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Conversion of CO:
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Photocatalytic Reforming
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H> and C> Compounds
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Visible-light driven
polymer precursor
synthesis from gaseous
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Nanocatalysts for a
low-carbon society:
upgrading chemicals
through electrochemical

hydrogenation
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Compare the Microscopes in detail

R IETHENG—ER

High Voltage TEM
JEM-1300MEF

Atomic Resolution
Analytical TEM
JEM-ARM200CF

Cs-Corrected
STEM/TEM
JEM-ARM200F

3D tomography TEM
JEM-3200FSK

Lorenz TEM
TECNAI G2-F20

Digital TEM
TECMAI-20

Holography TEM
HF-3300x

Conventional TEM
JEM-2100HC

Conventional TEM
JEM-2000EX

Micro-Calorimeter
FESEM
TES+ULTRASS

Installation location

ITO Campus - CE20

ITO Campus - CE21

ITO Campus - CE21

ITO Campus - CE21

Chikushi Campus

ITO Campus - CE21

ITO Campus - CE21

ITO Campus - CE21

ITO Campus - CE21

ITO Campus + CE21

400,600,800,1000,120

Accelerating voltage o 30,60,80,120,200 60,80,120,200 300 100-200 100-200 100,200,300 100,120,200 80-200 0.1-30
Emission Gun LaB& C-FEG*2 T-FEG*! T-FEG*! T-FEG*: LaB6 C-FEG*2 LaB& W T-FEG
0.12 point 0.11 point 0.11 point 0.26 point 0.31 point 1.0-4.0
TEM luti 0.24 point 0.24 point 0.14latti 0.35 point
£=cliion(tm) 0.10 lattice 0.10 lattice 0.10 lattice 0.14 lattice poin poin attics 0.14 lattice poin SEM image
— 5
mlnlr?wum probe 1.6 nm 0.1 nm 0.2 nm 4 nm 0.3 nm 2 nm - - —
diameter
STEM HAADF - o o — o - - -
ABF - o o - - - -
type SOD SDD SDD Si{Li) Si{Li) Si(Li) - - - TES si
XEDS solid angle 0.07 sr 2.0sr 0.8 sr 0.22 sr 0.13 sr 0.13 sr - - — 0.0022 sr | 0.026 sr
energy resolution 130 eV 130 eV 130 eV 140 eV 140 eV - - - 20 eV 130 eV
EELS Q Gatan Imaging Filter | Gatan Imaging Filter Q - - Gatan Imaging Filter - -
3D tomography (@] - - ] -
sample inclinati | X:£70 Y9 yieaE X:£70 X:£80 X:£80 X:£15 X:£38 X:£45 T:-3~70
ample inclination angle : :
i J y:£20 : : Yi230 Yi£30 Yi25 Yi£15 Yi£30 Yi230 R:360
Convergent electron
=k @] o] - o] o] - - -

diffraction

*1 Thermal Field Emission Gun
*2 Cold Field Emission Gun

13




equipment
Helios 5 UX

MI4000L

Quanta 3D 200i

GATAN PIPS [| M-695

Fischone NanoMill
Modell040

JEOL lonslicer EM-08100

15

BUEHLER Isomet 11-
1280-170

Gatan Model 601

Gatan NISSEI Model
656N

VCR GROUP
Incorporated D500i

Solarus |l
Gatan Model 955

SANYU SVC-TO0TURBO-
™

JEC 560
EC 32010CC

JFC 1600

DII-29020HD

4 Bran SRR S

function

TEM sample preparation / 3D-SEM .~ EBSD .~ Air-Free Transfer ./~ Auto TEM
sample prep.

TEM sample preparation / 3D-5EM
Samples can be extracted from the necessary location in the sample

Preparation of disk-shaped electron microscope sample / Low-angle ion
irradiation / Polishing with low acceleration voltage

Preparation of sample with little damage layer / Removal of damage layer
produced due to FIB polishing

Preparation of thin-film sample via Ar ion irradiation / Enables conversion
of wide visual field to a thin film

Cutting of bulk samples

Cutting out a 3 mm ¢ disk from a sheet sample

Making depressions in a3 mm¢ disk-shaped sample / Pre-treatment for Ar-
ion polishing

Contamination reduction with the use of RF plasma

Sample preparation using vacuum deposition / Surface coating / Cleaning of
TEM apertures, etc.

