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Construction and Analysis of Gasoline Yield Prediction Model for
FCC Unit Based on Artificial Intelligence Algorithm
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Abstract: Industrial data were collected from a petrochemical company’s DCS (Distributed control
system) and LIMS (Laboratory information management system) systems. Together with the
essential factors affecting the product yield of catalytic cracking from industrial experience,
indicators with high correlations were filtered out by analyzing their correlations with actual
gasoline yield. Subsequently, a prediction model based on gradient-growth decision tree (GBDT
algorithm) was constructed to predict the gasoline yield on the catalytic cracking unit. The results
show that the accuracy of the GBDT gasoline yield prediction model is 98. 9%, the R* value is
0. 236, and the mean absolute error is 0.531%. Compared to actual gasoline yield, the error of
prediction result is less than 1%, indicating that the presented model could predict the product yield
such as gasoline on the catalytic cracking unit accurately. This will optimize the operation

conditions of FCC, and further enhance the economic performance of FCC unit.
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Table 1 Factors with high positive correlations for gasoline yield in DCS data

Index name Correlation coefficient
Flow rate of catalytic gasoline to S-Zorb catalyst/(m® « h™1) 0. 69
Crude gasoline mass flow rate control/(t+ h™ 1) 0. 36
Crude gasoline mass flow rate into the tower/(t+ h™1) 0. 35
Prefractionation flow control of stable gasoline mass flow rate into the tower/(t «+ h™1) 0.32
Mass flow rate of central circulating water/(t « h™!) 0.29
Interface control/ % 0.28
Oil mass concentration in water/(mg « L™ 1) 0.28
Stripping section density/(kg * m™?) 0.28
Liquid level control/ % 0. 26
Circulating water mass flow rate/(t « h™1) 0. 25
Mass flow rate of vacuum wax oil/(t » h™1) 0. 24
Mass flow rate of reuse med-pressure steam/(t « h™1) 0. 24
Burning oil mass flow rate of furnace/(t « h™1) 0. 24
Cumulative mass flow rate control of light gasoline/(t « h™1) 0. 24
Oxidation air volume flow rate of tower/(m® « h™1) 0.24
Gas volume accumulation in old CO furnace/m® 0.24
Coking liquid hydrocarbon mass flow rate into tower/(kg « h™1) 0. 24
Reforming cumulant mass flow of medium pressure steam from new CO furnace/t 0. 24
Mass flow rate of circulating water of CO plant pipeline/(t « h™1) 0. 24
Compensation mass flow of steam temperature and pressure in catalytic line/(t + h™!) 0. 24
Cumulative steam mass flow control/t 0. 24
Cumulant mass flow of atmospheric (coking) wax oil into riser tube/t 0. 24
Cumulant mass flow of heavy oil flow control/t 0. 24
Nitrogen volume flow rate/(m® « h™1) 0. 24
Softened water mass flow rate/(t « h™1) 0. 24
Cumulant of mid-pressure steam mass flow into pipe network from old CO furnace/t 0. 24
Demercaptan fresh water mass flow rate/(t « h™1) 0. 24
®2 DCSEEHRERMBERAMXERTHER
Table 2 Factors with high negative correlations for gasoline yield in DCS data
Index name Correlation coefficient
Catalytic conversion-steam mass flow rate/(t « h™1) —0.28
Circulating water volume flow rate in demercaptan zone/(m?® « h™1) —0.27
Flash vapor volume flow rate/(m® « h™1) —0. 26
Oxidizing wind pressure of tower/MPa —0.26
Temperature of steam to deaerator/C —0. 26
Mass flow rate of circulating water into device/(t « h™1) —0. 26
Upper density of settler/(kg * m™*) —0.25
Boundary indication of return tank/ % —0. 25
Temperature of tank/C —0.24
De-temperature water mass flow rate of furnace/(t « h™!) —0.24
Steam temperature and pressure compensation mass flow rate of catalytic line/(t « h™1) —0.24
Transient gas volume flow rate of old CO furnace/(m® « h™!) —0.24
Re-use mid-pressure steam mass flow rate/(t « h™1) —0.24
Material level of regenerate degassing tank/t —0.23
Feed temperature control of tower/C —0.22
Feed temperature of tower/C —0.22
Density of middle riser tube/(kg *+ m %) —0.22
Butterfly valve manual control/ % —0.22
Unqualified gasoline inlet mass flow rate/(t « h™1) —0.21
Pressure difference of lubricating oil filter/MPa —0.21
Total steam temperature/°C —0.21

