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8:30-9:00

Lecturg Room 205

Balbvet-Tkatchenko

Topic 1 Topic 2 Topic 3 Topic 5 Topic 1
Keynote 1-1 Keyniote 2-1 . e Keynate 1-2
Vislble Bght Induced C0: reduction Low carbon poly materials e mar?’:’h E:::;m;m'm Keynote 5-1 Conversion of C0; into value-added
10:10-10:50 with the system of biocatalyst based on carbon dioxide sllxa;c:l:twhﬂ::elmne in ;h:l‘t-scale Status of CCUS I Ching chemicals
and photosensitizer by Prof. Xlanhong Wang posl-cam busten capture tests by Prof. Xian Zhang by Prof. Buxing Han
by Prof, Yutaka Amao by Prof. Colin E. Snape
10:50-11:20 Tea Break




13:30-14:30

Mwm~ %

Chaér: Prof, Yut
Co-Chair: Prof,

Ed

n 2: Afternoon, 1

" July

10:50-11:10 Tea Break

Topic 1 Topic 2 Topic 3 Topic 5 Topic 1

Oral 1-1 Oral 2-1 Oral 3-1 Oral 5-1 Oral 1-4

Dérect photochemical corverslon of 00y | Continuous synthesis of DME fram CO; A combined volumetric ‘Fechno-economic-emviranmental Diract cormersion of C0y to value-added
11:10-11:30 te 00 using & Mn-Bpy complex and methanal over Ce; using sorption/calarimetry study of CO; assessment methad for COutilisation i | hydracarbions with high selectivity over a
[301 Andrew Bocarsly) 2-cyanopyridine as dehydrating agent | capture over molecular basket sorbents: chemicals production and beyand bifunetional catabyst
1124 Atsushi Urakawa | effects of support and PEG addition (114 Arna Zenimermanin] {163 Peng Gao)
{140 Xiaoxing Wang)

Ch'l_l 1-2 Cial 2-2 Oral 3-2 Oral 5-2 Oral 1-5

14:30-14:50 RWUW"'M“ ::::.IEI; ML s dvances in co-polymens from menthel | €05 captine over molecular basket Ervirommmental pobential from Fe-MOF-derived highly active catalyss fae
H : ofganic _ranmw or the derivatives and 00; sorbents: Effects of support and PEG pwell-to-wheel of C0y-based oxymethylene | carbon dioxide hydrogenation to valuable
electrochemical reduction of O0; to ey . ethers as fuel blending component rydrocarbons (144 Junhui Liu)
(55 Gaulia Fiorani) additive (75 Lin Zhang}
rethanal (45 lonathan Alba) (132 Deutz Sarah)
Oval 5-3 Oral 1-6

oral 1-3 Oral 2-2 ) Lifecyele amvironmental and sconamic |  Combining €0s capture and reduction

12:50-12:10 |Electrochemical process for CO; utilization)  Explefting elactrosmthesis to enable [ Filat study of €0y adsarpian cver solid assessment of an emenging [ECR) by catalytic isothermal
(36 Jin Xuan) selective hydrocarbaxylation sorbents in the moving fluidized Bed CO-mineralisation tachnology unstaady-state operation
(27 Benjamin . Buckley] (58 Lai i) {138 Wenjie Lia) [123 Atsushi Urakawa)
12:10-13:30 Lumnich
2z [ 2 A > R R _ R — _ ]
.7H18 E]—E'I %E_G“'Z ‘gg_}» 3 FA— ~ 9 ~ o _ii,&gwéﬁ_#p

Lecture Room 209
air: Prof, Andrew Bocarsly
Chair: Prof. Ning Zhao

Togic 1
Keynole 1-3 Kaynote 2-2 Kaynorta 4-1
14:40-15:20 . Building up malecular complexity fram 0y uses as cygen source
Ahigh ”;@m'?r";‘__:ﬁ.“,l:s'::[ml"'w carben dionlde for high-valus ackled chemicals
' by Prof. Arjan Kleij by Prof. Sang-Eon Park
15:20-15:40 Tea Break
Topic 1 Tapic 2 Topic 4 Topie 3 Togic 1
Oral 1-7 Oral 2-4 Oral 4-1 Ciral 3-4 Oral 1-12
e . Perfectly alternating and regloselective |Geochemisiry effect of seCO-fracturing in |  Impregnation of polyethyleniming in Exploiting high-pressure advantages in
FER LR L m’#“cg::'l:;:“:l; n:r:::hm Lo copymarization of carbonyl sulfide and | shabe gas exploitation st the prasance of | mesoporous multilamellar silica vesicles Iydragenation of carban
(243 Victar A e Ia Pafia 0'shes) epoxides via metakfree lewis pairs complex natural fractures for C0y caplure digxide o methanal
{154 Kinghang Zhang) {1865 Leiled Yang ) (38 Litwio Zharg) {125 Ansushi Urakawa)
Oral 1-8 Oral 2-5 Oral 4-2 Oral 3-5 Oral 1-13
Synthesls of lanthanold doped CETIO; Umpalung carbaylation of kmines In sity acidic OO Hy0 system for Carbon diceide capture at high Sibton carbide supported catalysts with
15:00-16:20 | yoli-shell nanostructures for wisible light with carbon dioxide selective C-0 bond cleavage of temparature using slag — derfved lithivm | enhanced nickel active phase dispersion
driven highly efficient photocatalyst (104 Wenzhen Zhang) lignin models to aromatics silicates (141 Brenda Alcintar-Vizguesz) for 00y selective wydrogenation
{218 Kyungiae Chai) (21 Yu Caa ) (216 Wi Chu)
Oral 149 Oral 26 oral 43 Oral 36 Oral 1-14
Irprovesment of the wislle-lght mduced SalanCo{lll) CH catalyst for ca Enhanced C0y cagture by fibertemplated | The synthesis of higher alcohols from 00y
2018 . pturing COs for cellubose dissolution
16:20-16:40 | £0, - formic acid conversion effidency with | ooy e o encudes andcarban | and derivesization {226 Haibo Xje] _|CEment-supported nano CaO-based pellets | hydrogenation with Cufe-based catabysts
formata defydrogenase by viologan disndcde {164 Ruihua Cheng) 223 Sy Wi} (53 Qingin 1)
derivative (B9 Shusaku lkeyama)
cnhancement of 2 svoktion by e ora 37 eyl s
AhancEMment Laly] €0, adducts of polarized alkenes: teolite-based hell tes fo Insight imto the way of reduction over
16:40-17:00 | praseadymium-madified Ga:Oz for the | ynprecedented catalytic activity for £0; mm“ﬁﬂ}?;ﬁ:ﬂﬂﬂ*;gm" I:“] | = et e
photocatalytic conversion of COz by HyO0 transformation (103 Hui Zhou | synthesis of methanol from COH,
{33 Zeal Huang) [107 Miaosu Dong)
oral 111 oral 3-8 Carson ke deogenation oo
a il i ectrg Oral 2-8 d = i)
. . e L A S— Using graphéte nanoflulds to enhance |  mathanal with CufZn0-2r0; catalyst
17:00-17:20 transfar exibility for highly afficient Organocatahyzed C03 tapping using ydrate formation for precombustion CO; prepared by & continuaus flaw
wisible-light-driven photacatalytic 00y alkyryl indales (37 Zhua Xin} capture (78 Dongliang Zhong) microfluidic-assisted synthesis
reduction {14 Yunxiang Pan] (832 Valentin LHOSPITAL)
1740 Social Event jSnacks provided,




