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Fig. S1  N2 physisorption isotherms of the synthesized MFI zeolites, recorded at –196 °C. For ease of 

viewing, each isotherm has been shifted vertically. Closed dots show the adsorption branches and open 

dots represent the desorption branches. 
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Fig. S2  Parametric plot of external surface area determined by the t-plot method (Sexternal) as a function 

of the crystallite size (D). 
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Fig. S3  27Al MAS NMR spectra of the synthesized MFI zeolites. 
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Fig. S4  NH3-TPD profiles of the synthesized MFI zeolites, recorded by Q-MS at m/z = 16. These data 

were recorded after the surface saturation by NH3 and the subsequent water-vapor treatment at 100 °C to 

remove the weakly-adsorbed NH3 species.S1 

 

The enthalpy change upon NH3 desorption (HNH3) was calculated from Fig. S4 and Eq. S1.S2 

lnTm – ln (
A0W

F
) =

∆HNH3

RTm

+ln (
β(1–θm)2(∆HNH3–RTm)

p
0
e

∆SNH3
R

)    (S1) 

Here, Tm is the NH3-desorption temperature (unit: K), A0 is the acid density (mol kg-1), W is the sample 

amount (kg), F is the gas flow rate (= 1.0 × 10-6 m3 s-1), R is the gas constant (= 8.314 J K-1 mol-1),  is 

the temperature ramp rate (= 0.1667 K s-1), m is the coverage of acid sites by NH3 (dimensionless number), 

p0 is the standard pressure (= 1.0 × 105 Pa), and SNH3 is the entropy change upon NH3 desorption (= 150 

J K-1). 
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Fig. S5  Parametric plot of the apparent HNH3 for physical mixture of A50F0 and A0F50 at the different 

mixing ratios as a function of the proportion of Al in the total amount of Al and Fe. The values of HNH3 

were estimated by following the previously reported procedure (vide supra).S2 

 

 

Fig. S6  DRIFT spectra of the [Al, Fe]-MFI zeolites. 
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Fig. S7  Detailed data of the DTO reaction using A50F0. Reaction conditions: A50F0 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S8  Detailed data of the DTO reaction using A100F0. Reaction conditions: A100F0 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S9  Detailed data of the DTO reaction using A200F0. Reaction conditions: A200F0 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S10  Detailed data of the DTO reaction using A400F0. Reaction conditions: A400F0 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S11  Detailed data of the DTO reaction using A0F50. Reaction conditions: A0F50 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S12  Detailed data of the DTO reaction using A0F100. Reaction conditions: A0F100 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S13  Detailed data of the DTO reaction using A50F50. Reaction conditions: A50F50 200 mg (mixed 

with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S14  Detailed data of the DTO reaction using A100F50. Reaction conditions: A100F50 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S15  Detailed data of the DTO reaction using A200F50. Reaction conditions: A200F50 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S16  Detailed data of the DTO reaction using A400F50. Reaction conditions: A400F50 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S17  Detailed data of the DTO reaction using A800F50. Reaction conditions: A800F50 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S18  Detailed data of the DTO reaction using A100F100. Reaction conditions: A100F100 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S19  Detailed data of the DTO reaction using A150F75. Reaction conditions: A150F75 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S20  Detailed data of the DTO reaction using A300F150. Reaction conditions: A300F150 200 mg 

(mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Table S1  Ratios of propene to ethene produced in the DTO reaction 

Catalyst Ratio of propene to ethenea 

A50F0 2.7 

A100F0 3.1 

A200F0 4.8 

A400F0 8.0 

A0F50 15 

A0F100 14 

A50F50  3.7 

A100F50  4.9 

A200F50 7.5 

A400F50 11 

A800F50 13 

A100F100  5.0 

A150F75 6.2 

A300F150  8.6 

a The value was calculated by averaging the data at the conversion of >50%. 
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Table S2  Reported catalysts for the DTO reaction 

Catalyst 
Temp. 

/°C 

GHSV 

or W/Fa 

DME 

conv. /% 

Light olefin 

selec. /% 

Lifetimeb 

/h 
Ref. 

H3PO4/12.5 wt% ZrO2/ 

H-ZSM-5 (Si/Al = 42) 
450 10 g h mol-1 100 63.1 N/Ac S3 

SAPO-34d 450 2.85 h-1 e 100 80–90 15 S4 

CeO2-modified Ca-MFI 

(Si/Al = 100, Ca/Si = 0.025) 
530 9.52 h-1 e >99 45f 250 S5 

H-ZSM-5, partially 

ion-exchanged with Ca 

(Si/Al = 350) 

530 1000 h-1 100 63.9 146c S6 

11 wt% SAPO-34/ZrO2 400 3.54 h-1 e 100 80.5 470 S7 

SAPO-34 460 0.72 h-1 99.8 78.8 7 S8 

Phosphate-loaded 

MCM-68 (Si/Al = 60) 
400 10.0 g h mol-1 96.7 69.8 N/Ag S9 

CeO2-modified dealuminated 

MCM-68 (Si/Al = 110) 
400 20 g h mol-1 >99 70 N/Ag S10 

Mixture of RHO and 

SAPO-34h 
400 3000 mL g-1 h-1 >99 90.2 6.3 S11 

Hierarchical SAPO-34 

(Si/Al = 0.18, Si/P = 0.23) 
400 3 h-1 e >99 80i 7.9 S12 

Nano-sized 

hierarchical ZSM-5 

(Si/Al = 36) 

400 1.8 h-1 >99 50.3 110j S13 

a Gas hourly space velocity (GHSV, unit: h-1) or contact time (W/F, unit: g h mol-1). b The lifetime was 

defined as the time when the DME conversion became below 50%, unless otherwise noted. c At least 

30 h. d Fluidized-bed reactor. e Weight hourly space velocity (WHSV). f Propene selectivity. g At least 5 

h. h The DTO reaction was operated under the pressurized conditions (1.5 MPa). i Ethene and propene. 
j The lifetime was defined as the time when the conversion was 100%. 
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Fig. S21  Differences of catalyst lifetime in the DTO reactions between [Al, Fe]-MFI (white bars) and a 

physical mixture of A50F0 and A0F50 (gray bars) at the various Al/(Al + Fe) values. Catalyst lifetime is 

defined as the time when the DME conversion becomes lower than 50%. Reaction conditions: catalyst 

200 mg (mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S22  Recycle test of A200F50 for the DTO reaction. Before the second and third run, the catalyst 

was regenerated via calcination at 550 °C for 6 h in air. The data of the first run is the same as the one 

shown in Fig. 5. Reaction conditions: catalyst 200 mg (mixed with 840 mg of quartz sand); 450 °C; W/F 

= 5.8 g h mol-1. 
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Fig. S23  Detailed data of the second run of the DTO reaction using A200F50. Reaction conditions: 

A200F50 200 mg (mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 

 

 

Fig. S24  Detailed data of the third run of the DTO reaction using A200F50. Reaction conditions: 

A200F50 200 mg (mixed with 840 mg of quartz sand); 450 °C; W/F = 5.8 g h mol-1. 
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Fig. S25  Differences of the nature of Fe species involved in the fresh A200F50 catalyst and the one after 

the third run of recycle test. 
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