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H/MFI — — MFI 13 0 22 0

IMP-Co-x Co (NO3),  Impregnation MFI 13 1.3 x x* 22 x*

IE-Co-x Co (NOs), Ion exchange MFI 1.3 1.3 X x** 22 X
Co/MFI (24) Co (NO3),  Impregnation MFI 13 0.78* 24 0.60*
Co/MFI (30) Co (NO3),  Tmpregnation MFI 1.0 0.61* 30 0.60*
Co/MFI (48) Co (NO3),  Impregnation MFI 0.7 0.39* 48 0.60*
Co/MFI (60) Co (NO3),  Impregnation MFI 0.5 0.32* 60 0.60*
Co/BEA Co (NO3),  Impregnation BEA 1.2 0.72* 25 0.60*
Co/MOR Co (NO3),  Tmpregnation =~ MOR 1.6 0.95* 19 0.60*
Co/FAU Co (NO3),  Impregnation FAU 45 2.71%* 48 0.60*
Co/SiO, Co (NOs), Impregnation Amorphous 0 0.78* 00 00

(silica gel)

Fe-0.6 Fe (NO3);  Impregnation MFI 13 0.81* 22 0.60*
Ni-0.6 Ni (NO3),  Impregnation MFI 13 0.81* 22 0.60*
Cu-0.6 Cu (NOs), Impregnation MFI 1.3 0.81% 22 0.60*
Zn-0.6 Zn (NO3),  Impregnation MFI 13 0.81* 22 0.60*
Mo-1.2 (NH,)¢Mo0;04  Impregnation MFI 13 1.62* 22 1.20%
Rh-0.6 RhCl; Impregnation MFI 13 0.81* 22 0.60*
Pd-0.6 PdCl, Impregnation MFI 1.3 0.81%* 22 0.60*
Ag-0.6 AgNO;3 Impregnation MFI 1.3 0.81* 22 0.60*
In-0.4 In (NO3); Impregnation MFI 13 0.54* 22 0.40*
Pt-0.6 H, [PtClq] Impregnation MFI 13 0.81* 22 0.60*
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[X8. (a), (b) IMP-Co-0.6, (c)—(f) IMP-Co-1.8 ® TEM 1§ (I : 200 kV)
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F2. A F VAR THBL L 72 Metal-X & Co-Metal filt i (X13 Co/AlE V1)

2] R 95% T
Vo Mo RO B 125 o 7 2R i
Al g ERE
JEI A%k - - -

Co/Al M/Al  [All/molkg™ [Col/molkg' [Ml/molkg” Co/Al M/Al (Co+M)/Al
[E-Co-0.18 0.2 1.5 0.26 0.18
IE-Co-0.23 03 13 0.29 0.23
[E-C0-0.29 0.4 1.4 0.41 0.29
[E-Co-0.32 0.45 1.4 0.46 0.32
[E-Co0-0.33 0.60 1.5 0.49 0.33
IE-Co-0.42 2.00 1.4 0.60 0.42
[E-Mg-043 3rd +2 2.00 1.1 0.47 0.43
[E-Ni-0.15  4th  +2 0.20 1.0 0.16 0.15
[E-Zn-0.52 4th +2 2.00 1.1 0.54 0.52
[E-Pb-0.48 6th  +2 2.00 1.2 0.56 0.48
Co+Mg  3rd +2 200 2.0 1.2 0.29 0.27 024 022 0.46
Co+Ca 4h  +2 200  2.00 0.9 0.15 0.35 0.17 038 0.55
Co+Sc 4h  +3 200  2.00 0.8 0.42 0.05 0.53  0.07 0.60
Co+Fe 4h  +2 200  2.00 1.1 0.33 1.43 029 126 1.55
Co+Ni 4h  +2 200  2.00 1.2 0.36 0.16 030 0.13 0.43
Co+Cu 4h  +2 200  2.00 1.3 0.36 0.18 028 0.14 0.42
Co+Zn 4h +2 200  2.00 1.3 0.31 0.25 023  0.19 0.42
Co+Sr 5th  +2 200  2.00 12 0.37 0.25 031 021 0.52
Co+Nb Sth +5 200  2.00 1.1 0.38 036 2.08% 2.44%
Co+Ag Sth +1  2.00  2.00 1.2 0.47 0.13 038  0.11 0.49
Co+1In Sth +3  2.00  2.00 1.4 0.50 0.48 037 036 0.73
Co+La 6th  +3 200 2.00 1.0 0.45 0.02 047  0.02 0.49
Co+Ce 6th  +3  2.00  2.00 1.1 0.50 0.02 045  0.02 0.47
Co+Pb 6th +2 200 2.00 1.3 0.20 0.36 015 028 0.43