Pre-treatment for TEM-5EM observation of insulator sample

Prevention of electrostatic charge by coating the surface of an insulation
sample with carbon

Prevention of electrostatic charge by coating the surface of an insulation
sample with metal Hydrophilization of the surface of TEM grids /
Hydrophilization of sample support stand for SEM Hydrophilization of
diamond knife (for ultramicrotomy)

14



(JEM-1300NEF )

igh Voltage TEM
BEEETFEME

High Voltage Electron Microscope (400 - 1300 kV), In-column OMEGA filter, EELS, STEM, Nano-Beam, SDD XEDS detector, 3D
Tomography, Network Remote Control, Pulsed LASER light illumination system, in-situ observation on Heating, Cooling and
Straining

HRE—DF XA RBEF 5 HEESS U CSDDERXRRE
BERBUCEBEBTEREMEA BREREEDICTRER-
RESHDTEE. RA 70X - MLROBEE DR - S Wit
HOBIREBRRETRDTPIRTNET STBRIFTHT
BTH 3. U—— NILAKARFERERETHY . KiESE
BOZOBBROTLE IR HH (REZRBRIEAUDL).
M5 >RYRROTEE. IV E1—FIC LB ERBBRIERIT.

High voltage transmission electron microscope equipped with an
omega-type energy filter and a high solid angle X-ray detector of
SDD type. With the use of the high energy electron beam and the
omega energy filter, the inner structure of thick specimens in the
order of several um are observable at high resolution together
with the analysis of chemical composition and bonding states.
The ability of thick specimen observation allows 3 dimensional
tomography analysis in a large volume. Pulsed LASER light
illumination system allows in-situ observation of light-induced
behaviors in nano scale.

S| BROBVREROGMOBRIRE MET S TICL>TRSNE
IRTHMEME (BPRSED)

10 & BREE TR T
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Opportunity of collaborative use ssnrsosmmumone

NEHEZEAITUZIERUY—F 4 T7SEE (ARIM) (2022-20305E)

Advanced Research Infrastructure for Materials and Nanotechnology (ARIM)
NMNKZFARIMBEICH 1326 DDNT B (MARIEKR FA BRRANIMS) D12ELT R F/ 25—
FUZWABFICBIZT-IINE -BM-BEL-FIEHOA Y ISERBL. AR—I8EERBEMAPLBERHIERD
REELOEROHE BEERBELTLFT .

MAZEAS WEBEFIM R  RER  HEWR  RE-THE SRR }

ARIMIZ EITBRETH IR PET/T7/0V—T S5y NI+ — LABETCEBINERBEOHAEHETEEED

S ZOWARETESNIT -9 (REFIFEORABDOETELT—9) ZBMU I RNICRZNELAM - £5T3T

CEBELI[BEBAA] & [F—IFERI P — LS NIBETT .

MR AR FBROFGHICKY [F—I RSB | DBSE. [F—IREL L DBSO_ZHENER.

WARARRORH F—IRHOBRCOH DS T  EERTEHICAEDHER - HECE-EABASOLMN FIARsEE
DIERL - BF) HMRE, (RR2EF TORBIBFHIHE)

The Ultramicroscopy Research Center (URC), a member of ARIM, provides proactive and creative

support in research planning and execution of research on characterization of nanomaterials by opening
the equipment in the URC to researchers outside of Kyushu University. The researchers can use the
equipment by themselves or being assisted by URC staff for a fee. The users have to submit usage
reports at the end of the year. The reports will be made public.

URL: https://nano.kyushu-u.ac.jp/arim/
E-mail: nano_hvem@hvem.kyushu-u.ac.jp , TEL/FAX:092-802-3489

mEHAAZEEE [EREFEMTEI+—5L]

The Forum for Advanced Electron Microscopy

RZ BERALE. ERXOFRE - B BENREVEREH DI+ —SAT HBICCABRINNAZLBEMBITHR LY
I-HLHBETASEBTFEMSR. SEHENRBREEFIATEET.

