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Conclusions and future work

PRODUCTION PROCESSES
e Steam cracking of:
= Naphtha
= Gasoil
= Ethane
= Propane

e Steam cracking of:
= Ethane
= Propane

* Fischer-Tropsch

~ —

NATURAL GAS

' where nowadays the CHa is burnt.

Ethylene

The process can be performed in portable
» units that can be used in remote areas,
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Conclusions and future work

STATE OF THE ART OF OCM (EXPERIMENTAL WORK)

8

X

o1 (Packed bed)

% 2 (fluidized bed reactor)

=3 (Thin bed monolith)

+ 4 (Catalytic wall reactor with reactive
cooling)
5 (Microchannel reactor)

A6 (Multistage reactor)
7 (Periodic reverse flow)

=8 (Molten salts reactor)

X 9 (Simulated counter current moving
bed chromatographic reactor)

+ 11 (Chemical looping reactor)

A 14 (Electrocatalytic reactor)

x 15 (Solid oxide fuel cell reactor)

© 16 (Packed bed membrane reactor)

@ Seriesl

% 18 (Fluidized bed membrane reactor)
19 (Dual function catalytic packed bed)

+ 20 (Dual membrane packed bed)

=21 (Plasma reactor)
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PACKED BED REACTOR

Simulation of the conventional OCM packed bed reactor:

1100

1050 F

1000

950

T£C)

900+

850

T

T

T T T T T

Runaway regime

Controlled regime

800

Runaway regime: Reactor conditions optimized to reach the maximum OCM performance

Controlled regime: Reactor conditions modified to avoid hotspots

Conclusions and future work

A hotspot problem can occur because of
the exothermic behaviour of the reaction

g

Lost of Ca+selectivity and probable catalyst
melting

¢

Reaction conditions have to be drastically
changed to control the temperature along the
reactor length

¢

This results in a very poor OCM performance

¢

Another reactor configuration has
to be found to solve or at least
minimize this issue
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NOVEL PROPOSED CATALYTIC MEMBRANE REACTOR

C2H4,C2Hs, CO2, CO, H20, H2

/_I_\ 2CH, + 0.50, - C,Hgz + H,0 = ky#(k1,0,*P0y ) *PCH, 2

w [1+(k1,02*P02)0'4+k1,coz*Pcoz]
kg #POZH 4 FO7¢
2 — 4 L2
CH,+ 20, - CO, + 2H,0 r (1+ka.c0, Pc0,)’
02
02
CHy+ 0, » CO+ H,0 + H 3 = _Ka*PehytFor
- ro = =
4 2 2 2 (1+ka.c0, Peo,)’
| The order of the OCM reaction respect to Oz is
Air lower than in the combustion reactions. Thus, the
desired path is favoured when a low Po: is kept
CHa g ., Depleted air along the axial length of the reactor.

[1] Z. Stansch, L. Mleczko, and M. Baerns, “Comprehensive kinetics of oxidative coupling of methane over the La203/Ca0 catalyst,” Industrial
and Engineering Chemistry Research, vol. 36, pp. 2568-2579, 1997.
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NOVEL PROPOSED CATALYTIC MEMBRANE REACTOR

The distributed oxygen feeding will be achieved by introducing oxygen membranes in
the reactor. The advantages of the new proposed configuration will be the following:

J Desired reactions will be maximized =@ The Ca+ yield of the process will be increased

« Easier control of the temperature during the OCM reaction

« The air separation unit will not be required

v

The process will be more competitive with the rest of technologies for C2H4 production
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OPERATING CONDITIONS
PACKED BED REACTOR AND PACKED BED MEMBRANE REACTOR ;=§0: C
=2 bar
CH4/02=3
Catalyst: La203/Ca0

A 1D plug flow reactor model has been used to simulate both reactors:

PACKED BED REACTOR PACKED BED MEMBRANE REACTOR
100 T T T T T T T T T 100 T T T T T T T
%0} Yona | %0} .
SC2
80 [~ YC2 1t 80~ JRN— XCH4
70~ g 70 Sca y
YCZ
60 - . 60 |- —
50 - . 50 - .
40+ . 40 .
30~ J 30~ -
20~ 20+~ 4
10 b 10+~ B
0 r r r r r r r r r O r r r r r r r r r
6] 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
z (m) z (m)

The yield is significantly improved,
making feasible its application to an
industrial scale

Even if the energy balances have not
been implemented, the OCM
performance with a conventional packed

bed reactoris not enough to compete
" with other C2Ha technologies.
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DESCRIPTION OF THE CATALYTIC FLUIDIZED BED MEMBRANE REACTOR

