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 Ethylene is a very important product for the

petrochemical industry.

 Nowadays, the primary raw material for the C2H4

production are Naphtha and Ethane, mainly

obtained from oil.

 Feedstock diversification is required.

Oxidative coupling of methane

𝟐 𝑪𝑯𝟒 + 𝑶𝟐 → 𝑪𝟐𝑯𝟒 + 𝟐 𝑯𝟐𝐎

Motivation

>30% C2 yield is required
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Oxidative Coupling of Methane

Kinetic limitations

𝟐 𝑪𝑯𝟒 + 𝑶𝟐 → 𝑪𝟐𝑯𝟒 + 𝟐 𝑯𝟐𝐎

2𝐶𝐻4 +  1 2𝑂2 → 𝐶2𝐻6+𝐻2O

𝐶𝐻4 + 2𝑂2 → 𝐶𝑂2+2𝐻2O

𝐶𝐻4 + 𝑂2 → 𝐶𝑂 +𝐻2+𝐻2O

𝐶2𝐻6 + 0.5 𝑂2 → 𝐶2𝐻4+𝐻2𝑂

𝐶2𝐻6 → 𝐶2𝐻4+𝐻2

𝐶2𝐻6 + 0.5 𝑂2 → 𝐶𝑂2+𝐻2𝑂

𝐶2𝐻4 + 2𝑂2 → 2𝐶𝑂+2𝐻2O

𝐶2𝐻4 + 2𝐻2𝑂 → 2𝐶𝑂+4𝐻2O

𝐶𝑂 + 𝐻2𝑂 ↔ 𝐶𝑂2+𝐻2

𝐶𝑂2+𝐻2 ↔ 𝐶𝑂 + 𝐻2𝑂
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2 (fluidized bed reactor)

3 (Thin bed monolith)

1 (Packed bed)

4 (Catalytic wall reactor with reactive cooling)

5 (Microchannel reactor)

6 (Multistage reactor)

7 (Periodic reverse flow)

8 (Molten salts reactor)

9 (Simulated counter current moving bed
chromatographic reactor)
11 (Chemical looping reactor)

14 (Electrocatalytic reactor)

15 (Solid oxide fuel cell reactor)

16 (Packed bed membrane reactor)

Catalytic membrane reactor

18 (Fluidized bed membrane reactor)

19 (Dual function catalytic packed bed)

20 (Dual membrane packed bed)

21 (Plasma reactor)

Very energy 
intensive process

• Cryogenic destillation
unit is required to feed 
pure oxygen into the
reactor

Heat management 
issue
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Kinetic limitations

2𝐶𝐻4 +  1 2𝑂2 → 𝐶2𝐻6+𝐻2O

𝐶𝐻4 + 2𝑂2 → 𝐶𝑂2+2𝐻2O

𝐶𝐻4 + 𝑂2 → 𝐶𝑂 +𝐻2+𝐻2O

𝐶2𝐻6 + 0.5 𝑂2 → 𝐶2𝐻4+𝐻2𝑂

𝐶2𝐻6 → 𝐶2𝐻4+𝐻2

𝐶2𝐻6 + 0.5 𝑂2 → 𝐶𝑂2+𝐻2𝑂

𝐶2𝐻4 + 2𝑂2 → 2𝐶𝑂+2𝐻2O

𝐶2𝐻4 + 2𝐻2𝑂 → 2𝐶𝑂+4𝐻2O

𝐶𝑂 + 𝐻2𝑂 ↔ 𝐶𝑂2+𝐻2

𝐶𝑂2+𝐻2 ↔ 𝐶𝑂 + 𝐻2𝑂

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

to make the process competitive with the currently used technologies
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OCM packed bed membrane reactor

• Easier heat management

• The air separation unit will not be required 

• Increase the C2 yield of the process

The main characteristics of the membrane reactor configuration are 

the followings:

Tube (retentate) side

Shell (permeate) side

Efficiency and performance of the

OCM process are increased
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OCM packed bed membrane reactor

Mole balances: 

•
𝑑𝐹𝑂2𝑝𝑒𝑟𝑚

𝑑𝑧
= 𝑅𝑂2 ∙ 𝑆 + 𝐽𝑂2 ∙ 2𝜋𝑅𝑚𝑒𝑚𝑏 ∙ 𝑛𝑚𝑒𝑚𝑏

•
𝑑𝐹𝑂2𝑟𝑒𝑡
𝑑𝑧

= − 𝐽𝑂2 ∙ 2𝜋𝑅𝑚𝑒𝑚𝑏 ∙ 𝑛𝑚𝑒𝑚𝑏

(𝑂2 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑒𝑟𝑚𝑒𝑎𝑡𝑒 𝑠𝑖𝑑𝑒)

(𝑂2 𝑖𝑛 𝑡ℎ𝑒 𝑟𝑒𝑡𝑒𝑛𝑡𝑎𝑡𝑒 𝑠𝑖𝑑𝑒)

•
𝑑𝐹𝑖

𝑑𝑧
= 𝑅𝑖 ∙ 𝑆 𝑖 = 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠

Energy balances: 

