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Table 1 Main experimental chemicals

Drug name Molecular formula Purity Character Manufactor
S . . Tianjin Guangfu Technology
Zinc nitrate Zn(NO3),*6H,0 AR,99% White crystal Development Co., Ltd.
Ferric nitrate Fe(NOs);+9H,0 99.99% Yellow powder Beijing Xinhua Chemical

Deionized water

Alumina
microspheres

Propane

Methanol

H,0

ALO,

C3Hy

CH;OH

Electric conductivity < 30 S/m

99.9%

AR

Colourless

Median diameter

90 pm

Colorless

Colorless

Reagent Factory

Laboratory made

Laboratory made

Beijing Anxing Tailong Gas
Chemical Co., Ltd.

Shanghai Aladdin Biochemical
Technology Co., Ltd.
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Fig.1 Effect of methanol on propane equilibrium conversion
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Fig.2 (a) Effect of feed mole ratio on equilibrium product propylene; (b) Influence of feed mole ratio on

equilibrium product ethylene; (c) Influence of feed mole ratio on equilibrium product methane;

(d) Influence of feed mole ratio on equilibrium product carbon monoxide
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Table 2 Propane dehydrogenation to propylene feed balance Product material balance(Thermodynamic calculation value)

Mass Flow /(kg*h™) Feed Product
H, 0.00 0.95
CH, 0.00 0.00
CH,0H 0.00 0.00
C,H, 0.00 0.00
C,H, 0.00 0.00
C,H, 44.10 23.19
C,H, 0.00 19.95
co 0.00 0.00
o, 0.00 0.00
H,0 0.00 0.00
Total Flow /(kmol +h™) 1.00 1.47
Total Flow /(kg+h™) 44.10 44.10
Temperature /°C 100.00 600.00
Pressure /MPa 0.10 0.10
Enthalpy /(kJ *mol ™) -98.70 19.10

Reaction heat /(kJ*mol™")

117.80

R3 RIS TN TR e A I R B T P M R R (T EE)

Table 3 Propane dehydrogenation to propylene and feed balance of propane cracking reaction material balance of

products(Thermodynamic calculation value)

Mass Flow /(kg+h™") Feed Product
H, 0.00 0.00
CH, 0.00 15.65
CH,0H 0.00 0.00
C,H, 0.00 0.60
C,H, 0.00 11.76
C,H, 44.10 0.08
C,H, 0.00 16.00
co 0.00 0.00
Co, 0.00 0.00
H,0 0.00 0.00
Total Flow /(kmol +h™) 1.00 1.80
Total Flow /(kg+h™) 44.10 44.10
Temperature /°C 100.00 600.00
Pressure /MPa 0.10 0.10
Enthalpy /(kJ *mol™) -96.89 13.49

Reaction heat /(kJ *mol™)

110.38




FE1l

BN P T B A AR AL SN R 2 Bl )2 o A 17

0.1 MPa, PIBEIEELA 1 kmol -h™ B, PIBET-fi: fb R
}99.81%, T4 e #:E 0 36.36%( 540 %5, F
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RV A 11038 k) -mol ™, NBEC—CHEHL C—HE
KO Wi, ML 2 5 S5 005, R P ke i &
T EIF R Bt L ST AL, R A T L
PEAL AT SR AR e T

Xob PRI 2 (Y BN, 5 B TE A AN OB Y
M EFERE , FE00 M A2 SO A R R B = ) Fre R
b, TR AR ST R BE , B AL TRI AR E T . 5 I8 %)
PP ] s e (MITO) S S JECEA BT, 4 SRR P Y
PR A B NI S, AT AR AR S it JEE i
REDR/ D RERE . PRoE P bR K H X S I - A 7
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Table 4 Equilibrium product material balance of propane methanol feed with different mole ratio

C,Hy/CH,0H molar ratio 1 16 32

Mass Flow/(kg+h™) Feed Product Feed Product Feed Product Feed Product

H, 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00

CH, 0.00 47.65 0.00 34.53 0.00 32.77 0.00 31.95

CH,0H 32.04 0.00 7.03 0.00 3.85 0.00 1.94 0.00

C,Hq 0.00 0.30 0.00 1.80 0.00 1.80 0.00 1.69

C,H, 0.00 0.00 0.00 11.50 0.00 12.63 0.00 13.28

C;Hg 44.09 0.00 78.48 0.44 82.92 0.44 85.52 0.39

C;Hg 0.00 0.04 0.00 31.13 0.00 35.75 0.00 38.40

CO 0.00 28.01 0.00 6.11 0.00 3.37 0.00 1.69

CO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

H,0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total Flow/(kmol * hfl) 2.00 4.00 2.00 3.60 2.00 3.54 2.00 3.51

Total Flow/(kg'h_l) 76.13 76.13 85.51 85.51 86.77 86.77 87.46 87.46

Temperature /°C 100.00 500.00 100.00 500.00 100.00 500.00 100.00 500.00

Pressure /MPa 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10

Enthalpy/(kJ-mol™)  -14672  -6230  -107.96  -1435  -102.75 718 -101.7 315

Reaction heat/(kJ -mol™) 84.42 93.60 95.57 98.55
S PR R SRR LU OB PG BRI, RS R b | —SAABRAE ), X
KHE. JE R NN E C— CHE 54 5 Wi 24/ F 1 CH, 50 CoH,,
SRR 2D 25 5% A3 L CO T H, 328 5k 1 FR gt T LA
0.= S A H, - AH, 5) TR,

