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Fig. 1 (a) The time course of the CO yields and (b) The
amount of carbon deposition after the reaction tests
over Ni/Cr/deAl-Beta, Ni/deAl-Beta, Cr/Ni/deAl-Beta.
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1) S. Kokuryo et al., Catal. Sci. Technol., 12, 7270-7274
(2022).
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Fig. 1 CSDRM result of Ni@S-1 and Ni/S-1(reaction time=24 h)
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1) Sharanjit, S. et al., International Journal of
Hydrogen Energy, 43, 36, 17230-17243(2018).

2) Fujitsuka, H. et al, J €O, Util, 53, 101707
(2021)

3) Zhang, Y. et al., Catalysis Surveys from Asia,
27, 56-66(2023).
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Direct conversion of CO,

Osaka Conv. of JPI (53rd Petroleum-Petrochemical Symposiu...

to ethylene by bifunctional

ZnCry,04-ZSM-22 catalyst
(Univ. Toyama) oYing Shi, Weizhe Gao, Jiagi Fan, Chengwei Wang, Fan Wang, Yingluo He,
Xiaoyu Guo, Shuhei Yasuda, Guohui Yang, Noritatsu Tsubaki*

1. Introduction

With the development of society, the extensive
utilization of fossil fuels leads to the rapid increase of
D The direct
to high-value-added

CO; concentration in the atmosphere.
catalytic conversion of CO;
chemicals or fuels has attracted wide attention in recent
years. ? It not only partially relieves the CO, emission
but also provides a promising technology for the
utilization of carbon resources. Light olefins (C2-Cs4) are
the most basic feedstocks in the modern chemical
industry, which could produce plastics, medicines, and
paints. Currently, light olefins are mainly obtained from
the cracking of naphtha. However, the limited petroleum
resources cannot follow the growing demand for light
olefins. Moreover, the limited petroleum resources will
be exhausted in the future. Direct conversion of CO; into
light olefins has drawn intensive attention. In this work, a
novel bifunctional catalyst composed of ZnCr,0. oxide
and ZSM-22 zeolite was designed for direct conversion
of CO; to ethylene.
2. Experimental

The Zn-Cr-O (x/y) oxides, where x/y was the molar
ratio of Zn/Cr, were prepared by a co-precipitation
method. ZSM-22 zeolite was purchased from ACS
Material, LLC. The bifunctional catalyst was prepared by
physical mixing.
3. Results and discussion

For bifunctional ZnCr,04-ZSM-22 catalyst, CO,
was firstly converted to methanol by ZnCr,0,4 oxide and
then methanol was transformed to ethylene over the
ZSM-22  zeolite. that this
bifunctional catalyst exhibited 24.0% ethylene selectivity
and 21.9% CO, conversion at 360 °C, 5.0 MPa, while the
ratio of ethylene/light olefin (C-mol ratio) was more than
93%.

compared, ZSM-22 zeolite was beneficial for the

It was worth noting

Moreover, different types of zeolites were

production of ethylene. ZnCr,O4 with a spinel structure

was also more conducive to improving CO; conversion
and ethylene selectivity. The effects of different
integration manners and weight ratios of ZnCr,04 oxide
and ZSM-22 zeolite were investigated. The appropriate
weight ratio of ZnCr,04/ZSM-22 was 1/1. Furthermore,
during 60 h, CO, conversion and ethylene selectivity
stable, the ZnCr,04-ZSM-22

exhibited superior stability. This report not only opened

maintained catalyst

an avenue for CO; reduction but also provided a
promising strategy to develop an efficient catalyst for

direct conversion of CO to ethylene.

* Etlf\ylene

ZnCr,0,-ZSM-22 catalyst

Figure 1. Direct conversion of CO; to ethylene.