500-10:00

Lecture Room 205
Chair: Praf. Atsushi Uralawa
Ca-Chair: Prof. Ba Yang

Lecture Room 202
Chair: Prof. Arjan Koy
Co-Chair: Praf. nghang Zhang

Lecture Room Z15
ir: Prof. Meihang ‘Wang
air: Prod Dongliang Zhong

Lecture Roorm 208
: Dr. A Garcia-Trenco

Togic 1 Topic 2 Topic 3
Eynote 3-2
. Krp'r-.u'hel-d. LT Distribution of suitable sites and potential Kaynote 50
10-10-10:50 IFtegratian of bictechrology and Symthesis of organic carborates from GOy of CO; caomare ind geological ytikratian Imovation and marksts in the
catalysls for effactive OO0y comarsion arad alcohals using motal oxides as and storage (OCLS] in China in the naar naw carban peoeany
bry Frof. Angela Dibenedetto heterogeneous catalysts term by Prot. Julio Friedmarn
bry Praf. Clsudio . A. Mota b Prof Kacchun U
10:50-11: 10 Toa Braak
Tapic 1 Togic 2 Togic 3 Topic 5 Topic 1
Oral 29 Oral 54
. L=l . Wisible-light-driven carboxylative Oral 39 Cast curve of la ie deployment of . b
11:1023,3p |P1O%esS Experimentaland resctor desin | o iuion of sl amimes with casban | Gamparative study of shale ractuing by | Oy enhareed water recaveny [CO EWR| o700 of carbon capture and
Towands aptimisagon of C0; L — N sibssguinl calalyiie oafrversion
phetoreduction {73 Wasren Thompsan) dicide s concurrant wpancrtical £0, [ techrealogy In coal chemical industries in (5 Liangnian Ha)
perfluoroalioglation [17 Medyan Wangp [207 Xuehang Song) China (82 Ming Wai]
Cral 1-18 Oral 1-21
. Oval 3-10 Oral 55 . . .
Photocatalytic carboaylation of C-H bonds Qral 2-10 Highly efficient canversion of 00, and
11:30-11:50 d by Esar, suppened or moced |Carbon dicwide functianalization at CaRla ""“"‘”Td‘“l‘:: “‘T;::]"“““ c"t'“,;:‘;:'""“:"’“" SCUTES | ater i chericals nd haels with
semiconductors. The reaction mechanism ({39 Alban Cadu) m ::';P:be:tyﬁrﬂ {133 mm“ a salar/hlomass energy-driven Dwo-step
(302 Aresta) process (B& Fangming M)
Giral 1-13 Dral 2-11 Oral 3-11 Oral 5-6 Owal 1-22
00 electrocatalytic and Selective Barmylation and methylstion of |  Enhancing the process ecomamics of Carber daxide wibtilicaticn i a Simetallic Cu-Awy'S84-15 cata lysis as an
11:50-12: 10 phaotoelectrocatabytic comversion for amanes using caran dickide and maneral carbanation through ga=-to-methanol process combined with effective catalyst for selactive
cuvgerete synthesis (162 Wei Chen] | hydrosilane catatyzed by alkalire metal | develcoment of valus-added praducts 00yf5team-mined refarming: hydrogenaticn of atiylene carbonate e
carbanates {238 Churdei Lu) from material fractions (41 Yeo Tze Yuen] TchnO-gecinoic S & produce methanal and ethylenc ghveol
(4 Chunciang ZThang) 124 |ipue Wang
12:10-13: 30 Lunch

