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SI.1 Validation of the kinetic models
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Figure S1. Product yields from 3MT and 23DMB2N conversion over CoMo/Al,O; (symbols:
experiments, lines: model) as a function of W/F. A: 3MT (conversion), B: 3MTHT, C: 2MB2N, D:
2MBIN, E: 2MB, F: 23DMB2N (conversion), G: 23DMBIN, H: 33DMBIN, I: C6=, J: 23DMB, K: 22DMB,
L: C12H24, M: 3MTC6, N: BMTHTC6. 0.33 wt% 3MT, 10 wt% 23DMB2N, at 15 bar, H./feedstock ratio
of 300 NL.L-1, 200-220°C
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Figure S2. Product yields from 3MT and 23DMB2N conversion over CoMo/Al,O; at 15 bar, (symbols:
experiments, lines: model) as a function of temperature at 2 different contact times (open symbols
(3.6 10° g s mol?) /full symbols (9.4 10° g s mol), dashed lines/full lines). A: 3MT (conversion), B:
3MTHT, C: 2MB2N, D: 2MBI1N, E: 2MB, F: 23DMB2N (conversion), G: 23DMBIN, H: 33DMBIN, I: Cé=,
J: 23DMB, K: 22DMB, L: C12H24, M: 3MTC6, N: SMTHTC6. 0.33 wt% 3MT, 10 wt% 23DMB2N, at 15
bar, LHSV of 3 h-1, H,/feedstock ratio of 300 NL.L-1, 200-220°C
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Figure S3. Product yields from 3MT and 23DMB2N conversion over CoMo/Al,O; at 15 bar, 180°C
(symbols: experiments, lines: model)) as a function of the 3MT flow rate. A: 3MT (conversion), B:
3MTHT, C: 2MB2N, D: 2MBIN, E: 2MB, F: 23DMB2N (conversion), G: 23DMBIN, H: 33DMBIN, I: C6=,
J: 23DMB, K: 22DMB, L: C12H24, M: 3MTC6, N: BMTHTC6. 0 - 1.32 wt% 3MT, 10 wt% 23DMB2N over
CoMo/AI203 at 15 bar, LHSV of 3 h-1, H,/feedstock ratio of 300 NL.L-1, 180°C
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Figure S4. Product yields from 3MT and 23DMB2N conversion over CoMo/Al,O; at 15 bar, 180°C
(symbols: experiments, lines: model)) as a function of the 23DMB2N flow rate. A: 3MT (conversion), B:
3MTHT, C: 2MB2N, D: 2MBIN, E: 2MB, F: 23DMB2N (conversion), G: 23DMBIN, H: 33DMBIN, I: C6=,
J: 23DMB, K: 22DMB, L: C12H24, M: 3MTC6, N: BMTHTC6. 0.33 wt% 3MT, 0-20 wt% 23DMB2N over
CoMo/AlI203 at 15 bar, LHSV of 3 h-1, H,/feedstock ratio of 300 NL.L-1, 180°C
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Figure S5. Parity plots. A: 3MT, B: 3MTHT, C: 2MB2N, D: 2MBIN, E: 2MB, F: 23DMB2N, G: 23DMBIN,
H: 33DMBIN, I: C6=, J: 23DMB, K: 22DMB, L: C12H24, M: 3MTC6, N: 3MTHTCE.
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Figure S6. Desorption experiments at 210°C and 1 bar total pressure over CoMo/Al,0s, symbols:
experiments, line: model simulation based on the adsorption constants given in Table 3. Left

desorption of 3MT, right desorption of 23DMB2N.

Table S1. Evaluation of different criteria to assess the intrinsic kinetic conditions.
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SI.2 Density functional theory (DFT) calculations

DFT calculations have been undertaken by using rigorously the same methodology as already
described in great detail in Ref. [1]. We thus simply recall here some key parameters only. The
total energy calculations are based on the plane wave density functional theory within the
generalized gradient approximation [2,3]. We used the Vienna ab-initio simulation package
[4,5] to solve the Kohn-Sham equations within the projected augmented wave formalism [6].
The cut-off energy governing the size of the plane wave basis set is fixed at 500.0 eV. The
geometry optimization is completed when the convergence criteria on forces becomes smaller
than 0.05 eV/A. The supercell model used for simulating Co promoted slab is the same as in
Ref. [1]. As in Ref. [7], we consider here the S-edge model containing 100% Co substituting
Mo-atoms (Figure S7 a) and the M-edge model with 50% substitution of the Mo atoms by Co
in a paired configuration (Figure S7 b). These edge structures have been previously determined
as the relevant ones [1,7].

