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ARG, TStudy on Methane Dry Reforming by Silicalite-1 Encapsulated Nickel Catalyst with Excellent Sintering and
Coking Resistance] &L, X TEN, UTOS5ENOHEINTND.

% 1% [lntroduction] TiX, A X2 (CHa) MHKFE (H) & —F{bR#E (CO) DIRATATHDHEMNT A %M
WD HEE LT, KERKWE, HOMIE, BXOB{bRFE (CO) & (KT &d, Dry Reforming of
Methane, DRM) BUSIZOW TR L T\ 5. ABFSE TG L 3% DRM %, Pfiam & 3R OB D igim
L, DRM S H 27 Bl & L CEFEMICEE Th 0 stz "4 =y /L (Ni) RMEEEN45 &3k
2, TORMERTH DR E~DORBHTH & &RIEEROBGEE I L 2L LBEEEMR L 0D, £ LT,
FORPIEL LTEA T A MTE D NI T /R TONEMELIREL, ZOMEO BN EEE, BIOMTOMAK
R LTW5.

% 2 #= [Preparation of Ni@S-1 catalyst from Ni-PS and investigation of the formation mechanism| Ti%, Ni &V
71 (Si02) oERibeEmThb =77 1V — b (Niphyllosilicate, Ni-PS) % NijJi& L7z, B4 71 b
Pl Ni ek T O BT B AREFR AL 22 R LT 5. [FIfEEERSYE T, Ni-PS iR & G322 B &, R Ni-PS
WRzZY T4~ (MFI €474 hTH 5 Silicalite-1, S-1) ARRHRICERA L, KEVA AL % it B 2 5
M S, S-1 OffEMZERIC Ni-PS EE(L S L7z, Ni-PS@S-1 355, £ LT, [ Ni-PS@S-1 % 850°CC
KFIRITLT DI EICLY, KV A X 3~4 nm ERED Ni b 70347 A4 MRIFICNE 347z, Ni@S-1 filift
NELNDZEERLTND. 2T, Ni-PSEABROEALT A NEREHEHK, 1 X OKEEKIRE & KBS
FREER] & o T2 K BVE R 2 BN IR T2 Z & C, DRM BUSIZIRTRFENTH OMH] & Ni Bk 0 ZEEE
Pl A FREE T 5, Ni@S-1 ORI LT\ 5.

%5 3 % [Evaluation and Comparison of Ni-loaded catalyst for the DRM reaction| Ci, 2 % CT#%E L 7= iiFidlikic
EDEAT A N NI Bkl (Ni@S-1) 122 T, fHle Ni KA Ni JiE L7z Ei2iEmE (Nils-1), &
LUV NI-PS #3E70 L 7= NifSiO2 filiflt, & o 7= Fi5NEDN 57 D il 2 IV T DRM SUSZ FERE L, FRYED Ni %
K OEE(IREE, 36 KOS RIET L ME LTV D, NifS-1 filtfit & Ni/Sioz it ¢k, 600°C DK
FERRIZ 31T 2 BRAE 72 BT HY & 850°C D sl EEIRIZ 3517 & Ni ki 7O BEE R BlEZE S iz, — 05, Nifhi+4 €
F I A4 F~NE SE 7 Ni@S-1 i, D TEAL RFBENT HINHIRE & BVEEMBIRE 2 R 2 L 2 FAEL TV 5.

% 4 % [Preparation of Ni@S-1 catalyst from Ni-PS with high Ni loading] Tl%, flfitE& Y7V O STEEZ 1 E
S AT, Ni fEFEY Ni (ki 7O BEE(LIREE, 36 JOMEIENE & ZE I RIZ T L BRF LTV 5. Ni
R CToH D Ni-PS D Ni HHEFE & AT 4 MG MEHRIZIRINT % Ni-PS &4 652 Z & T, Ni@S-1 il Ni fa£F
B 1~3wth ORI T2 S8 72 Ni@S-1 D FFRIZ A L T 5. Ni #HEFED 3.0wt% Tid, Ni ki34
T A MRIFOPE & AARENCEEL S 4L, AARENCEEC S 7 Ni ki FOBEEEREIT L, —J7, Ni fHffE
2 20 Wt%LL T TIE, Nifhi 23 B4 7 4 MRFRICHE S TE Y, DRM SUSIZIBW TEALT SR FEHT H T RE
LEBEIIHIREZ R T 2 EBH LM LTV .