RIS WHY—ER  BE-HE  BR-SEREesAE
B A/B/CO3BIDREH. . FRBET—EIANE

AR 247 BilEHR. ARy —EX ATV
- BRA 485/ LRICTSALT. 1A - HHE (—EREN TH SR Ee) N CM{ S
- CRE:905M/LRICTSALT R -HiEIE (FRI20BMOBEHAESD) _ §Q‘ ‘
HEM208R B 3 RETAOBS BENNEN FE e A r

B AARRICOVTOREFIFTET . ABRIERMETITENTEET. & \

W ANAFBRRBITTR 0> S—ENNALLHRRBTIERN OPACK HAATES,
BFERBEPOLULT 70 HAFROBLETA- BN ERELET. =

This forum is operated with assistance from Organization for Promotion Academic City by Kyushu University (OPACK), offering
technologies and information services to researchers outside of Kyushu University. These services ( concerned with electron
microscope ) cover (a) consultations and information services, (b) technical seminar with operational training and (c) use of advanced
equipment ( No need to submit usage reports. The results are not disclosed.) Users should be members of the forum. There are 3
types of annual membership and each fee are different.

- "A" member can receive information and consulting service. (a)

- “B" member can take seminar and operational training in addition to “A” (a)+(b)

- “C" member can use equipment for 20 hours a year in addition to “B" (a)+(b)+(c)

URL: https://www.opack.jp/advanced_electron_microscopy/
E-mail: info@opack.jp , TEL:092-805-3677 / FAX:092-805-3678
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e [BRAA—IVTVV1—2aY TS5y T +—L] (2021-2025)

Microscopic Imaging Solution Platform
[ERAX—Y YT VU= aY TSy T+ —Ll B HRE—TBEKDS
DR BREAA—IVITRBOHAICKY EREYEDSITUTIL.NAZ,
BE. IXNF— FEHETOBLVWOHICHITZ2MEDBEN ST DHEE (T
F-AF - BHBBEOHT) ETR2ENBEMAX—I VIV I1—-Yave
RELF T NAMNAZBEMBIAREYI—BHEZ TSy I+ —LZBRT
ZENOSEEOVEDELT. ROT ST —BFAEMBORBHAZELE
BERRRICEMULE T,

The Microscopic Imaging Solution Platform aims to provide multifaceted solutions
through sharing state-of the-art imaging equipment for extensive use in solving
problems in various research fields into physics, materials, biologic, environment and
space physics.

' URL: https://www.imaging-pf.jp/

Electronic microscope training courses for users
FIRE D= DEIEIFEHIE

BEMBITHARLY I TR EFEFASORBERROEE(LL ABREEZRETHHIC.
fIAEENRICIEFREMBERMIHER] ZRELTVLET.

[HEI—REAS)

HRE BEV NS FRESAIE

NHTEYI—ZFIRATIZRE-HAE:
BEORECOVTOZE. . EREM - FEBRENOEE. ERORFRE

B I-ABE/UANILOZE-HRE SFIT—IBORMBEZ (7 D0EBEE)

| ORSEEE OTSSE%E ORIREEE | OBFOHR
| OHHFTEM  ©FHSEM DFIBIC & BEEHER

(R5.4H1RTE)

BEI-RBBUNILVOZE -HRE:

\EW
BEU B BN RHREEENOBE s

BRI E

Beginner TEM course is held monthly which is compulsory for new users.
Advanced TEM training courses of (1) HVEM, (2) Scanning TEM, (3) High resolution TEM, (4) Electron diffraction, (5) Analytical TEM,
(6) Analytical SEM, (7) FIB specimen preparation are held once a year.
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18th Japan-Taiwan Joint Symposium on Catalysis een
CPC Advanced Catalysis Center:
Transforming Captured CO, into
Methanol with Catalysis
Presenting on behalf of Tsai Ming-Chang, Director of RMRI, CPC Chian g, Hu ng-Chu

aRPHIRNERIFR

Refining & Manufacturing Research
Institute (RMRI),

CPC Corporation, Ta

et

Speaker :
Z(Frv)iRE MWMRE

* RMRI HifgH—ERTIL—T
B HrLab (20204 ~)
« Focusing on
* Handle analytical needs across departments.
= Assist in solving issues related to:

New product development, Process
optimization, Pollution control

- BBEAE RENFER
(2010 F20134) *
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Rl About CPC

MSTATE-OWNED ENTERPRISE
®Primary business

* import, exploration,
development, refining,
storage, transportation, and
sale oil and gas, as well as
the supply of petrochemical
raw materials

M Core Mission

« stabilizing domestic oil and
gas supply

* in line with government’s
policies
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Rl CPC's Challenge

EREERAN

M Since COP26, achieving net zero emissions by 2050 has become a
global commitment, and in 2021 the Taiwanese government
published Taiwan’s Pathway to Net-Zero Emissions in 2050

MThe refining industry is considered as hard-to-abate because it
heavily relies on fossil fuels

=
corP21 IPCC ARG Glasgow

Paris Agreement WGI Climate Pact
Reduce 50% GHG Net-Zero Target

i by 2050 by 2050

L

D¢
el Advanced Catalysis Center(ACC)

* In 2021, CPC established ACC at RMRI to

unite industry, government, and

academia in promoting domestic catalyst

industry

* Supporting carbon reduction policies

* Breaking Taiwan's Dependence on
Imported Catalysts

20
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e R&D in ACC

Carbon reduction economy
* Developing a catalyst for converting captured carbon
’ dioxide into methanol
v Energy conservation and
environmental protection
* Honeycomb DeNOx Catalyst

v Regeneration Technology

Green product
. * Developing High Value-Added Green Oil Products

v Using Hydroconversion Catalyst

Source : CPC 7

LD S Y

@wki  Carbon reduction through CCUS

mEWRR

* CCUS is a process of capturing carbon (anthropogenic CO, emissions) to be ‘”w“ |
used or stored underground and is important for achieving net zero Wil
ambitions. W

* Despite the regulatory efforts, the high cost of capture impacts its large-
scale deployment.

meco/year CO, Capture Capacity

Sources for CO, + Refrigerant | 1000
* Enhanced Oil
800
iioieis Gap to NZE
600
* Chemicals
Conversion I_ Fuelsl 400  Currently capture

i
| \‘\’”';‘:'.“ 200 TSOMt CO,/year
I | ’l"'l Capture I I 0 R - = =
I 2020 2022 2024 2026 2028 2030
@ W Operating B Under construction
Storage U W Advanced development I Concept & feasibility

N Gap
Source * IEA
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feniet CO, Reuse in Refineries
* The utilization of captured CO, is potentially more desirable than storage [
* Absorption-based capture : The most mature separation methed in oil industry Ul
* (O, conversion into fuels is considered a solution to emission reduction and energy demalﬁﬂ"

Cﬂz capture from flue ga5 3astable byproduct

I
v } }

Absorption | Membrane | Adsorption |

I

it CO, utilization
h Tﬁ ] 1

| Chemical looping |

- Chemical conversion | | Enhanced oil recovery | Mineralization | Desalination ]
Reference : 10.1002/ente.201600747 | o
r] L st ]
)¢
G\ T
e Assessment of CO, Utilization
Maturity of utilization technologies lI
[non-exhaustive) [
Assessment Based on Technology 0,-Based compound = “
Readiness Level (TRL) Dimethyl ether 13
Ethanol 1-2
* Promising Products Formaldehyde 12
¥ demonstration scale or commiercial scale Formic acid 3
Methane 7
1) Methanol Methanol £-9
A non-exhaustive list of existing e-Methanol & e-Methane plants
2) Methane (GWP 30) e e s
h " _ The Renewable CO;-to-Methanol Plant of CRI
I . . in lceland
i Key Challenges Capacity (t/y) 4000
i CO; is hard to convert.
Requires heat and catalysts. The e-gas plant of Audi in in Germany
Capacity (t/'y] 2800
Source : doi.org/10.1016/j.apenergy.2018.11.096  CRI, Audi 10
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wwunn  Study of Methanol Catalyst

