Software Engineering and Applications {4 T2 5, 2022, 11(2), 386-395 Hans Y
Published Online April 2022 in Hans. http://www.hanspub.org/journal/sea
https://doi.org/10.12677/sea.2022.112041

CEBEHFCURR I EFHrZmER N 5K
BREEESMHMK

F2he, FT% HueH
R TN TR, L

Weks H . 202243 H18H; FHEM: 20224F4H21H; KA HM: 20224F4H28H

H E

RAZHEBEH ECHUFRP T &G EFEER L. MARRS/D ZFREERTERRRE. FEFIE
AR CEREXN T 2EBEAE, CAHFREFERNERE, M/ ZREHTERT LR, B HNE
EAUHERE. FEHEM ERAETRETENENR IO TRESERBRETZ#ME, ZEFHEET
BAEEE, AR K E KR FR SRR AR A BRI RA SR B RERE450
. CoHIfH#EE0.5. Co/SiOFHAPERILL2.03. Co/Si0O FHAPFREM400 mg. ZEEKF0.3 ml/min
MEHET, CHFBREERKENRN47.5%.

XKiEid
il /b =3, BTBREFENRIB IR THESR, ZRH, cofillR

Kernel Partial Least Squares Modeling of
Process Conditions for the Preparation of C4
Olefins by Ethanol Coupling and Its Hybrid
Optimization

Jingjin Li, Qianxi Li, Yingping Yi

School of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai

Received: Mar. 18", 2022; accepted: Apr. 21%, 2022; published: Apr. 28", 2022
Abstract
It is important to investigate the process conditions for the preparation of C4 olefins by ethanol
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coupling. This paper investigates the effect of temperature, catalyst combination and ethanol con-
centration on ethanol conversion and C4 olefins selectivity using Kernel Partial Least-Squares Re-
gression. Compared with the Partial Least-Squares Regression method, the prediction accuracy of
the model is significantly improved. Based on this, Genetic Annealing Particle Algorithms is used
to solve the optimal process conditions. The algorithm has better performance in terms of yield
speed and accuracy compared to genetic algorithm, simulated annealing algorithm and particle
swarm algorithm. The final result was that a maximum C4 olefins yield of 47.5% could be obtained
at a temperature of 450 degrees, a Co loading of 0.5, a Co/Si0; and HAP loading ratio of 2.03, a
Co/Si0; and HAP mass sum of 400 mg, and an ethanol concentration of 0.3 ml/min.
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C4 WA TAEZ = h AT 2R, CRERTLARBRAE =il % C4 Mk, TERI& Mg, 1k
FLH A AR LA B Sk B (R I R0 C4 M K IR B 1 RN 2B Ak 28 A M, B AR 9 B AR AR A5 il 4%
C4 IR T2 %Moy B, Hckyig 2@ RIS I LR BN CBERAL 2N C4 M
JRIE BRI 00 R M E SU R b SRR AR AL G T X SRR A1 CA IR R oK. X Ty
T FE LA 2021 R0 s BOHEAR B BT AR B2 k. Bt R R SER T, B4 32 2N H
A2 S8 BRI A 5 V00 A A 4 T BE S CA IR I L 2 2 AT F 90, LA H50di A AN 43 H7 7 T V% A
ERE Z i [1]. 228055 N R b 7 A FEAL LA R X CEEEAG AT C4 I [l A& 4T,
BT T E AN LR [ CA Wi BV 1B R O R 2] 2R S Nl IR L SC I o BT
T LA I C4 IRk BRI B R R 3, SR A8 25 B U s b Ay AT FE R 2 ), AR i s A s DA 43
MR AE T2 %A, ERME R RN T2 RN ARSI ETT T3], AN S 2 Frif
TN RRERNH > . B YRR DL R AR AR MG R, A% fwdie /) —Ffe B9 KPLSR (Kernel
Partial Least-Squares Regression) 5| N E| Z B8 & 1] % C4 JG R T E &R LA 2R | CA I IRk B 1 1
KRG, I @ag B T 22 XA, F— MmN € [E 5 PLSR (Partial Least-Squares Re-
gression){E 1 E M £ bbAs, AR B AR ST SENME . /R IR b, 46 T EAEE GA (Genetic
Algorithms), LR k5% SA (Simulated Annealing), Fi1# 5% PSO (Particle Swarm Optimization), 2
H— MR A AR, BT 18 AL R A ARALLIR KR T £ 505 GAPA (Genetic Annealing Particle Algo-
rithms), 32 % BRI SR IR RS 28 AR AR AL I R, AT R B AR (1 L2056 1, 845 C4 Jig i
i, R GAL SA. PSO HEATLLAEL, FENSIGH & FIHERf b B A B AR

