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Studies on Novel Catalysts Based on Zirconium—Tin Oxide
for Direct Decomposition of Nitrous Oxide
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EXNEDES

Nitrous oxide (N;0) is a well-known environmental pollutant that causes global warming and destruction
of the stratospheric ozone layer. In addition, N,0 has a long lifetime (ca. 120 years) in the atmosphere owing
to its high thermodynamic stability. N,0 is emitted by manufacturing processes (e.g., production of nitric
acid and adipic acid), and the concentration of N,O in the atmosphere has continuously increased over the years.
Therefore, the decomposition of N,O in the industrial exhaust gas is an important step for protecting the global

environment.

This doctoral thesis aimed to develop novel catalysts for direct decomposition of NyO into non—toxic

Ny and 0,. To this end, ZrSn0, was focused, because the oxygen supply from ZrSnO, may facilitate N;O decomposition.

2+/4+
s

Here, ZrSnO, may have redox properties due to the valence change of Sn and the coexistence of Sn?' can

generate oxygen vacancies for oxide ion migration, which were expected to result in the oxygen supply ability.

In Chapter 1, in order to develop novel catalysts with high activity, ZrSn0O, was selected as a promoter
to facilitate N,0 decomposition over the Rh activator; i.e., Rh/ZrSnO; were synthesized. Among the x wt%
Rh/ZrSn0, catalysts, the 1.0 wt% Rh/ZrSn0O, catalyst exhibited the highest activity and was able to completely
decompose N0 at 450 °C. In addition, in order to investigate the effect of ZrSnO, on the catalytic activity,
1.0 wt% Rh/Sn0O,, 1.0 wt% Rh/Zr0,, and 1.0 wt% Rh/A1,0; catalysts were prepared as the comparison. As a result,
1.0 wt% Rh/ZrSnO, showed the highest activity, indicating that the high oxygen supply ability of ZrSnO,
contributed to the high catalytic activity.

In Chapter 2, noble—metal-free catalysts of Co30./ZrSn;-Fe.0, s were prepared, because of the high cost
and scarce resources of noble metals. Here, spinel-type Co;0, was selected as an activator instead of Rh, because

Co304 based catalysts were reported to show higher catalytic activities than those of other metal oxides.

2+/3+

Furthermore, Fe ions were introduced into ZrSnO, to facilitate oxygen supply from inside the lattice owing

2+/3+

to the redox cycle (Fe?”?") and the smooth oxide ion conduction via the oxygen vacancies generated by the

2+/3+

replacement of the Sn*" site for lower—valent Fe Among the prepared catalysts, the 19 wt%

C0304/Z1Sng. 9sFeq. 0704 s catalyst exhibited the highest activity and achieved complete decomposition of N,0 at
500 °C without noble metal.

In Chapter 3, because practically applied catalysts are often exposed to coexisting gases of 0, and

2+/3+

H,0 vapor, novel catalysts with high durability were developed. Here, the Co doping was carried out into

the ZrSn0, lattice, instead of the Co*”/* loading as Cos0, with low durability. By doping Co*/**, N,0 decomposition

2+/3+

was facilitated due to the improvement of the redox properties by Co and the generation of additional oxygen

23 Among the prepared catalysts, the

vacancies through the replacement of Sn** for low-valent Co
71117510, 73C00. 1004- s catalyst exhibited the highest activity (complete decomposition at 550 “C). Moreover, the
catalyst of Zri 17Sno. 75Co0. 1004- 5 showed high durability against coexisting gases of 10 vol% oxygen gas and 3 vol%
water vapor; that is, the decrease in the NyO conversion on going from 0 to 6 h was 14% (87% — 73%), lower

than that for C0304/ZI‘SI’10.93F80.07O47§ (53% (100% i 47%))
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FREH I, HiERIRR LR L O Y VBIEEORIRWE CH 2 kit (N.0) %, MELRERLWEICE THE
B3R C & ZHTHABEZ AR L TV 5d, Z 2T, NSRRIV TIE, NLOON-0#E G HIMrZ & 0 NSy 1 A3
HEL 72, IR AIRBRFESMERAEIERGFE L, ZOREBEORENFETHL Z ERMBNL TS, TaBE
ZHHEFIL B TAPOBEEZ MG T 2B 2B LTHWA Z LIk WEBFE L0 T & LTS
BRTLTHIENFRELE 2 BEMBELAT LI L a0 h-2 XEESERY (ZrSn0y) ICEH LTV 5, ZrSn0,
(2. NoOZTfRRE % 7 T RhZ #HFF L 72Rh/ZrSnO il 2 Ak L 7= & 2 A, Rh/Sn0., Rh/Zr0,, 3 X URh/AL0; & Y @WE
PEZR L, 450 CTNOZFTERNRETEDLZ L ZHLNITL TN D,

FHFERIL RRORD Y IZCo0x AND Z LIk, BERE 7V~ LA L TS, 22T, B@RE7Y
—THEWENEZS D70, ZrSn0dcxt L, WAL LT <, Do E M OFe * ZEE S22 2 LIk, BFE
a2 M L &7 L 2 A, Cos04/ZrSng esFeo 0104 923, EABEMEHA L TWaWZ 230 53, 500 CTTN0% 58
ENMRTELZLEERHL TN,

S HICHFES T, EFEHRET TIENOIIMA THESCKELINEF L TNDEZENnE, ZNLLDOTAICX LTH
WA Z A3 B A S AR LTV 5, Cos0iifFHOKARUTHK L CTIRAMEDMENZ &b | Co™¥ A A% | HEF
TR, THICEE S E72 8 2 A, Zri1iSne. 13C00, 1004 s DEEFR LK FERITH L TR WIAMEZ R T Z & 2 50
IZLTWD, 2B, Zri 11Sng 13C00, 1004- s 12V T, BRFE (10vol%) BELOUKFKR (Bvol%) F:AFT. 500 CTEHFHIfR
Ef L 72 BRON 085/ SR O I8 8 1314% (87%—T73%) T ¥ . Co504/ZrSne, esFeq, 0704 5 12 I3 1T 5 THib £ (53% (100%—47%) ) & L
WL TIRWZ &b, AWIAEEZE L TWD Z ERnbhnd,

PALD X DICARMRm L TIE, MBEMEEEZ A T 22rSn00Z & B U, Bl RNOB S o M 2 Al L7z & 2 A, #&F
D DOIEFEMAEIZ L D OB S L, BWABHTERSBONE Z EE2H LML TS, £72, KX THR
H E NN MR IBE D FR FHEEHE, A B OMBERIRICB W T—20EBEREIE LR VHBL LD TH Y | NSy fiffil i
DHORBIZRELSFEGTIMATHLI LB 2D,

Lo TARGRCIH LR E LTUIMEH 2D LRD D,