• 𝐹𝑖𝐶𝑝𝑖
𝑑 𝑇−𝑇𝑟𝑒𝑓

𝑑𝑧
=  𝑘 𝛥𝐻𝑘,298 𝐾

° ∙ 𝑅𝑘 ∙ 𝑆 − 𝑄

• 𝐹𝑖𝐶𝑝𝑖
𝑑(𝑇𝑎−𝑇𝑟𝑒𝑓)

𝑑𝑧
= +𝑄

• )𝑄 = 𝑈 ∙ 2𝜋𝑅𝑚𝑒𝑚𝑏 ∙ 𝑛𝑚𝑒𝑚𝑏(𝑇 − 𝑇𝑎

(𝑅𝑒𝑡𝑒𝑛𝑡𝑎𝑡𝑒 𝑠𝑖𝑑𝑒)

(𝑃𝑒𝑟𝑚𝑒𝑎𝑡𝑒 𝑆𝑖𝑑𝑒)

(𝐻𝑒𝑎𝑡 𝑒𝑥𝑐ℎ𝑎𝑛𝑔𝑒)

𝑘 = 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛𝑠

𝑇𝑎 = 𝐴𝑖𝑟 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

𝑇 = 𝑅𝑒𝑎𝑐𝑡𝑜𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒
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OCM packed bed membrane reactor

Reactor 

Length [m]

CH4 Inlet 

[mol/s]

P shell 

[Bar]

Inlet Shell 

T [K]

Inlet 

Membranes 

T [K]

Number of  

membranes

Max ΔT 

[K]

CH4/

O2

YC2+ XCH4 SC2+ RT [s]
vtube 

[m/s]

vshell 

[m/s]

0.1 1 7 1133 700 3000 590.22 3.07 0.60 0.66 0.91 0.49 0.19 3.19

0.2 1 7 1113 660 2500 453.00 2.30 0.69 0.79 0.88 0.96 0.19 4.84

0.3 1 7 1113 700 2000 453.13 2.19 0.69 0.79 0.88 1.44 0.19 10.04

0.4 1 7 1113 700 1500 443.10 1.95 0.73 0.87 0.84 1.89 0.19 13.38

0.5 1 7 1113 700 1000 424.32 2.39 0.72 0.80 0.90 1.76 0.26 19.68

0.6 1 7 1113 700 1000 413.00 2.08 0.71 0.83 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

Variable Lower Limit Upper Limit

Reactor length [m] 0.1 0.7

CH4 inlet [mol/s] 1 1.5

Number of membranes 20 5000

Inlet membranes T[K] 660 820

Inlet  shell T [K] 933 1113

P shell [bar] 1 10

Vtube [m/s] 0.5 30

Reactor diameter [m] 0.3

Membrane diameter [m] 0.01

Membrane type BSCF (flux of 2.79x10-6 mol/cm2/s at 800 ºC) [1]

Catalyst type La2O3/CaO [2]

Range of variables:

Results:

[2] Z. Stansch, L. Mleczko, M. Baerns, Comprehensive kinetics of oxidative coupling of methane over the La2O3/CaO catalyst, Industrial and Engineering Chemistry Research. 

36 (1997) 2568–2579.

[1] V. Spallina, T. Melchiori, F. Gallucci, M.V.S. Annaland, Auto-Thermal Reforming Using Mixed Ion-Electronic Conducting Ceramic Membranes for a Small-Scale H2 Production Plant, 

(2015) 4998–5023.
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OCM packed bed membrane reactor
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Axial reactor length [m]

Reactor temperature [K]

Tube temperature [K]

Reactor 

Length [m]

CH4 Inlet 

[mol/s]

P shell 

[Bar]

Inlet Shell 

T [K]

Inlet 

Membranes 

T [K]

Number of  

membranes

Max ΔT 

[K]

CH4/

O2

YC2+ XCH4 SC2+ RT [s]
vtube 

[m/s]

vshell 

[m/s]

0.4 1 7 1113 700 1500 443.10 1.95 0.73 0.87 0.84 1.89 0.19 13.38

Optimal conditions:
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OCM packed bed membrane reactor

O2

C2H4, C2H6, CO, 
CO2, H2O, CH4

CH4 CH4

Membrane

reactorD1

D2

Initial diameter (D1): 0.3 m

Inlet gas velocity [m/s]
Number of 

membranes

New reactor 

diameter, D2

[m]

1 1500 0.49
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• 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.

• 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 C2H4 production technologies.  

CONCLUSIONS AND FUTURE WORK

• Model used for this study needs to be further validated with experiments.
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Inlet gas velocity [m/s]
Number of 

membranes

New reactor 

diameter, D2 [m]

% of reactor 

occupied by 

membranes

1 1500 0.49 60 %
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Oxygen permeation flux:

𝐽𝑂2 =
𝐷𝑣 𝑃𝑂2

′0.5𝑘𝑟 − 𝑃𝑂2
′′0.5𝑘𝑟

2𝐿𝑘𝑓𝑃𝑂2
′0.5𝑃𝑂2

′′0.5 + 𝐷𝑣 𝑃𝑂2
′0.5 + 𝑃𝑂2

′′0.5

𝐽𝑂2 = 𝑘𝑟 (Reverse surface exchange rate constant)