Session 4: Afternoan, 19, July

Leciwne Room 308

Lecture Room 215

Lecture Room 302

: Prof. Angels Dibenedetho Chair: Prof. Colin Snape
Chair: Prof. Famgming Bn Co-Chair- Prof Jun Mg
Topic 1 Topic 3
Oral 1-23 Qral 1-29 Oral 1-35 Deal 3.1 Oral 57
Marphology dependence of catalytic | A highty coie-resistant perovskite-type | C0O; hydrogenation to methanal ever & dynamic covabent organic Syrergistic mirgad .
13:30-13:50 praparties of NifCal, for 0D, catalyst for dry reforming of methans Cu-based catalysts framewark for £; separation undler wp-r::mnf:rr:::ﬁbu:;]:r
mathanation: a dretc and mechanism | by redox mcalution of nickel partides 1304, Hid Wang) hurid conditions with waber-asisted (28 lie B
study |48 Zhouferg Bian] 1182 Jun Zhang) gating effacy (333 Yuebizo Thang |
Onal 130 Oral 1-36 e
Oral 1-24 Ptoc Unction oF Bryclvoeger Bl systissss Mechanistic understanding of alloy Oral 3-13 Applicablity research of international
13:50-14:10 |Masma-catalytic methanation of 00 ower 88 I1om CHa arel €O reformang structure effect an mesthanol syrthesis | Porcus carbons and palymer for carbon emElan databaies on Tossl fuel
Mi-Fin based catalyats (191 Yuandheng Ge| procass (95 Hyain i) from 00; hydrogerstion over Pd-Cw | capture and separation [T Yurfeng Thao)| combiuastion and cement pradaction in
bimetalic catalysts {143 Gacwa Nie) China (231 L Shang}
Oral 1-2% Orad 1-31 Owal 1-37 Oral 3-14 aral 5.4
A nesw process for renewable methane €0y reforming of Ol over Ewaluating the erwirenmental impact Study of C0; capture in natursl gas
14:10-14:30 production utilizing carbon diosde NA/BaTIO, catalyst prepared by af the Fower-so-Mathanol process | processirg wsing misiue of fanic liguid m”ﬂﬂm“lm"h;jm: mic polloy for
cagitured Trom air ternperature regulated chemical chain based on renewable Hy and MEA through process simulation 0, nl Styring]
|ES Janna ¥, Vieselowskarya) vapor deposition {112 Minkye 5e0) | and recpelied C0; (111 Christeph Hank) {145 Meihang Wang]
Oral 1-26 oral 132 Ll AT Oral 5-10
Enharged perdarmance of 0, Facie one-pot syribesis M@ HSS Techra-aeanamic and Utrafast synthesis of £52-13 realite Lifie cycle assessment of £0y-based
14:30-14:50 mathanation cvor g- Cey promated 8.8 Bigh dspersion catalyst ko dry -u'Mmrmnrulmn.smntufthn- membrane by ail-bath heating method elastomers (54 Baaul Meys)
Mi-Cet); catalyst (54 ¥u Yang) reforrsing of methana (115 Yao Lu) corwersion of OOy into methanal (175 Yanfeng Dhang}
[1Z2 Micolas Meurssr)
Oral 1-27 Oral 1-33 il ﬂ“ﬁléﬂw fysts R kol
T uerea <fun catal lenic liguid mamorars contacton for 00 C0; converson — Guidelines for
14:50-15:1p [ the Inﬁ;iﬂﬂtf::ﬂrrt;;?mamn m:;-:‘m::m:.;hrgw stable preparation methed an their capture ard the potential for techne-ecanemic assessment [TEA)
Lz - b perfarmance in the direct DME symithesss simukaneous €3; conversion
113 Carlo Ghorgio Vi [117 Iehannas Wundarlich)
{ o Gaorgic Visconty) of methamne (131 Thesleng Blar) freen C04 and Ha (49 Qisn Karsg) (181 Liyuan Deng)
Qral 1-28 Oral 1-34 Oral 1-40
Prometion effects of potassiem on the | Hydrotaldte-derived MiMgl/Al catalysts | Bimetallic Pdin nancparticles for the £y
15:10-15:30 activity and selectivity of Ptizeolite fesr C0; reforming of methana: the reduction to methans
catalysts for reverse water gas infsence of Ni and Mg loading (50 A, Garcla-Trencs)
shift rescrion (90 Xisoli Yang) (202 Dorl Kalad)
15:30-17:00 Tea Break and Postor Sesslon
18:00 Hanguet




20 PERAZE F A EUWHE AR M- 2 AKXz AW
5 0 317 CCUS 3374 7 HilFeidih € -

Y I

on 5: Moming, 20, July
Main L
Hitary Spaab: Fus
Ciu

ure Bocen [Chal:
o 305
of.

Yurfeng Zhao

Pk by Pred, Chusshan Samg
Lecture Aocsm 205 Lecture Room 2
Chair: Prof. Michael North Chair: Prof. Dongliang Zhong
Andrew Boces Co-Chair: Prol Wenther Zhang
Tegic 1 Taoplc 2
Keynote 1-5 -
Strategees for stable Ni-Based catalysts for OOy sefarming and
10:10-10:50 mnthana‘h:n R Production of chemlcals from 00 by enginesred cyamofacionies
-5
Prof. Sibudjing Kawi Lol
10:50-11:10 Tea Break
Topic 1 Tapic 2 Topic 3
Oral 1-41 Orall 2-12 - e Ufmlil 5'1,:' oo
11:10-11:30 | Olioe iwestigation of the role of farmnate in €0y reduction/methancl | Catabytic materiaks for C0y comversion under mikd conditions nairect i "'“‘"‘r’r “"'"‘M"L i L
syrahasis process on copper - FARTICIFANTS or SPECTATORST {172 Zhimir Liu} = s D Y
(230 ¥ang Yang)
Oral 1-42 Oral 2-13 Oral 3-18
11:30-11:50 DET study on mechanistic pathaay in the slectrochemical Catalytic transformation of ©0y into cyclic mrbonates through Carbos utilizatian via carbanation of serpanting minerals:
reduction of OOy to CHyOM and CH, on TioL Ag (180 Hua Wang) bifunctional metal-modified Z584-5 zeolites |44 Qingwen Song) an Integrated holistic approach (70 Mark Rayson)
Oral 1-43 Oral 2-14
11501200 DFT insight into wdrocarbans synthesis fram 00y Mietal porphyrin-based konic porous organic polymers as effident Qral 3-19
: : hydrogenation ower iron carbide catalysts (195 Haozhi Wang) catalysts for cooperative conve rsion of C0; bo opdic carbonates C0y utilization in concrete production (156 Yixin Shac)
wnider mild condtions (61 Rongharg Lug)
Oral 143
12:10-12:30 | Thecresical insights into supported metal catalysts for highly
selective C0y-to-C0 comersicn {99 Miong 5u)
12:30-15:30 Lunch
Topic 1 Topic 3
Oral 1-45 Oral 3:20
13:30-13;50 Synithesis of high guality CNTS using OO as the carbon source Carbon dioxide capture and mineralization by using pre-hydrated
{224 Wei Chu) fly ash from power plant (155 Aong Liu}
Oral 1-45 Oral 3-21
13:50-14:10 Development of C0y enfichrment for greenhouse supply C0; produced by burning clean fue| (DME) Electrochemical carbon dicxide mineralization {155 Michae| Northi]
in boiler (76 Wonjun Cho)
Oral 1-47 Oral 3-22
1£:10-14:30 Ligand-Controdled M-hMethylation/N-Formylation of amines Kinetical and Raman spectroscopic study on carbon disxide sequestration wia hydrate in the presence
(26 Xuedong Li) of polar additives (100 Chungang Xu)
14:30-15:00 Tea Break
Workshop: CCUS-related Frontier Research (Chalr; Prof. Michele Aresta)
17:00 Closing
n ~ S — # ~”
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9:00-11:00

11:10-11:20
11:30-12:30
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: Morniing, 217, July

Main Lecture Room
Workshop: CCUS-related Industrial Technologies {Chalr: Prof. Chunshan Song)
Tea Break

Lunch
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€02 Utilization: Energy

+ The amount of energy required to convert CO2
into an energy product is certainly f/igherthan
that can be provided by the resulted energy
product.

++ CO2 can be regarded as a carbon energy resource
only if renewable energy is available and
incorporated into the energy products.

<+ CO02 can be regarded as a carbon resource to
provide compositional carbon element for new
chemical molecules.