K QAR N, kT smol ™y A H A
d LAY B AR U L KT emol s A H R TR AR
&, kI =mol s, e 4o B S AR

W4 JrR , e BESE R IR HERLS, -7 4
H R 4342 CO T CH,, PR ICEAL 0.049%( J5i 1t 53
), e B EE SR HE ok 32 B, TN TIOR3
P, IR F143.90%( BT 53 %) W EER S X
O P4 2 B AR R R, Aok i ) Y R s 0 AR

2.1.3 AR 41

A Y T s 7 oo A A S R LR L RO R AT
It B RHEE IR LA G, R T dee T 2045,
SEA AT A PR BE I/ N R I TR 1R TR A R g
V25 A0 B P A 7= i 7 72 i e e e R Ak

X SN HRE R T L R Y R EE O L
VER 3R AR 5, SPA ) Th DR A BE R 3 BUVE
M A, SR o0 e B A R A N E S
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Fig.3 Mole fraction of propylene based on temperature and pressure
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Fig.4 Mole fraction of propylene based on propane and methanol molar ratio and pressure
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Table 5 Optimal process solution

Temperature/ °C Pressure /MPa The molar ratio of propane to methanol ~ Propylene mass fraction
1 300 0.1 1 0.32
2 340 0.1 1 0.31
3 400 0.1 4 0.31
4 300 0.1 16 0.32
5 340 0.1 16 0.31
6 400 0.2 16 0.30
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Table 6 Activity evaluation data of propane feed catalyst (propane space velocity 1 200 mL-g™'*h™), propane methanol feed molar ratio 4 )

Selectivity /%

Temperature ~ The conversion YVield Propylene generation
/°C of propane H, ¢, c G (o= ot rate/(mol g™ +h™)
450 10.61 2.46 1.19 2.14 25.65 56.62 11.94 6.01 3.00x 107
470 15.28 2.51 2.65 2.15 22.47 55.64 14.58 8.50 424 %107
500 23.12 2.65 3.56 3.78 20.16 53.45 16.40 12.36 6.17x 107

R7 WiRREHRHELFFEEENEE (RREE1200 mL-g ' -h™' A BEEFH R EE/REL 4)

Table 7 Activity evaluation data of propane and methanol feed catalyst (propane space velocity 1 200 mL+g™" *h™"),

propane methanol feed molar ratio 4 )

Temperature  The conversion Selectivity /% gigy  Propylene generation
/°C of propane H, c, c, = Cp= Ct ) rate/(mol g +h™)
450 15.18 2.37 1.35 2.13 19.65 55.68 18.81 8.45 422%x107
470 21.34 2.41 2.15 2.31 18.98 53.65 20.50 11.45 571x 107
500 31.21 2.69 3.69 3.97 16.35 50.12 23.18 15.64 7.81%x 107
AEHN 66.65 k) mol™, qEIMITEG, WhEM AN 3 ZEip

TE L BERAT 3] 56.71 kJ »mol ™", FH I AT 2601 FH A AL 7E
PI2E AT E, Wah a2 A P EEh
Al ARSAR N B S N RE 22, O A S EAT .
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Fig.6 Conversion kinetics of methanol in propane

dehydrogenation process
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Thermodynamics and Kinetic Reaction Performance Analysis of
Propane Methanol to Olefins Process

HUANG Ling-xiang'”, LI Hai-yan’, MA Yue'?, DU Wei'”, SHEN Bao-jian"”"
(1. State Key Laboratory of Heavy Oil Processing, Beijing 102249, China; 2. College of Chemical Engineering
and Environment, China University of Petroleum, Beijing 102249, China,3. Daqing Chemical Research Center,
China Petroleum and Petrochemical Research Institute, Daqging 163714, China)

Abstract: The paper mainly studies the thermodynamic and kinetic process of propane and methanol to olefins
reaction by calculation and experiment. The Gibbs minimum free energy method was used to simulate the equilibrium
composition of the propane methanol to olefin reaction system. At the same time, combined with the response surface
analysis method, the functional relationship between temperature, pressure, propane methanol feed molar ratio, and
the molar fraction of propylene in the product is established. The optimal process range is analyzed by the regression
equation. The effect of reaction conditions on the equilibrium product was analyzed by thermodynamics. With
the increase of reaction temperature, the mass fraction of equilibrium product propylene increased first and then
decreased. The mass fraction of propylene in the equilibrium product increases with the increase of propane methanol
feed molar ratio, but the actual reaction state is also related to the catalyst. Therefore, the activation energy of
propane dehydrogenation and propane methanol co-feed reaction in the presence of a catalyst is studied. The kinetic
experiments show that the apparent activation energy of propane dehydrogenation in the coupling process could be
reduced by adding a small amount of methanol.

Key words: endothermic exothermic coupling in propane dehydrogenation; response surface analysis; Gibbs minimum

free energy; hess law; apparent activation energy



