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1) W. Li, K. Oshihara, W. Ueda, Appl. Catal. A: Gen.,
182, 357 (1999)
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1) S. Ishikawa, Y. Yamada, C. Qui, Y. Kawahara, N.
Hiyoshi, A. Yoshida, W. Ueda, Chem. Mater, 31, 1408
(2019)
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1) S. Ishikawa, W. Ueda, et al., ACS Catal, 119 ,

10536 (2020)
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Insight into the effect of oxygen species and Mn chemical
valence over MnOxy on the catalytic oxidation of toluene

(University of Toyama“)oHeng Zhao", Guohui Yang", Noritatsu Tsubaki”

1. Introduction

Catalytic oxidation is considered as a promising
approach for the control of wvolatile organic
compounds (VOCs) due to high efficiency and low
cost . Because of the low-temperature catalytic
activity and the excellent redox property, manganese
oxides catalysts attracted much attention for the
VOCs catalytic combustion 2. But there is no
agreement on the constitutive relationship of the
catalytic performance, Mn chemical valence and
oxygen species P!, Herein, MnOx catalysts were
prepared by different precipitants via co-
precipitation method to clarify the role of chemical

valence and oxygen species (Fig. 1).
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Fig. 1. The effects of different precipitants.
2. Experimental

In a typical synthesis, a certain amount of
Mn(NO3): (23 mmol) was dissolved in deionized
water (100 mL). Next, four different precipitants
were slowly added into four different beakers
containing the same mixture till the pH value
reached 9.0. After 5 h stirring at 80 °C, the products

were washed by distilled water and then be dried
overnight at 105 °C. Finally, the samples were
calcined at 550 °C for 5 h. According to the different
precipitants, the samples were denoted as Mn-SH
(NaOH 5 mol/L), Mn-SC (Nay;COs; saturated
solution), Mn-AC ((NH4),CO; saturated solution)
and Mn-AH (NH;-H,0), respectively.
3. Results and Discussion

Various amounts of Mn** and adsorbed oxygen
species were found on the catalysts (Table 1). More
oxygen vacancies were formed on the Mn-AC, due
to lower crystallinity and higher ratios of Mn3*/Mn*
and Oaas/Oiae. Besides, by improving Mn*, the
binding capacity of the Mn-AC to oxygen was
weakened, thus increasing its oxygen mobility.
Furthermore, abundant adsorbed oxygen species of
Mn-AC enhanced the oxidation ability of lattice
oxygen by the rapid supplement of consumed lattice
oxygen species, and then the reaction following the
MVK mechanism was promoted. Hence, E, of the
catalysts were ranked as follows: Mn-AC < Mn-SC
< Mn-SH < Mn-AH.

[1] W. Si, Y. Wang, Y. Peng, X. Li, K. Li, J. Li,
Chem. Commun., 51, 14977 (2015).

X. Zhang, H. Zhao, Z. Song, J. Zhao, Z. Ma, M.
Zhao, Y. Xing, P. Zhang, N. Tsubaki, Transit.
Met. Chem., 44, 663 (2019).

X. Zhang, H. Zhao, Z. Song, W. Liu, J. Zhao, Z.
Ma, M. Zhao, Y. Xing, Appl. Surf. Sci., 493, 9
(2019).

[2]

[3]

Table 1 Crystalline sizes, surface atomic ratios and apparent activation energy (£,) of the catalysts.

Catalysts Crystalline sizes (nm) Mn3*/Mn** Oads/Oatt Ea (kJ/mol)
Mn-AC 25.9 2.83 0.90 90.8
Mn-SC 26.1 2.22 0.74 96.9
Mn-SH 34.1 1.46 0.68 122.8
Mn-AH 61.9 1.26 0.57 130.8

a. O4¢s means adsorbed oxygen species; Oy means lattice oxygen species.

Copyright(C) The Japan Petroleum Institute 2021 All rights reserved. 2F04 -



HEAS (B51OEH - AREFHRS)

AU RREBERW=NF OO LEBRKRIZKS
R ¥ U DRMEERIERIG

(*$fﬂjt&n]:*WQH”jtji**)C)ZH$T5% SRR Hie TSN

WhiZLpH W\ h ZLRE &LB

Jor - TR - pE L

1. f5

WMFZREE Tk, flx D3 F 2 LSRR 2
VN, BREANC 0o IBICANC L-T A 3L B Ui A
T2 L TRUB U OIRMBILRSIC L D 7 =
J—IVERRERE L. ZORISHEREIZ OV T HI L
MELTER, ZORISOEEBFE IO T
B HIMPELIKFEDAERKEFETH Y . ZO 7Dk
RBERHEEZEMSELZ LT, 7=/ —VAER
BEOWMBHGFEINT, 2T, A7 e A\
BRI RERICER Lz, AT 7WHITEMHA T 7 LK
FIAZ 7 ORERTH W RENZR MR ThHd, v
SRS D HENISCEER I L DURAHA T 7 OFFRD
A RFEAEMSE, 2k 0l b KRR
FEOYEMBWIRGE S5, KEBRTIZ, 2T 7RG
REFIH UMM LCARF VT LT T 2F T
‘IZ FF— k VO(acac) , ZH T, X ¥ OfEs=

ESU/I /AP BB bkl R PA

* o RIS
77 Fig. 212 AT ViiibeszE W GE L. ek
DEE ] 45 B i ga % T2 38 OINE T TO AR

MONED I Z RS, 7=/ —/b | BEFRrXx/
AERRUCRS N Uiz, ZAURE N IR ERR
AL Z & T, BROEMENSEINL, B3R
& Rl oD SO DMIEHE S ALIBER LK SE DAL B BN N
L7zl Thd EHESND, -, FFETDH A
E LT, AT 7RG T BARLE oy IS &
e R ARWE NS T TRVWIGE T = /
—NVINERRT D Z E R, ZAUTAIE SR OB
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80 vol%) 50 ml Z Aiv, WEE Imm @ PTFE F =2 —7 = 4
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L DB TAT VT iz B S %, PTFE F 22—
7 3.5 mEAANAANRREL, WEX 20~80 CIZ 0 ' ' '
REET B, AP £ 0 )% 0~0. 16 MPa 73 T, 0 s b 0ds 02
2T THBHRHE SR TG D L 2R LD, Pressure(gauge) [MPa]
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Sampling

Fig. 2 Yield of products for liquid phase benzene
oxidation under different oxygen pressure using
(a) slug flow reactor and (b) batch reactor

Fig. 1 Experimental equipment

Fig. 2 |ZPEBRM DA Z Vi) ibas (Fig. 1) %
VY, VO (acac) 2 AR Z il & 9~ 5 X B v O AREE
{EEOG Z ik, bl & U ChEsk o BB R 4y S g
EDNEED I AT > 72, B bAEmkm & L
T7x=/—VBIOt FeXx/ COREMNMEl S

D Yamamoto, K. , and Ogata, S.
Int. J. Multiph. Flow, 49, (2013) 24-30.
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Fig. 1 Effect of UV-LED irradiation for epoxidation
of C3He on Ag(56)-NaCl(1)/SrCOs (0.300 g, C3He/O>
=1.0, 673 K)
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Fig. 2 Absorption  spectrum corrected by
Kubelka-Munk  functions (Fresh SrCO; and
Ag(56)-NaCl(1)/SrCOs)

1) S. Sugiyama, Y. Sakuwa, T. Ogino, N. Sakamoto,
N. Shimoda, M. Katoh, and N. Kimura, Catalysts, 9
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