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Development of dual-function catalyst to achieve high efficiency production of
balk chemicals from syn-gas
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Rh, Fe and Co metal nanoparticles encapsulated by MFI-type zeolite, which is
called as Bird-Cage structural catalyst, was developed. Rh@MFI catalyst was applied to conversion
of methanol, assuming that the alcohol is generated from the synthesis gas. The decomposition of
alcohol on Rh to generate hydrogen and and the simulteneous production of lighter olefin on acid
sites of zeolite was observed. In addition, in the catalyst containing nanoparticles of Fe and Co
(Fe@MFI and Co@MFI), the formation of lighter olefins, aromatics and iso-parafin from syngas. In
summary, the direct production of basic chemicals from syngas was achieved using the Bird-Cage
structural catalyst with two functions of metal and solid acid catalysts.



¥ X C—19,. F—19—1, Z—19 (d@)
1. WFFERRMA LD 5
EFEIROMAE DR E SRR AP |

I OBLENS, AMT 7Oy —<1r Ty 4
XU (B R) X B EBMLEE (KA

IRy —ymtea

) —

[ Jemesuz| / /|

| (2-5mm)

LIy, Taa—L, BEERE) oams o | LA LU
BERCRDY, FTIHEMSRET DA, S s | 0T gD U 0
DT E R A % B b8 ~E iR L3 i
DIRALKZBERIEDN, TEBEB SN TV 5. ST ERE SRS A
BT AVL, RIRT AZD KRGS E Tk X

NTNBEN, SHBITARNAL v ADKKEL R1 SESEFRLFIA Mok iag
WE, " bRFBUEEIC XY ALEEIROME L N o

WL T RRAL B3R O BRI % 5 5 e RE M ST — R — iR
DE. T 2T, ARBFFETIE, AR A 2Kk

T LT o R DR B RT S, RSRRICEE L.

2. WHEOEM

AR E LTI TRoOOT Vv a— VAR ERE LI2BIR KSR, OFT Mtz H L7 &K
FOGHRBRZETF HD.

i@ : &t A (CO+H,) © 7a—/ (CH;OH, CHsOH) = i b¥wmE

7 L3 — LA kL Rh <2 Pd 25 0 £ 4> J@ AR Aok - ik 1

T a— ) OIEMEFEWE B RITE A T A N EOE RS 12 Xk 0T

Ft®@ : G A (CO+Hy) & E#RIbKFE = K bFmE

ELEH ALK FE A I Fe <0 Co 25 0D B4 J& ok - firl it

BB RV KE DS OB EARIT Y A T 4 MEOERERARE (2 X v 1T
FERRIGETIE, @M L TORRT AN T va—L, b L ITEHERILKE AR (&
&E, b L ITRABBBRI I LD CO DKFLHE) &ML FEWEGRE (B4 T4 FOFEIR
FRfiAE) @, 2 SOMBEEENTR IR TH D, £72, TNOORISRE TIE, EHRISHAEE
T 5L LB, FESUL E WA B D BIR ISR TH 5.

RO A T A 22T, RS OR (SRR, BRSE) ST (ki N T
DOYSFT) ZMSTICHIE T 5, RIS TR 9 B 206 Dbk FEARGE] & T¥A4T
A NEEEDME O AL E AR RCRE]) OMNIHIE A KB T D2 MNEN D D, OBEMIREE S LT,
PA T A MERNEICE BRI E S Sz S — R —UEY O3 ons (K1).
ABGED BHINE, BT A0S OB LW E G EETH Y, RS EERT 570188
PRI NEA T A MR SN A= R — UEiE 2 BRI 5 & & b, TOERAfh
AR &2 iR 5.

N TPAOH
3. B:i:%‘%@ji{ﬁ E-&‘S RhClyaq.  NoH, TEOS NH, AlINO;),
¢ 1 ’ ’ ’

NaCl’ .
N L s 15 g e : > xmam X2 4 ,
%T) %E'f&&*ﬁ% 75) -{Z j— = /]) I o%h _>[ Ok 0.5h L3h -]:10":, lzor.| Eiﬂi
MEmICNE I, SR

AT A b (RS RERT, TREERET, [ ERREE | 7
g ST U by B CASANROMA gl Bn0
753'12\?7/1’ MIEZY, N— K747 o DR sio fETaE .-:’ fiﬁzj‘}}]
— HEERME) & PRI LTz A |
DOWNWT, Na&BHRIck? T B0, Sl srdcape i3