% €02, exactly, can be regarded as a i
' = n ener Ci
for the transformation of renewable enel%l; i

€02 Utilization: Chemistry

€02 utilization plays a role to corpplete
the redox cycle, accompanying with

carbon energy utilization.

+C02 utilization is infrinsically redox
reactions in nature.

< Charge transferis the key step for the
occurrence of the reactions.

*» Charge transfer capabilityis critical for
developing the related catalytic materials.
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€02 Utilization: Catalysis

Nano/sub-nano catalysis plays a key role in
€02 utilization. The key factors are:

& Single - single atom and single site catalysis;

+# Sjze - nano particle, nano crystal, and nano
composite catalytic materials;

% Scale - descriptor or quantitative factors, such as
distance, distribution, coverage, etc. and also,
mesoscience understanding of nano catalysis;

* Surrounding - chemical environment and
geometric environment for active sites,

SARL: R&D Project Planning

Ol(hm..__—Cﬂj()H—— Aromatics

/ MTG
Dﬂl(_ o : (solar)

or g (O,-..g.(()(»lim—--(ll-

PC (mfmuhh.‘ma) (solar)
(methanolysis) y
CHY FTS
COIH,

Solar Hydrogen Based
Solar Refinery

solar hydrogen | | biomass

bulk siorage and fransport water and land




Strategy of SARI

Phase IV
Phase ITT H2 H20 @ Photosynthesis
@ co2te Chemical Recycle Chem/Eco Recycle | g artificial
methanol photosynthesis

@ CO2to CO ek @ Chem and
@ coa/cid Eco/Chem
refor €02+H20
= chamical y [Fosisumimgl |
l‘:" - A

I Transtormation I

Phase II
@ Thermoc! hemica I
® Hydrolysis-APR
® Fermentation

CO2 Utilization:
The Core of Future Refineries

+0il Refinery

« Second Generation:
F-T Refinery - 1

¢ Third Generation:
Bio Refinery - I + Il

+ Fouth Generation:
Green Carbon Refinery - I + II + III

¢ Fifth Generation:
Solar Refinery - 1+ 1II + III + IV

e =~ ¢ /# ##- Carbon-Recycling: Potential and Challenges in CCU

AEpARL Ed £+ 4] 2+ & Michele Aresta #c2ie (7 {47 > 72 ¢
WERA BT AR RS § kel o Ep B 23k
BT eRAL o 44 P ARBCT B (EF B B e T BT FeRaR)
Beip CO2@ M 5 I F & HR SR hER > ALY ¢ L& T 7 (4R
M) o f T B IR A R L T AR e & TR L RS
AP A A EAERRIE o % R e AL 4T ] AR P AE
HF o ARG S F PR S A a3 Lo § s
Ag o2t ‘c«w{”"m(ﬁr%i)
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KR &R kg o d 1T PR B e S B s R > 3 Aok 4
FLELARRFE > R P d S 3 R RE Y T EE )
* 5B SRS R TR (Ao W) o B {8 Aresta RPRILP & 1990 £ 4% ) e
FROEIHESI (IR -) o

.. it is reality

€O, utilization is not a dream...

[Tk 1.0 Chemlcals :
Thermal + Electrochemical + Photo
routes + Algae

1 10 100 1000
Mt of CO, used (Logarithmic scale)

(Aresta, Dibenedetto, He, TCGR Study)

wt Key Performance Indicators (KPlIs)
in CO, utilization

The carbon utilization fraction, CUF (the percentage of
reagent-C fixed into the products);

The carbon-footprint, CF (the CO, emission in the
process per unit-of product);

The energy @sumﬁtioh l\fg:{or ECF (rTio of the

input- fj d{ . gFienergg)ir ‘-.,\ -

= i
(< ¢
> M |

The waste production factor, E (waste produced per
unit of product, w/w);

The “avoided” to “used” ratio, A/U (F

“ave ‘ » . (For several
applications .the ratio avoided CO,/used CO, is in the
range 2-5, with a good average around 3.5 ’

gl -L - -
Solar-driven C-recycling

-—

cO———* sunlight + HO + CO,

capture | o

other
renewable: |
electricity, |
wind, |
nuclear |/

(1

0+ CO, #

o

Electrolysis | 4
of H,0

| T

R
N
+
0
]
N

Electrochemical
reduction of €O,
carbon recycling

chemical
reduction

carbon-based fuels

fuel utilisation: fuel cells/combustion —
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IS coming through

= ¢ /##- CCUS R&D Roadmap within Our Climate Strategy
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Three Areas of Focus tg

Meet the 2°¢c Target
— SRl
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change Mitigation and Prepare for new busi

Promote
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collaborative work
technologles
and partnerships
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To reach ambitious cost ang energy
R pena!ty reductions < disruptive
@ > solutions are required
.Absorptmn and adsorption: develop
solids / solvents with low temperature [
low regeneration ENErgy requirements

@ Membranes: with higher selectivity /

) ability, more resistant to operatin
Technology Centre Mongstad (TCM) permeability, g B B

the world’s largest facility for conditions leading to increased lifetime
l:estil'\ and improving CO2 capture and less maintenance. Mare reliable
technilogies a vital part of the materials for subsea separation.

carbon capture and storage (CCS)
route to market :
Gassnova, Statoil, Shell and Total

@ Process intensification, integration,
architecture and combined
capture/conversion

Efficient C02 ch
€mical cop : 7
emonstrated version still to pe

Energy

Carbon oxydation siate

g]._l_

Iy

i Synthetic
fuels

Methanol

v v

0 Formaldehyde

Formic acid w

= = - r 6 Inorganic Thermochemistn
carbonates
co,

I Fonctionalization
< ation of CO, ENSCL

j Toral
——

v Routeinvestigated today by Total

¢ # ##- New Approaches to Catalysis for CO2 Hydrogenation
to Chemicals and Fuels

a2 24 ?f R el 2 L B R L (ChuDshaE Song)i'%ffvzsé;
- wﬂ A EF R AR e § - § oniatetititd
T PO X 1 I TR T R S B AR F;“%Ef#ﬁ“%— %/ ' ﬁf‘\l
@7 R LGRS GRS e L AR R T R
WOﬂ%@_ﬁ%,%:iﬂﬁiﬂukﬁéﬁﬁmﬁw\ﬁ&W# P
WAL S T iR T (Ao Bl L ) o A F AR 1 T AW B R AL Ifu
ho § hpka e fI* e ig B H Y e 7 vf:“ﬂ%%*ﬂﬂ“—‘r@ 2
AABCNZ B o 3THTE S E F Fa 0 A ‘Q*?%frﬁv%i M pe™ » bl4e Fe-Co
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4 *i"@ﬁ 4e C2 +J:T“s T fedp fois (4c Bl =) 0 @ Pd-Cu g4 - # 3t g
CO2S i &7 FenE LM ) 071 FTR P2 3 4 4 SHEAY
B v gt %(hollowzeollte)v‘ 1% 5F Fe 4 ZF VpRE L
BAep g (@l -4 ) R E A FLR 302 3 '“Er‘ii (M R il
HloF - Bred R M- F @i ReiFder Bt 28235
2GS HE FF L e B % e ¢ 1A F ¢ (hollow