Density of semi-regenerative oblique tube/(kg + m %) —0. 20
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Table 3 Factors with high positive correlations for gasoline yield in LIMS data
Specific surface area of Temperature of Equilibrium
o Abundant gas mass
Index name equilibrium catalyst/ FCCU-10% stable catalyst-micro
fraction/ %
(m? g 1) gasoline/C reactivity index
Prevalue interpolation 0.53 0.21 0.53 0. 29
Linear interpolation 0.53 0. 50 0.43 0.32
Spline interpolation 0.53 0.43 0 0. 31
Average value 0.53 0.38 0. 31 0.31
Slurry-solid mass Safety gas-hydrogen Initial boiling point of Light diesel oil-sulfur
Index name
concentration/(g « L™1) mass fraction/ % FCCU stable gasoline/C mass {raction/(pg -« g~ ")
Prevalue interpolation 0.53 0.21 0.42 0.13
Linear interpolation 0.53 0. 30 0.41 0.32
Spline interpolation 0.53 0. 30 —0.03 0. 30
Average value 0.53 0. 27 0. 26 0. 25
Turbidity of circulating Density (20 C) of Raw hydrocarbon- Semi-regenerated
Index name water of low temperature light diesel oil/ trans-2-butene catalyst-carbon
heat source/(kg * m™ %) (kg *m %) mass {raction/ % mass {raction/ %
Prevalue interpolation 0. 24 0.23 0. 20 0.19
Linear interpolation 0. 26 0.18 0. 15 0. 26
Spline interpolation 0. 25 0.33 0. 38 0. 27
Average value 0. 25 0. 25 0. 24 0. 24
Raw hydrocarbon- Raw hydrocarbon- Stable gasoline of
Light diesel 0il-95%
Index name cis-2-butene iso-pentane FCCU-10% recovery
temperature/ C
mass fraction/ % mass fraction/ % temperature/°C
Prevalue interpolation 0. 20 0.19 0. 24 0.22
Linear interpolation 0. 14 0. 26 0.27 0.47
Spline interpolation 0. 38 0. 33 0.13 —0.06
Average value 0. 24 0.23 0.21 0.21
Mixed raw material- Turbine oil flash Light diesel 0il-10%
Light diesel 0il-90 %
Index name residual carbon point (opening)/ temperature
temperature/ C
mass fraction/ % C (on line) /C
Prevalue interpolation 0. 15 0.21 0. 24 0. 05
Linear interpolation 0. 24 0. 25 0.19 0. 27
Spline interpolation 0. 24 0.15 0.17 0.28
Average value 0.21 0. 20 0. 20 0. 20

Mixed raw material-
Index name )
asphaltene mass fraction/ %

Prevalue interpolation 0.22
Linear interpolation 0.18
Spline interpolation 0.18

Average value 0.19
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Table 4 Factors with high negative correlations for gasoline yield in LIMS data

