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Motivation
= Ethylene is a very important product for the m tonnes M Rest of Asia Il North America [l Europe
. . 180 I Gee China M _Rest of world
petrochemical industry. Pl CAGR (2007-12) = 4%

140 ///;_l__
= Nowadays, the primary raw material for the C,H, 20 —mmm— i N

production are Naphtha and Ethane, mainly i

obtained from oil. 60
40

= Feedstock diversification is required. 22
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SOURCE: OGJ and GPCA

Oxidative coupling of methane

2CH4_+02—>62H4_+2H20
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Oxidative Coupling of Methane

ZCH4_+02 —>CzH4_ + 2H20

With a conventional reactor configuration, the achieved performance is not enough

to make the process competitive with the currently used technologies

v 2CH, + 1/, 0, - CyHg+H,0

2000

¥ CH, + 20, - C0,+2H,0 »  Cryogenic destillation
unit is required to feed
¥ CHy + 0, - CO +H,+H,0 pure oxygen into the
o w6 reactor
v’ CyHg + 050, > C,H,+H,0 &
1S
v' C,Hg » C,H,+H, 2 1200
C,Hg +0.50, - CO,+H,0
C,H, + 20, - 2C0+2H,0 800
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CZ H4 + 2]—]2 0 - 2C0+4H20 Relative axial reactor length [-]
CO + H,0 & CO,+H,
CO,+H, & CO + H,0
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OCM packed bed membrane reactor

Depleted
2" CH, CH, CO,
CO,, H,0, CH, . I . :
ﬁ The main characteristics of the membrane reactor configuration are
N the followings:

* Increase the G, yield of the process

« Easier heat management

shell (permeate) side «  The air separation unit will not be required

» Tube (retentate) side

Efficiency and performance of the

CH, CH, OCM process are increased
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OCM packed bed membrane reactor

Mole balances:

dz

dF

i

dFOZperm — R

dz

dFOZret

dz

Ri‘S

0, ° S +]02 ’ 27'[Rmemb "MNmemb

— _]02 2R memb * Mmemb

Energy balances:

d(T—Tref) o
FiCpi— E = Y(AHy 08 k) - Ric - S — Q
A(Ta=Tref)
* FiC i dz L= +Q

* Q=U-2nRpemp * "memp (T — Ta)

T, = Air Temperature

T = Reactor temperature
k = reactions

i = all the species

(0, in the permeate side)

(0, in the retentate side)

(Permeate Side)

(Retentate side)

(Heat exchange)
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OCM packed bed membrane reactor

. ) Variable Lower Limit Upper Limit
Range Of varlables. Reactor length [m] 0.1 0.7
CH4 inlet [mol/s] 1 15
Number of membranes 20 5000
Inlet membranes T[K] 660 820
Inlet shell T [K] 933 1113
P shell [bar] 1 10
Viube [M/S] 0.5 30
Reactor diameter [m] 0.3
Membrane diameter [m] 0.01
Membrane type BSCF (flux of 2.79x10°® mol/cm?/s at 800 °C) [1]
Results: Catalyst type La,03/Ca0 [2]
Inlet
Le:egatchtc[’rrn] c[lr-:::;;lsit P[;::]" lnlit[f(?e" Me'}“[’lz?“es r::::::n:i Ma[zlA-r cg:/ Yoo | X Sc. RTIS] [‘r,rt\u/b:] [‘r’:\h/e:]
0.1 1 7 1133 700 3000 590.22 307 | 060 | 066 091 0.49 0.19 3.19
0.2 1 7 1113 660 2500 453.00 230 | 069 | 079 0.88 0.96 0.19 4.84
0.3 1 7 1113 700 2000 453.13 219 | 069 | 0.79 0.88 1.44 0.19 10.04
I 04 1 7 1113 700 1500 443.10 1.95 0.73 | 0.87 084 1.89 0.19 13.38 I
0.5 1 7 1113 700 1000 42432 239 | 072 | 0.80 0.90 176 0.26 19.68
0.6 1 7 1113 700 1000 413.00 208 | 071 | 083 0.85 2.82 0.19 19.92
0.7 1 7 1113 700 750 416.96 2.13 0.73 | 0.86 0.86 2.36 0.26 26.31
1] V.Spallina, T.-Melchiori, F.-Gattucci, M:V.S-Annaland, Auto-Thermal Reforming Using Mixed Ton=Electronic Conducting Ceramic Membranes for a Smalt=Scale H, Production Pfant,

[
(2015) 4998-5023.
[

2] Z. Stansch, L. Mleczko, M. Baerns, Comprehensive kinetics of oxidative coupling of methane over the La,0,/Ca0O catalyst, Industrial and Engineering Chemistry Research.
36 (1997) 2568-2579.
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OCM packed bed membrane reactor

Optimal conditions:

Reactor CH,Inlet Pshell Inlet Shell Inlet Number of Max AT CH,/
Membranes

Viube Vshell
Length [m] [mol/s] [Bar] T [K] T K membranes K] 0, Ya.  Xou Sca RT [s] [m/s] [m/s]

0.4 1 7 1113 700 ‘ 1500 ’ 443.10 195 073 087 084 1.89 0.19 13.38

—
1 1400
- Reactor temperature [K]
- Tube temperature [K]
0.8
g 0 2 \
= =
© 1000
g )
2 3
T 04
& e
02 _CZ Selectivity //-_
= CH4 conversion
— C2 yield
0 600
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4

Axial reactor length [m] Axial reactor length [m]
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OCM packed bed membrane reactor

C,H,, C,H,, CO,
CO,, H,0, CH,

Membrane

reactor

Initial diameter (D;): 0.3 m
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CONCLUSIONS AND FUTURE WORK

» Packed bed reactors are not a suitable configuration for the OCM process
both because the poor performance achieved and the difficulties to control
the heat released during the reaction.

* OCM packed bed membrane reactor can improve significantly the yield of the
process, making it competitive with other C,H, production technologies.

« In a membrane reactor, the low oxygen membrane flux provokes:

» Heat management issue is solved because of the large exchange area
provided by the membranes.

» Reactor design is strongly influence by the number of membranes
required to feed the desired amount of oxygen.

» Model used for this study needs to be further validated with experiments.
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Contact info: Website:
Aitor Cruellas Labella: a.cruellas.labella@tue.nl https://www.spire2030.eu/memere
Fausto Gallucci: fgallucci@tue.nl

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 679933
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Number of simulations:
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Oxygen permeation flux:

Dv ( (,)(;.skr _ (,),20.5 kr)

/0.5

2Lk Py Py + Dy (Py° + P(g’z"'s))

v

Jo, = ki (Reverse surface exchange rate constant)

]02:(




