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Abstract: Methanol to olefin (MTO) is one _ _ High value uiization
of the important ways to pI'OdllCC ethene and Mixed olefins by—product of MTO Catalytio crasking Ethene+propene
propene, and mixed olefins are the main by— | 4 }“’F?e’ac’ti?nﬁs?e&ﬁﬁ""""’"""""""""";
products of MTO process. C5+ mixed ﬁ é Compression section i
olefins by—product of MTO is currently sold = 1
. .. [ [~ D®1 ®_“ } CH4+COy+H;
at a low value in CHN Energy Xinjiang ®—L @ gj N i
Chemical Company Limited, and has not
been effectively utilized. In order to explore Ethene
) . ] ) 99.9wt% g

the high—value utilization way of C5+ mixed Ethane Propene
olefins by—product of MTO, its composition Separation and refining section SR Ei

. . Propane
and physical properties were tested. It was

found that the content of C5~C8 olefins in

mixed olefins by-product of MTO was more than 80wt%, in addition, a small amount of alkanes, aromatics and
oxygen compounds were contained. The catalytic cracking experiments of mixed olefins were carried out on a fixed—
bed experimental device. Under the conditions of 0.1 MPa, 620°C, and mass space velocity of 3.53 h™', the yields of
ethene and propene were 15.31wt% and 26.94wt%, respectively. Combined with the process of MTO industrial
plant, this study designed the process of mixed olefins catalytic cracking to produce ethene and propene, simulated
the process based on Aspen Plus software, and optimized the operation parameters of the distillation column with
high energy consumption. It was found that the optimal number of theoretical stages, feed stage and reflux ratio of
the condensate stripping tower were 24, 12, and 1.2, respectively; those of the depropane tower were 20, 10, and 0.4,
respectively; those of the deethane tower were 28, 9, and 3.4, respectively; those of ethene refining tower were 50,
21, and 7.5, respectively; those of propene refining tower were 54, 29, and 5.7, respectively; and those of light
hydrocarbon separation tower were 12, 7, and 0.8, respectively. Finally, the product purity of ethene and propene
reached 99.9wt% and 99.6wt%, respectively. The economic potential analysis results showed that compared with
direct low value sales, the product income of mixed olefins catalytic cracking was 1.3 times of the original income.

Keywords: MTO; mixed olefins; high value utilization; catalytic cracking; simulation optimization

Ug#E: 2024-04-03, 1&[E]: 2024-05-25, MKZEFR: 2024-07-08; Received: 2024—04—03, Revised: 2024—05-25, Published online: 2024—-07-08

EEWA: HAEHEL THRARHH GRS : GXCCL-21[2023]9 %)

fEE B miRtE, HMELuARA, ST, FTEFF 7 MBS 2 T T ZH0K, E-mail: 10511260@chnenergy.com.cn; JEREXR A, i
W, B, R, FEEAIT AR B S A B TAK, E-mail: mengxh@cup.edu.cn

SIAMEEN: AZRIE, B L, J04E, 55 . MTO &Il C5HIR & R e AL RIS L ISR AR AL, . i R 2274, 2024, 24(12): 1407-1416.
Gou R H, Yin M F, Zheng T, et al. Process simulation of catalytic cracking of C5+ mixed olefins by—product of MTO to produce ethene and
propene (in Chinese). Chin. J. Process Eng., 2024, 24(12): 1407-1416, DOI: 10.12034/j.issn.1009-606X.224127.




1408 o LR E¥ R 24 %
MTO &l C5HR & bR EN RS R HERIZER
BT, REL, H R, RRM, KRR, AR, g, E#E"

