BiRR BHBIA

LlEHEE Tl C4 ke
brg' Afh’ REDH BRAS HPH

(1.2.3. 4 ZEEIEL TR XEITEBT  243000)
GB.IHmKEMHENUXBRERREKERLXFFAAFR 510000)

. FRaBRE WA, FRFAATHEARRTRAFIR C4 R, RA Y FTARAE, B E X3 AT
BB, KRINAEZEH, AFRAFE, Z2T S 0EHEIHER, 158 SPSS 4§ T ASTHIBEHAT T L,
EIMAKA S, VL POS—ELM £-FHACE 3 AT MISIE, FRAIFE TIRA ., BAAESF AR C4 Hz
#y AR

AT R —, ST 1 P CEEARLE . C4 HREBERAREG L AR T M, mBEHRFX T ¥ A
AAEHF X4 B 41, 488 SPSS AT S AN ® IR, HTHEIESI ., £ 350 JEZ A LB R
C4 WA BHRABEAZTIE; RIBIK, 48 Excel BEASV, 33 /£ 240min B C4 HREBHXINESH
40.32%,

AR, AXATIZ AT T Bk, AAES 5 A%, AFEHREEFHeiR, HERHRATSTS5HE
TEHRRBEDIER, A AR T REAHERETE, FHE Al LEAHAE BAAN 300 3] 350 B, C4 M
JRE R RIFA R 47%, VA BEAFFRATE, Al BAFAAW C4 HREBERET; AT YRR A BRI,
A2 AT A7 AR AL CEBHAE P AR S 0T R B w.

At E, RR RN R RS R A RBGBE A EAAABEE, wEHEE, FEE A3ELAA
A 400°CTF C4 Wil Rk B T s KAL 4472.81%, A A SPSS ##k, MEHEER ., BAMNESKTEWEALHA,
FHAET 350 BEMBT, & Co M9 fiHEHEHE 2wit%,Co B9 RAREF HAP R ZbA 111, BTEHZRE,4
1.68ml Ae AT, C4 R ERRA 2654.10%, KA POS—ELM #-FHALH k347 I04E, 1R ML R
5 RS RARE

At A, Hik ERZER FomsRE, RI 350 FA KRB ESM he TRBURLA 65 B X C4 R eplkk
Rd B T HE PRI -FAAR TR, A EARER TS, RAER T EEE 350 BEALEMRE
BEBAT AT, AL

HREWHELT, REBELH 340 ] 350 F . Co/SiO2 #= HAP FEAbiRiEfe

@ :1,1:1,1:2), TE®EAEN4 1.68ml ImN.,  THEBWRG.61%). CEEBE(13.82%). #HHh 4-12 RSB
- BFM5.16%), TAFE C4 HRKERINLEL,

Bt LEARA R A C4 WREENOBIR, RAVFE] T AR ETE, AT LA C4 HRBBET I IR
HHE, R, RNBPFRRAE ZHFZRBEALE R R |, ERMNOEELFIMEE . IR, Sk, EERD

#4479, POS—-ELM ¥FHACE F . MAL AR )2 s

$ 5

\

o)

L\\

C4 Wh & TEIBS

—. [EES I
2.1 [l 47
1 24 e S A R A TR 0 S
GeFAHT, TR R P RCIR M, Wi
REKRT 10%, ST HEERL AR, a5 B b3
PRGN T 0.05, MR 3% 2ok o Fiit 2
VERO T, B — B Ry . PR AR 22 A2 e

LB
HE{LTFIES

AR LA

2.2 [R5 B

FIH Excel #HATHEHIASERHRAL I fE—E ML
F S O O NIl ibF vl i RE Do pra et & Seis -2 I Ciling
&N RGMRAUR R . RIALRONE R, sl 1 fr
IRo

CA4lHE

B 1. CEEEATHE C4 FIRRER

2.3 Al = /)43

SR T AR H # WA Tl ok 2 —, @ik
gty shRefR e, UL UH Rl C4 Iake,
AT H AT BRI SR N i BRI R fb AL A AR
AR C4 IIRICRIR TR,  DARFEIRT 350 FERT
ATV LB B SHARAS, Kb mIU.