BT Z DS D AN K FE AR

(Fhra—, & LITESx K2 SBERTFNENN— F7r— AR sk gng
{bksFz), BLOE¥AT A FAEK
D [ERRE T OAERRIEKFED D OB P E A B A Rl — Otk N CTH#EITS 5 2 & %
L7z,

GIEMRIF N AT A M ko TSN, N— Ry —UMEmE L, mokEio~< 1y
aEMALCHBLZEZ (®2)., REEEANCIZIECRY IR v oF Lo Flo—T 0%,
HREEE 13 7 e~ 2 Tz (C-15/CHn) . SRSk 03 @ Li-~A4 7/ nx=~
v a YEEIRIZT Y IPR(TEOS) & A L, SEIRMh I~ Y W@ E TR S E 721, KEG
BB AZITH Z & TEL T4 "L U hEholE Sk, SonzibBicxt L, 7 a—ik
G, WOKR, BERRAVEEZ 92 & C, SRR N— R — Ui (LI, &R e@ YA
T4 ME OXFIETERYT) =5k

R XORRIEIPT &8t X BRoHTic K v, BRI &R ORE 1T 7. SRk -0 Y
AR, BEOEA T4 ok, £ERE TS & SR E FEMEIC LB L. BF
74 MIEER SIS BMRLTF OV A X% CO 7SV AEIZ IV I L, B4 T A b oE KR E
1%, NH3-TPD {EIZ XV Red7z. Ao EPERUER L E & g i A S aRIc L 0 i L7z, P&
Dbl % FEIE U 72 SOSE SO R ik U, AARiEA > 74 GCIZTHRr L7z,



1.0wt% Fe @AI-MFI

-
1.0wt% Fe@Si-MFI
(Silicalite-1)

)5 nm

— 10 nm 3 .
0.1 wt% Rh@ZSM-5 pH:11.0

0.05 wt% Rh@Z5M-5

—_10 nm
0.3 wt% Rh@ZSM-5

w10 nm | 0.85wt% Co@Si-MFI [0.82wt% Co@AI-MFI
0.5 wt% Rh@ZSM-5 | (Silicalite-1) (ZSM-5)

M3 TR LI S— Ko — DRI TEM S5

4. WFFERE 55 |
(1) fbitsnn = e 05w

13 5723k TEM 8IS R 4 X 31w L 2 — o
+. PATA ML MFLEE AT A k(A = «—— 03wtk
5T ZSM-5, Si DZMH S Silicalite-1) £ 15| |
ThHY, NWa&EIZe 7 A (Rh), 8 (Fe), = 01wt
279 b (Co) THD. #ekEd XRD [EIH 2.0
INE =2 BIE MFL BB A4 T 4 MBS o ——0.05 wt%

HE—r MRS, ERVGEFERND

PAF A FHRD I 7 v~ DU E DB 0.5 Fowts v .
Ehie. F£72, BET £mfEITHK 350 m¥g T (AI-MFI,

bot-. —J, WEERIZOWTIE, Rhd o LEMEL

BV A X3 2.0nm, Fe T 4.0~6.0 300 500 700 900

nm, Co TIIf 10nm TH 7. WL 7-fik Temp. [K]

W% FRNT, A HA A 6 0 SR T ] e
ARk (BRI 4o L EEE) pEmlL B4 RM@ALMFIEOT »% =7 TPD

7. F1 ARG
1S A Sy . RhIZSE w 0 005 01 03 a5
g%%ﬁg%g;& RO — GRS & SifalEE [XRF) - 82 B4 B4 BZ BB
1 e
Rh 45067 775 MFI P 45 o k(25 0 4E B S E(XRF) prereyg) 020 020 0.20 0.20 Q.19
V> Silicalite-1, 252 H 792 ZSM-5) 12XV oS #)mnd/g) 016 016 0.16 0.16 016
w8 & 7z, Rh@Silicalite-1 , # £ O BES B(TPD) immolfe] 016 014 015 0.15 015

Rh@ZSM-5 % filtlElZ VY, SRR A6 D

Tha—), BIOMERA LT 2 DA

e LT, ROSEIZ AL 2 Fe i, AfUKE RIS T 450 °CIl2 T 6 h AIALEL &6 L 7=. & D&,
350°CIZ¥AEIL, BFH AMHa : CO: Ar=16: 8 : DEZMHE LHEERIT LY 20 MPa (2725 K 91
MEL, RISEBB L. ZOR, TARMIIAZ o THY, TLa—1L=eC2 U EDR{bK
FZOAEBITBDOT N TH 72, T 1L RhRLFEED 2.0nm LA T EFEFIT/NS WD TH D & HER
L7z, TIT, AX )= RBAREINTZ E&EAHEE LT, A¥ J—L0 b OB LW E SR
% i L7-9.