—

zeolite-encapsulated) = Pt-Ni g & B4 @ * - 3 v pler v iz & 2 F
(el = +) -

«.CO, HYD to Chemicals & F uels

My Publicized Dream®

&l -+ co, Industrial CO,
Capture Sources Syn Nat Gas

N : Olefins Chemicals

co, : c1-C7 * Polymers
N\ ' Fuels

Catalytic |

CozConv
Gasoline

/’ﬁzﬂ I quurd —p Jet Fuel
SolarH,Fm Hydrocarbons Diesel Fuel
Water +—Water

* C. Song, Energv Resglres -6
% Satthawong, Koizumi, Song, Prayh\.lmhch B CO

Bimetallic C:
for Selective ( O, H\ D to C,* Hydrocarbons

W 02 o4 a6 o w0
Co/{Co+Fe) atomic ratlo

A lriva Bimetallic
L] l

-8 .
e | —" Catalysts

& Fo-Minm 3540,
90 02 o4 08 om 1o LSS S
__ Col{Co+Fe) atomic ratio 62 02 o4 o8 o3
= - __ NiNisFa) J\nln-c  ratio

Satthawong, Kobrumi, Song, Prasassarakich, J, €\ O, Utilization 2013: T < Ca
u|)h ‘atah
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CO,+3H, = CH; OH+ H,0

g].].,\

5 o ) -HZS
0, HYG to Gasoline over Na-Fe 304

B+ 4

Na-Fe;0,/HZSM-5 s

)+ H2 — 78% Gasoline

3 MPa H2/CO2 Mol

s, 8, 15174 (2017)
Incomms15174. June 2017

2534

hittps/phys org/newsi@of
| efﬁcrenl-muftiﬁ.lnctlonal-catalysl—coz htrnl L

Fe,0,0311)

42sA
Fa,C.{110)

Hollow Zeolite Encapsulating Ni-Pt@S-1 for

CcO, Reformmg of CH, to Syngas (CO+H2)
CO, + CHy; = CO+H,

L

i

Code Compestin /it
? mx A
1 am nm
! aw ng
1 nn an
4 am jewm
S nmm an oy
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e & 47 ;7 3~ Conversion of CO2 into Value-added Chemicals

AR RPEREFERREFE LR A5 F RE
iﬂmﬁiﬁﬁ’?4%—ﬁ?#i~%$#@ﬁ&m1@ﬂo@?}}
ﬂﬁﬁé%%ié%ﬁ%%ﬁﬂﬁ%’%ﬁﬁﬁgﬁxg%%,i@;
£ s § R AR KPR B B4R
TRE A 0 AR IR

TE K APHES BHOF TR R AR L FY P 2R
g%wﬁFdew%w{aﬁszwﬂﬁmmzﬁﬂﬁig%fgﬁai
2aokpee o qlr 2§ PREA £ 5T =R S (Metal Or;anic
Frameworks » MOF)(4c = = =) = 4 » f1 ¥ A2k = § R £ &
- F ez chr i (deBlo L 2) 0 a J0% = 5 e S R AL R
B F T G (Bl L) - g e

Recent work of our group

Thermodynamics Design green solvents

Y 4

Chemical Reactions Materials

r emulsions stabilized by MOFs

CO,-wate
n of MOF panostructures

and formatio

ilic

Hydroph
MOF :

L

MOF downsizing and assembling Solvent temaving

€0,-Philic [HTE
MOF: [# ¥

MOF

Angew. Chem. Int, Ed., 2016, 55, 11372,
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S Hydrogenation of phenol to cyclohexanone over
G.

Pd/C-Lewis acid

=
Iy

I
fu

SC CO: can enhance the efficiency significantly

In THF : Conversion 0%
In CO,, Yield 100%

SC CO: can enhance the efficiency significantly

Science, 2009, 326, 1520.

"A new strategy to shift reaction equilibrium by
forming IL intermediate

Green Chem., 2015, 17,1633 - 1639.

e I 377 3#- CO2 Uses as Oxygen Source for High-value Added
Chemicals

N 3R {d ¥ W iz j7 ~ & Sang-Eon Park #x#::8 7 f§ 37 » 3P = 3?
FR TR F AR R R Kéﬁ” :
VIS S 15;3 P (Ar Bl LT ) in & R mCOZ fra § Ok }@

Flat o P F RAeitiland A G 0 A 26 fRaF D PRI o FE Rl H0
:3? PRGERF R FRIRG A AL F o A ENFLITE T
#£ 3 Rflenz 3 “/Fﬁil%’* mr;*—:t Lo

ﬁm«&r/"f\% EAFARPHOAPT U F LR EIEL CiRo

A s O R(4-® = JT\) AUFA LA R Y - 3 ’“ffif’?; ¥FhoF
WA T ELI T J‘lé_i‘{fﬁ TfexEL S akr ol i Z F
RS AT AR LR L L BRI s e £ § IR
B AR R AR PHAF LR T R (Bl )
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CH, + €0, 260 + My, A= 281 k) molt
* Organic carbonates vig Carbonation
* Carboxylic Acid via Carboxylation : C.H & G=g bonds

CH,+ €0, 3 CHEOOK:

+ Arificial Photosynthesis CO:4 KO+ hy -I(CH.O) +0,
~200 billion tons of €0, are converted to biomass sach year

CO: phaludinyaciation;
WM. Jcioon o1 &, Sl bang, et

€0, nsertion : Polyslorane ek,
|

T | A
PDMS
e 50) et T2 (. T8

|

¥
. Aresta, Corbon D‘"‘“m' e R TefNiagr NN
Feedstock, 1 ecition, Wity T Tl

. Curhon Gaa\ﬁcatnm intoCO  CO4C-2C0

MTTRER IO
Lo

18

o

8257 0 bl

rTv"’k’t! >

it & EpF > CO2 B & Q—U’E‘.Ffffl (heBl= L4 )
fod RS A e Al B fﬁ Tt F e
(‘kf'gl:: —L) ° é\‘]‘%/\j\%—vl}:“‘ﬁ 5\4 v 2 X%
A fdedf sfe ¥ 4 il