47



BHBIA

BiRR

Ethanol coupling to produce C4 olefin

Abstract
With the increasing shortage of resources, the search for new renewable altemative resources to produce
C4 olefin has become a research hotspot. In the face of the huge new chamical energy market, this paper
establishes a multivariate linear regression moddl from the production conditions and production costs, and
visualizes the data with SPSS and other tools. After the fitting modd is established, the POS-ELM patticle
optimization algorithm is used for simulation verification Finally, the optimum ratio of C4 alkee was
deataly inati

For problem 1, the relationship between ethancl conversion rate, C4 olefin selectivity and temperature in
Amex | is simplified. Group A of loading mode i and group B of loading mode i were selected SPSS
software was used for multiple linear regression modeling and visual image analysis. Before 330 °C, the
conversion of ethandl and the selectvity of C4 olefin increased with the increase of temperature. And vice
versa With the help of Excel chart analysis, the selectivity of C4 olefinreached the highest 40.32% at 240min.

For problem 2, this paper simplifies the problem. Using the knowledge of signal and system, automatic
control principle and other disciplines,  simulation block diagram ofthe relationship between input variables
and output variables was constructed, and a differertial equation model was wsed to construct the state
variables. It was concuded that the selectivity of C4 olefin was about 47% when the A1 group catalyst was
combined and the temperature was 300 to 350 degrees. Taking temperature asthe researchobject Al catalyst
combination of C4 clefin selectivity is the best From the point of view of energy saving. the A2 phase
catalyst combination has 2 higher market application prospect than the A7 catalyst combination in ethanol
conversion

For problem 3, the decision tree algonithm was used to fit a rough range of temperature and catalys
selection Accerding to the control vanables, the yield of C4 olefinreached the maximum value of 4472 81%
underthe combination 0f A3 catalyst and 400°C. Finally, SPSS software was usedto buld the modd diagram
of constart temperature and catalyst combination change. The results show that the maximum vield of C4
olefin is 2634.10% when the load of Co is controlled at 2wt?, the mass ratio of Co and HAP is 1:1, and
ethanol is added at 1.68ml per minute under the condition of less than 350 degrees. The POS-E1M particle
optimization algorithm is used for veification, and the simulation result is the same as the actual analysis
conchusion.

For question 4, in order to make the above resuits more reasonable, 350 dearees was taken as the key
poirt to analyze how to select catalyst combination and other factors to achieve the highest yield of C4 olefin.
The machine leaming - random forest regression algorithm model was established to fit each factor. The
control ble method is used to analyze the gradient at about 350 degrees. Under the condition
that the other elements are unchanged When the temperatire is about 340 to 350 degrees. the Co'SiO2 and

HAP loading ratio is guararteed (2:1,1:1,1:2), ethanol is added at 1.68mi per minute, ethvlene selectivity
(7:61%), acataldehyde selectivity (13.82%), and cabon mumba is 4-12 Fatty alcohol-selectivity (15.16%), t
b 4 olefin vield maximizati
Through the study on moddling of C4 olefin preparation by ethandl coupling, we obtained the optimal
preparation scheme, which provides a more e fficient scheme for industrial production of C4 olefin. At the
same time, we expect more clean energy to be genarated in the funure, making owr lives greensr, more
Iy friendly, i ‘modeling ideasto shinein other areas as well

Keywords: POS-ELM particle optimization algorithm, Random forest regression alzorithm modsl, C4
olefinpreparation, ethanol ¢ouple

2.4 ] PU ) 44T

ABURTTINESER:, BT ZAE AT 3 AR,

S AR RO 25 2598

=, ®BARKR

3.1 BRI Syl 1B i FRAEAL R A7 e 5

SUEZS T N

2 e A IR IR A S XIAR R A 5

M o

3.9 R R AR A e i 1A
4.6 ST B HURURL A A B AR B

5. AT A B P R A S AR R

S ] S AR YR T R AR )
6.0 AR ) T A AR ZE N o
TARIINAR 1.68 ZT TR,
=. fSinhA

. (R

(el Py B L

EQw, Ko, 6, 1)

qmin

A1)
Y

fir A B

A =2

SR MR il
L U ks
g

q- q
Vv

” ax N
am R

o5 A T
LS

Q 4k =5 ) b BR AR BR
Q 4k =5 1] F /) 38 JE A e K

AL il AL A%

48

M. SRR T 5ok R

4.1 XFF [l AT 5 Ab B

4.1.1 BEAIRLES AbH

T A X6} (R R A A3 BT FRATT T LA 22 To 2k [e] 5 -G
AU TR A 2

1 RIRAEE, — B, RIS FE AR R RN H—
A ASSCNR TR SR A X B LR . c4
JRVEPRE R RE , R A R RS A, 15
RTE AL fEERIZEG CIREES 300 F] 350 FEEY, C4 M
TR REPERC . AR I oTxt 4, AL LRI A0
C4 I Be e Bt o