HNbDRIZEDS & ) kd7z. ZRUSOIEHFIZICPIC X 5 TRD 7.

SSKCARIBEZ AT L lwHier il sh, h
RIS Q) Dbz 5D, LA L CoAl <
0.6 DHIPHTOWEDEAL A FEMICIR 2 L, Co/Al
<03 TIHIEELHE Y E2SHTF, Co/Al = 0.3-0.6
OHFPATIHMEAHZ I - Lze 2hud, WET5
B Co +IARDHT & ARFUS 5T L TAEM: 7 Cofil
LM CoMliNFAET 720 EZONDL, F72
Co3D 7\ & ENTBITAEE A ER L7 Z &
DR ENL, ZONFEEZ, KR Coffion A
FRINWIER T A E2ERLT, CollMz2T
E2ILEEEALT,

TN L -l & Z oMK 2 "3, ATl o X
I, CoLMNDITHRITHMTIEINTEETH o722
LD, CollMATH2ILHZBA L7zl ok
WS 52 LT, ¥4 T4 MlLNICBI 560
% Co D5 AT DEALDHERM T E %, Co Lk E2ILHEE
RIS A & > 284 QAR o &8 3 0 IR & i
NH,-MFL %2 A, #iE3:, E#) L 72BE 0 Co/AlE IV

WEHEOBFREZIKI0IZRT, H2nEOMMENI
LoTEFSE LMD H SN/, MFIZEED T
RUZZIBGEHEOE A L - TR H EL, B
SIEILHEDEAL > TR FT 5 L) HIm2 1S
N7z,

BI11ICCoD A, H2ILFEDHA, CokH2mwFE L
% [A] I |2 B3 L 72 MFL O filt BE56 12 %2 7R 97 Pb/MFI,
Mg/MFIL, Zn/MFI %, Co/Al < 0.3 @ Co/MFI FRIZ
FNEETEEPE L 2 WIZOE D ST, Pb, Mg, Zn
L Co/MFI & LfF S8 2 MM E L2 &b
»5ho NUMFIZ il & L7258 12d PV v o4
WA S N2As, SRR DmEY, N ¥ v
DIKRFARETHER L brvn e lbiis,

11 &, Mgk Cox [RRFIZA + v R¥fd 2 &
WOHWEESMELZ E2 5, MgoHFFEICOWV
THE L7ze M1212, @@ 0B AFIHE 2 2 72 Co
+Mg/MFLDN ¥ D A FVALFEEZ R T Co+
Mg CTRIREIZ A & Y &M L 72F L, iiMgTA
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Benzene Methylation with Methane
over MFI Zeolite-supported Metal Catalysts

Koshiro Nakamura®**, Etsushi Tsuji* and Naonobu Katada™

* Center on Research for Green Sustainable Chemistry, Tottori University

** Research Fellowship for Young Scientists (DC2) of Japan Society for the Promotion of Science

MFT zeolite-supported cobalt (Co/MFI) showed distinctly high activity for direct methylation of benzene with
methane. The active species was identified by advanced spectroscopic techniques such as ammonia IRMS-TPD
and X-ray absorption spectroscopy to be Co species with +II oxidation state mono-atomically dispersed on ion
exchange site of MFI. Addition of secondary elements to the Co/MFTI leads selective formation of the active co-
balt species.

Key words: MFI-type zeolite, metal catalyst, methane, benzene, methylation
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