1) Shi, Y., Gao, W., Wang, G., Fan, J., Wang, C., Wang,
F., He Y, Guo X., Yasuda S., Yang G., Tsubaki,
N. Materials Today Chemistry, 32, 101654 (2023).
2) Wang, Y., Kazumi, S., Gao, W., Gao, X., Li, H., Guo,
X., Yoneyama Y., Yang, G., Tsubaki, N.Applied
Catalysis B: Environmental, 269, 118792 (2020).
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Highly selective synthesis of light aromatics from CO, by
chromium-doped ZrO; aerogels in tandem with HZSM-5@SiO;

catalyst

(Univ. Toyama) oLijun Zhang, Gao Weizhe, Yingluo He, Shuhei Yasuda, Guohui Yang,

Noritatsu Tsubaki*

1. Introduction

The efficient utilization of CO, has great strategic
significance, especially for the reduction of the CO,
concentration in the atmosphere and the relief of the
dependence on fossil resources. Aromatics (especially
light aromatics) are important bulk chemicals, which are
used in the solvents,

widely production  of

pharmaceuticals, dyes, fuel additives, and various
polymers. Currently, aromatics are mainly derived from
petroleum refining, which is an environmentally
unfriendly process with high energy consumption. To
solve this problem, the researchers developed a new
route for direct synthesis of aromatics by CO:
hydrogenation. Generally, the synthesis of aromatics
mainly includes a modified Fischer-Tropsch (FT)
synthesis or a methanol-mediated pathway. The modified
FT synthesis is based on the light olefins, and
subsequently zeolite is employed to produce aromatics
through light olefins oligomerization, cyclization and
dehydroaromatization.Y) Although direct conversion of
CO; to aromatics via a methanol-mediated pathway has
made great progress

recently, how to selectively

synthesize light aromatics (benzene, toluene, and
xylenes) remains a great challenge for the perspective of
industrial demand.
2. Experimental

ZrO,-Cr aerogel catalysts with different amounts of Cr
were synthesized by a sol-gel method combined with the
CO, supercritical drying method. The HZSM-5@SiO;
core-shell zeolite samples were prepared by the chemical
liquid deposition (CLD) method.?
3. Results and discussion

In this catalytic system, methanol was firstly

generated on the surface of ZrO,-Cr catalyst and then
transformed to aromatics over the HZSM-5@SiO;

core-shell zeolite.

<, BT e - .
:u‘g, G A Light Aromatics
7r0,-C B,
2 »-Cr %
H,’ e ¢ A;sm-smsmz B,
> ‘1 / \’ ; C-C Coupling »;%
’ v « « l'
Fcom 2 . :
o -
Smees McOH

Heavy Aromatics

=z \

C(
.*”

CA o 2 . & (&)

"0z 7r OV

o

Figure 1. Schematic diagram of conversion of CO, to light aromatics
over sc-ZrO,-Cr (8:1)/HZSM-5@Si0, catalyst.

The synergy between ZrO,-Cr and HZSM-5@SiO;
effectively promoted the thermodynamic coupling of
CO: hydrogenation and the formation of aromatics. The
external Brgnsted acid sites of HZSM-5 zeolite were
passivated through the silylation process, which could
effectively inhibit the alkylation reaction of light
aromatics and obtain light aromatics with high selectivity.
Over the sc-ZrO,-Cr (8:1)/HZSM-5@SiO; catalyst, the
CO; conversion, light aromatics and the total aromatics
reached 13.9%, 51.2% and 76.8%,

respectively. Light aromatics selectivity was higher than

selectivities

those of other reported oxide/zeolite tandem catalyst

under the same reaction conditions.

1) Gao, W., Guo, L., Wu, Q., Wang, C., Guo, X., He, Y.,
Zhang, P, Yang, G., Liu, G., Wu, J., Tsubaki, N., Appl
Catal B: Environ., 303, 120906 (2022).

2) Zhang, L., Gao, W., Wang, F., Wang, C., Liang, J.,
Guo, X., He, Y., Yang, G., Tsubaki, N., Appl Catal B:
Environ., 328, 122535 (2023); Zhang, P., Tan, L., Yang,
G., Tsubaki. N., Chem. Sci., 8, 7941-7946 (2017).

