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C2H4 economy
OCM
CMSC Membranes

Results
Conclusions

 Ethylene is a very important product for the petrochemical industry                 
→ high impact process and large market share

 The primary raw material for the C2H4 production are Naphtha and Ethane 
(especially in Middle East and US)                                                                     
→ interest in feedstock cost reduction and diversification

 From an environmentally point of view, naphtha steam cracking results in 2-3 
tCO2/tolef → reduce the environmental impact
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NAPHTHA STEAM CRACKING
OCM
CMSC Membranes

Results
Conclusions
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Oxidative Coupling of Methane
OCM
CMSC Membranes

Results
Conclusions

2CH4 + O2 C2H4 + 2H2O

2𝐶𝐶𝐻𝐻4 + 𝑂𝑂2 → 𝐶𝐶2𝐻𝐻4+2𝐻𝐻2O
𝐶𝐶2𝐻𝐻6 + 0.5 𝑂𝑂2 → 𝐶𝐶2𝐻𝐻4+𝐻𝐻2O

Main reactions

𝐶𝐶𝐻𝐻4 + 2𝑂𝑂2 → 𝐶𝐶𝑂𝑂2+2𝐻𝐻2O
𝐶𝐶𝐻𝐻4 + 𝑂𝑂2 → 𝐶𝐶𝐶𝐶 +𝐻𝐻2+𝐻𝐻2O
2𝐶𝐶𝐻𝐻4 + 0.5𝑂𝑂2 → 𝐶𝐶2𝐻𝐻6+𝐻𝐻2O
𝐶𝐶𝐶𝐶 + 0.5𝑂𝑂2 → 𝐶𝐶𝑂𝑂2
𝐶𝐶2𝐻𝐻4 + 2𝑂𝑂2 → 2𝐶𝐶𝐶𝐶+2𝐻𝐻2O
𝐶𝐶2𝐻𝐻6 → 𝐶𝐶2𝐻𝐻4+𝐻𝐻2
𝐶𝐶2𝐻𝐻4 + 2𝐻𝐻2𝑂𝑂 → 2𝐶𝐶𝐶𝐶+4𝐻𝐻2O
𝐶𝐶𝐶𝐶 + 𝐻𝐻2𝑂𝑂 ↔ 𝐶𝐶𝑂𝑂2+𝐻𝐻2

Side reactions
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 The CH4/O2 ratio strongly influences the selectivity towards C2H4/C2H6

 Very exothermic reactions

 Low pressure and low temperature favor the C2 yield
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Oxidative Coupling of Methane
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USE OF CARBON MEMBRANES FOR 
SELECTIVE SEPARATION OF OCM PRODUCTS

OCM
CMSC Membranes

Results
Conclusions

Objective: separate a gas mixture containing H2, CH4, C2H4 and C2H6

Strategy: Combination of different mechanisms to separate this mixture

Preparation method:
- dip coating on precursor (Novolac)

- Drying

- Carbonization (pore size distribution)Hamm et al, Int. J. Hydrogen Energy 42 (2017), 24830-24845
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Influence of carbonization temperature
OCM
CMSC Membranes

Results
Conclusions

0

50

100

150

200

250

0 50 100 150 200 250 300 350

Pe
rm

ea
tio

n 
[m

l/m
in

]

Temperature [ºC]

T(carb) = 450
T(carb) = 500
T(carb) = 550
T(carb) = 600

 

 

Data analysis

0.0E+00

2.5E-05

5.0E-05

7.5E-05

1.0E-04

1.3E-04

1.5E-04

1.8E-04

2.0E-04

2.3E-04

0 50 100 150 200 250 300 350

D
er

iv
at

iv
e 

[m
ol

/s
/ °

C
]

Temperature [°C]

450
500
550
600

ΔP = 4 bar



10 TU e Technische Universiteit
Eindhoven
University of Technology

Influence of carbonization temperature
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CMSC Membranes

Results
Conclusions
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Key findings:
Same operating conditions, two scenarios

Carbonization at 600 °C and 
permeation at RT

Before: 0.33 mL/min

After: 974 mL/min

Key conclusions:
o Water removal in inert atmosphere to 

control the molecular sieving

o Membrane tailoring
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Influence of activation 
temperature

OCM
CMSC Membranes

Results
Conclusions
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Depending on the activation 
energy, the average pore 
diameter can be determined

T act = 100 °C pored<0.26
T act = 150 °C 0.26<pored<0.29
T act = 200 °C pored>0.29
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Separation of the gas mixture (Act T=150 °C)
OCM
CMSC Membranes

Results
Conclusions
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CH4 has the lowest kinetic diameter, and thus shows the highest permeations among the three

The double bond of C2H4 leads to higher surface diffusions compared to C2H6

C2H4/C2H6 separation is a real possibility by increasing the functional groups in the membrane
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Separation of the gas mixture
OCM
CMSC Membranes

Results
Conclusions

48.2% CH4

30.9% H2

7.4% C2H4

1.2% C2H6

12.3% CO
-95 °C; 
34 bar

Ethane

Ethylene
CO, 
CH4, 
H2

Conventional OCM

However, the ideal perm-selectivities obtained so far, 
are not enough to get full separation

CH4/C2H4 = 1.8
CH4/C2H6 = 5
C2H4/C2H6 = 3.6 On going work in order to optimize these selectivities
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OCM
CMSC Membranes

Results
ConclusionsConclusions

• The bottleneck of many industrial processes comes from the separation of 
the products, where membranes can play an important role.

• CMSC membranes show a combined gas separation mechanism based on 
selective adsorption diffusion and molecular sieving: Membrane tailoring.

• C2H6 and H2 can be separated, however CH4 and C2H4 is a real challenge that 
membrane technology has to solve.

Future work
• Investigate the effect of gas mixtures in the selectivity towards the 

separation of C2H4 over CH4

• Addition of metals to increase the adsorption of olefins over CH4

• Design an innovative separation train system based on a combination of 
membranes and distillation columns
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Website:
https://www.spire2030.eu/memere
MEthane activation via integrated MEmbrane REactors
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