1. A EA AR F R 4 E A e, st 102249
2. FEAEHEEIL TAHMRAR, HHE SEAF 831404

RE

OB FEHGEEMTO) A LR EE G 2 —, I e MTO T2 M EERIF=Y. MTO RIF= CSHREA Iz
EEBEH AL T AR A= B Al URE &S, RESEERH. NEFMTO I CSHES RN EHEA H®E, ATENES
IR AT A DR, RIUR S 1 IE T CS~C8 IR & B 15 8owt% LA I, IhAMNESH LEIE. FREMGEhEw. FIH
] 52 PRS2 B 25 B T R IR & 1% IR AL 22 5258, 7E 0.1 MPa. 620C . JREZIE 353 h' I T, LM B U E S 51N
15.31wt%H126.94wt%. 256 MTO TR E R, R ITAFRIT TIRA W BRG] LG T 200, 55T Aspen Plus i fF
HEAT AR, 0T RERER i RS TS BT A E S B o RIUBER IR IS B s S . SRR B A L2 ) 24, 12, 1.2,
Jid P9 e 2 B R B AR B . BB BRI B EE 40 10K 20, 10, 0.4, i Z e S BB EE R B, BRI BRI B EL 4 9008 28, 9, 3.4, 24
FE T AR BERM R [FLA LG 23 78 50, 21, 7.5, TR TS e AR B AcE . BRI R [RIR G 23 7 N 54, 29, 5.7, )&
B BAEIE R BRI EAEIRL AR 12, 7, 0.8, AT RIS M SEEE R 99.9Wt% K .07 R dh 41 B A 99.6wt% I T #i -

LU M E RN, S EERRES ML, RS EEAT fACRME TR SRR 1.3 4

KR : MTO; REMRE; mEAMM; AR B

FESFES: TQ221.21; TQ426 XERERIAFE: A

Sz

Bl

N
—u

=]

1

LN AP O B L AL TRz —, FAE 8
ARANA 7 i 772 i F A A TR K K1 (Y B R
T R EM T AR O R ORI H
TR I IR TR S , B R A R
B RERE A AT Y R LA OB . B 22U T
JRE UL B AN PR SR A Tl B A E A RER 2
Mo RIS P S AR R . B AT AP R A
J7 2 AT AR R e (MTO) AL AL/
SR o IR R R K e AR B R A 7 L0 AT
W B A LS R SCR eV AL T i 22 47 X0,
Wb, DA 2 by F e ) R B 0 2 B MITO 5K 32 31132
RN,

MTO 25 SR Y 45 B RHE AT A AL e it
NI s VR S5 AR I 1k L e fid O A SN A
JR LA 20~ PR BB = R AU P A REEAT
e AU AN 7 1, 49 B A% AN PR 7 i R4S 2 i 2
Y, R G R R G D7 RV RS . EERERTEELL
TA R 7] w2 MTO Bl P YR AN TE 73 » Fe b mil e i1
RE MR S, R BEREAT W R o Xt Rt
AT EA A A SR T AL I 22 57 R

A LLEE K MTO s A% b ™ 2R 1 2 SR 1)

TEHS: 1009-606X(2024)12-1407-10

PR 7= 36 495 1 2 10y 0 AR s 5 T P SAPO-34 4y
0% A TR AN PR S I 25 2B 5% T AN ) e I i FE A
R A FE T TR R 3G A RR . i BV S MTO v
PR RN T AR 3R AT MG L 3 MTO Bl P2 C4+724) 5 MTO
TRAR AL AR HEAT TRAR R SN, T4 e A AT 46 S L
MR, M T AR AR PR B B RE , 169 I & 05 AN T A 1Y) P
T FE SRR H R ) 0 B VR AN DT R ) T
W FRBE I 2 P 53 B8 LRI AR 5, AR P AT 05
FAG AL I AN 55 8, Se LR P2 0 i 4 A AR 5 )i
Pem TR =2 . /NS4 B B 7 A K
MR RE TR AL LA BR 2 7 i DU 42 e R BOIR , 52 1 7 B Y
BIEHA MTO L& 77 2, i3k 1 S I Ak VY 52 Je 1 o T
FIH . EReB R T A RA & 8= A R F e 2 4
16 000~18 000 i, 2y " $& T+ &Il /™= 18 & M Je i) 41 AN AL
LA 5T fE R A 77 =K

MTO Bl PR A 8 32 AL N CSHR A & &t
Hmlde s & Re S, R R BOE B T2E R,
BEAR, A 2L 143 00 205 R TR Ot 2 MTO 1 32774,
AL E ey FEE A . B A O 1 R
WM T2 F 25 AR — IR AR L 2N E K T
SR 1 EAE A Superflex T ZMPHIMOI T Z,
Ja & 1 3 EARE A Propylur T. 2 .OCC (Ml A 246i)
T ZUR OCP (M ke 24 ) T 2070, ghAh , Lu 252,




