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Elucidation of Hydrocarbon Purification Mechanism of Catalyst for Lean Burn Engine
Using Surface Analysis and Ab-initio Calculation with Large-scale Cluster Model
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When a platinum supported acidic support catalyst
is used as a hydrocarbon purification catalyst for lean
burn engines, it shows a high level of purification
performance. In order to elucidate the causal factors,
the surface state of the platinum particles was
analyzed by an X-ray absorption near-edge structure
analysis and ab-initio calculations, with a density
functional theory using a large-scale cluster model
and slab model, were carried out. The results showed
that platinum particles retain a metallic state when
acidic support is used. It was also found that there
is a distribution of charge in the platinum particles,
and when platinum atoms in proximity to the support
are positively charged, they are in a state that tends
to resist the adsorption of oxygen. It was found
from these results that the high level of purification
performance of acidic supported platinum is due to the
electronic activity of the acidic support, which helps to
prevent oxygen adsorption on the surface of platinum
in proximity to the support so that the catalyst yields
high activity with respect to paraffin.

1. $AHE

WMEMRAZDVE DL nbhTWw3 CO, DIKHkIZA
I > THRIEOMETH 5. HEHE2 S 5 CO,
ARIRT 57201213, TV Y Y ORMER ELAERETH
D, V==V 2EHEN TS, Honda T, rikT &
2 MYPE Y — v 23— (Homogeneous Lean Charge Spark

L UG R&D v 4 —

Ignition: HLSI) 20 & DO & L TfgE &2 LT
(79(1). (2).

LHL, )=y —=VIPES ) — kA 2B A IS B W
T, 2 MM FFHRCEE AV 5 5 ook, 53R
1t (NOx) 721 T2 < IRALAKTR (HC) DE LD MK T
LTLES EWHilErH 572, Fig. 1ICA M F&) —
¥ DA 2O HC i & HC Mo #EIE &R % @) —



REMMBLORRE Y F X2 BEFEETNERAWAEE-RIEFHEICSL S U — >N — P ARIEKFREAIED X 77 = X L fZEA

VHEA ZIE HCIRENEL, 2OHmTE /857 4 v OEIG
NEWZ Enbh»b. %72, Fig. 212 HC BLXIGOHEE
FEART. AL 7 4 VRBEFRICKH L TIT 7 4 Vit
fbEh2WEREL, LIz nwIenbr»rd. Zh
5DHERTY — Y FEHKIZ B TIFELRBE T 5 &
Eiohb.

TR U T4 i3 Pt SRR IR 3 8 5 7 4 v
MBS IcEH TS Z e R LTE 2% Y Fig. 3
12 Pt BYEHAMBIO KIGA X — Y %RT. /857 4 VD
BALKS I3 EEEOh T Pt @it Tcd 5 2 & ab
MNoTED, 2877 4 v EWEHED Pt RTRMZE S h,
Pt &I T CO, & HO 2 h, 5 &S 2+ —
LTHB. )= VFEAKIZENTEA M FEMKICHL
RN ESGFET S 720, Fig. 3 (a) D& D ITEED Pt
RIMANBE LRI AHET 22 LT85 7 14 v OREE D
HEXNRIGHESE T 5. ZhICx L Pt 283 2 ik
ELTRBEEOROMRAMHT2Z L2k, @vwiT
74 VIBLTEES R ST Z A R L 72 PR A T

Aromatics

8%  paraffin
23%

Aromatics Paraffin

46% 44%

Olefi
Ggg/om Olefin
10%

(a) Stoichiometric (b) Lean

Fig. 1 HC composition in exhaust gas
(HLSI, Ne: 1500 rpm, BMEP: 450 kPa)

100 - -
Aromatics |
90 (toluene) -

80
70
60
50
40
30
20
10

0

QOlefin !
(propylene)

Paraffin
(n—pentanel‘)

HC conversion (%)

150 200 250 300 350 400 450
Temperature (°C)

Fig. 2 Oxidation characteristic of HC
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Fig. 3 HC purification mechanism of Pt supported
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Table 1 Oxide materials
Type Support material
Acidic oxide Sio,
Neutral oxide Al,O4
Basic oxide MgO

Table 2 Model gas composition

Concentration
CO (ppm) 3000
HC (ppmC) 1200 (n-CgH4,)
NO (ppm) 70
0O, (%) 7
CO, (%)
H,O (%) 7
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Fig. 5 Cluster model of Pt supported catalyst

Table 3 MD calculation conditions

ltem Detail
Software LAMMPS
Potential Lennard-Jones
Simulation time, 500.0 ps,
Time step 1.0fs
Ensemble condition NVT

Table 4 Ab-initio calculation conditions

ltem Detail
Software DMol3
Functional PBE (GGA)
Basis set DNP basis set

Core treatment

DFT Semi-core

pseudopotential
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Table 5 Calculation of TOF in Pt supported catalyst

Catalyst | Conversion (%) |Pt amount (umol)| TOF (/sec)
Pt/SiO, 48.0 2.4 0.44
Pt/Al,O4 70.0 29.0 0.04
Pt/MgO 30.0 28.0 0.02
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Table 6 Amount of NH; adsorption in NH,;-TPD