Windustrial Methanol Production |"

|
. . . COy + 3H; = CH0H + H, 0 CO + 2ZH, « CH,0H |l
* Primarily relies on a Cu-based AHogy = ~S0kj /mol AHzgqy = ~91kf fmol I
catalyst, using syngas—a mixture i

of CO, CO,, and hydrogen—as the a Cabond o
feedstock. This type of catalyst can Paomeie A~ men s P
also be used to convert captured =2 = = == e 1,
co, oo =
+H
M Active Site (Under debates) : Fo vags "k
* Interface between Cu and ZnO o == . ah
il echanism (Wildly accepted) - ufum “:é_“ —
(I |+ Formate Mechanism : CO; reacts i | +3H ;" &
| with hydrogen to form HCOO*, e -
' which eventually converts to Methanol =%,
methanol

Reference:liang et al., Chem. Rev. 2020, 120, 15, 7984-8034 .

i}

&k

ro M1

BRHRRM

Design of catalyst

m Base Catalyst It
* Copper Oxide (CuQ), Zinc Oxide (Zn0), Alumina (Al;0s)
B Modification
Adjust formulas and promoters
® Objectives:

_______ »H, activation

A

-+ €O, activation

=---»Reaction temperature decrease

=i* To maintain confidentiality, please be aware that certain
upcoming content will be represented using codes
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ﬁi\;} o Development of CO, to Methanol Catalyst

After calcination |'|'|'.-."-
® Preparation of catalyst

- Catalysts were prepared using co-precipitation
and/or impregnation

Component

13

I%‘}'ﬂ Performance test of Methanol Catalyst

B Results from catalyst testing demonstrate the effects of promoters under the I| i
reaction condition
B Optimization of the catalyst is still continuing

Temperature Pressure S\ Conversion Selectivity

(°c) ( kgfem?) (h?) (%) (%)

Item

Benchmark

Cc-1
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ki CCU Pilot Plant overview

mEWRM

B CCU Pilot Plant Establishment

—

€O, to MeOH |
3 Unit Test

—— ———

: sorption —based
CO, Capture Unit Test
=

« Alongside the catalyst
development, ACC set up a CCU
pilot plant at Da-Lin Refinery

* Constructionin 2023

* Feedstock

* Flue gas and hydrogen from the
hydrogen plant

‘ | Purpose of the Facility

(1

Il] + To evaluate the activity of

absorbent and catalyst

Lo

[@ulei  Pilot Plant Testing Goals and Results

mEWARMm
B Recent trials showed the pilot plant testing successfully met the design

requirements
B After regeneration, the captured carbon dioxide concentration > 99%

H,

—_ H, from Refinery — M —

=i~

~ = ' Fluegas m_&, g3

11111 Mnon
Co, t

Refinery Capture

‘ CO, capture amount: CO, to MeOH amount:
| | 220kg CO)/day 23 kg/day
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Rwiei Summary(1)

+ Short-term oil to

petrochemicol
« Short-term Incroase

energy efficiency; carbon

* Madium-term: petrochemical
neutral olfgas

to high-value materials

* Medium-term: carbon

* Long-term: new materials
capturefcarbon storoge

* Long-term: carbon

o m CPC's low-carbon green
energy transformation
Carbon
SR reduction strategy
upgrade
Clean I ‘
energy
Source * 2024 CPC CSR 17
onid Summary(2)
weW R y

B During this transition phase, CPC continues to expand its operations

B As part of our diversification efforts, CPC developed KX E % ( MiBlancSol®
Taiwan patent No. 1838147), a product with whitening and antibacterial
properties designed for skincare products

B To enhance international exchange, we have prepared trial products of
MiBlancSol as a token of appreciation for Japanese scholars

. 5 g | umecH
LBk AN SLER (RSANAR-ae
— : == == o
o = F T

Source : CPC
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