N2 2

e AW 1T %

;,.mﬁn“ﬁ}@;



i

i

E%T]:._L,\

- L4

L

¥ Fuely

l/ ). L ‘I

Co, irmmu VG
Acet mw;m iﬁbly\ahnn
Ghy

-___‘_
Telomerization o 0,

with butadiens atlluar 4Gt 297 2008 114,

K}
1o A

S22 etal. 1, Chem, So¢, )n I

‘Che. Cammun, 0(1974) Gos-gs,
Unsaturated uﬂmmmﬂ:
from €O, and

C0;

& —

e

8460,
Heetal, JGOU, (1913). 2=

"' cb,

(L 0‘ - Geen Feecgigey . 0,

A

Hit—cooy

o Sermay vm; 04 sy any

A li?bamam "

o il
Rty '__:{f“' BHH—C-te

A (0 G ) e

#Isocyanates from CO, and amine

e’ e
¥ As Dehydrogenating Agent | el

Qridative dehydrogenation
with €0, as Soft Osjda/nt
0,
o
S, Park o o, Chum. Lott, 36 (V) NIMTIRL

At

Enhancer 0, a5 a Promoter in Oxidation Reaction wih 0,
in Aromabization  cuus ket g

Ecoﬂ‘ﬂzl T
{Dehydrocyclization) )
o

A 1} LJiﬁ—*M"LL\

mm.‘mwm*"'

‘RQleof soft oxig:
2nghhg at ca int

Hm O b

 Chen, (17011] WIEHCEL

9% hidrogen g oy,
A molK ap g

“ESs dangﬂm‘g
LT, than ¢
ng gm K (70

; ment (hi
um shift g give
8 - Cheaper gag than ¥

h conversiop

loWer reaction taqn |
gl
SIEam or oxygen Peralire

Il 2673 o

Moc

1z Diecl ulilization of CO, a5 a by-product discharged from

ot e et s T4 e A o ity

o Tharmedynamicaily ened
pelrachemical indusiry (Selfsuficiency of C02) i

2. Adiabalic reactor
3. Two stage reactor system
4, Usage of the

T Sl r2ctiod 5 o 164 = 1200 el I gt
g sonsmRsn

rindustries
§. Decrease coke formation
6. Increase the stabllity of the cafalyst

High ST 26T 212t a0 T B4 1800
st dnactiaton prania
iy anlon PSR ATV USRI,

aadaten st ol DA i,
7. Regeneration of the catalystin the reactor system Cramgrin

Oxidation With Co,

Oxidation of Cyclic.Oi Olefu]§

f G Guty 0/ 1. “/
‘_"n -'__J,“‘ L‘“!h
Fusllydamwc(u a:aF(mnla:mnndmmmml
Reaction Canditians

100°C, Rutotiave.
A0,

Wpel
L34
NGL S mg
Quantification of Promotional Effect

"C 1I{t ]
AC(%) = oo

[C”:w ]J‘[C" s \!

iz 0/
€, = comesionin Yy
!, = conwersian in AU cawersionin 5y

an b regarded s perc

as Prom,

1ha

ey

" g " 1
A ahn
o I

Qridafion of Cyclohexens and Selectivity (s}

btween conversion in presence and a

e
e Chmity, 1 211 6

19




Crbon D10>ude as Enhang

Arnmatnzauun ui Me
Convarslun With

lhana in Oxidatiyg
C0,as Additive
Coke formation

\ :

L

=
i

“lrrw

Side Cham Mkylatmn Tnlume with WeOM  Inesitu FTIR : “|

d CH=CH, Bicarbonate
*CH,OH—-d + KO Formation
L

Styrena Yield l.%)

e % 47 /% :#- Innovation and Markets in the New Carbon Economy
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Mission Innovation:
23 countries committed to doubling R&:

the Clean Ener:
Hvpeyissionnovaien

+ Double R&D spending ($4.8B US, roughly $5B worldwide) by 2020
+ Breakthrough Energy Coalition as “high tolerance VC”
+ Seven Global Innavation Challenges

‘ Lawrence Livermore National Laboratory  Anticipate, Innovate, and Deliver

Agent-based simulation
(Japan, 1 billion agents)

Bubble formation
Ga.  near afuel rod

niSs
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Policy Innovation: both carrots anc

Horizontal drilling & “fracking”
= Ly * R&D Policy, including new entities (GRI)
— * Taxcredit for unconventional gas ($1/Mcf for 10 years)

Clean energy deployment

* Wind andsolar ITC’s and PTC’s (coming soon: FUTURE act)
* Merit dispatch; Net metering

* Feed-in tariffs, RPS, LCFS, RFS, mandates, carbon tax

* Emission standards

Risk tolerant business policies
* Bankruptcy law; MLPs
* IP protection; liability shields (or opposite)

 Policy advances yield finance and market advances

L Lawrence Livermore National Laboratory  Anticlpate, lnnovate,and

Potential Policy Innovations for CO2U

Tariffs and tax credits
* FUTURE Act
* $30/ton CO2 for EOR and CO2U
+ $50/ton CO2 when comes from the air
+ Potential: Tariffs on products & goods (e.g., green plastics)

1N

Government procurement

+ Executive order: renewable power

*» Potential: 5% renewable fuels for government use

+ Potential: 5% renewable cement for government buildings

R&D Policy
* UK Carbon Removal R&D program
+ Potential focus on pilots and early use

 Policy advances yield finance and market advances

‘ Lawrence Livermore National Laboratory  Anticipate, Innovate,and

e I 377 :#- Strategies for Stable Ni-based Catalysts for CO2
Reforming and Methanation

B AR o 374c i < & Sibudjing Kawi #c45: 8 £ 0 2 4] &
F CRUER A ’%‘F"%#Hifﬁ‘ FOUORLEE 42N o T Pk L0
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BRI E T A *Ei% e oo
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:g‘?ibﬁ}!\#ﬁi’rﬁfj&ﬁ “;;{’ AEPPR o= §F LREBE T EE Bk
fefr= F BT =1 F& nigd LEP L ;’ﬁ IR LR e &R
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Developmert of Ni Catalystfor CO, Reforming

L

=
Ji

Mixed Oxide

Bimetallic
Catalyst

Catalyst

Perovskite

Core-Shell ‘
Catalyst

Catalyst

Phyllosilicate “Organic Promoted”
Catalyst Catalyst

Bimetallic Pd-Ni / Y,0, Catalyst

Pd-NilLa,0,
 Pd-NITIO,

h
:T Pd-NiCeQ,
!