Material NH; ads. (pmol/g)
SiO, 63
AlL,O4 23
MgO 2

Table 7 O, adsorption amount on Pt in O,-TPD

Catalyst O, ads. (pmol/g)
Pt/SiO, 4
Pt/Al,O4 12
Pt/MgO 50

7 A A HRET VOB TIRE R A BT %> 7. Fig. 712
BBIMO 2y 5 2 2 FEF L E5RT. TR B {LiE
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Fig. 6 XANES spectrum of Pt supported catalyst
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Fig. 7 Cluster models of Pt supported catalyst
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Table 8 Charge of Pt cluster

Table 9 Charge level of Pt surface

Pt/SiO, Pt/Al,04 Pt/MgO
Total charge of Pt cluster 5.93 3.1 0.19
Maximum + charge 0.32 0.31 0.06
Maximum - charge -0.02 -0.04 -0.05

BT WG IO L L TREWZ EREH &
EZEriohb.

EHIZPt Y 7 AXEMKT 32— Z &L OETFIRRER
FIZKD, Pt o 7 A2 NOEM % F 72, Fig. 8 (a)-
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2 A PIZ BRI AR O BT TR D, HBIKE OB
IZIEDOBHBERL, 75 22 LEANBOBMBER LT

(c) PYMgO

Fig. 8 Charge distribution of Pt cluster

Total charge amount -3 -1 0 1 3
Charge level of surface Pt atom| -0.240 | -0.093 | -0.017 | +0.060 | +0.212
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Fig. 9 Pt slab model and Pt+O, slab model
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433. AT TEFINCL B Pt NDEBRWEISHETE
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Fig. 10 Oxygen adsorption energy on Pt surface
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Fig. 11 Schematic image of HC oxidation on Pt

supported catalyst
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(3) G RIC KD, BUEHEE LD Pt R TFIZIEC
WL T, HEKEHED Pt i REICH W TH
IZIEBRVBERTEZ EnNbr oz /2, IEEM
EHO PR TEEICEBESBF LIZS VW &
Nbhhroiz.

IN6DZ &h6, Pt HFFEEMEEA A D &
RED BN, BRVEHRDE TR & 0 RIS L T
W5 Pt RMOMBENE BRI EN 2 Z LT, @monbits
BHOZE&ThbENFETET.



REMMBLORRE Y F X2 BEFEETNERAWAEE-RIEFHEICSL S U — >N — P ARIEKFREAIED X 77 = X L fZEA

SE XM

(1) Hanabusa, H., Kondo, T., Hashimoto, K., Sono, H.,
Furutani, M.: Study on Homogeneous L.ean Charge
Spark Ignition Combustion, SAE Technical Paper,
2013-01-2562, (2013)

(2) Hanabusa, H., Kondo, T., Hashimoto, K., Furutani,
M.: Study on Cyclic Variations of Laminar Flame
Speed in Homogeneous Lean charge Spark Ignition
Combustion, SAE Technical Paper, 2016-01-2173,
(2016)

(3) Takeori, H., Hosoe, H., Morita, T., Endo, T.: A Study
of Aftertreatment System for Spark-Assisted HCCI
Engine, SAE Technical Paper, 2015-01-2013, (2015)

(4) Takeori, H., Wada, K., Matsuo, Y., et al.: Study of an
Aftertreatment System for HLSI Lean-burn Engine,
SAE Technical Paper, 2018-01-0945, (2018)

(5) MEHE—, ol A, FEAHER, T, MR,
A : ) — Y NOx D FHAL x 7 = X L fif i &
i AR -, Honda R&D Technical Review, Vol.25,
No.1, p. 100-108

(6) Hashimoto, M., Nakanishi, Y., Koyama, H., et al.:
Development of Low Temperature Active Material for
Three Way Catalyst, SAE Technical Paper, 2016-01-
0932, (2016)

(7)Li, L., Larsen, A. H., Romero, N. A., Morozov, V.
A., Glinsvad, C., Abild-Pedersen, F., Greeley, J.,
Jacobsen, K. W., Norskov, J. K.: Investigation of
Catalytic Finite-Size-Effects of Platinum Metal
Clusters, J. Phys. Chem. Lett. 4, p. 222-226, (2013)

(8) Ishimoto, T., Koyama, M.: Electronic Structure and
Phase Stability of PdPt Nanoparticles, J. Phys.
Chem. Lett. 7, p. 736-740, (2016)

(9) Delley, B.: An All-Electron Numerical Method for
Solving the Local Density Functional for Polyatomic
Molecules, J. Chem. Phys., 92, 508, (1990)

(10) Delley, B.: From molecules to solids with the DMol®
approach, J. Chem. Phys., 113, 7756, (2000)

(11) Vosko, S. H., Wilk, L., Nusair, M.: Accurate spin-
dependent electron liquid correlation energies for
local spin density calculations: a critical analysis,

Can. J. Phys., 58(8), 1200-1211, (1980)

mE Enl

LY

"R — L0 B ) (OETRCE |

] (1 ¥