Figure S7 a) shows the optimized structures of H, dissociative adsorption on the fully Co
promoted S-edge, leading to two SH species, corresponding to homolytic dissociation as
assumed in equation (3) of the main text. H,S dissociative adsorption on one vacancy site and
on S-atom leading to 2 SH species as assumed in equation (4). Figure S7 b) illustrates similar
molecular structures for the partially Co-promoted M-edge. The homolytic dissociation leading
to 2 SH cannot be considered on this edge due to the presence of only one S on the edge per
cell. In each case, we explore the various possible locations for H atoms (either on Mo and Co
sites or on the various possible S sites, when they exist). Figure 7 reports the most stable
configurations only. Regarding methyl-thiophene, and 2,3-dimethyl-butene, we used the same
adsorption energy values as already reported in Refs. [1] and [7] for the same edges.

We recall that adsorption energies are calculated at 0 K as follows:

AE = E(edge + molecule) — E(edge) — E(molecule)



where E(edge), E(molecule) and E(edge+molecule) stands respectively for the electronic
energies of the corresponding edge, the molecule (either H,S or H,) and the edge with adsorbed

molecule.
These adsorption energies have been used in the kinetic model by assuming that AH® 4 1s equal

to AE in Table 2 of the main text.

a)

AE=-60 kJ/mol

Figure S7. Molecular structures optimized by DFT calculations and corresponding
adsorption energies for H, and H,S: a) S-edge and b) M-edge. Color legend: yellow
balls: S, green balls: Mo, blue balls: Co, white balls: H.



SI.3 Adsorption constants and rate constants for the Co-promoted M-edge

As explained in the manuscript to reduce parameter correlation, values of the adsorption
enthalpies for the 4 adsorption steps used in the model were calculated by DFT for adsorption
on the S-edge (main text) or M-edge (presented here, Table S2). Details are reported in [1,7].
The value of the adsorption entropy for the dissociative adsorption of hydrogen was fixed at -

38 J/mol/K.

Table S2: Values of the adsorption equilibrium constants, entropies and enthalpies for
adsorption on the Co promoted M-edge. The values with + 95% confidence intervals were

estimated. All other parameters were fixed.

Adsorption K; (bar) ASY4s (J/mol/K) AH?, 4, (kJ/mol)
step 180°C
1 XS (7+4) 10° ~199 1150
2 0 544 -141 700
3 H, 0.01 -38¢ 0be
4 H,S (13+0.7) 102 92 ~60b

2 DFT values reported in [1] and also used in [7] for XS=2 methyl-thiophene and O = 23DMB2N.

> DFT values determined on purpose by using the same periodic DFT formalism and same parameters
asused in [1].

¢ For the M-edge with partial promotion of Co only heterolytic dissociation (MoH/CoH) of H, is
calculated (for more detail, see SI1.2).

4 H,S dissociatively adsorbed on one vacancy and on one S, leading to two adsorbed SH species as in
equation (4) (for more detail, see SI.2).

¢ Corresponds to the loss of one degree of gas phase translation entropy, according to the Sackur-

Tetrode equation [8].



Table S3: Values of the parameter estimates for reaction on

confidence intervals.

the M-edge with their 95%

Rate k; (180°C) k. (180°) or K; E, or AH;,

equation (kJ/mol)
5 (1.1+£0.1) 104 172+ 6
6 (3.5+£0.2) 104 193+ 6
7 (3.6=0.1) 10! -10 £ 27
8 (3.6 +0.7) 102 105+ 8
9 (3.10£0.01) 10! 8+ 17
10 (2.4+0.5) 10 (3+2)103 125+7
11 (9+£3)10? (6£2)10% 14+5
12 (9.6 £0.2) 1073 132+5
13 (54+0.1) 102 108 + 8
14 (5+2) 103 127+ 11
15 (1.2+£0.2) 104 98 £ 12
16 (4.1+£0.7) 104 132+ 13

t Reaction enthalpy (kJ/mol)

* Activation energy for the reverse step was fixed at E, gyrwarg -8 kJ/mol.






S1.4 Model simulations
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Figure §8. Fractional surface coverage as a function of the catalyst bed length. 3MT
conversion equals 0.95 at reactor outlet. Black full line sy, Red full line O, Pink full line
0cs olefins Grey dotted line Oy, Blue dashed line Ozyryr, Green full line 64 T=180°C, Py,=10 bar,
P3,7=0.018 bar, Py3ppm2en=0.62 bar, X3,,7=0.95
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Figure 89. Selectivity HDS/HydO as a function of different process variables. A-D: 3MT
conversion equals 0.95 and 23DMB2N conversion equals 0.51 at reactor outlet, 180°C. E:
3MT conversion equals 0.95 at reactor outlet. F: 180°C.

