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Fig. S1. The structure of heterocyclic aromatic compounds with labeled C atoms: (a) benzothiophene,

(b) dibenzothiophene, and (c) carbazole.
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Fig. S2. N2 adsorption isotherm plot of (a) CoMoS and (b) NiMoS
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Table S1. Composition and properties of light cycle oil (LCO)

Physical properties LCO
API 13.5
S/ ppm 3930
N/ ppm 550
Color (ASTM) L2.5
Total 74.3
Aromatics / Mono 14.3
wt.% Di 40.6
Tri+ 19.4
Cetane Index 249
IBP/5/10 225/256/262
Distillation 30/40/50 284/292/308
/°C 60/90/95 325/398/-

EP -




Table S2. Sulfur distribution of LCO

# Compounds Formula ppm Fr%;i)on # Compounds Formula ppm Fr?%;i)on
1 benzothiophene CsHeS 28 0.7 15 1-methyl dibenzothiophene CisH1oS 50 1.26
2 7-methyl benzothiophene CoHsS 48 1.23 16  4-ethyl dibenzothiophene CuH1S 38 0.97
3 2-methyl benzothiophene CoHsS 40 1.02 17  4,6-dimethyl dibenzothiophene  CisH1S 89 2.28
4 5-/6-methyl benzothiophene CoHsS 57 1.46 18 2,4-dimethyl dibenzothiophene  CusH1S 115 2.92
5 3-/4-methyl benzothiophene ~ CoHsS 80  2.03 19 glge’ ﬁzgtﬂ:g‘pegzze CuHRS 214 545
6  2.6-dimethyl benzothiophene ~ CioHnS 12 031 20 g;ﬁ‘e’ﬁz’gﬁgpﬁg‘fhy CuHuS 108 2.74
7 45-dimethyl benzothiophene ~ CioHpS 114 2.91 2 L jzgth‘?g;ﬁgr‘é' CuHpS 87 222
8§ 24-dimethyl benzothiophene  CioHwS 25 0.65 22 ﬁlgter%'ofh:ggme CisHuS 33 083
9  3,5-dimethyl benzothiophene  CioH10S 51 1.29 23 ﬁi?)g;gm?cfgﬁene CisH1sS 133 34
10 2,3-dimethyl benzothiophene ~ CioHwS 38 0.96 24 ﬁ;‘gfn'; i’t‘}‘]’izg[jgzthy' CisHuS 64 163
1 ﬁ;;&[\'g;ﬂg\'e CuHuS 26 067 25 ﬁ.ﬁeiiﬁlﬁfégﬁ'ene CisHiS 58 148
12 dibenzothiophene CuHeS 182 464 26 ilﬁei;gmfggﬁéne CisHuS 30 076
13 4-methyl dibenzothiophene  CisHiS 251 6.39 27 i‘geﬁégmfgg%"ene CisHuS 47 12
14 2-/3-methyl dibenzothiophene  CisH10S 287 7.3




Table S3. Nitrogen distribution of LCO

# Compounds Formula  ppm Frz;%;(ijon # Compounds Formula  ppm Fr;;cz}(i)on
1 carbazole Ci2HoN 24 4.43 11  3,5-dimethyl carbazole CusHisN 8 1.38
2  1-methyl carbazole CisHuN 35 6.28 12 dimethyl carbazole CisH1sN 12 2.24
3 2-methyl carbazole CisHuN 18 3.25 13 2,4-dimethyl carbazole CuHsN 18 3.3
4 3-methyl carbazole CisHuN 22 4.07 14 2,5- dimethyl carbazole CusHisN 13 2.37
5 4-methyl carbazole CisH1iiN 22 3.96 15  trimethyl carbazole CisHisN 17 3.05
6  1,8-dimethyl / 1-ethyl carbazole CisH1sN 16 2.86 16  trimethyl carbazole CisHisN 20 3.71
7  1,4-dimethyl carbazole CisH1sN 27 4.87 17  trimethyl carbazole CisHisN 3 0.48
8  1,5-dimethyl carbazole CisH1sN 22 3.95 18  trimethyl carbazole CisHisN 32 5.8
9  2,6-/2,7-dimethyl carbazole CiaH1sN 30 551 19  trimethyl carbazole CisHisN 18 3.27

10  1,2-dimethyl carbazole CuaH1zN 8 1.54 20  tri+ methyl carbazole 100 18.11




Table S4. Physical properties of the support and catalysts

BET surface area

Pore volume

ICP / wt%
Stotal Smicro 3 Smeso b) Vmicro 3 Vmeso ) Ni Mo Al
v-Al203 As calcined 248.3 14.9 233.4 0.004 0.766 -
CoMoS/y-Al203 Sulfided 198 13.7 184.3 0.005 0.495 6.1 16 78.0
NiMoS/y-Al,03 Sulfided 187.4 12.9 1745 0.004 0.531 6.6 16.7 76.7
3 Calculated by t-plot method.
b) Stotal 'Smicro