LG ES
B 3

Bl 2. HRKRE

Y=R0+B1x] +B2 x2 + +Bkxk+e.* &~ (0.67)
(1

Sl AL AR, X1 X2 X3 ke ShAEREHLAY
ARG ORI ) AR BO- Bl B2 Bkkk F+1
Sgsri, E(e)=0D(e) =050 % T A RmE
BBO- Bl B2 Bk T2 Foff xI - x2
X3 Xk Y 0 POUIER n YRGS 10 X2 -
X3 Xjko Vi) (=1, 2,3 ...n) )

AT e R
Yi= Bot+B1x1t+B2x2 e T Bkxjkt &j. (=1.2.3...n)
2)

Jobiels €20 83 = en fEAY, H5 e 5
WP, O THERERR B, &

IR S R e R

i
y I T . B, &

Ve 1 oxy X2 o Xa LB €, (3)

Mo, XN nsk+l) FFE

Y=XB+ & (4)

E(g)=0 , COV(g,g)zcern(S)

—FR@), (5)A K JuMEmIa R, R BRICAE
(YXB, o2 ]n),FE%ER R

BARMBEB Mo® MBI ALSAT. fT
HAR Y 5 xk DR, TN SR

FET TR SPSS A4 MEA TR RIAG 56

5.1.2 FIFH SPSS BRI TR TR 3

A FEXF I — A1LA2 PRI 4 5 5 oE



BiRR

BHBIA

AL AT AL BE, AR BT SPSS BRI M 3 #r
FATE BRSO EAM S, AR Z AL .
VONEEN

Bl R JrAOME, WIS TREELF IR [
PEEAT 00T, B il ek PR B G 6 i A ke . 456
TR 3 28 8 Fn. HIRAG AR EIL
B S — B IR 1.docx)

a: A1 EAHRIAL AR, ik 3. K 4 s

[ R R ¥R
1 965° 932 910 410321 221

a fAmeE: (BE), 41

b. (HEE: ZMIILE(%)

Bl 3: AL ARG b C B A5 5 I B A R
RS
b Ak (4

W R R MRS R ; L o
| ge7? 787 716 366627 1827

a fimaa. (88 &n

b AR CABIAEIE(%)

B 4. Al MEAERIZA T C4 IR IEERrE S5 iR R
UL

W WEEE 3, K 4 . R ITEUE NI 93.2%
78.7%i KT 10% , T LLENE R

LMPLE BB, (ERR/INAT AR [l 7 )
RS, R OB, LB Rl A

KW, [RIBT AT DU B 2B fb % . C4 IRkt
BEME SR R

b EPEA R, WK s K 6 FiR:

el t f 3 VIF
1 (RE) -84.074 15.678 -5.362 013
333 052 965 6419 008 1.000 1.000
Ee ZHSHE%)

K5 AL AL S SRR A3 S B Y S 28 1A

a

UsaE|

B Bt Bela |
() 3242 14009 =231 832
154 046 g7 3329 045 1.000 1.000
by CAMEEIL 1R IE(%)

Bl 6: Al HEALFIAE C4 BREEE SIRER T
EVER A

TER EMIKF p=0.05 EHL T, Hidk p<0.05 , ift
FES O  C4 IRidik BRI ERRE . H
K5, B 6 Al IS FIH R A(6) (7):
LA R = — 84.074 +0333+RJEM) ()6

C4 JIRIeFEME= —3.242 +0. 1544REM) ()7
A H A AT DLRE A () :

il

7. Tt e (CEEHS - 2 B R4
& PR
100% (PR PY) ()8
P 5 B 6 FEE-IRARD-W)E AL MG HE
GAEARBEEA B ST, x —ER
D-W KSR {EAE 2.0 AR REAST, etk Se
THES VIF /NF S, FrRVAR R Z [RIRAE 2 E etk
c: ALA2 fEALRIALE MIHFREIR IR 2, A P-P
B, mE 7. K8 Pk

