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Table S1 Physical properties of Al>O3

ALO: Surface area ! Pore size 2 Mesopore volume *
; /m?g! . oo

ALO-6 172 24 0.96

ALO-7 160 33 1.13

e 1% 9.2 0.73

Purchased sample * 210 1 050

*I Calculated by BET equation, > mode value of pore size calculated by BJH method, ** calculated by BJH method,
** sample purchased from FUJIFILM Wako Pure Chemical Corp.



Table S2 Compositions of each chemical in the original (fed) VGO and the products in the dealkylation on SMA-3.
SMA-3

Time on stream

Original| 2h 3h 4h Sh 6h 7h 8h

Quadric aromatics 095 | 005 0.07 006 005 004 0.01 0.06
Tricyclic aromatics + C7+ 769 1020 030 032 040 036 037 047
Tricyclic aromatics + C6 0.00 ] 0.00 001 0.00 000 0.00 0.00 0.00
Tricyclic aromatics + C5 0.00 | 0.07 0.12 0.07 0.06 005 0.05 0.08
Tricyclic aromatics + C4 0.29 1.88 1.69 164 168 1.64 147 1.68
Tricyclic aromatics + C3 0.31 144 136 127 130 120 1.20 1.28
Tricyclic aromatics + C2 006 1087 074 069 062 057 054 0.60
Tricyclic aromatics + C1 0.00 | 0.18 0.10 0.01 0.07 005 0.02 0.03

Phenanthrene 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HDN 11.31 | 0.13 034 0.69 099 1.17 146 1.71
Dibenzothiophene 0.00 1002 003 0.00 002 002 0.01 0.01

Bicyclic aromatics + C5+ 1097 | 0.26 037 0.25 041 045 030 0.58
Bicyclic aromatics + C4 0.00 | 043 037 023 023 0.18 0.17 0.20
Bicyclic aromatics + C3 002 | 1.00 078 0.75 069 066 064 1.20
Bicyclic aromatics + C2 0.00 | 098 0.80 0.67 065 060 052 0.56
Bicyclic aromatics + C1 0.00 | 0.50 042 038 036 031 030 032

Naphthalene 000 | 705 7.18 7.31 7.08 6.67 6.74 6.68
Tetralin 0.00 | 0.09 007 0.07 006 0.06 0.05 0.05
Alkylbenzenes 884 | 7.18 733 6.60 7.06 633 575 6.86
>C20 alkanes 55.64 136.95 41.03 43.34 4598 45.10 44.47 47.23
C17-20 alkanes 326 | 797 830 9.13 972 9.65 9.50 10.10
C16 alkanes 030 | 262 398 498 561 570 6.11 6.46
C15 alkanes 023 | 292 463 543 585 552 559 571
C14 alkanes 008 |08 138 139 149 136 132 141
C13 alkanes 004 | 092 128 130 1.27 1.15 094 1.08
C12 alkanes 002 | 1.8 1.65 151 138 124 094 1.05
C11 alkanes 000 | 214 214 174 163 133 110 1.08
C10 alkanes 0.00 |3.02 261 220 210 171 1.62 148
C5-9 alkanes 0.00 |11.65 872 7.79 7.19 640 6.03 5.56

Gas 0.00 | 704 221 020 0.00 048 276 0.00




Table S3 Compositions of each chemical in the original (fed) VGO and the products in the dealkylation on N631-L.
N631-L

Time on stream

Original| 2h 3h 4h Sh 6h 7h 8h

Quadric aromatics 095 | 041 031 019 014 006 0.11 0.03
Tricyclic aromatics + C7+ 769 |1 000 004 0.07 014 011 0.18 0.18
Tricyclic aromatics + C6 0.00 ] 0.00 001 0.00 000 0.00 0.00 0.00
Tricyclic aromatics + C5 0.00 | 015 0.18 0.13 0.09 0.11 0.10 0.05
Tricyclic aromatics + C4 029 | 257 265 213 212 1.68 187 1.68
Tricyclic aromatics + C3 0.31 212 208 174 161 137 151 1.33
Tricyclic aromatics + C2 0.06 1.97 174 128 1.16 0.80 098 0.88
Tricyclic aromatics + C1 0.00 1.01 066 045 032 0.17 013 0.17

Phenanthrene 0.00 | 0.05 001 0.00 000 0.00 0.00 0.00
HDN 11.31 | 0.04 0.00 0.00 0.03 0.17 046 0.61
Dibenzothiophene 0.00 ] 0.06 006 0.06 003 003 0.00 0.02

Bicyclic aromatics + C5+ 1097 | 0.88 0.81 046 039 031 025 028
Bicyclic aromatics + C4 0.00 1.24 090 070 053 037 042 037
Bicyclic aromatics + C3 002 | 1.67 1.60 134 1.12 086 095 0098
Bicyclic aromatics + C2 000 |19 149 127 112 088 094 0.80
Bicyclic aromatics + C1 0.00 | 098 0.74 0.65 056 047 049 04

