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Increasing efficiency of carbon dioxide recycling reaction using integrated

reaction system by membrane reactor
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The application of a membrane reactor capable of effective mass transfer and
heat transfer to the combined reaction process of converting ammonia derived from renewable energy
into hydrogen and reacting it with CO2 to produce methane was investiagted. As catalysts suitable
for reaction conditions in the membrane reactor, Ru/Ba/y -Al203 and Ru/Zr02 were developed for NH3
decomposition and C02 methanation, respectively. Simulation analysis was carried out with creating
a reaction model in parallel with the experiments for the membrane reactor. It was found that the

development of a highly active NH3 decomposition catalyst and superior hydrogen-permeable membrane
are the most important issues in aiming to improve the efficiency of cobined reaction process using

a hydrogen-permeable membrane reactor.
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Fig. 1 Combined reaction process using membrane

reactor



H2 CO2

DME %
Ho N, H,0,CH; HuN,  HuN, H0,CHy HyN,  HyuN, H,0,CH; H,N,
Yy - Type A Type B Type C
=21 Fig. 2 Simulation models of combined reaction
100 process using membrane reactor
Hz N2
473 K 523 K
(©))
Flex PDE(ver.7.20)
11 mm 7mm  Pd/a-Al,Os
21 mm 25mm (Fig. 2 TypeA) Z=80
mm (0] 10g 15¢
NH3 40 ml-stp/min  CO, 15 ml-stp/min 673K
Fig. 2 TypeB
daF
% = AinPeat(—Twn3)
% = 1-5Ainpcat (rNH3) - Qi
daF
% = Aoutpcat(_rcoz)
% = 445utPear(—Tcoz2) + Qi
dTgn

(FNH3Cpm,NH3 + FpoCompz + FNZCpm,NZ) o Aoutpcat(_rNH3)(AHR,T) + UlMAl(Tgc - Tgn) +
Uy MA,(Tyo — Tyn)
(FeozComcoz + FiuzComuz * FeraComcria + FrzoComuzo) % = AimPeat(~Tco2) (BHg ) +
UrMA (Tyn = Tye) + Com,, Qi (Tyn — Tye)
Qi =] X MA; X (Pu,(hign)™® = Prtyctowy”™)
A in out MA; MA;
Qi U J
NHs CO. Temkin-

Phyzev 9 Lundeand Kester 2

_Ea
—Twuz = ko€ RTPNH3aPH2B
_Ea
—Tcoz = koe RT{PcoznPH24n - (PCH4nPH202n/Keq (T)n)}
0=1410 p=-1.176 n= 0.83
Pd

CO; Xmm
(Fig. 2 Type C)



[ CO, methanation ® NH; decomposition]

P N W b~ g
o O O O o

NH; conversion [%]

o

NH3

1)
0 [ Ruzo, Ru/Ba(1)y-ALO
Sa0 | RRARARSS
- c ° [ ]
CO.-TPD g 30 | ® s i
NHs CO: 20 | ¢ ]
(o]
. (8] ®
F|g3 NH3 6\410 . ‘. o [ N ] 4
RUBa()iy-Al0s  © 4 . .
0.0 100.0 200.0
Total number of basic sites [umol/g]
NH3 2 Fig. 3 CO; and NHj3 conversion as a function
of total number of basic sites
CO;
RuwZzrO,
3)
4 Table 1 A* A
NH3 Hz COZ
H> H> H>
Fig. 3 NH3 CO;
( ) ( )
CO;
Table 1 B NH3 NH3
CO; CO;
CO; NH3
Table 1 Results of combined reactions in each condition
Type Ax A B C
External CO, CO, NH3 Ho+ N3
Feed
Internal NH3 NH3 CO, CO,
NH; conversion [%] 52.6 57.1 69.7 (100)
CO, conversion [%)] 37.1 44.0 54.2 77.8
CH, selectivity [%)] 98.4 98.9 98.3 98.5
H, removal rate [%)] 83.8 87.8 86.4 87.1
Permeation H,
efficiency [%6] 87.6 90.9 88.6 89.3
Type A*: Previous study?®, TypeA : This study (developed catalysts),
Type B : Change of reaction configuration,
Tvpe C : Simulated case of 100% conversion of NHz
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Fig. 4 Effect of configuration of catalyst bed on NHz and CO, conversions
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