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Development of the Sabatier Reaction Catalyst for Practical Space Systems
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Akiko YONEDAS3, Takayuki ABE 4

Abstract

The Sabatier reaction catalyzed by titania-supported ruthenium (Ru/TiO2) was investigated for the aim of practical water
(H20) generation from reduction of carbon dioxide (COs) with hydrogen (H:) at lower temperatures. Various Ru/TiOs
catalysts in powder form were prepared by a dry processing named “barrel-sputtering”. Hydrogenation of CO2 to methane
successfully proceeded on the catalysts at temperatures below 300°C without the formation of carbon monoxide (CO) even if
pretreatment of the catalysts was carried out. It is noteworthy that catalytic activity of Ru/TiOz catalyst was enhanced

when the catalyst was immobilized in a three-dimensional structure.

In addition, use of the immobilized catalysts resulted

in significant alleviation of not only catalyst weight but also temperature differences in the reactor.
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Table 1 Properties of Ru/TiOz2 sample catalysts.

Metal content Meap Ru' TiOz' prop'erties (mean Cafcalyst Total surface. area of
Catalyst Weat [wt%%] > particle size, particle size [nm] and weight, Ru nanoparticles,
D [nm]# crystal structure) W gl SRu.cat. [m2]

RwTiOz¥ 0.80 2.5 200, anatase 1 1.55

1 0.75 2.3 1 1.6

2 1.3 2.7 1 2.3

3 1.9 3.7 1 2.5

4 1.0 2.5 100, anatase 1 1.9

5 3.0 2.5 1 5.8

6 4.2 5.1 1 4.0

7 13 19 20, mixture of anatase 1 33

and rutile

a Measured by BET method. ¥ Produced by University of Toyama, Properties of the catalyst are referred

from ref, respectively.
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a) 100 nm b)

Fig. 2 TEM images of catalyst 1 with a) TiO2
supported Ru nanoparticles and b) TiO2
supports on which Ru nanoparticles were not
observed.

HAADF Ru

a) 50 nm b) 50 nm Ru L

Fig. 3 STEM-EDX analysis of catalyst 1 with a) a
High Angle Annular Dark Field (HAADF)
imaging and b) an elemental mapping of Ru.
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Fig. 4 Schematic drawing of the experimental setup.
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Fig. 5 Temperature dependence of the CO:z
conversion at the Sabatier reaction over 1 g
of catalysts 1 (M), 3 (W) and RwTiO: (O),

respectively. The flow rate of mixed gas was
10 SmLM.
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Fig. 6 Temperature dependence of the COs2
conversion at the Sabatier reaction over 1 g
of catalysts 1 (M) and RwAl:03 (@),
respectively. The reaction curve of catalyst 1
is the same as that in Fig. 5. The flow rate of
mixed gas was 10 SmLM.
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Ru

b) 100 nm Ru L

Fig. 7 STEM-EDX analysis of catalyst Ru/Al2Os with
a) a High Angle Annular Dark Field (HAADF)
imaging and b) an elemental mapping of Ru.
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Fig. 8 Temperature dependence of the COs

conversion at the Sabatier reaction over 1 g
of catalysts 1 (H), 2 (3), 3 (W), 4 (), 5 (),
6 (#), and 7 (A), respectively. The flow rate
of mixed gas was 50 SmLM.
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RIS, PAFIRIGE GRS EM R, D
VMEAR Ly MR O 2 FEIE U 72 B E R S a2 W T
T 580%, MBLENIEE 28— RT3 2 &R
ThdH LR, KISFRN ORI L & WSO/
BN ENRMENTWD., PARFIIGEEHTHIN
LOMBIZATTHY, BRICFHELELZRFEBL TWVD %K
EOHETH, RO Y SN OTEE XA Y O AT
239 600°CIZxf L CTH D ARIEIEK 150°C L, FEEICHIED
ORERBEZELZNLDLTWVWEERSH->TNS D, F77,
BANEN T IR ROBENE K 2 SHEL S &2
T2, BRI S oI kRO L, B
(bLZRBEZDTRPBETHD. ZHEOKMT BS fill
WXL CHREBRTH D, Fhr b LTI RERTER% b il
EHEEZE T ST, EARA7 =B W TH AR O
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Table 2 Characters of immobilized Ru/TiO2 structural catalyst 5, powder catalyst 5, and a Ru/Al203

commercial catalyst

Catalyst layer size  Catalyst Ru density Highest COq
Catalyst Form (SV value [h1]) content [g]  [g/em?] conversion [%]
5 ggiﬁﬁﬁﬁ;l ééanLgcm 6.1(1.6) 2.1x 103 90@250°C
powder (diluted  ¢2cmx L15cm 5 o
5 with glass wools)  (223) 11.5 (3.0) 2.4x 10 88@250°C
Rw/Al:Os”  pellet ééanL15“n 15 1.6x 10 93@350°C

@ Numbers shown in parentheses: weight of powder catalyst. # A commercial 0.5wt% Ru/Al2Os pellet catalyst.