=3

JeERsE

Bl 7AL. A2 LRI 2 Bk (L bR A 5t
ZIEE P-P A

-

HEEEST

 BAL. A2, C4 KPR ARIEALSR 22 1E A
P-P K

I 7. B8 LU REA UL A L AT
IFRILEPERI R, B P-

P FEIEL BOR T  TF 25

5.1.3 350 J& A AN R Ak R 2

B Excel #EAT8RT, Z5RANTTFE 9 Bk

B 9: 350 T 43 (AL R4 2 7S R e g 2
n

B O e T e RG], TREEN 350 JER
ZEHEALR , C4 WERIERYE, WY 4-12 JBNIRE, Z
WA PENE , ZR e Pt , TP S Y R S Y i
MM M A, AR A, WA

49



BHBIA

BiRR

K, el B — R AR E . RO, 2
HALR, C4 RIEIEEIE, IRECH 4-12 TR & TR
AR, ZIRTERETE,  HESRPEERH ROR AR
Bt B (] A9 AE AL T AE Ak, T e R A A5 T Y
e,

5.2 [R5 b S5 KR A

5.2.1 /N [E)HE AR AR SO 5 )

23— INHE ST AL 76 L e 2435 B R 300
&, 350 B AR SR do g (LAl B 8 o i — g
SCHey T, ARSCHFFT 300 A AS [ A7) AR R X s
PNEFIEZI, WE 10 R

300 T §% 1£.5%
———
L I—

B 10:300 J& T fiEA T SN X 25 SR s

A& 10 AIHL, 78 300 BER AR SN %45 S5
i 200mg 1wt%Co/Si02- 200mg HAP- Z, 5 vk Jif
1.68ml/min(A1)Y C4 MR e PRy, FLae PRtk Se i
B, ARG, 50mg 1wt%Co/Si02- 50mgHAP-Z, Bk
BE 0.3ml/min(A7)F1 200mg 2wt%Co/Si02- 200mg HAP-
LI E 1.68ml/min(A2)f) LIE AL R, HhZRiadh
AR X H O FER AR = R AR 4
BATREWE LY Co/Si02 Al HAP 22RHE N 1. 1 HZ
FEVRJE N 1.68ml/min, FEALFEAT, T LY REE MY
Feid, AT EALFILLE HAT BT A R T

5.2.2 SyHTIZIEEE FRATAT DLEE ST WS AR A
FRECERBIRL S, A BT —, 4230 A1, A2, B1, B2 %X
PP P AT e, TR A SR AR R,
[l B BEAE 2R ) R G B AT Ak RO, FRATT AT RAX 245
RUHATRIAL, 18N LTI (AR RS RS0 T FE,
[t o] FH 2203 RsR A, s AEHAE RN 11 fow:

1

U S'(t) :
Z( S'() 71 ] S(t) o Y(t)
—{X) | (L S ® —

(1) (2)

+1-14 5jA1-A14. 15-21 79B1-B7

3
Bl 11 A A D P
(DBELHBI AR S PR Mo T R HE S, $RE)
A SR AR AR,
CIpsIR

50

S"(t) = Z(t) - 3S(t) (9)
S "(t)+3S(t) = Z(1) (10)
Y(1)=3S '(t) + Z(t) (11)
2 ) AR A

S"(t) + 3S(t) = Z'(t) + 22(t) (12)

ik ZFREALE, YRR AR, B
(B[ RE ARG, A XHZ RS R EER,
XA, X FRATES A MREAE R Uw),
AR RER BT NTTE 0 DREER, B4
X SR B (1473 FICAY T A U A0 R ST AR 1)
i, 0P

ui (t)

u2 (t)

U= u3d() (13)

[un (O]

ASCHIHRIRAS T i, S2BR R AT s Sk P
WA, FEAL R —A n QeSS — AR, TR
VSR AS A B A AR A . 1 bR, JRATAT
DAFE 5 A R GRS 23 [ A 10 8 PR AHE AR S
2,

u(t) = Z [u(), S(t),t1(14)

g U(tk+1) = Z [u(tk ), S(tk ),tk ]( 15)

RYGOIRAS 75 IV 1y R A 2 ki AR B 5 R ek
A IR A B2 1) BRBOC R IO B TR,
h:

y (O =H [u(t), S®.1 (16)

B y(tk ) = H [u(tk ), S(tk ).tk ] (17)