©) Vtotal 'Vmicro



Table S5. Group of S compounds in LCO and hydrotreated LCO at 613K

b Sulfur Group 1 ¢ Sulfur Group 2 4 Sulfur Group 3 ¢ Sulfur Group 4

aTotal HDS HDS conversion / % HDS conversion / % HDS conversion / % HDS conversion / %

Conversion s
/% @1} Total Total Total O O Total

/ Group 1 s Group 2 s Group 3 s Group 4

CoMoS,: 0.0h 14.58 91.36 4938 8.11 8.38 0.64 3.28 0.02 0.64
CoMoS,: 0.5h 3491 96.17 89.51 27.82 29.59 6.23 12.07 2.54 6.66
CoMoS,: 1.0h 42.67 99.99 95.36 47.58 42.10 8.30 15.61 2.70 7.87
CoMoS,: 1.5h 49.52 99.99 97.32 65.09 52.70 12.01 21.27 2.98 10.37
CoMoS,: 2.0h 5571 99.99 98.69 80.75 62.00 17.76 27.14 4.20 12.57
CoMoS,: k /107 h! 3.6 N/D N/D 438 32 0.60 1.0 0.12 0.40
NiMoS,: 0.0h 20.64 87.70 64.98 11.99 14.76 1.05 4.81 1.70 1.98
NiMoS,: 0.5h 41.06 93.16 92.69 40.48 41.01 9.28 15.59 1.99 6.45
NiMoS,: 1.0h 53.14 93.75 95.47 73.24 60.11 18.82 25.59 3.25 9.30
NiMoS,: 1.5h 61.40 96.96 96.53 87.88 69.17 34.00 38.34 3.83 14.33
NiMoS,: 2.0h 67.69 97.98 96.80 97.96 73.59 50.27 51.22 9.29 21.87
NiMoS,: k ./ 10 h! 43 N/D N/D 5.9 5.4 1.4 22 0.21 0.80

Sulfur in product (wt%
f P ( u)] % 100
Sulfur in feed (wWt%)

b Sulfur Group 1 HDS conversion (%) = [1 - M} x 100
SG 1in feed (wt%)

2 Total HDS conversion (%) = [1 -

¢ Sulfur Group 2 HDS conversion (%) = [1 - w] x 100
SG 2 in feed (Wt%g

4 Sulfur Group 3 HDS conversion (%) = [1 - W} x 100
SG 3in feed (wt%o)

¢ Sulfur Group 4 HDS conversion (%) = [1 - M] X 100
SG 4in feed (Wwt%)



Table S6. Group of N compounds in LCO and hydrotreated LCO at 613K

® Nitrogen Group 2

¢ Nitrogen Group 3

4 Nitrogen Group 4

2 Total HDN HDN conversion / % HDN conversion / % HDN conversion / %
Conversion
/% Total O O Total O O Total
N Group 2 N Group 3 N Group 4
CoMoS,: 0.0h 0.82 0.51 0.99 0.27 0.55 0.37 0.52
CoMoS,: 0.5h 2.02 0.94 2.64 0.58 1.07 0.44 0.89
CoMoS,: 1.0h 3.22 1.86 4.42 0.94 1.39 0.57 1.03
CoMoS,: 1.5h 4.89 4.57 6.70 291 220 0.84 1.21
CoMoS,:2.0h 5.97 5.53 8.24 3.29 2.59 1.02 1.44
CoMoS;: k (102 h) 1.80 2.40 3.00 1.20 0.60 0.24 0.30
NiMoS,: 0.0h 1.44 831 4.92 3.53 4.43 0.01 0.90
NiMoS,: 0.5h 8.31 21.12 16.00 14.97 14.14 0.13 6.64
NiMoS,: 1.0h 13.22 30.19 25.20 19.49 20.25 0.55 9.48
NiMoS,: 1.5h 20.73 4151 2992 24.29 23.71 1.01 11.10
NiMoS,: 2.0h 24.27 46.20 34.50 27.18 27.12 2.13 13.16
NiMoS,: k (10 1) 10.20 20.40 13.80 10.20 10.20 0.60 4.80

Nitrogen in product (wt%
Nitrogen in feed (wt%)

aTotal HDN conversion (%) = [1 - )] x 100

®Nitrogen Group 2 HDN conversion (%) = [1 — Nii::f:?j:;&g;:;/o)] X 100
¢Nitrogen Group 3 HDN conversion (%) = [1 - Nfsc;.nis;iizc(:f;;;/ﬂ] x 100
4 Nitrogen Group 4 HDN conversion (%) = [1 - Nii:li?i;gﬂf;;;/o)] x 100



Table S7. Rate constants during HDN of CBZ and HDS of DBT over the NiMoS

Rate constants (ksn) of

Reacion N CBZ /N StoppmS BT JomenNCBz T
CBZ - THC (k1) 3.30 - 2.46 -25.45
THC - BCH (ki2) 4.08 - 1.08 -73.53
THC > CHA (ki3) 0.84 - 0.36 57.14
CHA - CHB (k14) 9.66 - 3.00 -68.94
CHB - BCH (kis, ka3, k33) 2.82 0.9 2.76 -
DBT - BP (ka1) - 12.9 11.10 -13.95
BP - CHB (k22) - 3.42 1.02 -70.18