Sulfide mass Equilibrium Ethanolamine lean Equilibrium
Index name concentration/ catalyst-vanadium mass solution-thermostable catalyst-nickel
(mg+L1) fraction/(pg » g7 1) salt mass fraction/ % mass fraction/(pg + g~ 1)
Prevalue interpolation —0.56 —0.53 —0.51 —0.48
Linear interpolation —0.57 —0.52 —0.52 —0.49
Spline interpolation —0.57 —0.53 —0.52 —0.49
Average value —0.56 —0.53 —0.52 —0.48
Equilibrium catalyst- Mixed raw materials-
) ] Raw hydrocarbon-fused After-dry specific
Index name iron mass fraction/ vanadium mass fraction/
butane mass fraction/ % gravity(calculation)
(pg+g™ b (pg+g™ b
Prevalue interpolation —0.38 —0.41 —0.29 —0.32
Linear interpolation —0.42 —0. 36 —0.32 —0. 30
Spline interpolation —0.43 —0.33 —0.33 —0.28
Average value —0.41 —0. 36 —0.31 —0. 30
Equilibrium catalyst nickel
) Raw hydrocarbon-maleic Mixed raw material-end Rich gas n-pentane
Index name mass concentration/
mass [raction/ % distillation point/°C mass [raction/ %
(mg+*m %)
Prevalue interpolation —0.27 —0. 24 —0.27 —0. 36
Linear interpolation —0. 30 —0.28 —0.28 —0.23
Spline interpolation —0.29 —0.33 —0.29 —0.22
Average value —0.29 —0.28 —0.28 —0.27
Equilibrium catalyst- Alkali liquor-disulfide Mixed raw materials- Before-dry hydrogen sulfide
Index name pore volume/ mass fraction/ nitrogen mass fraction/ mass concentration/
(mL g™ 1) (pgeg b (pgeg b (mg+*m *)
Prevalue interpolation —0.29 —0.32 —0.28 —0.21
Linear interpolation —0.25 —0.28 —0.21 —0.25
Spline interpolation —0.25 —0.16 —0. 26 —0. 27
Average value —0. 26 —0. 25 —0.25 —0.24
Condensate-chloride ) o ) Mixed raw materials-
) ) Crude gasoline-10% Alkali liquor-alkali ) )
Index name ion mass concentration/ ) sodium mass fraction/
recovery temperature/C mass fraction/ %
(mg+ LD (pg+gH
Prevalue interpolation —0.19 —0.15 —0.22 —0. 20
Linear interpolation —0. 27 —0. 14 —0.22 —0.21
Spline interpolation —0.25 —0.32 —0.18 —0. 20
Average value —0.24 —0.21 —0.21 —0. 20
Distillation volume Sulphur containing
Stable gasoline-initial Rich gas-hydrogen
Index name of mixed raw material sewage mass concentration
distillation point/°C mass fraction/ % .
at 350 ‘C/mL CODcr/(mg « L™ 1)
Prevalue interpolation —0.27 —0.18 —0. 20 —0.13
Linear interpolation —0.22 —0. 20 —0.23 —0.22
Spline interpolation —0.11 —0.21 —0.16 —0.22
Average value —0. 20 —0. 20 —0. 20 —0.19

Nickel mass fraction in

Index name mixed raw material/
(pgeg b
Prevalue interpolation —0.21
Linear interpolation —0.21
Spline interpolation —0.09

Average value —0.17
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Table 5 The correlations between reference factors and gasoline yield in DCS data
Index name Correlation coefficient

Riser outlet temperature/C 0.01
Settler top pressure/MPa 0. 04

Front pressure of slide valve in second regenerator/MPa —0.06

Pressure in front of regeneration valve/MPa —0.02
Pressure of stand by control valve/MPa 0.01
Mass flow rate of refining oil into riser/(t « h™1) 0.23
Mass flow rate of refining oil into tower/(t « h™1) 0.19

Stripping steam (middle) mass flow rate/(t+ h™1) —0.07
Accumulated steam flow rate at lower part of reactor/(t+ h™ 1) 0. 05
Mass flow rate control of stripping steam(middle) /(t « h™1) 0.14
Accumulated steam mass flow of stripping in reactor/t 0. 05
Mass flow rate control of stripping steam (upper)/(t+ h™1) 0.15
Accumulated mass flow of stripping steam in the upper part of reactor/t 0. 05
Pre-lifting steam mass flow accumulation/t 0.17
Pre-lifting steam mass flow rate/(t« h™1) 0.18