ARGk FIEK, RN TR H—RTE L
H:

u(t) = E(tyu(t) + FOx() (18)

y(t) = G(u(t) + 1(Ox(1) (19)

X TR BT E] R G, TSR P i thk=kT (T FR
FEJRIA) FOR A2 ik 2 —

AN

u(k +1) = JK)u(k) + Mx(K)  (20)

y(k) = G(K)u(k) + 1(k)x(k) (21)

FH AT AR H 32 22 Go AR Y T B A Ak v i AR
G, AR CREF C4 ek AR i AR
WAL,

5.3 [A)RE =) b SR g

5.3.1 FAF I A N IR IBCR I 5 5K i

A RIUR B — e A RS A T A SO, R AL
AR % 3 B xlsx



BRRR WO BoRilz

HEN — AR AR AL AR C4 RO 1) PR A / =&
L R — A LUREEN L, C4 RISy A2 » I/ ¢
IEAZRPER, SRR AT DU EDAO 7R th 5 28 I Al R 2 /

AR, P00 e LA R A L5 DL
KAREERTER . ik 120 K13 Fon:

soo00g

(%) #FHEP)

‘ w e
o -
M BN ll Illl.-lll

ST rr s T r e

s 2 2 R 3

A AL o

K12 A S C4 IRICRIC R

(%) #SXB

£ £ & ﬁ ¥ .

g 150 00
aEn

B 133 C4 HRIICEXZ

Wk SPSS #fhFEmifE ok EE, FATATLIA 1
MRS TS BT , IR, C4 KlRoR i,
T B iz sh AR 2L, i s o, 25
el SR AR T 350 JF, BARARERE Co HYTAER
WEHAE 2wt%, Co WG HAP kLA T
200mg . 200mg, H ZFEFR350 1.68 ZFHNARE,
C4 R AR LTk k.

532 KF 350 EERRRISCR T SR

ASCKEXHIETF 350 BEIHEAT G40 M B SPSS
Bk, Sl A R BRI XA R T, A
FHEST, AR EHEZE . NEBERATT LA
L SIS A3 HEIERA A4, BB A3 1Y C4 4
FRMCRE R, MG A3 ReREERLERE, WK 14,
Bl 15 FiR:

B 14 AR ATFIE S C4 IeifeR R R

H]

B 1ISAZEAL TR B C4 BRI R

R AR BRI A A
SEeIRIEFE, AT TSRy 325 FERMiEfL 4
AR T SN 200mg 1wt%Co/Si02-
200mg HAP-Z K 2 1.68ml/min.,

FIRRLF LA PR S A B, N ITTHEWT B — 1>
HUER S o PSR R RL R — A B R R
e, WREBERIATARE, FIFIENE ISR, B
FEBIARES R TRA T 25 5, R R 4%
—SETCHN i A B R, LR E TR A AR R
S8

S 3LHk:

(AR, KE. ABHEHREM]. % 3R LK.
FAe K F Ak, 2018: 4-5.

2] Bk, HEEMM]. F 2. bR ARMRE
# R, 2015: 100—200

BIEXE, HHIE FF524M]. & 5m. b
SE KT B, 2019: 27-72.

[4]% B3, Bibed PSO AL ELM FikEE X AG
E PR R ARRD]. T ®: JTEFEER, 2016.

[5] 2 3. LEABESH & T B A C4 WkE[D]. Kif:
K#FEH T K3, 2018.

[6]F %%, EEk CEZESEIM]. F30K &k
T PESE BRAE, 2009: 1- 104,

HERA: 1 s. ESF, BAF. 199 F, KB
A B, Rak: X, £ THEEREL, 3”85k, F4,
20 AF, BMRG & RAIRAL G

24 AN, BAF. 2001 F, HA: &, K
e X, BE. RBESRT, Bk FA, FH. A
#H, ARAHE: OATEREL I

3L ey, BAF: 2000 F, BA: F, K
e X, B REAEBRMNTRRKTRAZARHILE 6
5 BRAR FA, FH AR, ARG E: BAIER
L azh

AHEL . TRIKR, BAEF. 2001, B F, Kk
R, R, 2HER, B FE, 5. AH, R
Fr: WA IAERL AL

5%, xAE, BAS. 2002 F, BAH &, K
k. Xk, AR MG, Bk 4, F5. AF
BRIy 6. A

oo a;meoo 3000 40000

51