Default operating conditions: 0.33 wt% 3MT, 10 wt% 23DMB2N over CoMo/Al,O; at 15 bar, LHSV
of 3 h%, H,/feedstock ratio of 300 NL.L, 180°C.
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Table S4: Parameter correlation coefficient matrix. Parameter estimates given in Table 3 and 4 of the manuscript.

ks |k | K7 | ks |[Ko |kio | ko | ki [k | ki | kis [ kia [ kis | kie | Ko | K4 | Bs | Es , Eg . Eio | Ei | Ei2 | Eis | Eis | Eis | Eis
ks 1.0 0.9 - - - 0.0 0.0 0.0 0.0 - 0.0 - 0.5 0.5 0.8 0.8 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.2 0.2
3 0.1 0.1 0.2 1 2 3 3 0.0 3 0.0 6 6 9 3 4 0 7 5 4 8 5 4 2 5 1 2
4 3 3 5 6
ke 0.9 1.0 0.0 - - 0.0 0.0 0.0 0.0 - 0.0 - 0.5 0.6 0.8 0.8 0.2 0.0 - 0.1 0.2 0.0 - 0.1 - 0.0 0.1 0.1
3 4 0.0 0.3 4 5 4 2 0.0 9 0.0 7 3 8 3 4 3 0.0 1 0 7 0.0 4 0.0 5 9 6
7 3 1 1 9 2 2
K5 - 0.0 1.0 0.5 - - - 0.2 0.1 - 0.2 0.1 - 0.0 - 0.0 0.0 - - - 0.1 0.2 - 0.1 - 0.0 0.0 0.0
0.1 4 9 0.2 0.1 0.0 1 6 0.0 6 0 0.0 3 0.1 2 7 0.0 0.8 04 7 1 0.2 9 0.1 8 4 1
4 6 5 8 7 4 2 8 6 8 0 5
kg - - 0.5 1.0 0.0 0.0 0.1 0.0 0.0 - 0.2 - 0.0 0.0 - - - - - - - - 0.0 0.2 - 0.1 - -
0.1 0.0 9 0 7 1 5 7 0.2 0 0.1 9 1 0.1 0.0 0.1 0.0 0.5 0.8 0.0 0.0 5 1 0.1 1 0.0 0.0
3 7 3 5 9 8 0 8 1 9 2 4 5 4 2
Ko - - - 0.0 1.0 - - 0.1 0.1 0.0 - - - - - - - 0.0 0.2 - - 0.0 - - 0.0 0.0 0.1 0.2
0.2 0.3 0.2 0 0.0 0.0 6 5 8 0.1 0.1 0.3 0.4 0.2 0.1 0.0 9 8 0.0 0.6 2 0.0 0.1 8 2 1 0
3 3 6 8 5 0 8 8 7 1 8 6 1 1 7 0
kig | 0.0 0.0 - 0.0 - 1.0 0.9 - - 0.1 - 0.0 - - - - 0.0 0.0 0.0 - - - 0.0 0.0 - 0.0 0.0 0.0
1 4 0.1 7 0.0 0 0 0.3 03 6 0.0 5 0.0 0.0 0.0 0.0 1 3 4 0.0 0.0 0.7 1 1 0.0 9 3 7
5 8 8 6 6 3 1 1 1 8 3 5 2
k. 0.0 0.0 - 0.1 - 0.9 1.0 - - 0.0 0.1 0.0 - - 0.0 0.0 0.0 0.0 - - - - - 0.0 - 0.0 0.0 0.1
i 2 5 0.0 1 0.0 0 0.3 0.3 4 7 5 0.0 0.0 3 3 7 7 0.0 0.1 0.0 0.5 0.1 8 0.2 7 7 3
8 5 3 3 5 3 4 1 6 8 1 3
kq; 0.0 0.0 0.2 0.0 0.1 - - 1.0 0.9 - - - 0.0 0.0 0.0 0.1 - 0.0 - - - 0.1 0.1 0.0 0.1 - 0.0 0.0
3 4 1 5 6 0.3 0.3 0 9 0.1 0.1 0.2 4 4 6 5 0.0 6 0.0 0.0 0.0 7 7 2 5 0.0 6 4
8 3 8 0 4 1 1 1 1 7
k. 0.0 0.0 0.1 0.0 0.1 - - 0.9 1.0 - - - 0.0 0.0 0.0 0.1 - 0.0 0.0 - 0.0 0.1 0.3 0.0 0.2 - 0.0 0.0
- 3 2 6 7 5 0.3 0.3 9 0.2 0.1 0.3 9 6 3 3 0.0 4 4 0.0 0 4 0 5 2 0.0 2 0
6 3 3 9 1 6 2 4
kip | - - - - 0.0 0.1 0.0 - - 1.0 - 0.4 - 0.0 - - 0.0 - 0.0 0.2 - - - - 0.1 0.0 - -
0.0 0.0 0.0 0.2 8 6 4 0.1 0.2 0 0.1 6 0.1 0 0.1 0.0 0 0.0 1 4 0.0 0.0 0.2 0.4 5 2 0.0 0.0
5 1 7 3 8 3 4 1 2 3 6 4 6 6 0 1 3
ki3 | 0.0 0.0 0.2 0.2 - - 0.1 - - - 1.0 - - - 0.1 0.1 0.2 0.0 - - 0.0 0.2 - 0.1 - 0.0 0.1 0.1
3 9 6 0 0.1 0.0 7 0.1 0.1 0.1 0 0.1 0.0 0.0 3 0 0 8 0.2 0.1 4 2 0.4 2 0.8 7 1 2
0 6 0 9 4 1 8 5 8 9 6 5
kig | - - 0.1 - - 0.0 0.0 - - 0.4 - 1.0 - - - - 0.0 - - 0.1 0.1 0.0 - - 0.0 - 0.0 -
0.0 0.0 0 0.1 0.1 5 5 0.2 0.3 6 0.1 0 0.1 0.0 0.0 0.0 6 0.0 0.1 3 0 2 0.3 0.2 8 0.2 0 0.0
6 1 5 8 4 1 1 0 1 4 6 5 5 8 3 8 4
kis | 0.5 0.5 - 0.0 - - - 0.0 0.0 - - - 1.0 0.9 0.4 0.6 0.2 0.1 0.0 0.0 0.2 0.2 0.3 0.4 0.2 0.3 - -
6 7 0.0 9 0.3 0.0 0.0 4 9 0.1 0.0 0.1 0 3 6 5 1 2 1 7 3 2 0 3 2 2 0.1 0.1
4 8 3 5 1 8 0 4 7
kig | 0.5 0.6 0.0 0.0 - - - 0.0 0.0 0.0 - - 0.9 1.0 0.5 0.6 0.3 0.1 - 0.1 0.2 0.1 0.1 0.3 0.1 0.2 - -
6 3 3 1 0.4 0.0 0.0 4 6 0 0.0 0.0 3 0 3 8 1 2 0.0 2 9 9 9 4 9 6 0.0 0.2
7 1 3 5 1 7 9 0




