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SUPPLEMENTARY INFORMATION FOR

“Cobalt-based Core@Shell Catalysts for Guaiacol Hydro Conversion: use of
Salicylic Acid as Sacrificial Modulator of the Interaction between the Metal
Phase and the Silica Support”
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Figure S1. Nitrogen adsorption-desorption isotherms of the prepared catalysts. From top
to bottom Co@Si0,-SA-1S, Co@Si0,-1S, Co@Si0,-SA-2S and Co@Si0,-2S
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Figure S2. TPR-H, profiles of the prepared catalysts, with MS signals for H,0 and CO,. A:
Co@Si02-2S; B: Co@Si02-SA-2S; C: Co@Si02-1S; D: Co@Si02-SA-1S
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Figure S3. Fitted XPS spectrum for the O 1S region for the Co@SiO,-SA-2S catalyst.
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Figure S4. Fitted XPS spectrum for the O 1S region for the Co@SiO,-2S catalyst.
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Figure S5. Fitted XPS spectrum for the O 1S region for the Co@SiO,-1S catalyst.
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Figure S6. Fitted XPS spectrum for the O 1S region for the Co@SiO,-SA-1S catalyst.
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Figure S7. Fitted XPS spectrum for the Si 2S region for the Co@Si0,-SA-1S catalyst.
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Figure S8. Fitted XPS spectrum for the Si 2s region for the Co@SiO,-1S catalyst.
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Figure S9. Identification of phases present on the Co@SiO2 catalysts, derived from
Rietveld’s analysis. The samples’ identities are: DGB-A-001: Co@SiO2-SA-2S; DGB-A-002:
Co@Si02-2S; DGB-A-003: Co@Si02-1S; DGB-A-004: CO@Si02-SA-1S
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Figure S10. Product distribution at 30% conversion for the catalysts reported in this paper.



Reducibility Calculations

For this part, the analyzed signal was the TCD from the TPR-H, experiments in the range between
250 to 500 °C. The signal was integrated and then the H, consumption was determined using the
following calibration curve:

signal —

TCD = 1.20 X mmolH, + 2.40x10 -2

The obtained data are given in Table S4; a new sample of the Co@Si02-2S material was measured
to obtain a better signal, due to the loss of clarity of the TCD signal due to the overlapping of the
H,0 signal for the first experiment. The expected H, consumption was calculated from the Co and
CoO percentages obtained by ICP and Rietveld’s analysis, respectively.

Table S1. H2 consumption and reducibility percentage for the CO@Si02-2S and Co@SiO2-SA-2S

samples
Sample Mass, g Expected H, TCD Signal, Real H, Reducibility, %
consumption, a.u. consumption,
mmol mmol
Co@Si02-2S | 3,34 x 1072 2.45x 101 3.32x 107 2,57 x 102 10.5
Co@SiO-SA- 2,93 x 1072 1.74x 10! 1.32x10? 1,08 x 10! 62.1
2S

Calculations of Weisz-Pratter criterion for the employed catalysts; it is assumed that the
size of the particle is the mean value obtained by TEM.
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Table S2. Data for the calculation of the Weisz-Pratter criterion

Value
Co@Si02-25=2.0x 10®
Co@Si02-SA-25=2.1x10°
Co@Si02-15=1.9x 10
Co@Si02-SA-15S=3.0x 10°

Silica Shell density, cm3g [1] 1.40
Effective Diffusivity, cm?s™[2] 2.7x10%
Guaiacol Concentration, molcm3 3.2x10*
Observed rate, molsyaS'g .o Co@Si02-2S=6.38 x 10*
Co@SiO2-SA-2S =9.68 x 10

Parameter
Particle Radius, cm




Calculations were made only for the materials with a Core@shell structure, namely Co@Si02-2S
and Co@Si02-SA-2S.

For the Co@Si02-2S system:

_6.38x10 7% x 1.40 x (2.0x10 %)
wr 2.7x10 8 x 3.2x10 " *

=41x10"*

For the Co@Si02-SA-2S system:

9.68x10 7% x 1.40 x (2.1x10 %)

- =6.9x10 "%
we 27108 x 3.2x10~ %

The Mears’ criterion (CM) was used to determine whether external mass transfer can be neglected:

(~r2): Py Ry
kc'CAb

Cy= <0.15

where "4is the initial reaction rate, Pb is the bulk density of the catalyst bed (0.68 g cm-3), calculated
by (=9 Pc\where ¢ is the porosity (0.57) [3] and Pc is the density of the catalyst; 7 is the reaction

order (assumed to be 1), Cabis the guaiacol concentration (3.2x10*mol cm3), Kcis the mass transfer

coefficient (cm s?). ke is estimated from the modified Sherwood parameter N,
Co@Si02-2S:
N, D 2-2.7x1078
k= AP =0.0135
2'R,  2.2.0x10°°
Co@SiO2-SA-2S:
NepDyp  2-2.7x1078
= = =0.0129

c=

2'R,  2.21x10°°

Assuming a Sherwood number of 2 to obtain a minimum value of kC[4] the estimated M for each

system are:



For the Co@Si02-2S system:

(6.38x10 %) x 1.14 x 2.0x10 " ° x 1

y =3.4x10"*
0.0135 x 3.2x10~*
For the Co@SiO2-SA-2S system:
(9.68x10™ %) x 1.14 x 2.1x10 " ® x 1 .
Cop= =5.6x10"

[1]

[2]

(3]

[4]

0.0129 x 3.2x10 %
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Carbon Balance Calculations

The response factors for the analyzed compounds were obtained from calibration curves, using n-
hexadecane as the internal standard, and normalizing the signal using the areas for each compound.

The obtained factors are given below:

Table S3. Response factors for the compounds obtained during the hydro treatment of guaiacol.

Compound Factor Response
Benzene 5.63
Cyclohexane 5.92
Cyclohexene 6.15
Methylcyclohexane 6.15
Toluene 6.84
Cyclohexanol 5.36
Anisole 5.83
Phenol 5.7
2-Methylanisole 6.1
o-Cresol 5.97
Catechol 5.1
Guaiacol 7.43

The carbon balance was determined by dividing the total concentrations of the compounds,
including guaiacol, by the initial load of guaiacol. In the following table are given the carbon balances

obtained with the corresponding conversion, for each of the samples analyzed.

Table S4. Carbon balance and conversion for the catalysts studied in this work.

Co@Si02-2S Co@Si02-SA-2S Co@Si02-1S Co@SiO2-SA-1S
Conversion | Cgiance | Conversion | Cgiance | Conversion | Cgaance | Conversion | Cgaiance
9.95% 97.1% 39.6% 94.1% 1.42% 98.8% 6.64% 82.3%
30.3% 93.2% 8.38% 95.6% 16.5% 81.7%
16.6% 94.1% 29.1% 81.5%