Naphthalene 0.00 | 5.77 633 664 641 593 6.67 6.21
Tetralin 000 | 022 021 0.18 0.15 0.13 0.13 0.12
Alkylbenzenes 8.84 |11.19 1022 9.06 832 6.71 748 6.69
>C20 alkanes 55.64 |21.57 30.03 33.85 3556 34.01 39.25 37.64
C17-20 alkanes 326 | 698 798 842 893 835 950 09.18
C16 alkanes 030 | 229 270 347 405 404 523 525
C15 alkanes 0.23 1.62 216 328 394 391 493 475
C14 alkanes 008 | 071 089 128 145 130 158 1.53
C13 alkanes 004 | 072 108 138 152 140 151 150
C12 alkanes 002 | 083 147 195 198 178 1.8 1.60
C11 alkanes 000 | 1.31 215 249 235 204 220 196
C10 alkanes 0.00 | 238 330 351 325 276 292 244
C5-9 alkanes 0.00 |15.40 14.50 13.04 11.06 9.52 10.01 823

Gas 0.00 11390 3.71 098 1.67 10.71 0.00 5.07




Table S4 Compositions of each chemical in the original (fed) VGO and the products in the dealkylation on USY.
USY

Time on stream

Original| 2h 3h 4h Sh 6h 7h 8h

Quadric aromatics 095 | 050 0.14 0.09 003 0.02 0.00 0.04
Tricyclic aromatics + C7+ 7.69 1 000 008 0.12 030 046 044 0.52
Tricyclic aromatics + C6 0.00 | 0.00 000 0.00 0.00 0.00 0.00 0.00
Tricyclic aromatics + C5 0.00 | 0.05 003 002 001 001 000 0.04
Tricyclic aromatics + C4 0.29 .56 142 122 136 122 1.12 1.19
Tricyclic aromatics + C3 0.31 220 1.65 132 139 134 1.18 1.13
Tricyclic aromatics + C2 006 1203 14 105 09 079 0.75 0.70
Tricyclic aromatics + C1 0.00 | 095 063 045 042 027 022 0.17

Phenanthrene 0.00 | 023 010 0.07 006 0.05 0.03 0.02
HDN 11.31 | 006 0.19 034 124 198 259 293
Dibenzothiophene 0.00 1 020 0.14 0.11 011 0.10 0.09 0.09

Bicyclic aromatics + C5+ | 10.97 | 0.24 0.12 0.12 022 037 039 0.89
Bicyclic aromatics + C4 0.00 | 1.01 053 035 024 022 0.11 0.14
Bicyclic aromatics + C3 002 | 212 137 14 141 128 1.05 099
Bicyclic aromatics + C2 0.00 | 423 251 182 164 140 1.15 1.04
Bicyclic aromatics + C1 000 | 362 192 127 1.14 1.00 0.82 0.70

Naphthalene 0.00 | 651 644 583 6.68 674 6.09 580
Tetralin 0.00 | 0.05 0.10 0.10 0.12 0.13 0.11 0.10
Alkylbenzenes 8.84 |19.35 1477 992 1048 9.26 850 7.94
>C20 alkanes 55.64 110.72 29.15 26.50 36.83 41.78 41.89 42.40
C17-20 alkanes 326 | 476 729 6.68 814 873 859 835
C16 alkanes 030 | 1.63 249 259 374 440 455 4.60
C15 alkanes 0.23 .20 198 212 274 297 281 2.56
C14 alkanes 008 | 0.64 071 0.70 075 074 0.62 0.61
C13 alkanes 004 | 062 079 0.68 067 0.65 051 046
C12 alkanes 002 | 069 091 077 074 067 056 043
C11 alkanes 000 | 099 136 106 1.11 099 0.71 0.65
C10 alkanes 000 | 1.36 192 141 146 127 1.07 0.86
C5-9 alkanes 0.00 | 9.26 10.66 6.65 795 6.82 588 4.84

Gas 0.00 ]23.20 9.17 25.19 8.10 436 8&8.18 9.81




Table S5 Compositions of each chemical in the original (fed) VGO and the products in the dealkylation on ZSM-5.
ZSM-5

Time on stream

Original| 2h 3h 4h Sh 6h 7h 8h

Quadric aromatics 095 1052 034 028 023 060 194 265
Tricyclic aromatics + C7+ 769 1 050 087 146 225 400 577 6.67
Tricyclic aromatics + C6 0.00 ] 0.01 002 0.06 008 009 0.10 0.06
Tricyclic aromatics + C5 0.00 | 020 0.15 0.15 0.14 0.13 0.11 0.09
Tricyclic aromatics + C4 0.29 1.98 1.63 160 151 130 1.19 0.96
Tricyclic aromatics + C3 0.31 143 1.08 097 091 0.8 067 0.59
Tricyclic aromatics + C2 0.06 .00 059 04 044 038 031 025
Tricyclic aromatics + C1 0.00 | 028 0.07 0.03 0.02 001 0.01 0.00

