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Gas-liquid mass transfer limitations

At 50 bar and 35 °C, the volumetric mass transfer coefficient (kla) is estimated to be 0.0082

. . . Cho.,. .
s’ at a stirring rate of 1400 rpm.' The maximum concentration of H,O, ( ~272) is taken as 3.56
mol/L. Rgo was estimated based on the EO formation rate as shown in Figure 1 (5.4x10°
mol/L/s). The calculate value of %1 is 1.83 (10-4), which is significantly less than the empirical

criterion for the elimination of mass transfer limitations shown in Eq. 1.
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Liquid-solid mass transfer limitations

The Wilke-Change equation was used to estimate the diffusion coefficient of ethylene in

MeOH, the dominant solvent in the reaction mixture.
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The dimensionless groups (Schmidt number, Reynolds number, and Sherwood number) needed

to calculate the mass transfer coefficient are estimated according to the following equations:
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The values of the various parameters are summarized in Table S1. Since U2<< 0.1, it is

concluded that liquid-solid mass transfer limitations are insignificant.

Table S1. Summary of physical and transport properties for assessment of liquid-solid mass-

transfer limitations

Parameter description values units
kia Volumetric mass transfer coefficient 0.0082 sl

Ch 20, Initial liquid phase concentration of H30, 3.56 mol L
R Rate of reaction 5.4x10¢ mol L s
ay Gas-liquid mass transfer resistance parameter 1.83x104 --
Dp_y Diffusion coefficient 1.8x10° cm? s°!
Sc Schmidt number 352 --

Re Reynolds number 56452 --

Sh Sherwood number 1009 --

kg Mass-transfer coefficient 888 cms’!
a, Liquid-solid mass transfer resistance parameter 3.0x10-13 --




Intraparticle mass transfer limitations

The extent of intraparticle mass transfer limitations is assessed by estimating the value of the
Thiele Modulus. It is assumed that the epoxidation follows pseudo-first order kinetics (since
initially, H,O, is present in excess). Using the catalyst and transport properties listed in Table S2,
the Thiele modulus is estimated according to Eq. 8.
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The estimated value of the Thiele modulus clearly suggests that intraparticle mass transfer

limitations are insignificant at the investigated conditions.

Table S2. Summary of physical and transport properties required for assessment of intraparticle

mass-transfer limitations

Parameter  Description Value Units
£ Catalyst porosity 0.4 -

T Tortuosity 3 --

D. Effective diffusivity 2.3*10°10 m? s!
w Catalyst loading density 0.015 kg m-3

¢exp Thiele parameter 0.0011 --
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Figure S1. Schematic of experimental unit. *
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Figure S2. Sample GC/FID chromatogram of ethylene epoxidation reaction mixture showing

various detected products.!
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