Q)]
2015 2018

Development of surface reaction analysis basis contributing to catalyst design
using a "super-adsorbate" concept

Ogura, Teppei
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In this work, we have developed surface reaction analysis basis contributing

to catalyst design by proposing an auto-generation algorithm of heterogeneous surface reaction
mechanism at high temperature with our original “ super-adsorbate” concept. Firstly, we have
clarified the reactivity dependence on catalyst materials and surface morphology using density
functional theory for each classified reaction type. The knowledge gives us a general law of surface
reaction parameters including local surface morphology. Secondly, we have built an auto-generation
algorithm of catalytic reaction mechanism, where intermediates and products are automatically
predicted and extended by specifying only reactants. Finally, we have developed our original program
by implementing the general law and algorithm. It estimates thermodynamic and kinetic parameters
automatically and outputs the reaction mechanism. The program can be the analysis basis for
catalytic reactions.
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reactants: CH4,H20 Added species: CH3,CH2,CH,...
catalys
CH,(t) + Ni(t) 2 CH5(t) + H(t)
- CH;(t) + Ni(t) 2 CH,(t) + H(t)
2 CHy () + Ni(8) 2 CH(D) + H(®)
Adsorbed species : CH4,H20
surface: Ni(t), Ni(s), Ni(k) 4. Reaction between chemical species
derived from each reactant
reaction
CHy + Ni(t) 2 CH,(t) Added species : CH30,CH20,...
CHy + Ni(s) 2 CHy(s)
CH, + Ni(k) 2 CH, (k) CH3(t) + 0(t) 2 CH30(t) + Ni(t)
.etc. CHy(t) + 0(t) 2 CH,0(t) + Ni(t)
? CH(t) + 0(t) 2 CHO(t) + Ni(t)
’ ’ 3. Dissociation
reaction No
? Yes
CHO COH Desorbed species into gas phase: - - -
CH30H,CH20,CO0, ... ‘5‘ Desorption of stable chemical species
CH30H(t) 2 CH30H + Ni(t)
CH,0(t) 2 CH,0 + Ni(t)
CO(t) 2 CO + Ni(t)
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- - - - No. Reaotion No. Rezction
No._species unpaired electrons _No._species unpaired electrons _ 1 CHA=CHHHH(111)%0 30 CHHOHO(111)%,1=CHHOO(TT1)% 2¢H(T11)%.1

1 CH4 (input species) 17 CHO(111) 1 2 H20=OHH(111)%0 31 C(111)%4+OH(111)%1=COH(111)%3

2 H20 (input species) 18 CHHOHOH(111)% 0 3 CHHHH(111)%0=CHHH(111)% 1+H(111)%,1 32 C(111)%4+0(111)%,2=CO(111)x2

3 CHHHH(111)* 0 19 CHHOHO(111) 1 4 OHH(1110=OH(T1 1), 1+H(1 1)1 33 CHOH(111)%2+0H(111)1=CHOHOH(111)%,1
5 CHHH(T11)%,1=CHH(1 1) 2¢H(111)%1 34 CHOH(111)2+0(111)% 2=CHOHO(111)%0

4 OHH(111)* 0 20 COH(111)% 3 6 OH(111)%,1=0(111)% 2¢H(111)%,1 35 CHO(111)%,1+OH(111)%,1=CHOOH(111)%0

5 H(111)% 121 Co(111)x 2 7 CHHH(T11)%,1+OH(1 11)% 1=CHHHOH(11 %0 36 CHO(111)%,1+0(111)% 2=CHOO(111)%,1

6 CHHH(111)% 122 CHOHOH(111)x 1 8 CHH(111)%.2=CH(111)%3+H(111)%,1 37 COH(111)%,3=CO(11 1% 2+H(111)%,1

7 OH 1% 123 CHHOOH(111) 1 9 CHHHOH(1 1% 0=CHHOH(I 1) 1+H(111)x.1 38 CHOHOH(1 1) 1=COHOH(111)%.2+H(111)%,1

8 CHH(T 1) 2 24 CHOHO( 1) 0 IOCHHH(OH(I)Wl)*.O(:CH)HHO(Hl)*.l(+H{1)11)*J 39CHOHOHEHl)*.I:CHOOHEIH;*O+HEHI\*I
11 CHHH(111)%,1+0(1 11)%2=CHHHO(111)%,1 40 CHOHOH(1 1) 1=CHOHO(111)%.0+H(111)%,1

9 0(111)% 225 CHHOO(111)% 2 12 CHH(111)% 2+0H(111)#,1=CHHOH(111)%,1 41 CHHOOH(111)%1=CHOOH(TT1)%0+H(111)%1

10 CHHHOH(111)% 0 26 CHOOH(111) 0 13 CHH(111)%,2+0(111)% 2=CHHO(111)%0 42 CHHOOH(111)%,1=CHHOO(1 113%.2+H(111)%,1
14 CHTIX3=CU T % 4+H(1TD%.1 43 GHOHO(111)x0=COHO(1 1), +H(T11)%,1