Reactor
blockage

U] 300 600 800 1200 1500
Time (mins)

Bimetallic Pd-Ni/Y,0, catalyst is active

and stable for €O, reformingdue tothe 3

of surface oxygenspeciesta £
<

oxidize surface carbon to CO, v : o i -
R TPl a0 iYL e

@ sy U. Qemar, 5. Kawi, Applied Catalysis A 402 (2011) 176.
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Highly Dispersed Ni/ Si0, Catalyst Prepared with Oleic Acid (OA)
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Conversion of CH, and CO, (%)

€0, omversian (wih OA)
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M
N Al

.
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7

Time: on stream (our)

Ni particle <2 nm and no carbon formed on spent Ni catalyst 1!

L. Mo, 8. Kawi, Catal. Sci. Technol. 4 (2014) 2107,

Ni-Yolk@Ni@$i0, Catalyst

L
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Z, Li, S.Kawi, ACS Catalysis 4 (2014)1526-1236.

Alkaline-Earth Doped LaNiO; Perovskite Catalyst

CH, conversion (90 )

S0
“ae g RALE R GG
12 :
i r
2 La;0y X N
%
%

x Ko,

PR e
e NUMg-La:0,

*NLMDL
Ol
AN

600°C X210}

100 200 300 400 500 60O
“Time tmin)

Sr doping in LaNiO,
perovskite (Ni /Sr-La,04)
shows the highest activity as
itenhances CH, conversion in
CO, reforming due to
“surface oxygen species”
which activate C-H bond at
low temp 600°C.

n, S. Kawi, Int. J. Hydrogen Energy 36 (2011) 14435.
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Ni/MgO - La,0, Mixed Oxide Catalysts

=- 5% NilLa,0, 5% NilMgO-La,0,
5% NiMgO-La,0, —¢-5% NulOMgDLa 0

7 € _
+ SHNIBMGOLR0, 4 55 NZONGO-1a.0,
5% NiigQ

*m"“"" ., ‘
i b
¥ 2

LS
v

2

-«W

CO, conversion (%)
I
a

]

1(b)

T T T T T 1
0 50 100 150 200 50
Reaction time (h)

Nil10Mg0-La,0, has the highestamountof monoclinic La,0,C0; which has
fast carbon removal, thus maintaining high DRM activity and stability> 200 h.

@ R J. Ni, S. Kawi, Int. J. Hydrogen Energy 38 (2013) 13631-13642.

€O, Methanation over Ni-Ce0,: Effect of CeO, Morphalogy

Table 1. Ce* concentration based on XPS analysis

1/Ca0; - NC NI/Ce0, - NR Reduced N/CeD, -NC  Reduced Ni/Ca0;- NR

7 L - = =
— Catt) . 0257 0228 0370

J

. -

W v k._ /

A — Ll W

AP e v
NiCe0,-NC | [ \VCeD -NR | ;

[ sl =N o

X b fomar o

Al Sl

A e T S BT
AR penrteran

#  Ceria nanorods has more Ce**
7 NifCe0,-NR has more formate due to more Ce**, accounting for higher activity

%NUS
\ il Z. Bian, S. Kawi, Catal. Sci. Technol. (2107, under review).

e Direct Conversion of CO2 to Value-added Hydrocarbons with
High Selectivity over a Bifunctional Catalyst

ApWEAd P FPER AR EF
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f%'}ir%ﬁ’ﬁb?«fl’i’r E’ﬁ&_ﬁ‘”ﬁﬁ}uﬁlJmO'ﬂ‘ v l#"’u,ﬁ\i A
BOERF 4o dldeehazpag it > @ ¢ R 7 P R b el z~’«H ah’t
A= %o Flt > JHEFACL RN CO28# i > 2 31427 3F 5 ﬁs,‘,?l
b3 C g luﬁy\mﬁ. 21+ v C-C & & (coupling)<hii ¥ Mg > % i“ i
BE S C2+A Y » MARE - BE < Pt o dok - F 1t
W SRR ERE A 0 TRA RO P ARELIE <”m%tﬁ@
I o

7 I8 "g(Peng Gao)+L 4 # 4
rE aamffi/ﬁ! ' ¥ '“E‘éﬁ'“
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) FI* A F oA F 3§ B 95 Anderson-Schulz-Flory (ASF) »
o igfi A Sm ARy Bl afva RPN a7 ZEHFE -
b4 345 ASF A & o B - TR (¢ 7% ~i§;$réﬁr~{§:)ﬁﬂi£ﬁ'r;7» ‘g i’g@
5806 + 7 7 it i g BN ST (- A o A% E LT 5 48% o 40
+ » 2 CO & 1 F fudprt > d > CO2writid F i » Fa - ¥ f“/éf‘é;
fj‘:m%ﬂfﬁ EAd o dgant? B PRARS C ER{F 5 33;\;
T R R E ottt JEd BMF LA B RE CO2RF
PR A2FRGAL(EREM<SK) - ) |

) BAFT Y o F iY4F]L 3 & (In203/HZSM-5) B s 4> &
ZF PR E L CE SRR ARDIBER N P PR ::;; £
e o A P T Ta T
B I S0% 0 5 BIA BT R PE RIS NGBz 2.

to lower olefins

Direct conversion of €O,

|

£ 2 P
J_;v_,_,(—"‘y—rwl 0
100 120 140 160

80

)
Reaction time (h)

1 =400°C, P= 3.0 MPa. molar H/CO;/N; = 73/24/3, WHSV = 9000 mL Ear I

@ ASF Is characterized by a maximum of C,—C, fraction including olefins (C;~C;”) and paraffins
{€,°~C.?) of about 56.7% and an undesired CH, fraction of about 29.2%.
selectivity up to 93% (including 80% C,-C;* and 13% €,°-C,* ) of all hydrocarbons
ased) was achieved with only about 4% methane at a CO, conversion of 35.5%.