%12 3

HJSRAEAE: MTO Bl C5+HR A M ke AL 2R H] £ DT TR AL, 1409

1=T 8 N TR BEAT AL AR , 25 SRR W] SAPO-18 fifk
FIAT AR E S - TR R . A RAEPR H B
PE HZSM-5 43 i % CS M5 I8 47 1 10 A PR RR IR 7T,
oM J5 HZSM=5 431 1) 5% Bronsted F& H 0o A1 L A&
FEURT Wi 6 412 3E C5 M5 08 10 MR, 6 Jd B A0 38 e v vl IR
84.8Wt% o 4% B FK SN EL T 4 ok IR 5 g oK IR
ZSM=5 73 F-Jiii ke CUIs (1 fh A0 L AR 12 S oK BDIR ZSM-
550 T FLIE A R T =09 5 $00 ) U R RN S A A A
Al SNE, AT B8 i PR M a3 1 o % [ e BT AL T IR
A ) MTO Rl 77 18 A5 J5 16 4 SRy 1, 8 I 3 B2 UL
AL T2 R S5

Aspen Plus &b TAT W H )2 B pF 2 —,
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PLET S B&EM RGN . 5K 52 245515 F Aspen
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2.2 MTO &I C5HR &R R RHA R

SR FH A 838 — 53 (X6 MTO I 77 C5+1R & H &
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Table 1  Group compositions of C5+ mixed olefins
by-product of MTO
Category Carbon number Content/wt%  Total content/wt%
C5 46.05
Olefins €0 2681 82.29
C7 8.64
C8 0.79
Cs 13.56
Alkanes € 13 15.88
Cc7 0.74
C8 0.24
Cc7 0.42
Aromatics Cc8 0.47 1.25
Cc9 0.36
Others Oxygenated chemicals 0.58 0.58
Total 100.00

2 MTORIF= CSHRAHBRERYM
Table 2 Basic physical properties of C5+ mixed olefins by-

product of MTO
Physical property Value
Density/(g/cm’) 0.675
Viscosity/(mm?/s) 0.36
Condensation point/C <-60
Sulphur content/(mg/kg) 1
Nitrogen content/(mg/kg) 18
Average molecular weight/(g/mol) 87.76

Note: The density and viscosity were measured at 20°C.
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Fig.1 Simulated distillation curve of C5+ mixed olefins
by-product of MTO
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3.53 h'e FEMLAZRAE NREE] R | o R AL SR ) = AL
FCEEAT 23 BT 5 384T 6 h 5 TR I R e AL 3R = ) o A AT
FEXTRRSE , PR o A 65 AR 3 o, LRI ISR 7y
N 15.31wt% 1 26.94wt%.
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Table 3 Distribution of mixed olefins catalytic cracking products

Component Yield/wt% Component Yield/wt% Component Yield/wt%
Hydrogen 0.07 i-Butane 0.48 2-Pentene 0.27
Carbon dioxide 0.73 1-Butene 2.17 Benzene 2.77
Methane 0.52 2-Butene 5.55 Toluene 16.32
Ethane 0.31 i-Butene 4.68 Ethylbenzene 0.61
Ethene 15.31 Butadiene 433 p—Xylene 11.72
Propane 1.41 n—Pentane 0.19 1-Ethyl-4-methylbenzene 0.44
Propene 26.94 i—Pentane 0.50 1,2,4-Trimethylbenzene 0.57
n—Butane 0.34 1-Pentene 2.18 Others (C6+) 1.59
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Fig.3 Variations of mass fraction of components (propane/
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Fig.5 Variations of mass fraction of propane at the top of tower
with reflux ratio (condensate stripping tower, depropane tower)
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Table 4 Material balance of C5+ mixed olefins by—product of MTO catalytic cracking to produce ethene and propene

Item Inlet Outlet
Material Mixed olefins Dry gas Ethene Ethane Propene Propane C4~C5 Cé6+
Mass flow/(kg/h) 2250 55.5 341.1 7.2 588.2 313 486.4 740.3

Total/(kg/h) 2250 2250
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Table 5 Economic potential analysis of C5+ mixed olefins by—product of MTO catalytic cracking

Item Mixed olefins Dry gas Ethene Ethane Propene Propane C4~Cs5 Co+
Annual output/t 18000.0 444.0 2728.8 57.6 4705.6 250.4 3891.2 5922.4

Unit price 0.50 0.05 0.69 0.39 0.68 0.51 0.50 0.78

/(ten thousand yuan/t)
Total price 9000.00 22.20 1882.87 2246 3199.81 127.70 1945.60 4619.47
/ten thousand yuan
Total/ten thousand yuan 9000.00 11820.11

Note: The prices of chemicals in the table were from the website of chemical book, and the price calculation was based on the average value from May 2023 to

April 2024.
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