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Section S1: Additional characterization of catalysts precursors, as-prepared and used catalysts.

Table S1: Elemental analysis of fresh and used samples. Error is calculated with respect to the theoretical
Cu content; Cu loss is calculated with respect to the actual Cu content in the corresponding fresh sample.

Sample Cu content (fresh) | Error (%) | Cu content (used) | Cu loss (%)
Cu(l)-zr(C) 11.4 -4.7 11.1 2.8
Cu(l)-Zr(S) 11.8 -1.3 11.6 1.9
Cu(M)-Zr(C) 12.2 2.0 12.3 -14
Cu(M)-Zr(S) 12.4 3.3 12.0 3.1
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Figure S1: XRD analysis of MOF(HKUST-1)-Zr(C).



Figure S2. SEM micrograph of MOF(HKUST-1)-Zr(C) (left panel) and its corresponding O, Zn, Cu combined
EDS map (right panel).
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Figure S3. SEM micrograph of Cu(M)-Zr(C) (left panel) and its corresponding O, Zn, Cu combined EDS map
(right panel).
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Figure S4: TG in air environment on MOF(HKUST-1), MOF(HKUST-1)-Zr(C) and Cu(M)-Zr(C) samples.



Section S2. Fluid dynamics and mass transfer calculations

Information about fluid dynamics and mass transfer limitations in the catalytic fixed bed placed inside the
PARR reactor (see Section 4.3) were derived according to the procedure reported below.

The PARR rector is provided with a torque sensor, measuring the torque needed to keep the desired
rotation speed. In particular, the instrument furnishes the required voltage fraction; at full load, the torque
is equal to 1.76 Nm and the motor requires 0.125 hp (equal to 0.093 kW). By considering the typical
dimension of particles (125 < dp < 300 um) with respect to those of the channels of the flow guide, the
pressure drops of the channels can be considered negligible with respect to those of the catalytic bed.
Accordingly, the net motor work can be:

W =AP-F (1)
Where W is the net motor work, AP is the pressure drop and F is the flow rate through the catalytic bed.
Moreover, flow rate and pressure drops are linked for a packed bed by the Ergun equation:
<AP -p) dp &3 1—¢ (2)
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Where p is the fluid density, Go is the mass velocity (i.e. mass flow rate/cross section of the catalyst bed), dp
is the mean particle size, L is the catalyst bed length, € is the bed void fraction, p is the fluid viscosity. Table
S2 and S3 show the values used for calculations and the results respectively. Due to the low glycerol
content, fluid properties were assumed equal to water ones.

In order to calculate the external mass transfer coefficient, the Chilton-Colburn equations were used:

Jp = &'562/3 )
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Jp = W Re < 350

Where jp is the Chilton-Colburn factor, k. is the mass transfer coefficient, u is the fluid velocity, Sc is the
Schmidt number, Re is the Reynolds number. Re and Sc number are defined:

Gy d
Re = 20 % (6)
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Where Dag is the diffusivity of glycerol (or hydrogen) in water. For the glycerol diffusivity, the value
reported by Rausch et al. [1] at 0.299 mol fraction and 422 K was used. By considering that diffusivity
increases by decreasing the glycerol concentration and by increasing the temperature, the used value is an
underestimation. About hydrogen diffusivity, the value reported in [2] was used. The highest investigated
temperature was 35 °C. According to the above considerations, also this value is an underestimation. Table
S2 shows the values used for calculations.

Under the hypothesis of external mass transfer limitation (i.e. fast reaction kinetics), the reaction rate is
equal to external mass transfer:

r=k. a,"cg (8)



Where a, is the external specific surface area and cg is the limiting reactant concentration. Accordingly,
conversion (x) is equal to

x=1-—e keavt (9)
Where t is the reaction time in a batch reactor. Table S3 shows the results of the above calculations at 500
and 1000 rpm respectively.

As reported in Table S3, external mass transfer is fast enough to guarantee complete conversion of the
limiting reactant independently from the limiting species.

Table S2: values used for calculations.

Parameter Definition Value Units
D Diameter of the catalytic bed 2.3 cm
S Area of the cross section of the bed 4.15 cm?
L Lenght of the catalytic bed 2.9 cm
\Vj Volume of the catalytic bed 12 cm?
dp Mean particle size 200 pm
ay External specific surface area 30000 m?
Bed void fraction 0.5
o Liquid density 1000 Kg/m?
m Liquid viscosity 0.01 cP
Das Diffusivity of glycerol in water 4.12:10° m?/s
Das Diffusivity of glycerol in water 6.31-10°° m?/s
Winax Max motor power 0.125 hp

Table S3: results of calculations.

Parameter Definition Value @ 500 rpm | Value @ 1000 rpm Units
\Y; Net motor power 4.66 28.9 \"Y;
AP Pressure drop 0.66 1.99 bar
F Flow rate 7.05-10° 1.45-10* m3/s
Re Reynolds number 33.9 69.8
Sc Schmidt number 243 243
io Chilton-Colburn factor 0.30 0.21
ke Mass transfer coefficient 1.31-103 1.87-103 m/s
« Glycerol conversion under 1 1

mass transfer limitations
« Hydrogen conversion under 1 1

mass transfer limitations
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