Copyright(C) The Japan Petroleum Institute 2023 All rights reserved- 2E18 -



The Japan Petroleum Institute Osaka Conv. of JPI (53rd Petroleum-Petrochemical Symposium of JPI)

C1 chemistry

[2E19-2E22] C1 chemistry (2)

Chair:Hiroshi Yoshida(Kanazawa Univ.)
Fri. Oct 27, 2023 3:45 PM - 4:45 PM Room-E (7F-room-702)

[2E19] Decomposition of N,O over perovskite-type iron oxides partially
substituted with other metals
ORyoichi Otomo’, Junichiro Ansai’, Yuichi Kamiya' (1. Hokkaido University)
3:45 PM - 4:00 PM

[2E20] Electric field NOx reduction in excess oxygen atmosphere using LNT
catalysts
OYuuki Inoda", Ayaka Shigemoto', Chihiro Ukai', Takuma Higo', Kohei Oka?, Yasushi Sekine'
(1. Waseda Univ., 2. Isuzu Advanced Engineering Center Ltd.)
4:00 PM - 4:15 PM

[2E21] Development of platinum-base compound metal catalysts for improved
exhaust gas purification activity under oxygen-rich conditions (2)
OKosuke Morijiri', Katsutoshi Sato', Hiroshi Yamada', Katsutoshi Nagaoka' (1. Nagoya
University)
4:15 PM - 4:30 PM

[2E22] Effect of adding oxygenated additive on Sooting Propensity of Gasoline
and Diesel Surrogate Fuels
OMariam Nasser Alshebli', Abhijeet Raj? (1. ADNOC Refining , 2. Khalifa University)
4:30 PM - 4:45 PM

©The Japan Petroleum Institute



2E19

BHER KRKXE (B53EAEM - ARIELFTRES

ERAIRTHDIEBRSN-HRRANOT A E B YMER

LVF= N,O 77 i

1. #E

iR EER N0 1d COx £V m R RE A b
STARBNRITATH Y, (W71, KIIEEHR
EDOREERAEPR PO ST D, KEHD N0
REITF2 EHLTERY, KGHD N MERERICK
ETHRENRS SN TS, 207D, N0 iR
Jtr (2N20 — 2Ny + On) ZARHET 2D 72 8O Ol D B 7%
P L I TND.

a7 AHA NEREIIE NoO S St 2 et
T AL L THbDNTWS, £, BTEESEKE
PA D NoO SfEBUSIZRET HDIEER TH D L1
RENTWD D SLFEE_u 7 204 MR
SrFeOs! I 5 C Al AT AS TR D /W 21 T
yax=—r AR LS. ZORMERIATSZ &
T NoO SN+ 2t e U COSHTE S
MRS D, T FETIZH AL, StFeOs?D Fe % Sn
TEINCERT D 2 & TR O/ FED
HWENKEIC EF T2 2 /RH LTS D A5
F2CIE, Fe 73 Sn CHIICEHL S IL7Z StFeOsD
N2O G SO T3 2 i e 2 fst L 7.
2. EER

SrFe;,Sn,0s (x =0, 0.10, 0.25, 0.50, 0.75, 1.0) D>
TIVNISEAEAIEIC L > TGRRLLZZ. UTF, Zhb
DY TN E EEEA 2GR U SFO, SFSO10, SFS025,
SFSO50, SFSO75, SSO & FEFT~%. B2 7Ltk
FelittizsEhy, TG EENICE W =Y 7 /L% He
SR THIER U 7 RO FIESE A © FE R
(2K TR L7, NoO 3O, e R
SOSEEE 2 VT T 72,
3. BREBR

B LIEWThoV o 7L b a7 2 A Mg
EIFR I AP N — &R LT, Fig 11T
SrFe1.Sn03 & HV 72 NoO 53D 7 A w7 dhif a7
9. SFO Ti, 600 °CHHrn5 NoO #afb=s 5L,
700 °CTiX 75 %Dk 4 52 72. Sn ZEHA LT
SFSO10 TlZ SFO X V1K 525 °Ch Bl E5H
L, 700 °CTiE 98 %lZ72~7-. SFS025, SFSO50 /%
EH 5 SFO LV @EWIEEZ/R L7243, SFSO10 X

