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Fig. S1 SEM image and XRD pattern. (a) SEM image and (b) XRD pattern (JCPDS 21-1307) of

as-prepared NA-AIOOH.
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Fig. S2 SEM image and XRD pattern. (a) SEM image and (b) XRD pattern (JCPDS 29-0063) of

NA-Al,Os.
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Fig. S3 N, adsorption-desorption isotherms. (a) NA-Al,O3 and (b) com-Al,0s;.
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Fig. S4 Particle size distributions of Ru/Al,05 catalysts. (a) 0.5Ru/NA-Al,O3, (b)1Ru/NA-Al,O3,
(c) 5Ru/NA-AIl, O3, (d) 8Ru/NA-Al,0O3, and (e) 1Ru/com-Al,0s.
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Fig. S5 XRD patterns of Ru/Al,03 catalysts.
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Fig. S6 HAADF-STEM images and EDS elemental mappings of Ru/Al,O; catalysts. (a) 0.5Ru/NA-
A|203, (b) 1Ru/NA—A|203, (C) 5RU/NA-A|203, (d) 8RU/NA-A|203, and (e) 1RU/C0m'A|203.
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Fig. S7 DRIFT spectra presented using the Kubelka—Munk (K—M) function. (a) In situ DRIFT
spectra in OH stretching regions of NA-Al,O; and com-Al,03 at 25 °C. (b) Pyridine adsorbed
DRIFT of NA-Al,O3 and com-Al,03 at 100 °C (Normalized with the intensity of 1613 cm™).
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Fig. S8 Pyridine-adsorbed DRIFT at 1650—1560 cm™ of Ru/Al,O; catalysts. (a) xRu/NA-Al,O;

and (b) 1Ru/com-Al,0s;.
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Fig. S9 H,-TPR of the as-prepared Ru catalysts.
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Fig. S10 XPS profiles of Ru/Al,O; catalysts. (a) 0.5Ru/NA-AIl,Os, (b) 1Ru/NA-Al,O3, (c) 5Ru/NA-
A|203, (d) 8RU/NA-A|203 and (E) 1RU/C0m-A|203.
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Fig. S11 Ru K-edge EXAFS R-space spectra and their fitting of Ru/Al,O; catalysts.
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Fig. S13 Product distributions of PE hydrogenolysis over Ru/Al,03 catalysts. (a) 0.5Ru/NA-

A|203, (b) 1RU/NA-A|203, (C) 5RU/NA-A|203, (d) 8RU/NA-A|203 and (E) 1RU/C0m'A|203. Reaction

conditions: 3.0 g PE, 1 mg Ru, 250 °C, 40 bar H,, 2.5 h.
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Fig. S14 (a) 'H NMR and (d) 13C NMR spectra of liquid/wax products (Cs—Csp.). The *H NMR
region of paraffinic (orange), CH,Cl, (gray), and CDCl; (dark gray) is highlighted. The 3C NMR
region of alkane C—H (orange), CH,Cl, (gray), and CDCl; (dark gray) species is similary
indicated. Reaction conditions: 3.0 g PE, 1 mg Ru, 250 °C, 40 bar H,, 2.5 h.
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Fig. S15 2D-HSQC NMR spectra of liquid hydrocarbon products. (a) 0.5Ru/NA-Al,O;, (b)

1Ru/NA-Al,03, (c) 5Ru/NA-Al,03, (d) 8Ru/NA-Al,O5; and (e) 1Ru/com-Al,0s. The integrated

region of n-paraffins CH CH groups is observed at 13C (1.5-1.0 ppm).t No characteristic peaks

were detected in regions corresponding to iso-alkanes (*H (1.7-1.5 ppm); 13C (30-27 ppm)) or

aromatic compounds (*H (1.5-1.3 ppm); 13C (16—13 ppm)). Reaction conditions: 3.0 g PE, 1

mg Ru, 250 °C, 40 bar H,, 2.5 h.
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Fig. S16 Performance comparison of this work with reported Ru-based catalysts in the