PA T4 FED Si/AI=100 & L, Rh HEFED 0wt%~0.5wt% T 5 Rh@ZSM-5 Z il L7-.
TEM #22 (K 3) & CO UL AEDRER, 2 TOREITH 2 nm FE DR 7£: D Rh @Bk 723
B, RhABREAEND RhHEEFEICHH L THEMLZZ &5, RhEEFEICED 53 Rh
KRN —ETHLHZENRBEINT. KIS, TrE=7 TPD HIEIZ L 57 & =7 DLlEH s
DOHRIEFRERZK 4127 T. £72 XRF M HRO7Z SI/AL & Z ISV -G E AR &, 7
=T TPDHIENBFH LR A &2 £ 1IRT. 72E=7 TPD HIETIE, +3CD
B CRIFLE O BRI S B RSN, £2, TUE=T BBt v — 27 7 Rh #HEF I L - TRIR
PZTFNLBENBE I N, FRMBECHRBROBGNEEZ SN2 05, Rh ETTY %
=T WREN, AR LTEKEOAE LA —N—IZXVEELTNDLT VE=T OBEEMELE
ENFEZERFERELTEZOND. U EXY, RA@ZSM-5 DERKICBNT, RhBi+FEE —iE



(RS- FF ROEFEEZ (L SEDZ LT
I L, Rh HEREIZ X - TaJ@fliae 2
WARETH D Z LR ENTZ.

Rh HEFFED R/ 5 Rh@ZSM-5 % filtfitic
HWTz A & ) — NV OlsHOE (MTO K,
SOSIREE 450 °C, #E) 23 L7z. K51
R b & AR EIE AR T £, RIbK
FAERICERT S &, MTO MisHkED AL
KFBOAERKDEFL 4, Rh@ZSM 5 DIJER
FEfl iR 2NEERE L TN D 2 & SRR ST,
F72, KFEOERME, Rh ETOKEARKIC
£S5 CO, CO, AN RER STz, Lieh»o
C, Rh@ZSM-5 @ Rh fillERE S HERE L T %
ZEWHERR S NTZ. £, KFEINE, CO, CO,
IR X Rh HHFFE OB E - THEIN L 7=,
Z Ui Rh L RE O INZ K > T Rh ETD
AH )=V NMEE I N LB X
LD, LT 4 VOBIEKIZERT D &,
Rh HEF &2 0 wt%2 5 0.1 wt%IlZHEIN1 2
L, C3,CAF VLT 1 OERZBRHEI LT~
X 51T, Rh OHEEFIC X Y HEHFHED AR
flEsndZ EBNHLN L7251z,

Ehilge52BR & LT, Si/Al=100, Rh ¥ & 0.1

Carbon balance,
[C-mol%]
Hydrogen yield
[H-mol%]

100

80

=N
=3

&
o

Product yield [C-mol%]

20

CO +CO,

Undetectable

C5 over

A T A U Y O A

C1-4 paraffin
B BTX

| Ethylene

Butene

Propylene

| N 1 O TN O Y IO

0.05 0.1
Rh loading [wt%]

0.3 0.5

X5 Rh@AI-MFLIZEDT/Va—nunbon

ERLFMHE AR

Wt% DG TERAEL & O AZ1T\V, N— R —URE ORI DN TRl 21T o 72, EiR1E
fih i (Rh/ZSM-5)TiX, Rh ETOKFARIZED C3,C4 AL 7 1 VEIRFEO M EHRIT
Rh@ZSM-5 X 0 H/NSWEER L 7r o 72, Rh@ZSM-5 /N— R — Uikt cix, 474 FN
HIC Rh BRI - 3MFAET D Z & C, AIFLN TEITT 5 MTO KUSIZx L TR RAVIZKFZ AR
fThhlztEZzoN5.

PLEX Y, ROk F-13EA T A4 MCWNE ST, Rh@ZSM-5 73— K7 — Rt DB % 12
P LTz, @ FrE & BRI R OMANZHIE 2 KB 5 & i, Mt 2 S35 2 & TR
TALFE T DRI A L 7 4 v & BHHFHROEINEDHIEH N EMR S L7z,