F6 LIMSHIEHSRIEMRERMBENEXY
Table 6 The correlations between reference factors and gasoline yield in LIMS data
Density (20 C) of Mixed raw material- Mixed raw material- Mixed raw

Index name mixed raw material/

saturated hydrocarbon

aromatics mass material-glue

(kg * m— %) mass {raction/ % fraction/ % mass {raction/ %
Prevalue interpolation —0.05 —0.11 0. 14 0. 05
Linear interpolation —0.02 —0.12 0.13 0.17
Spline interpolation —0.03 0.08 0.21 —0.12
Average value —0.03 —0.05 0.16 0.03

Vanadium mass fraction

Spent catalyst-carbon

Index name in mixed raw materials/

mass fraction/ %

(pgg "

Prevalue interpolation —0.41 —0.02
Linear interpolation —0.36 0.01
Spline interpolation —0.33 0.01

Average value —0. 36 0
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Fig. 5 Actual gasoline yield and gasoline yield without outliers between September 2016 and November 2017

(a) Actual gasoline yield; (b) Gasoline yield without outliers



816 PERTIEcE -G AR}/ I 55 35 %
40 50
— Actual yield
e 32r — Predicted yield
=~ X
z i~
2 24r 5
-
-;; 2 45 F
s 161 s
=
5 S
~ 8F
%8 20 a2 44 46 48 50 52 54 56 TR O n v v 0
E\CIV LI\ : G A I BV L B\ B/
line yield / © A o o T T T P
Gasoline yield / % qu\% qp\% ’LQ\% ’LQ\% q,Q\OO ’LQ\% @Q\% qu\% qu\%
Bo6 XES5(b)MGITHENS Date
Fig. 6 Statistical yield distribution for Fig. 5(b) E7 FHGBTHERSIANTHMKEFRNERS
SR Tl iR B 3 L

B R L S T S O R R R R R L
(10 T U 2R, S BB AR e b S5 e 0 00 85 780 (1 01 A
BOR . A TR T7 vk, 25 8 25 40l e 1 2 {8 X AR
PR E B 52 i) >F 2 2 A8 R0 S i R A Ak ) T
2 3 Ve PR ) il o R B R MR M EAG bR i, R®
SEXRT BRI EAT LA S, M [ A AE AR 2R B0 L5 A
B, HaHR s 6) iR,
N

20 = w?

G,y R UCEAE TN AEA i 4

R* (U i Bl — M e 55 81 1, Wi 5 B
SCAE 8% 257 O FUBR N, (R 1. FR B
EXT FCSCAE A 4G 0 B K, AT ff R R MR S . %
PRl AT LR A Ly s X S R LA R, S
Pearson #HC 2 BN Al 9 02, AH ¢ R 80— e Ik 4
WAR R A B Lotk 6 R HAEXHE B I 1, R AR
T[] ) AH 6 PR 2 2 {0 R® AT LU T b Lk
MAIDE KRR . MR /NF O I, 7522 Bh H A o7
7 RV LA R

FIH GBDT 83k ¥4 1 Aty T A5 80 X6 4 £k 24 4k 1)
TRIMISCR HEAT F0 A5 S 11 5 U0 0 &5 S 5 1
PR T E A pg X e 7 pras. E 7 W LLEH,
BEAY ) OB B R 35 Tk Bl v & hr, DF
HH AR 22 35 K B U

P 20 (5) A= (6 T 430 101 0 25 SR 1) o o R F R°
2B IFES WM R . THEAAR L Hm
PR A VE R AF) 98. 9%, BHEE T 98 % Bl S % ik
B, SR T AT AT M A e s T A R
) R* 250K 0. 236, TMIZIEARIISHE R 0, £
T AR TR X YT AR A AU R B AR, AT AR B
RRAEFE b5 AT L R i B v s R i AR L R B . [l