(Lt xR) ORK 5, 47

S0 o h

0k

WL AWES S mAHRPINE

BB, s —

By

DIZPREWEETH - 72, Sn BHEIS OEH W
SFSO75 X SSO IHEIEETH -7, ZDZ b,
¥+ Fe JRFEPHOEET KBV A F2% NoO Z0fiRBL
JSIZKTT DIEERTH D EEZZ D,

SFO, SFSO10 D& f-lgz it Z#) % Fig. 2 (TR,
SFO "ClIt& 158 D HIBRIAIREE ) 430 °C Th -
7=DIZxF LT, SFSO10 T 375 °C (&R L L7=.
Sn BEHUZ L RAEFEOMENES o722 &,
LRI Fe B2 724k T 5 7= OIEFR KIBY A hO&E
MWENT LIZL - T, SFSO10 EiFEE /R LT EB 2
b,

SFSO10

SFS050
SFO

N,O Conversion (%)

400 500 600 700
Temperature (°C)

Fig. 1 Light-off curves for NoO decomposition over
SrFe ..Sn,yO; catalysts.

0.1

SFO
0

-0.1 1 SFSO10
-0.2 4

-0.3 4

Weight change (%)

0.4

-0.5

400 450
Temperature (°C)

350 500

Fig. 2 Weight change of SFO and SFSO10 due to the release

of lattice oxygen.

1) CHuangetal.,J. Catal., 2017, 347, 9.
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1. Introduction

This project emphasizes the importance of studying fuel components, specifically how
diesel compression-ignition engine fuel blends affect soot emissions, a major source of
pollution and health risks. Transportation drives worldwide energy use and pollution. Thus,
fuel efficiency and pollution reduction are crucial. Oxygenated additions in traditional fuels
may improve combustion and minimize hydrocarbon (HC), carbon monoxide (CO), and
particulate matter (PM) emissions. Biofuel use is region-dependent, especially when
biomass is abundant. Engine dynamics are crucial for oxygenated biodiesel mix use. When
oxygenated additive methanol is burned, its CO bond remains unbroken, resulting in a linear
reaction that doesn't produce soot. Laminar burning speed and ignition delay are crucial
combustion factors. High viscosity causes incomplete combustion when using biodiesel
directly, despite its environmental benefits. Blending with low-viscosity oxygenates may
help. Lignin-derived oxygenated aromatic molecules like anisole may aid. Blending
gasoline with oxygenated hydrocarbons like ETBE and ethanol reduces emissions, yet
groundwater contamination remains. Research has shown that multi-fuel blends and
additives can reduce soot emissions.

2. Experimental

The study aims to understand the effect of replacing a fraction of aromatics present in
gasoline and diesel with structurally similar oxygenated counterparts on the soothing
tendency of the fuel and the nanostructure properties of soot particles. For this, a gasoline
and diesel surrogate, consisting of a mixture of isooctane, n-heptane, hexadecane, and
toluene which emulating the chemical and physical properties of gasoline and diesel, will
be formulated, and utilized for soot emission studies. Fuel surrogates are convenient for
experimental research. Unlike real fuels, their composition is invariant with time and
location. Thereafter, a fraction of toluene in the surrogate fuel will be replaced by
oxygenated fuels, benzyl alcohol, and anisole that are structurally like toluene, and the
shooting tendency of the new blends will be compared to the former surrogate fuel.
Moreover, soot particles will be collected from all the fuel blends, and their
physicochemical properties and oxidative reactivity will be compared using various
characterization techniques such as thermogravimetric analyzer (TGA), X-ray diffraction
(XRD), high-resolution transmission electron microscopy (HRTEM), and elemental
analysis to understand the experimental trends on soot emissions.