(3) Fe@ZSM-5, Co-ZSM-5 /3— R/ — VRSl z X 2 Fa b8 A ik

Fe PRI -2 NE S 72, Fe@MFI /X— R — UREEMEEC K 2 B 206 O LB b ' E
ARk EER Lz, BEERBRIEEOMNS E LT, KEABEKIFIC Al JRE2# AT D HE, b LI,
Fe@SiO2 ##i#it%, Al L <X Ga % SiO ICHREEM L, EAHEEHIC L0 Al 2305 L7,
Rl AR, b L<IE Ga 2 5REELZE, B4 74 MEREER S 5EM
AL T, BT EA T4 ML FOAREEFICHFEL TND EBZHNDH. XRF JIEIC X
0 I ORERR T AL ZHE LTZ & 2 A, Fe@Ga-MFI @ Ga &4 &3/ & < (Si/Ga=330), J5UEH
FHRUZIBNT Ga AT BJg BT _RTHE S22 57, NH:-TPD HIE LY, Fe@Ga-MFI
1% L Fe@AI-MFI TiX7 v E=7 BB — 27 BNEiRANC 7 R L7z, ZAUL AL 23 Ga LV b
FRVEREEN S L CTHRE L7272 Th 5. AR L7l % 72 FT KGO CO #xfbE & ik
KRFBIREE R 2 IR T . Mba2iX, @EOBERARIGERE 2 AWz, £, FKE
L F T 450°C, 6h ORTALFE %
17721, B A (HuCO:Ar=

- O > N e D
16:8:1) B LS LT IS EBR, # 2 Fe@MFI |Z X B BT R D OEBLEWE AR

350°C, 2.0 MPa D JESMETHE . AL FEEIE %)

L7z, WThofiiicd, 24 D[i/tr VT g o A s
Y OBIRKT 20%EELL T TH 2 C3 4 C2-4

D, C2ULEDBALARER, FrioA Fe@S-MFI | 878 42 83 62 24 129 405 243
VT gy e XNT T 4 VDT,

BTX 7Rk L7-. HHC, Eeik Fe@A-MFI | 635 33 35 24 46 218 387 255
75 L 72 Fe@AI-MFI, Fe@Ga- Fe@Ga-MFl | 656 46 58 43 49 188 358 23

MFI TIE, KA L 7 ¢ 8RR
DD & BTX BRI O HE M
BB 2, ARk LRk
FL T 4 b O BTX AR N

#% 3 Co@MFI Z X BE/RHT A5 DEBLEWE AR

Selectivity of gas products [C-mol%] Isobutane/

Co loading  CO conversion n-butane

Catalyst

?ﬁ‘ L& 5%‘2 S5, [wto%] [%] CH, G, Cs, ratio
WAT, Co Bk 7% P/a) S w7 Co@Ga-MFI 0.85 4.0 64.3 15.0 20.2 0
’ N os2 33 750 1as 101 11
Co@AI-MFI 73— R — Dk ik Co@AI-MFI 2.7 4.2 66.9 16.4 16.7 038

BT K DGR A D B D HAfEAL



LWV AR A N L. fRBEORTEIZ A BT Fe DBFA LRI U TH Y, OSSR ISIRE
2N 250°CCTH 5 Z ELSMIFR—THD. D=, BEARIFE LR Co@Si-MFI(Silicalite-1)
WX DS ER G EE Uiz, AL E 3 ITRT. Fe@AI-MFI & $72 0, ApRib/kFEIX
IR RALKFE N ER D ThH o7, GBI ADDIRALKFE ZEKT 5 Co OfAEFREIZIN % T,
KBRS ECOBRMANHEIT L, A V3T 7 4V OERDHERR S 7.

(4) #him

PLEDOFEE X U, Rh, Fe, Co DEFAJE DT / ki 173 MFI BI€4Z 4 |k (AI-MFI T& % ZSM-
5, Ga-MFI, Silicalite-1) (& XV @&z, /N— R — UfEEMBE O BRICKS L-. NE4)RE
FEIC LV BRI FERITR2 50, NAERBICHKT 28 BMMBAE L B4 T4 Mol kT 5 R
FEARBERE ORI R STz, AT ANBART 27 v a— v &2FEE L, Rh@AI-MFI filigt
WL AEHAEEHE LI 2 A, Rh ETOT NV a—LONRIC L HAKRFEEKREEAT A MRS
TOT A= D DIERA V7 ¢ CAERDSER SN2, —F, Fe@Al-MFI, Fe@Ga-MFI Tl
BT AN DIERA V7 ¢ B E FRIFRGHERER SN TZ. Co@Al-MFI TiX, A V77
A UDERT D ERERINT. AR ACEE 2 R TE&REE YA T4 Mok > CaET
HZ LR, BRA VT 4y, AT T g, HEBEOKIEBEFE D BRI LTz,

<5 3R>

D T. Kobayashi, T. Furuya, H. Fujitsuka, T. Tago, “Synthesis of Birdcage-type zeolite encapsulating
ultrafine Pt nanoparticles and its application in dry reforming of methane”, Chem. Eng. J., 377, 2019,
120203