FETOHAERB T CORmWKINMEZHERF L2 0IER S
RN, T, RIGHWNIREAEEZ TE LT/ EL LD
OfEPERE B MERF T D ik L LT, Ml 5 2RIk A FE
(LLF TSIC)) @ =Wkotid Bk &R EICEE b Uiz #r
LUWVERE D fili D B % it L 7=,

SENRE LT SiC B, A, mEWE bz et
IZENDZ L, BHOA Yy v aREeERTEDH L, &
I SV E2) 16000 [1/hr] O H 2 Tdh - T b FMAEHIHN
Fo3hENZ EnG, BS il " REIE O L EARICHE L
TS LI L7z, SiC =kIeHE B IRAEE IR L~ il
b DEEIE, —MRIRERIEICESWTEBELE. 20
FER, Fig. 9 O X O Jefillt 5% 457

3.2.2 RU/TIO, [E7E 1t fil 1% 0D ik 45 14 BE

B E LSO S ISTEPE, Table 2 12789 X 512 Fig. 9
OfiiEE 7 A FERBBEIE T 9 em OfELE L, 175
SmLM DEA& A A (CO/Hz = 1/4) 1Zxt4 5 CO2iELHR
MHRHME L7, FEBRIE 2.2.3 BI O 2.2.4 O RN
REREAT & A4, Mo Bl LT 20 FEUITH
WZHEEL7Z. TofERE Fig. 10 1I279(0). FiEETO
CO2 LKL, 3 g Ofibft 5 ZfiliftfE K X 15 ecm (2725
EoCFHE L -MEEEHO-5HE (@) LIZIFERUET
bol-. EIZ, il 5 OEEIIREMEM THL TR
T EEDD L BEE RN 115 ¢ THDLDITHLT,
filfft 5" Cix SiC BKZEHTH 6.1 g Thol=. T72b
B, fillt 5 2Dt 5~ fEREO R T AR 3 &

Fig. 9 Picture of catalyst 5’ (42 cm x L 3 cm).
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Fig. 10 Temperature

72 < SiC ~EE M UIofE R, i) R iEds L Ot & o
RS RIS TE S22 5. Zhux, BJEEkD
NS W ERTEHE BOIRE RIS ARBE A EE L 2 &, Al
FIENEBESBTE -2 LIk RO m &

ik & A & OIS X0 B R < AThve Z LA HH
LEZOND. EIZ, WEENEEFD Ru/AlOs <L v bk
ikl 15 g 12 K DFEHR & kT, BEAAE 350C T
MR 93%ZTERR L TWH DK L, fllt 5Tt 250°C
T 90% &, IFERFED COBILBEEAMFFLEN S, K
JGTRE % 100CHE< KT 2 Z LIk L Tna. Zh
b, BIRAME (i 5) TRUGIEMEZFE LW HEPH <
Ru K742 <HEFL, TIZ— RN v MllE~DRk
BTiE7e< SiC MER E~FEEL L7 2 & T, ALK
B R CE D ZERRATR A HERF L2 2N B flt Jeg BN (A RS 2 7=
DO RuBEZNLESEEIENEREEZD. SHBOK

100 -

N o [}
o o o
1 1 1

CO, conversion, %

N
o
1

@
O T T T 1

120.0 180.0 240.0 300.0 360.0
Temperature, °C

dependence of the COg
conversion at the Sabatier reaction over
catalysts 5 (@), 5 (&) and a commercial
Ru/Al:0s pellet (@), respectively. The flow
rate of mixed gas was 175 SmLM.
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WER VAT AFRFHIB W T, o L b
AADTZ &, BEARR EbEEARER /2D, 20
2 [B] O sl [ B AV 1A 14 O il o0 S AL RREHC BV T,
MBI RV X — DB de 59, g B0 RS OB
WCHBERDIERTETHD EWFFTE 5.

Mz T, BOKILEEHT 2 =W B RS o F) A
VAR DO RS R &2 & D D720 TR, FEE S DR
THLIEEDRECHLANTHDL Z ENRBINT. &
i e by COz BILHRZ Ak L72FF (Table 2), fit
BN OREARLITIRAN L > Ml CRKH 80CTH
STEOITHF L, il 5 135 30°C &% L < R & A

oz, Fiz, MULEEISENEH D L OO 5%
F15°CE, IEARIZIES SICEBENABRLE o7,

BR8N ORI 220 E 2 O AL, RIGBERET H v
AT LOMLEMESS, FEH XY HIERENEWE TSR
WAELDA Y FARy NERIZ KMo S (&L 5| =
oL, BEROICEENKELTIREE /LS. AR
P L7 o B IR E AR LY, AR ER YA
RE o BATHMBE A EZ L0 —REECR
T ENTEIIE, REO X D REEIE, OV TIREEE R
F & o T, ARERIIIEFICHAICHS b LB 5.

4. %%

b

P ARFRINE, FEkoF NFEEEBIZBWTZEOE
JHERZEEN TV, AELLHEHEN D CO2 22 bR
EHAETAHIERBARENOY T AT AL LTHAE SN
TW5. LLanG, ZoERAIIZHIT CTIIRZHE
BELEENTWD. SEF~L L, BARRPAAFIK
IRDRIBAGICE 545 2 & AR STV D iR O
b KA E I X 2 REMESFIcHE(LL, FiCE
TCHRLNT RO “REEEFERTH LT, K
JE AT — T v 7L CHARIE T ORIE O E R %
FFC& Bt oRLE I LTz, A% 2016 EOFHE
REEFEIZ AT 72 AT ABAFE & RIS 2 D TIT <
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