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A1, [Study on the Production of Hydrogen and Syngas from Biomass-Derived Alcohols using Zeolite-
Encapsulated Nickel Catalysts] LR L, HICTENIL, BLTO 5 ENLHERINATNS.

% 1 % [ntroduction] TiX, A A~ AINDOERA A OKFEE —RILRFOREAA), BIUKE (H)
RIEICE LT, N A~ AOMHE, WEKGEHREKIGT 2 AL TND. SBIZ, KIFFETHEELE T2
T X ) —)LKFRKSE (Ethanol Steam Reforming, ESR) SUGMI A2 el & EfE L LC, BFEMICEETHL &
EEZRT =y 70 (Ni) RABEZED H1F, FMEICISIT 5 BSR KGO EK G & BGOSR & f8 0
T2 &I, ZDORBES TH DI F~D BN H & & RIEMRE O BRI L 5 MIES MBS AL T .
LT, ZORIELLTELST A MCED NI F 7R TONEMEEZIREL, ZOWEOHBNEESR, BXLWV
SO R L TN D.

% 2 % [Preparation of Ni@Silicalite-1 with Ni-Phyllosilicate precursor] Ti%, MFI €47 A F T& % Silicalite-1

(S-1) & Ni ki F- 3N el Sl (Ni@S-1) OFRRIEZIER L TV 5. Ni &2 U (Si02) DOEIRILEY)
Thsbd7 117U — bk (Niphyllosilicate, Ni-PS) EFMAKEZ NijJRe L, FMEREEST A MEREHRIZEA
Lcth, REVGHWLIRZIET Z & T, S-1 OfEMMZERIZ Ni-PS 23EE(L S 417z, Ni-PS@S-1 3G 6hb. [FH
Ni-PS@S-1 % 850°C T/KFZEILT D Z & T, Ni-PS TV A X3 3~4 nm F2E D Ni ki +-~Er S, NE
HENER I N D NI@S-1). Ni I+ OWNEMEERICIR BT 5T A =2 — L LT, KEGHED
Si/H20 b, TR O RBREFR] & AKBVE IR 2 EISHET L, Ni OBESATE ESR BUSTEME, BRSO H
il OBLR O Il e BEER RS 2 E LT D

% 3 % [Study of reaction mechanism and pathway of ethanol steam reforming on Ni over Silicalite-1] T, Ni % [#
EAL L TW WK (2 2 TiE Silicalite-1, S-1), 38X U Ni@S-1 il Fv T 500~800°C Dl L &H T
ESR [JbEFEM L, FOGREEZHLNIT D& & b, ARPICEEZ B PR ERBR L R LTV 5.
Ni@S-1 fififit 2 Fiv 72 ESR FUGFRBR D55, 700°CLL D S IRERIC TS BRI ET D 2 & 2 LI
LTW%. Ni ZEE(EL TWRW S-1 OHZORE, ERRISEKIEIREOY T /) —VRIZX D28 ) —Ahb
TF L AOBKRRIETHY, —J7, NIk FET 256 TiE, Niffthi 7+ L Tox ¥ 7 — LV OBiKFEIG
CEDTE T AT ROAERK, BEV C-CHEAEOMREAKAILEISIT LD H R CO DA ERIET
BHHZELERLTND., BERERESHIL EIZ=X /) —VOBKKISC L VEIAETHF L 2880 L TER
T 5703, T00°CUL L TIIAKRARR[GESEMEE SN D T2, REFTHBMBISND Z L AR LTINS,

%5 4 ¥ [Investigation of Catalytic activity of Ni@Silicalite-1] Ti%, FiRIEIZL D Ni & EE(k L7z Ni/S-1 fifift:
LB AT A b~ Ni b %2 NE S H 72 Ni@S-1 itk LT, 500C~800°C DR EEHEFH T ESR bt % 30 L,
RIS ETEPE 2 LRl LT AL ARG L TV D T X TOMIGIREHRPHIC VT, Ni@S-1 (% Ni/sS-1 filltt & bt
L, 600°CLL T OARSUSIRERICKIT 24 / — /L Ok, C-CHiA OB & KEKUE O MILHEE,
BRBHT AN T, BN EZ RS 2L, BRO 700°CEL O @RI U TEAL T MMEVZ & 1 %
AT LEERLENILTND.

% 5 % [Conclusion and recommendations | TI¥, AWFFRIZ LV E LN EEZRIET D LI, SR OBER

JREIZOWTEL LTS,
INEET DT, AHICTIE, ESR BUSITRE U CREMT HIHHE & BEEEMHIRE 2 /R E A4 F 4~ PNE Ni ok
FREDOFRELE, 72 5 N ESR MUSIZIS T 2 S (LIZ B9 2 SR R 2 /37 b o TH Y, T¥ERb
WL ERBRT 2 L ZABKRE V. Lo TR L (I5) O e LTHAMERH 5 6 0 L7
bbb,

i3« FRSCEEBIL, FI3L 2000 7 & 95832 300 354 1T ORI 572, b L <ITTEL 800 5% 1 FRE LT 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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The study on the production of hydrogen and syngas from biomass—derived alcohols using zeolite-—
encapsulated nickel catalysts was investigated through the preparation and utilization of Ni
nanoparticles encapsulated Silicalite—-1 catalysts in bioethanol steam reforming reaction. The
development of Ni@Silicalite-1 catalysts were investigated in various preparation conditions,
including the different precursors condition and hydrothermal synthesis condition. The
Ni@Silicalite-1 prepared by two-step method using non-porous calcined precursor in a mother liquor
of water—to—silica ratio of 100 and was hydrothermal synthesis at 100 ° C for 72 h shows the best
catalytic activity. The catalytic activity testing in ethanol steam reforming at 500 - 800 ° C