The detail: Poster 1-6 (No. 192)

° CC:Iarbtc)m Dioxide Utilization in a Gas-to-Methanol Process
ombined with CO2/steam-mixed Reforming: Te - '
analver g: Techno-Economic

* B 3 2 §_d Korea Research Institute of Chemical Technology
(KRICT) Chundong Zhang < # & {7 f§ 47 > 1 & 5 d QA K804 Aspen
Plgs i BB - F iy Wr BAWY B eanfl4z (Carbon
-Q|OX|de-utiIized Gas-to-Methanol - CGTM ) %+ #4 (4rBle 2 ) p B
FAORAARA Y T @FIFE o B ko vk T Avig ok ?;fr
B o BIE AR R R LA T2 B 0 LT S cGTM g
AR T A (Total Capital Investment » TCIl) ekt & &La\;\ (Total
Product Cost » TPC) - #Xfs > f1#* 23 E (Net Present(/alue » NPV) ~
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F F AP 5 (Internal Rate of Return » IRR) ﬂfra“ﬁ‘lﬁ,ﬁb A~ Ep (Dlscounted
Payback Period » DPBP) # 5 /#* iz dp % 7= CGTM R ARy dvoc &

v (drle 1) »‘“ o HU& ERS CGTM WAL chig e g ?L"
#oodRd R RS RS LA B S R ! m%&ﬁﬂfreﬁiﬁ
;‘;gqgg,gg.ﬁﬂ,a;;r}o_lﬁi‘%% «rrv—ﬁjgi% T AR R R
# LR T (e FlE -4 ) 0 2 RN G 4 R NPV IRR fe
DPBP » # % 2,500 % 5,000 == & it e & CGTM @ME;__ SR S
0 F {1 BORHEC A LD T o T K EAMEY 4 (Rl

Process design---tw@ @ptions
Bz -z
Recycle of Unreacted Gas (CO, CO,, H, C,)
] ] Methanel Synthesis |
Cu catalyst f————
R -
9 : €O, +3H; 4 CH;OH + Hyf \ )
(0 @ ]
MeOH
Products
CO, Utilized Gas-to-Methanol Process (CGTM)
Ref: Zhang etal, Fuel 2017; 190: 363-311. J.CO% Util 2016;16: 1-7. WO 2016/021836A1.
Economic evaluation
Ble -+ 1

Plant scale TPD

NPV
(i=12%

598.74 X M$

DPBP 6.23 829 9.52 Yr

1RR 22,65 18.70 1715 %

With regard to the evaluation indicators, both options are acceptable:

+ NPV is considerably higher than zero
v IRR is higher than that of the industry base yield (12%)
v DPBP is shorter than the base payback period (10 Yrs)
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Sensitivity analysis

Bz -+

8Varitioninprices md s sl O (SC-L5)

¥ The methanol price, CAPEX, and NG price are the most sensitive factors

¥ The fixed direct OPEX, and variable OPEX are less so

E%;]\E-.L__"

S S 75 10 2% LW 1S 20
Fant sale (100 TPD) Carbon ax(SM1 COy)

e Bimetallic PdIn nanoparticles for the CO2 reduction to methanol

rEARL Ed 225 8 A Garcia-Trenco ##:2 (7 [ 4F » 3P fif 3
AL EY S A5 Z F CRERd I B s & L B E
Bho Jl* R A REFOH2 Ko F B REL S AT g S F - F
LR AR R MR O AR T R BT R AT
#+ (nanoparticles» NPs) erjf 4 & 36> - F Vg d AP fEr ¥ >
gt Bt Cu-ZnO R AR 4 fi4E e 3 Eantie > 4 & ET'? ]
P BB hdk g it B E R (AeRle L N) o g N BT B
BE- BUELBHPAINE KT o R F ’Ly@glu . ﬁgm‘*% °

EEBPAd/InfAEILgd Az & - 54 &k (squalane)
AP b %ﬁiFﬁ—‘&i"‘f\?ﬁFﬁf&ﬁ‘](Pd tnx B 11) JECAPAE BTN S !
2 210C > #E 1) pF o H:iE X-5A S5~ %fr(X ray Diffraction » XRD) ~
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# £ 4 47 (Thermogravimetric Analysis > TGA)fr B f247 & 7 & 53 T + B ik
4% (High Resolution Transmission Electron Microscope > HR- TEM)/’:\ 17 &
TREEE VSR 4 TR T 5 4.0nm % %’ .+ Pd(0) (4r Bz
L4)e &= '}4}:9?5'1‘«1—\5-’-35 F 3¢ i 7 B%H2IN2 e & 5 > H1* 7 K b+
PA(0) 5 411 > #-prpedri® R > T /AT 2 KRS PA(0)? > B 2 = T2
A % 8.0 nm ""/”%!? B Ingsy Pdoag 3 F 3 (e BT L) o

F1* 2 F 0% % (190-270°C » 5.0 MPa> H2/CO2 = 3> 7 R j/xi# 5-19
L-mmolpgsn -h™?) 5 i g 50 A F & % (Continuously Stirred Tank
Reactor » CSTR)x g B 7 » A 2 ARk B RIEF F Pd/In v 62 & ﬁa-&q- =
FibpLa Y F sk o 3l AP g A IngsPdogs 5 B iE e
AL 207 Fhend A S F e § £ 1 Cu-ZnO-Al203 7 g & MM—
LBl oo pboh s 4300 B anE M foff Bfg T 0 5% B F el (4

I =)o t755 25 FFE R is aff 4o XRD & X 54158 § 3 &t 3% (X-ray

Photoelectron Spectroscopy » XPS) 4 +75% % B2 ar#ffiiip e > A3 Kk
G e o

Fherdt > LB PAIN 2 KL G BRI 0 AR TP Y
Bk R B AR G o

OUR APPROACH: COLLOIDAL CATALYSTS

g]m‘_——-l-/\

CO,+3H, mmp | ~ mm) CH,0H+H,0

Calloidal nanoparticles

* HIGH SURFACE AREA — HIGH ACTIVITY

+  Easy control of the compasition (use of promoters)
* TUNABLE PROPERTIES Control of the nanaparticle size (exposed surface area)

* Control of the surface chemistry (ligand choice)

29



Ble + 4

=
14

=g

STEP 1: THERMAL DECOMPOS!

Thermal decomposition of Pd(ac], to form Pd(0) NPs

Partial decompoasition of In{ac), leading to In,0, NPs

ticles (NPs)

Pd(0) nanoparticles (NPs)

Pd-mediated reduction of In(llf) species

Bimetallic
nanoparticles

Pdin nanoparticles

omaksod 1400H eata doaetivation )

Tirma onstar ()

* Significant improvement in catalyst stability compared to the commercial Cu-Zn0-AL0,

*  Good long term stability; 20% deactivation after 120 h
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