@ JEE R, AR BT, X BREL, N— RSV T A FOFREAZ S FT AV T
=T RIE~DIGH, B4 74 K, 36(4),2019, 106-114

@ H. Fujitsuka, S. Oshima, Y. Matsumura, T. Tago, “Synthesis of Rh nanoparticles encapsulated in ZSM-
5 and its application for methanol to olefin over acid sites with simultaneous production of hydrogen
over Rh”, Catal. Today, in press



5 5 0 0

Takahito Kobayashi , Takaaki Furuya, Hiroyasu Fujitsuka, Teruoki Tago

377

Synthesis of Birdcage-type zeolite encapsulating ultrafine Pt nanoparticles and its application
in dry reforming of methane

2019

Chemical Engineering Journal

120203 120210

DOl
10.1016/j .cej-2018.10.140

Watanabe Gaku, Nakasaka Yuta, Taniguchi Taichi, Yoshikawa Takuya, Tago Teruoki, Masuda Takao 312
Kinetic studies on high-pressure methylation of 2-methylnaphthalene over MTW-type zeolite with 2017
different crystal sizes
Chemical Engineering Journal 288 295
DOl
10.1016/j .cej.2016.11.139
Yuta Nakasaka, Teruoki Tago, Takao Masuda 60
Synthesis of light olefins from oxygenated organic compounds over metallosilicates with MFI and 2017
MTW-type zeolite structures
Journal of the Japan Petroleum Institute 277-287
DOl
10.1627/jpi .60.277
36
2019
106-114

Dol
10.20731/zeoraito.36.4.106




Fujitsuka Hiroyasu Oshima Shuto Matsumura Yusei Tago Teruoki -

Synthesis of Rh nanoparticles encapsulated in ZSM-5 and its application for methanol to olefin 2020
over acid sites with simultaneous production of hydrogen over Rh

Catalysis Today in press

DOl
10.1016/j .cattod.2020.04.007

21 2 6

Takahito Kobayashi, Takaaki Furuya, Hiroyasu Fujitsuka, Teruoki Tago

Synthesis of birdcage-type zeolite encapsulating ultrafine Pt nanoparticles and its application to dry reforming of methane

25th International Symposium on Chemical Reaction Engineering

2018

Natnicha Yotpanya, Bruno Nonohay, Hiroyasu Fujitsuka, Chizu Inaki, Shunji Tsuruta, Nakashima Akira, Teruoki Tago

Solid-phase Transformation of Amorphous Silica with Aluminum into Zeolite

The 31st International Symposium on Chemical Engineering

2018

Hiroyasu Fujitsuka, Takahito Kobayashi, Takaaki Furuya, Teruoki Tago

Synthesis of Birdcage-type Zeolite Encapsulating Pt Nanoparticles and its Catalytic Activity and Thermal Stability for Dry
Reforming of Methane

International Symposium on Zeolites and Microporous Crystals (ZMPC) 2018

2018




Ni@Silicalite-1

2018

Birdcage

MTO

50

2018

122

2018

Birdcage

21

2019




Rh Birdcage ZSM-5

120

2017

Pt Birdcage

120

2017

Nonohay BrunoTakaaki FuruyaHiroyasu FujitsukaTeruoki Tago

Synthesis AI-MFI zeolites encapsulating Pt nanoparticles

49

2017

Birdcage

47

2017




Rh Birdcage

33

2017

Rh Birdcage

20

2018

Co ZSM-5

85

2020

Hiroyasu Fujitsuka, Mai Yamaji, Takashi Yunoue, Teruoki Tago

Low temperature olefin production from naphtha by combining dehydrogenation and cracking using metal loaded zeolite

International Symposium on Porous Materials 2019

2019




ZSM-5 n-

49

2019

ZSM-5

124

2019

co2 Ni

124

2019

Hiroyasu Fujitsuka, Takahito Kobayashi, Teruoki Tago

Preparation of Ni nanoparticles encapsulated in Silicalite-1 zeolite to suppress coke formation during dry reforming of

International Zeolite Conference (1ZC"19)

2019




Hiroyasu Fujitsuka, Shuto Oshima, Yusei Matsumura, Teruoki Tago

The synthesis of ZSM 5-encapsulated Rh fine particles and its application for methanol-to-olefin reaction

The 8th Asia Pacific Congress on Catalysis

2019
2020
0
3
2018-183712 2018
2018-222638 2018
JIXTG
2018-199298 2018




(Fujitsuka Hiroyasu)

(90757105)

(12608)