compared to conventional Ni/Silicalite—1, and pure Silicalite—1 were conducted to investigate the
effect of encapsulation structure towards reaction activity and pathways. The activity is enhanced
by Ni@Silicalite-1, especially the conversion in low reaction temperature, and converting to
Clproducts. The ultrafine Ni inside Silicalite-1 zeolite provides a direct advantage for the catalyst
activity and suppressing coke formation. The small active sites provide catalytic activity for
reactant activation, and C-C bond cleavage. It also helps reduce coke formation due to its ability
convert C2 to Cl product, reducing the coke precursor, consequently, coke formation. The
encapsulation structure provides benefits towards the reaction in two aspects, it physically
suppresses sintering with the barrier structure of crystalline zeolite between Ni particles, which
avoids agglomeration as it maintained the size of 4 nm after stability test. Moreover, the zeolite
framework on the outer most surface can prevent a severe filamentous coke formation which is a main
cause of ESR catalyst deactivation. The high crystallinity of catalyst structure provides stability
under severe conditions including high temperature and steam atmosphere. The optimum preparation
condition of Ni@Silicalite—1 can be further improved in both precursor dissolution and hydrothermal
synthesis condition to improve Ni location and zeolite crystallinity

fE#% © FCEEIL, 32000 &I 300 GEA LEFTORMET D0, b L<IZTL 800 #5a 1R L T<Zaw,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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The study on the production of hydrogen and syngas from biomass—derived alcohols using zeolite—encapsulated
nickel catalysts was investigated through the preparation and utilization of Ni nanoparticles encapsulated Silicalite-
1 catalysts in bioethanol steam reforming reaction. The development of Ni@Silicalite-1 catalysts were investigated in
various preparation conditions, including the different precursors condition and hydrothermal synthesis condition. Ni
encapsulated Silicalite-1 catalyst (Ni@Silicalite-1) can be prepared with hydrothermal synthesis. The preparation using
solid precursor helps securing Ni active sites to be encapsulated within zeolite structures than the system using free
Ni ions in the mother liquor solution. The state of Ni precursor present in the solution is crucial for encapsulating
Ni since it can control the formation since the solution to form nucleation, then crystallization. Calcination of the
precursor and the non-porous precursor help encapsulating Ni with the less coexistence of amorphous silica in the
obtained zeolite. The hydrothermal synthesis condition, including H:0:Si ratio and hydrothermal synthesis temperature
which are directly affected in nucleation and crystallization. The lower driving force from the more dilute system with
lower alkalinity and lower hydrothermal synthesis temperature helps the Ni to be more embraced within zeolite crystal
for 2-step Ni@Silicalite-1 preparation. The Ni@Silicalite-1 prepared by two-step method using non-porous calcined
precursor in a mother liquor of water—to-silica ratio of 100 and was hydrothermal synthesis at 100 ° C for 72 h shows
the best catalytic activity.

The catalytic activity testing in ethanol steam reforming at 500 - 800 ° C, compared to conventional
Ni/Silicalite-1, and Silicalite-1 were conducted to investigate the effect of encapsulation structure towards reaction
activity and pathways. The thermodynamic equilibrium of ethanol steam reforming is reached at a temperature around
700 ° C. Without the presence of Ni, the major reaction pathway on Silicalite-1 is the ethanol dehydration to ethylene
catalyzed by weak acidity of Silanol surface functional group. With the presence of Ni active sites, dehydrogenation
to acetaldehyde, followed by acetaldehyde reforming produced H2, CO, and CO.. Coke formation occurs due to the presence
of coke precursor in reaction media. The increasing of temperature enhances steam reforming pathway from water
activation, together with the reaction of coke precursors to the oxygenated species.

Ni@Silicalite—1, the catalyst with Ni encapsulation structure, shows superior performance in all investigating
reaction temperatures, especially the conversion in low reaction temperature at 500 ° C, and superior ability to convert
C2 to Cl products at 600 ° C. The preparation of encapsulation structure provides the improvement of metal-support
interaction, along with the small size of Ni. The ultrafine Ni inside Silicalite-1 zeolite provides a direct advantage
for the catalyst activity provide catalytic activity for reactant activation, C—C bond cleavage reactivity, and steam
reforming pathway. It also provides a noticeable reduction in coke formation on the spent catalyst due to its ability
in reducing the coke precursor, consequently, coke formation. As in the stability test at 500 ° C, the encapsulation
catalyst exhibits 2 times higher in conversion and Cl product selectivity and suppress the coke formation by 2.5 times
compared to the conventional impregnation catalyst. The Ni size can be maintained at 4 nm and functions within the
encapsulation structure after 4 h reaction at 800 ° C

The encapsulation structure provides benefits towards the reaction in two aspects, it physically suppresses
sintering with the barrier structure of crystalline zeolite between Ni particles, which avoids agglomeration as it
maintained small size after stability test. Moreover, the zeolite framework on the outer most surface can prevent a
severe filamentous coke formation which is a main cause of ESR catalyst deactivation, also reduction in a chance of
losing active sites after regeneration process. The high crystallinity of catalyst structure provides stability under
severe conditions including high temperature and steam atmosphere. The optimum preparation condition of Ni@Silicalite—

1 can be further improved in both precursor dissolution and hydrothermal synthesis condition to improve Ni location and

zeolite crystallinity.
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