Fluidized bed reactor

Constant
relative * u/u,=3-5 " Bubbling regime
veloclty N Bubble
Ymt =7 phase
€mf .
*  Emulsion :
Emuljlon gas, . Bubble \k/)\(/el':vf:/gis'fht::r:\sfer
mf N .
Ue-'. €_rnf - us "‘::' Wﬂke Wa ke

(can be+or=)
S R Emulsion
ST b Ly Phase

AN NS SRR - -

Catalyst: La203/CaO [5]

BSCF membranes [6]

—»
—>
-~

[4] D. Kunii and O. Levenspiel, “Bubbling bed model”, I&EC Fundam., vol. 7, no. 3, pp. 446-452, 1968.
[5] Z. Stansch et al. ,Industrial and Engineering Chemistry Research, vol. 36, pp. 2568-2579, 1997.
[6] V. Spallina et al., Molecules, vol. 20, no. 3, pp. 4998-5023, 2015.




/
@
Technische Universiteit
T U Eindhoven
University of Technology

Motivation and introduction of the
concept

Conclusions and future work

OPERATING CONDITIONS
T=800 C
FLUIDIZED BED REACTOR AND FLUIDIZED BED MEMBRANE REACTOR P=2 bar

Catalyst: La203/Ca0
U/Umf=4.75

100 FLUIDIZED BED REACTOR FLUIDIZED BED MEMBRANE REACTOR

100
80 :ifjﬂ 80 :iim |
6 —_—Y C2 . —_—Y C2

40 40

(%)
(%)

20 20
0 0
1 3 5 7 9 1 3 5 7 9
CH4/02 ratio CH4/02 ratio
The OCM performance is poor, and the The OCM performance is widely
C:2 yield is not high enough to compete improved with the introduction of
with the available technologies for the membranes, reaching Cz yield values
C2Ha4 production that can make the process attractive

for the C2Hs industry
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FLUIDIZED BED MEMBRANE REACTOR

OCM performance of bubble and emulsion in an OCM fluidized bed membrane reactor:

100 BUBBLE PHASE 100 EMULSION PHASE

80 | 80 |

60 60

40 | 40 |
—sQ —sa

20 | ——XCH4 20 | ——X CH4
—va —vc2

0 . . : : ; 0 : . . . ;
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Axial reactor length (m) Axial reactor length (m)

Mass transfer resistances between emulsion and bubble phase can have opposite influences:

J C2 formed in the emulsion can migrate to the bubbles, where they are protected because of the lack
7 of catalyst, thus leading to a higher selectivity.

Decrease in the overall conversion because of the non reaction of part of the CH4 present in the
bubbles, where the amount of catalyst is low.
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STATE OF THE ART OF OCM (EXPERIMENTAL WORK)

100%

8 &1 (Packed bed)
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CONCLUSIONS

Packed bed reactors for OCM have a heat management issue that strongly
limits the maximum yield that can be achieved.

Conventional OCM technologies show a poor OCM performance, making not
economically viable their industrial application.

Membrane reactors, both packed and fluidized bed, can improve significantly
the yield of the process, making it competitive with other C2Ha production
technologies.
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Reactor modelling
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FUTURE WORK

Find the expression for the membranes used within the project to implement
them in the model.

Implement the radial diffusion equations in the model of packed bed
membrane reactors.

Update the kinetics in the model to have a better understanding of the
behaviour of the different OCM catalysts, especially being focused on the
C2 consecutive reactions.
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EXTRA SLIDE

Some permeation tests were performed (without the reactor shell) to a self-supported BSCF oxygen
membrane. The results are shown below:

—®— 800 C (experimental)

&
o

—0— 850 C (experimental)

w
"

—@— 900 C (experimental) . .
The difference between the obtained values

and the ones that are found in literature can
be caused by:

850 C (literature)

w
o

—@— 900 C (literature)

N
"

* External mass transfer limitations (the
air in the retentate side is not being
renewed during the experiment).
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EXTRA SLIDE

The best OCM results found in literature are the following:

BaCeGdCoFeO coated with 0
Na/W/Mn/si02 He 51% 850 0.52 0.67 0.348 [1]
LSCF (Coated BYS) Ar 25% 900 0.49 0.79 0.39 [2]

[1] S. Bhatia, C. Y. Thien, and A. R. Mohamed, “Oxidative coupling of methane (OCM) in a catalytic membrane
reactor and comparison of its performance with other catalytic reactors,” Chemical Engineering Journal, vol. 148,
no. 2-3, pp. 525-532, 2009.

[2] N.H.Othman, Z. Wu, and K. Li, “An oxygen permeable membrane microreactor with an in-situ deposited
Bi1.5Y0.3Sm0.203-56 catalyst for oxidative coupling of methane,” Journal of Membrane Science, vol. 488, pp. 182—
193, Aug. 2015.
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