Surrogate Fuel Formulation using DHA-GC (ASTM D6730) analysis was conducted on
commercial gasoline, ULG91, to decipher its composition. This informed the blending of
TRFs, n-heptane, isooctane, and toluene to formulate a gasoline surrogate. Before
choosing a diesel surrogate, multiple tests were done to understand its composition. N-
paraffin’s, isoparaffins, and aromatics were identified as the three major hydrocarbon
groups. Using density, RON, molecular weight, and TSI values, composition of the blends
were calculated. Out of several blends, Blend of 17% n-heptane, 47% isooctane, and 36%
toluene was deemed the closest in properties to ULG91 and was subsequently labeled as
the gasoline surrogate (GS fuel) for future studies. Diesel surrogate was prepared also
(70% n-hexadecane and 30% toluene).

Then surrogate fuel component replaced with oxygenated component by 10%.
The study focused on checking if replacing a fraction of aromatic hydrocarbon
with oxygenated aromatics could lead to soot reduction. This was done by
replacing part of the aromatic compound, toluene, in the GS and DS fuel with
oxygenated aromatics (benzyl alcohol and anisole). Two new blends were
prepared: benzyl alcohol-containing gasoline and diesel surrogate (BA-GS,
BA-DS ) and anisole-containing gasoline and diesel surrogate (A-GS, A-
DS).The impact of oxygenated fuel on soot emission was observed to be less
pronounced in the simple smoke point analyzer setup.

3. Results and Discussion

The sooting tendency of fuels was assessed using the ASTM D13221 standard
smoke point apparatus. This instrument measures the flame height at which a
fuel starts producing visible soot wings in the flame, known as the smoke
point. The smoke point, along with the molecular weight of the fuel, was used
to calculate the threshold sooting index (TSI) as shown in below graph. Also,
soot particles were collected from each fuel/blend using a filter assembly
connected to the apparatus for soot Characterization. Thermo gravimetric
Analysis (TGA) was employed to observe soot oxidation in the air for all
blends soot. The measured soot mass loss profiles, in terms of soot conversion,
were depicted against temperature at varying heating rates. An activation
energy for soot oxidation was calculated using the Friedman’s method to infer
the thermal stability of a soot sample. X-ray diffraction (XRD) patterns were
obtained to analyze the average stack length, thickness, and spacing between
graphene layers in soot samples. High-resolution transmission electron
microscopy (HRTEM) images were acquired to study the nanostructure of
soot particles. Elemental composition of soot particles, particularly oxygen
content, was determined using a Thermo Scientific elemental analyzer (LECO
CS 844). GS and DS soot showing higher reactivity during oxidation initiation
but lower reactivity during the main part of soot conversion.

The study provides a proof-of-concept that oxygenating the sooting
components (aromatics) of fuel can help in reducing soot emissions from the
fuel and can help in improving the oxidative reactivity of soot particles to
enhance their in-cylinder burning as data shown in below table
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Figure 1:Smoke points (mm) and TSI values of GS, BA-GS, and A-GS fuels.
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Soot Sample GS BA-GS A-GS DS BA-DS A-DS
Measured Density at 15° C (g/cm3) 0.8038 0.8176 0.8141 0.8038 0.8176 0.8141
Smoke Point (mm) 15.8 17.0 20.0 21 24 22
MW (g/mol) 101.93 103.98 103.95 101.93 103.98 103.95
TSI 22.28 20.99 17.46 22.28 20.99 17.46
RON 91.64 90.64 89.54

Cetane Index (Calculated) _ _ _ 52.9 47.7 47.2
Interplanar distance (dooz), A 3.57 3.62 3.62 3.63 12.68 34.29
Nano-crystallite height (L), A 12.30 12.53 11.75 3.74 13.51 33.5
Nano-crystallite length (La), A 30.43 25.68 21.60 3.71 12.61 41.42
C (wt%) 95.21 94.84 95.82 90.61 94.86 94.67
O (wt%) 4.79 5.16 4.18 9.39 5.14 5.33
OIC ratio 0.050 0.054 0.044 0.104 0.054 0.056

Table 1:Soot sample parameters for Diesel and Gasoline surrogates and its oxygenated derivatives.
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