R* =1 (6)

Fig. 7 Comparisons between gasoline yield predictions of

GBDT and actual gasoline yield

AR EEE R, faUO R 4 xR 22 (MAE)

R4S, B R T A A S Y P T 2R T
{ELFN S B (B A S 2 4 Xp iR 2508 0.531% . Rk, 6
W T 25 R L RS E LR E, B
GBDT F4J £ A% F9 0 455 78 X6 3 300 7= 2R BE 8 ke 31 R 47 1
T R

4 F it

FETHAAN K LIMS K DCS 2G5 Tolk
Al BT MR R AR S S BRI R B A
KA. T A O B M AR A . gt — 2P W

SR AL 2 BRI SOR B N R . Rk
AFIAS BE$2 TH D SR GBDT S0k 2 1 i b R ALK
TSR A N AR L SO TR LAY P R &
R, th GBDT Bk by it ) 15 il Wi JoT0 45 Y it
S5 R HER R A 98. 9%, R* RECHK 0.236,
YRR IE N 0.531 00, AT 45 5L 5 92 BR Rl i
AL BRZEAR/NT 100, R WY A 0 A B B A o
T A T AL B P R S A R, R B R AR
TO M Afe skt B A R r 16 5 8 0. A B TAESE
PR A 7 v gk — 20 5 T A AL B i 2 TR

& % x W

[1] SOUZA N L A, TKACH I, JR E M, et al. Vanadium
poisoning of FCC catalysts: A quantitative analysis of
impregnated and real equilibrium catalysts[J]. Applied
Catalysis A General, 2018, 560(12): 206-214.

[2] SHAH M T, UTIKAR R P, PAREEK V K, et al.

Computational fluid dynamic modelling of FCC riser: A



55 4

BTN A BB AL TR B A 2R A 2 P A R T A Y v S 0 A

817

[3]

[4]

[5]

[6]

[7]

[8]

[9]

(10]

[11]

review[ J]. Chemical Engineering Research &. Design,
2016, 111(7). 403-448.

SALVADO F C, TEIXEIRA-DIAS F, WALLEY S M,
A review on the strain rate dependency of the
dynamic FCC metals[]J].
Progress in Materials Science, 2017, 88(7). 186-231.
PR, AT, XIBE, 5. b AL RN R S G
WAL R i Camm T, 2018,
34 (3): 441-454. (LU Chunxi» FAN Yiping. LIU

Mengxi, et al. Advances in key equipment technologies

et al.

viscoplastic response of

of reaction system in RFCC unit[ J]. Acta Petrolei Sinica
(Petroleum Processing Section), 2018, 34 (3). 441-
454.)

G . B/, 24 S0, S A0 AL BOR T I A PR
S HLE T PR R AR, 2017,
41(6): 171-177. (YANG Chaohe, CHEN Xiaobo, LI
Chunyi, et al. Challenges and opportunities of fluid
catalytic cracking technology[J]. Journal of China
University of Petroleum (Edition of Natural Science) .,
2017, 41(6) . 171-177.)

ALI A E, HADIS M, HAMID B, et al. Nine-lumped
kinetic model for VGO catalytic cracking; using catalyst
deactivation[J]. Fuel, 2018, 231(21): 118-125.

SANI A G, EBRAHIM H A, AZARHOOSHM ].
8-Lump kinetic model for fluid catalytic cracking with
olefin detailed distribution study[J]. Fuel, 2018, 225
(15) . 322-335.

REYL, FHRE. ML RL CRUAR) B LR I Bl ) 24 5 AL F
FEHERELT]. sk Caamin T . 2015, 31(2) . 293-
306. (XIONG Kai, LU Chunxi. Research progresses of
lump kinetic model of FCC and catalytic pyrolysis[]].
Acta Petrolei Sinica (Petroleum Processing Section),
2015, 31(2).: 293-306.)