%5 5% [Conclusions and perspectives] T, AMFEIZL D EONTZREERIET 5 L i, SH%OBECORE

IZOWVWTEELTWVD.
INEET DI, KR TIEL, DRM BUGITxE U TRSENT N EE & 2VEREMTIRE 2 7R3 B4 7 4 M Ni fihi
FAREEOFIRIE, 72 & ONC DRM KI8T 2 Bt B4 2 AR a2 B b o Thh, Ty L b,
WTEEREMRTZ2EZ2ANRKEV. Lo TRMBUIE L (T%) OFmXE LTHMMERH LD EBH 5
ns.
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Dry (CO,) reforming of methane (DRM) process, which converts and consumes CO, and CH; into syngas,
is attracting growing attention. Ni-based catalysts are the most advantageous option for the DRM reaction
due to their high activity, abundance, and cost—effectiveness. However, the Ni catalysts produced using
conventional methods have yet to meet the demands of industry, as they are prone to rapid deactivation
under the harsh reaction conditions, caused by severe Ni sintering, support collapse, and coke deposition.
Encapsulation of ultrafine Ni nanoparticles (NPs) in Silicalite—1 zeolite (Ni@S-1) could overcome the
drawbacks. Accordingly, a novel method was developed for preparing Ni@S-1 catalyst using Ni phyllosilicate
(Ni-PS) powder as the nickel source to achieve the highly efficient and stable DRM process.

Chapter 2 investigated the optimal synthesis conditions and formation mechanism of 1 wt% Ni@S-1 catalyst
from 3 wt% Ni—-PS by examining various parameters, including water—to—silica ratio (34, 50, and 100),
hydrothermal synthesis (HTS) time (1, 2, 3, 5, and 7 days), and HTS temperature (100, 150, and 180 °C ).
The results showed that controlling the crystallization speed and time could immobilize most Ni—PS species
within primary zeolite crystals after nucleation and crystal growth of zeolite. The best Ni@S-1 catalyst
was obtained through HTS at 100 °C for three days with a water-to—silica ratio of 50 in the zeolite mother
liquor. The resulting 1 wt% Ni@S—1 catalyst possessed highly dispersed ultrafine Ni NPs with an average
size of 2.9 nm, and most Ni NPs were encapsulated within the Silicalite—1 zeolite.

Chapter 3 evaluated and compared the catalytic performances of the optimal 1 wt% Ni@S-1 catalyst with
reference catalysts for the DRM reaction. The Ni@S-1 catalyst reached thermodynamic equilibrium activities
and showed high suppression of coke formation with negligible coke deposition of 0.5 wt.%, which was much
lower than the 40.9 wt% of the 1 wt% Ni/S-1 prepared by impregnation method, after the DRM reaction at
600 °C for b h. Moreover, the encapsulation structure and high thermal stability of the Silicalite—1 support
enabled Ni@S-1 to restrict the migration and aggregation of Ni NPs, thus keeping the ultrafine Ni NPs
(ca. 5.5 nm) and maintaining relatively high and stable catalytic performances at 850 °C for 24 h. In
contrast, the reference 1 wt% Ni-PS catalyst showed poor thermal stability. It suffered from fast
deactivation and severe Ni sintering from 4.3 nm to 14.5 nm after the DRM reaction at 850 °C for 5 h.

Chapter 4 aimed to prepare Ni@S-1 catalyst with high Ni loading (2-3 wt%) to improve its mass—specific
catalytic activity, enhancing catalytic efficiency and reducing cost. The results showed that the Ni
loading in Ni@S-1 could be increased up to 2.0 wt% without degradation in its catalytic performance in
the DRM reaction. More specifically, the obtained 2 wt% Ni@S-1 had ultrafine Ni NPs in size (3.3 nm) and
accumulated very low coke content of 1.1 wt% after reaction at 600 °C for 5 h. Additionally, the Ni NPs
slightly increased from 3.3 nm to 4.0 nm after reaction at 850 °C for 5 h.
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