1T CH(I 1) 3 27 cHoolt 1)« ! 15 CHHOH(111)%,1=CHOH(111)%.2+H(111)%,1 44 CHOHO(111)x0=CHOO(1 1), 1+H(111)%,1

12 CHHOH(111)% 128 COHOH(111)+ 2 16 GHHOH(111)%12CHHO(1 )% 0+H(111)% 45 CHHOO(111)%.2=CHOO(1T1)% 1 +H(111)#

13 CHHHO(111)% 129 COHO(111)% 1 17 CHHHO(TT1)%,1=CHHO( 11)% 0+H(111)%,1 46 CHOOH(111)0=COOH(1 11)%,1+H(111)%,1

14 CHHO(111)% 0 30 CHOO(111)% 1 18 CHHO(T11)%0=CHOUTT )%, 1+H(111)%,1 47 CHOOH(111)%,0=CHOO(111)#,1+H(111)%,1
19 CH(TT1)%3+OH(111)%,1=CHOH(111)%.2 48 CHOO(111)%,1=C0O0(1 1% 0+H(111)%,1

15 G110 4 31 COOH(1 11 ! 20 CH(111)%3+0(111)%2=CHO(1 11)%,1 49 COH(111)% 3+OH(111) 1=COHOH(T11)%2

16 CHOH(111)% 2_32 COO(111)x 0 21 CHHOH(111)%,140H(111)%1=CHHOHOH(111)%.0 50 COH(111)%3+0(111)2=COHO(111)%,1
22 CHHOH(111)%,140(111)% 2=CHHOHO(1 11)%,1 51 CO(111)%2+40H(111)%1=COOH(111)%1
23 CHOH(111)% 22COH(111)% 3+H(111)%,1 52 CO(111)%,2+0(111)% 22C00(111)%0
24 CHOH(111)% 22CHO(111)%,1+H(111)%,1 53 GOHOH(111)%2=COOH(1 1), 1+H(111)%,1
25 CHO(111)%,1=CO(111)x2+H(111)%,1 54 GOHOH(111)%2=COHO(1 1), 1+H(111)%,1
26 CHHOHOH(111)% 0=CHOHOH(1T1)%,1+H(111)x.1 55 COHO(111)%,1=C00(1 1)+ O+H(111)%,1
27 CHHOHOH(111)% 0=CHHOOH(111)%,1+H(111)x.1 56 CHOO(111)%,1=C00(1 1)+ 0+H(111)%,1
28 CHHOHOH(111)% 0=CHHOHO(111)%,1+H(111)x.1 57 COOH(111)%,1=C00(1 1)+ 0+H(111)%,1

29 CHHOHO(1 11)%1=CHOHO(1 1) 0+H(111) 1

2
Shixue Liu, Yosuke Kotani, Teppei Ogura, "First-principles Study of Adsorptions and
Reactions of C1 Hydrocarbons on the Extraordinary Sites of Non-ideal Ni Surfaces,"
Applied Sciences, 2019 , in press, , .
60(194), 230-235, 2018 ;
DOI: 10.20619/jcombsj.60.194 260

17
124 , 2019 .

3 , 2018 ;
Shixue Liu, Yosuke Kotani, Teppei Ogura, " Theoretical Study of the Local Structure
Effect on Methane Reforming Reaction,”™ 8th Tokyo Conference on Advanced Catalytic
Science and Technology (TOCAT8), 2018 .
Shixue Liu, Yosuke Kotani, Teppei Ogura, ' First-principles Study of the
Extraordinary Sites Effect on Methane Reforming Reaction on Nickel Catalyst,"
25th International Symposium on Chemical Reaction Engineering (ISCRE25), 2018 .

, 121 , 2018 .
121 , 2018 .
Zhuang Yu, Oda Syunsuke Teppei Ogura, "A Study of Ni Catalytic Activity Dependence
on Alloying from the Viewpoints of Surface Electronic States,"
8th International Symposium on Surface Science (I1SSS-8), 2017 .
Ni

Ni

120 , 2017 .



Teppei Ogura, "Computational Analysis for The Reaction Mechanism of Steam Methane
Reforming Considering Surface Morphology of Nickel Catalysts,"

13th International Conference of Computational Methods in Sciences and Engineering
(ICCMSE2017), 2017

, 119 ,’2017
Yosuke Kotani, Teppei Ogura, "'Study of Novel Reaction Mechanism Construction Method

on Extraordinary Sites," 4th International Symposium on Inovative Materials for
Processes in Energy Systems (IMPRES2016), 2016

Ni

, , Ni
, 118 , 2016
3 CUTE , 2016 )

, , , Fe,Co,Cu/Ni(111)
DFT , 117 , 2016

. Ni ,

2015 , 2015 .
, 2015
, , Ni
, 116 , 2015

http://researchers.kwansei.ac.jp/view?1=ja&u=200000108



