR O, HAREAE 400 JERT, ZRFHAL R 5 CA Il FEMEAE B ok,
WE1, E2:

DOI: 10.12677/mos.2023.122108 1147 e RSE TR


https://doi.org/10.12677/mos.2023.122108

THER %

b7 I 2R e R iR K R

100.00
80.00
60.00
40.00
20.00

0.00

HEEIN

250 275 300 350 400 450

A2

A3 A4

A5

A6

A7

A8 A9 A10 All Al2 Al3 Al4

Figure 1. The relationship between ethanol conversion rate and
temperature during charging method I

1 ZRAR I NZERERESRERNXER

FRIT NI BERHR GEEIR AR

80.0
# 60.0
ﬁ 40.0
% 20.0 ‘/4//
0.0 —
250 275 300 325 350 400
B
——pB] ew——B2 B3 B4 e BS5 B6 e B7

Figure 2. The relationship between ethanol conversion rate and
temperature in charging method IT

B2 ZRAR I NCEERRERENXAR

2.4.2. BUFTIEERBEX ZEEREUR C4 HIEIZFEM /IR
1E A3, Al12. Al13. Al4 XPUAMALFIZHE T, Co Ak EIIN 1 wt% H 2B E N 1.68 ml/min, 4
M1 Co/SiO, Il HAP 2kl L Xt Z #4403 . C4 ik FMEA Cc4 iR masem, WA 3.
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Figure 3. Standard test numerical calculation results at 400°C de-
grees celsius
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%1, 7E Co R EIN 1 wt% H. ZEHKEEN 1.68 ml/min I, H Co/SiO, F1 HAP 2k N
1:1 B[ 11], SEERAE  CA IR IR IR DL K C4 M IR U2 AR ECR, H. Co/SiO, AT HAP B KL A 200:200
IR K.

ZE LATR, IR 400 B H Co/SiO, 1 HAP FIZERIG N 1:1 B, ZEEFALRR R, C4 Mgt
K.
2.5. Kriging {¢TR#RE!

2.5.1. HiRERBREEER

2.4 BIEAE 0T, 8 T 3R C4 IR IR BEPE SR, BATA DI ¥ Co/SiO, Al HAP Z2RLE R 1:1. 7E
HCRTER R, JROEAH DG SEI0 B, 1FN Kriging AERBIY FEAR S EHL 4 NRFAB R H8: Co HIHEK
. Co/SiOyHAP (L. SBERIMREE &L, FFalicN X xa0 x50 xg0 JFLAOEERALER . C4 MifRIE
B C4 BRI I E 3 AN HARREGE: HAFRELMITRENR), HEFFREES BN yi
V3o WA AT 3 A Kriging fRERARAY, f# AR EGO ik 5k, it MATLAB 4ife, #HATHUEIFE IR
ZER WA 3:

Table 3. Standard test numerical calculation results

3. AERE R ETEER

ghE sy Co/SiOy:HAP Co 3R E LR E e

- 82.84 1.28 1.09 403.20

=R STN
11 59.63 0.93 2.05 397.70
I 152.56 0.99 1.84 392.40

C4 Iz Bt &K

Il 34.98 0.99 2.01 390.02
65.31 1.12 0.41 394.95

(@R ESTYN
1l 60.81 0.98 2.03 390.71

B72 2 ATLAE H s P02 730 1, DL C4 I IRi £ 1% 5 Ky H AR I B A AL R4 &4 Co/SiO,:HAP =
1:1 B8 152.56 mg. Co FEKE N 0.99 wt%. LFEIKE N 1.84 ml/min. BN 392.4°C. &Fxf 287550
I, LA C4 kit Bt i KON B AR BRI A N Co/SiO:HAP = 1:1 HI¥JN 34.98 mg. Co I Hi#kE
N 0.99 wt%. LEEREE N 2.01 ml/min. JEEA 390.02°C . FEAMES RN, EGO Ak ikt 5 prskis
{14 o A U P AL -5 R B0 R 2 B 225 SR 1 B AR TR FE 4B (400 CH AR 5

2.5.2. HBEEEHIEE 350CZH
TEIR AR T 350°CHY, 7E 2.5.1 FIBCARERI R FERE I, ISRt 0<t<350. FHHIEAZIRT
Kriging fREEAY, (LR EGO AL FE AT, SRIFEE R WL 4.

Table 4. Calculation results of standard test values within 350°C

£ 4.350C 2 HFRER IR EITESER

4R Fers Co/SiO;HAP  Co fifi#ki LIERIRE Bz
I 160.21 0.93 1.06 343.81
&S IN
11 63.24 0.92 1.86 342.08

m
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S R 1 104.50 0.96 1.63 340.34

C4 I Bt i
11 64.60 0.95 2.05 339.98
i sl 2 1 62.00 1.05 1.76 34522

C4 118 ”EE%
11 62.27 0.93 1.78 329.90

7 3 ITRUE H: iR EEHIZE 350°C LR, Extdekl 1, Bl C4 MlRik Bt s K H AR i
AT AN Co/SiOHAP = 1:1 H¥ N 104.5 mg. Co MR EN 0.96 wt%. ZEEAKE N 1.63 ml/min.
RN 340.34°C . &5 ek 7 20 1T, BL C4 M idk Bt i KN B AR M BRI 64 Co/SiO:HAP = 1:1
HI¥k 64.6 mg. Co [HEEN 0.95 wt%. LFEHKIE AN 2.05 ml/min. JEE N 339.98°C.

3. &g

TP A A2 LS BRI SE BRI H T EAE S KB AN )1, RS AR AF LA B PR 1, SEPr T A
AT REREAT KB A S o ASCX T LB G4 C4 Wi S FR AL T 2061, iEA T O
MISEI S, BRI PR T, 2RI Kriging ABEAREATIELL, A EL AENIGEHCE BT i, 2T
EGO b AT BUE T3, SRS AL S I e T 250 0 HR A SR 2 (M i, i 4
ENARCEIRES SRRV PR pi SV NIIDN- GBS 2V € | SR EE ] N

B
{8 3 TR SRR A S0 Je 4 LB o il S R th S R O
E&ME

P8 R R 2R A B Rt R0 H (B ), P82 & S R e O B 0 H (J2021552),
R SR §15 22 ot 0 2 A5 000 H (JGLLX2105), A S 27 B A 2 A 13 B ) 25 3 55050 H (CXC Y 2108) 6
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