ALARADI A A, ROHANI S. Identification and control
of a riser-type FCC unit using neural networks [ J].
Computers & Chemical Engineering, 2002, 26(3); 401-
421.

IhEE, JEMeld, R, . N HESER LR BP
i 2 00 205 TN e b 2 Ak e B R R R[] L TR
2016, 35(2): 389-396. (SU Xin, PEI Huajian, WU
Yingya, et al. Predicting coke yield of FCC unit using
genetic algorithm optimized BP neural network[]].
Chemical Industry and Engineering Progress, 2016, 35
(2): 389-396.)

JA/NME . =G, B, N BP B4 W 4 1 R R
T E VM S e (WO L) . 7Y % 38 WK AE AE . 2010,
44(12) . 82-86. (ZHOU Xiaowei, YUAN Jun, YANG
Bolun. Prediction of octane number for clean gasoline
reactions based on Back-

obtained from secondary

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Propagation neural network[]J]. Journal of Xi’an
Jiaotong University, 2010, 44(12). 82-86.)

W, AR T OREURE A BT TR S R AR
MDA 58 AR, 2013, 19(20): 4762-4770.
(QUAN Shifeng. The effect of big data processing on
the development of e-commerce in cloud computing
environment [ J |. Computer Knowledge and Technology ,
2013, 19(20): 4762-4770.)

B, X e, KB 8RR B AT 1Y R BF
Fi[1]. W f5 Bk 2. 2014, 30 (1) 57-62. (ZHAO
Yunshan, LIU Huanhuan. Research on application of
big data technique in electricity power industry[]J].
Telecommunications Science, 2014, 30(1). 57-62.)
WU, APSEEY, R, KB R 4 BT TE A A R S AL
RAEW S SRS W R L. P8 22 it &5 22 B
i, 2017, 35 (5). 42-46. ( KUANG Dian, FU
Yaoming. FANG Liyao. Application of big data mining
analysis in aircraft engine condition monitoring and fault
diagnosis[J]. Journal of Xi’an Aeronautical University,
2017, 35(5) . 42-46.)

THOMAS L. Big data in forensic science and medicine
[J]. Journal of Forensic and Legal Medicine, 2017, 57
(7): 1-6.

IFE. R, e, & REEHEARE LR TP
MR HBESE kR[], fb T3k . 2016, 35(6): 1652-
1659. (SU Xin, WU Yingya, PEI Huajian,

Recent development of the application of big data

et al.

technology in process industries[ J]. Chemical Industry
and Engineering Progress, 2016, 35(6): 1652-1659. )
ZAHEDI G, MOHAMMADZADEH S, MORADI G.
Enhancing gasoline production in an industrial catalytic-
reforming unit using artificial neural networks [ J ].
Energy & Fuels, 2008, 22(4). 2671-2677.

MG, BT, WL, GF. KRB RTE M AL R AL
BAT AT RN O], fb Tk, 2016, 35(3): 665-
670. (LI Peng, ZHENG Xiaojun, MING Liang, et al.
Application of big data technology in operation analysis
cracking [ J]. Chemical
Engineering Progress, 2016, 35(3): 665-670.)

PR, T8R4 9 BOR T o Rac a2 (D). 7
% R AR, 2012,

L, skiRYE. E2F. M ZRIIM T A M b &
W2 BRI [T ] W Tl K2F 24, 2009, 23(5) .
77-80. (KONG Jinsheng, ZHANG Weiwei, WANG
Ailing. Neural network quality model of FCC crude

of catalytic Industry and

gasoline end-boiling-point[ J]. Journal of Hunan University
of Technology, 2009, 23(5);: 77-80.)

Tr AR B 2 8 B R TR L AL MIP T 207 4 A
Peterh i i ST D). b . #RRIL TR, 2016.