Phenanthrene 0.00 | 0.03 0.00 0.00 0.00 0.00 0.00 0.00
HDN 11.31 | 062 1.67 346 558 746 770 8.35
Dibenzothiophene 0.00 1 009 005 004 003 003 0.02 0.01

Bicyclic aromatics + C5+ 10.97 1 0.58 1.25 265 420 639 798 8.65
Bicyclic aromatics + C4 0.00 | 033 0.16 0.08 0.07 005 004 0.01
Bicyclic aromatics + C3 002 | 097 054 042 029 021 0.16 0.08
Bicyclic aromatics + C2 0.00 |28 198 138 1.13 088 064 045
Bicyclic aromatics + C1 0.00 | 493 352 268 232 193 135 1.04

Naphthalene 0.00 | 860 8.00 7.14 634 564 428 3.58
Tetralin 0.00 | 0.10 0.12 0.10 0.09 0.07 0.05 0.05
Alkylbenzenes 8.84 |54.72 49.79 4452 40.82 39.13 30.30 27.68
>C20 alkanes 55.64 | 595 7.23 1043 1322 16.33 17.63 18.40
C17-20 alkanes 326 1 040 024 030 042 038 042 031
C16 alkanes 030 | 0.01 0.00 0.00 0.00 0.00 0.00 0.00
C15 alkanes 023 | 0.00 0.00 0.00 000 0.00 0.00 0.00
C14 alkanes 0.08 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C13 alkanes 0.04 | 0.00 0.00 0.00 000 0.00 0.00 0.00
C12 alkanes 0.02 | 0.00 0.00 0.00 000 0.00 0.00 0.00
C11 alkanes 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C10 alkanes 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
C5-9 alkanes 000 | 032 030 029 025 031 021 0.16

Gas 0.00 | 13.60 20.40 21.53 19.66 13.78 19.12 19.95
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Figure S1 Mesopore size distributions of Al,03 and SMAs determined by BJH method
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Figure S3 Difference spectra of IR A(T)-N(T) [(spectrum after ammonia adsorption) — (spectrum before

ammonia adsorption)] in region of bending vibration of ammonia adsorbed on zeolites (1100 —

2000 cm™).
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Figure S4 Fitting of IR- and MS-TPD calculating TPD spectrum of Brgnsted and Lewis acid sites on

zeolites. Black line: MS-TPD, blue line: IR-TPD of Brgnsted acid sites (NH4* (BAS)), red line:

IR-TPD of Lewis acid sites (NH3z (LAS)), grey line: the sum of NH4* (BAS) and NH3 (LAS).
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Figure S6 Composition averaged over 2-8 h of various carbon numbers of side chains in alkyl bicyclic

and tricyclic aromatic hydrocarbons after the dealkylation over SMA-3.
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after the dealkylation over SMA-3.



100 — — |
I 'ii‘\il_ - |
ToeS “#-g SMA2
2 g9 9
o 80 - vi g4 SVA3
g L ¢y SMA-4
o
E - 4
o - .
8 40
8 20| '
T |
0 1 I 1 I 1 I 1 I 1
0O 2 4 o6 8 10
Time on stream / h
Figure S8 Time courses of HDN (hexadecylnaphthalene) conversion on SMAs in the dealkylation of

APAHs in fed VGO at 723 K and LHSV = 5.7 gvco ge h''.
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Figure S9 Time courses of composition of APAHs and alkylbenzenes in the dealkylation on

SMAEs in the dealkylation of APAHs in fed VGO at 723 K and LHSV = 5.7 gvco gt h'L.
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Figure S10 Time courses of composition of alkanes (>C20, C10-20, and C5-9) in the dealkylation on

SMAEs in the dealkylation of APAHs in fed VGO at 723 K and LHSV = 5.7 gvco gt h'L.
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Figure S12 Total images of the reactions on SMA-3, N631-L, USY, and ZSM-5. The bracketed values are
composition of the components (C(carbon)-mol %) in original VGO (left side) and in the
products averaged over 5-8 h (right side). These images include presumption as stated
below. APAHs and HDN were dealkylated into PAHs and alkanes (C10-20, C5-9, and light
hydrocarbons), excluding alkanes (>C20). Alkyl groups in alkylbenzenes were cracked into
alkanes (C10-20, C5-9, and light hydrocarbons). It is difficult to distinguish between alkanes
(C10-20, C5-9, and light hydrocarbons) produced by the cracking of alkanes and alkyl groups

in APAHs, HDN, and alkylbenzenes.