2. RFE
2.1, W/ 5EME
fhife /N 3 [m] 9 (Partial Least-Squares Regression) & —Fh 5t (2 e ik, & T 1983 4 fh i

ik
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H R T
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F oo RETRFERRENEE K BI[4].
2.2. IR
146 i (kernel function) & — i i e S A AR, B0 SORE AR ECU T4 5 - (kernel estimaton) T %
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RIS T Bl S AR RO 5 s U Tk . IS EOER & A T ik A R EEAR : B, %, X,
T AR 2 85 P R (X) BBV Pl E AORE A . SRR E 1 X, AR X SEREAS Sl T2 a2
JE O (x) BE. WP R B 2 5 s, R R, TR R

2.3. ZEiz /) —FkmE)3

A% i i /> — 3 i — it e A% R 50K A 2 ) AR M B RFAE 25 16, PR P i e /s — 3fe [ U FR ek D iR
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24. BIFEE

A% 5 (Genetic Algorithms) — ik 5 2RI £ SR ELAN B AR EAL HLAR MR R BTk, R H IR 5
A A EEALHLE, FEN T RS SCIURRE BRI . SR FAR SEE T AR R BOR, ARAEAE
HEAENZB A, RAR BRI SERIUE. HEELIINEN: PRk, Rigtt—
AARFENE, WFEL RAMA . Bk AU AR PIECR, il FEAL A SCH G R i B R R R AL 32
S e (AT PR A N AR, IHTE MR AR, BB R A RS k. AR RO AR
BEM. XM pon BB o BEALZIEZRAF, K SXITH L R BEAUR B B AR BN,
FEAT 2 IR SEIR ARG RE AL 10— H S 8L [6].

25, BB KEE

FEAPLIR K 5325 (Simulated Annealing) i H SR S iR AR FE T PRI R AT B, 2 —Fh 2 R it 59
TEmm T, PRI AT B BE SR EHHES, BEE RS TR, BT Re EiEET R, BATE At
TARBERE B i . HEZSLHINE N B4 E — MGG EE T, AZAUAL iR R IR 4R # x (0) » IF H
x(0) FEAE— AWM X' R X HiAR x (1) AN R

1, f(x)<f(x(0))
P(x(0)—x)= (0= (x(K) 1)
e ", Hfh

ERET N, G2 RN RIS P &R E, BIRIEET,, B2T,, <T,. £T, FER
FRERE. S AW GRS R A BRI ) SR R[]

2.6. RIFREEE

LT REAL Ak 5% (Particle Swarm Optimization, PSO)J& — R4k 1k A — 4L BEH LA , 8 i A48 F- Sl fidt
MIBEHLIE RS, BAE— N N ZER HARZS A, H m AR T — MR, s i ANk s
B X = (X Xgo o X ) o i =02,m, AR HIEEEAV, = (Vi Vi, Vi ) > §=12,0,m, FEE R
BT A N TSR T o B2 W R B0 W, N B VSR T (7R E o N VAR R B Y- VA i - ME
PRECURT GRS, HoE Bk B R . b, R B A -

v, (t+1) = v, (t)+c,r, [ Gbest—x, (t) ]+, Pbest—x(t) ]

)
X (t+1)=x (t)+v, (t+1)
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Figure 1. Block diagram of genetic annealing particle algorithms
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Figure 2. Comparison chart of observed and predicted values
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Table 1. Coefficient of complex determination

=1 ENERY

R?2—-R R*-S
KPLSR 0.91 0.84
PLSR 0.87 0.81
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Figure 4. Comparison of the optimization process of each algorithm
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Table 2. Comparison of optimization results by each algorithm
2. BEFEMER

GAPA SA GA PSO
T 450 450 450 450
w 0.5 0.5 0.5 0.5
R 2.03 2.03 2.03 2.03
S 400 400 400 400
E 0.3 0.3 0.3 0.3
EREL 19 32 34 33
Y 47.50 47.50 47.50 47.50
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