K, | 0.8 08 | - - - - 00 | 00 |00 |- 0.1 - 04 | 05 1.0 (08 (04 |02 |00 |01 0.1 00 | - 0.0 | - - 02 |02
9 8 0.1 0.1 02 |00 |3 6 3 0.1 3 00 | 6 3 0 5 3 5 5 7 3 8 00 |9 0.1 00 |6 5
2 9 1 1 2 4 9 0 4
K, | 0.8 08 | 00 | - - - 0.0 | 0.1 0.1 - 0.1 - 06 | 06 |08 1.0 | 05 0.3 - 02 | 0.1 02 |00 |04 |00 |03 02 |02
3 3 2 0.0 | 0.1 00 |3 5 3 00 |0 00 |5 8 5 0 1 4 00 |3 1 6 0 3 8 0 7 8
8 8 1 3 6 7
Es | 0.1 02 |00 |- - 00 | 00 | - - 00 |02 |00 |02 |03 04 | 05 1.0 | 04 | - 0.1 00 |03 - 04 | - 0.3 02 | 0.1
4 4 7 0.1 0.0 1 7 00 |00 |O 0 6 1 1 3 1 0 3 02 |7 4 4 02 | 4 00 | 4 4 9
0 6 1 6 0 3 9
E¢ | 0.1 00 | - - 00 |00 |00 |00 |00 |- 00 | - 0.1 0.1 02 |03 0.4 1.0 | 0.1 02 | - 0.1 - 02 |00 |02 |03 0.6
0 3 00 [ 00 |9 3 7 6 4 0.0 8 00 |2 2 5 4 3 0 8 0 02 | 4 00 |5 7 4 4 1
8 8 6 5 8 3
aH | 0.0 - - - 02 |00 |- - 00 | 00 | - - 00 | - 00 | - - 0.1 1.0 | 04 | - - 0.3 - 02 | - - 0.0
7 7 00 |08 |05 8 4 00 [ 00 |4 1 02 | 0.1 1 00 |5 00 [02 |8 0 2 0.3 02 [0 02 |3 0.1 0.1 1
9 6 1 4 1 8 5 7 7 0 3 7 9 3 0
Eg | 0.1 0.1 - - - - - - - 02 | - 0.1 0.0 | 0.1 0.1 02 | 0.1 02 | 04 1.0 (00 (02 (00 |00 |03 0.1 0.1 0.0
5 1 04 (08 [00 |00 |O.1 00 [ 00 |4 0.1 3 7 2 7 3 7 0 2 0 1 1 3 0 1 5 5 8
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