hydrogenolysis of PE (Mw ~4,000, Mn ~1,700).2-!1
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Fig. S17 (a) HAADF-STEM images of 1Ru/NA-Al,O; after PE hydrogenolysis reaction. (b)
Particle size distribution of 1Ru/NA-AIl,O; after PE hydrogenolysis reaction. (c) XRD pattern of
1Ru/NA-Al,O;5 after PE hydrogenolysis reaction. (d) XPS profiles of 1Ru/NA-Al,O; after PE
hydrogenolysis reaction. (e) Ru contents of 1Ru/NA-Al,O; after PE hydrogenolysis reaction
(analyzed by ICP-OES). Reaction conditions: 3.0 g PE (M,, ~4,000, M, ~1,700), 1 mg Ru, 250 °C,
40 bar H,, 2.5 h.
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Fig. S18 Reusability test of 1Ru/NA-AIl,O; catalyst in PE hydrogenolysis. Reaction conditions:
3.0g PE, 1 mg Ru, 280 °C, 40 bar H,, 1 h.
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Fig. $19 Time-dependent product distributions for (a) 1Ru/NA-Al,O5 and (b) 1Ru/com-Al,03
catalysts. Reaction conditions: 3.0 g PE (Mw ~4,000, Mn ~1,700), 1 mg Ru, 250 °C, 40 bar H,.
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Fig. S20 PE C—C bond cleavage activity of catalysts. Reaction conditions: 3.0 g PE (M,, ~4,000,
M, ~1,700), 1 mg Ru, 250 °C, 40 bar H,, and 2.5 h.
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Fig. S21 C—C bond cleavage per surface Ru and methane production under same reaction
conditions in CygH3g hydrogenolysis. Reaction conditions: 3.0 g C;gHsg, 0.5 mg Ru, 250 °C, 40
bar H,, 20 min.
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Fig. S22 Conversion (mol%) and product selectivity (mol%) of 0.5Ru/NA-Al,O3, (b) 1Ru/NA-
Al,0s3, (c) 1Ru/com-Al, 03, (d) 5Ru/NA-Al,03, and (e) 8Ru/NA-Al,Os. Reaction conditions: 3.0 g
CigH3s, 0.5 mg Ru, 250 °C, 40 bar H,. The reaction times were 30 min for 0.5Ru/NA-Al,03, 20
min for 1Ru/NA-Al,05; and 1Ru/com-Al,03, and 10 min for 5Ru/NA-Al,O; and 8Ru/NA-AI,O;.
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Table S1. Physicochemical properties of as-prepared Ru/Al,O; catalysts.

Catalyst Ru Seer (m”g™)® v, (cm>gh)¢ Poresize

(Wt%)® (nm)°

0.5Ru/NA-ALLO, 0.50 152.3 1.03 25.8
1Ru/NA-ALO, 0.99 142.6 1.00 24.3
5Ru/NA-Al,O, 4.76 159.0 0.83 17.6
8Ru/NA-ALO, 8.34 160.1 0.81 17.0
1Ru/com-Al0, 0.88 183.8 0.45 8.2
NA-ALLO, - 160.0 1.07 21.6
com-Al,0, - 185.4 0.47 8.1

2 Analyzed by ICP-OES.
b BET specific surface area.

¢ Calculated by BJH method.

Table S2. Ru**/(Ru® + Ru**) atomic ratios of as-prepared Ru/Al,03 catalysts.

Catalyst Ru*/(Ru® + Ru™) atomic
ratio”
0.5Ru/NA-ALO, 1
1RU/NA-ALO, 0.65
SRU/NA-ALO, 0.40
8RU/NA-ALO, 0.33
1Ru/com-Al,Q, 0.59

3 Analyzed by XPS
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Table S3. Fitting parameters of Ru K-edge k3-weighted EXAFS spectra of Ru/Al,0; catalysts.

Sample Path CN? R (A)b 02(A2)c  AE, (eV)d
factore
RuO, Ru-0 6 1.98 0.003 0.49 0.017
Ru foil Ru—Ru 12 2.68 0.004 -4.47 0.004
Ru-0 3.7 2.08 0.006
1Ru/com-Al,03 5.02 0.017
Ru—Ru 2.6 2.71 0.011
Ru-0 2.6 2.05 0.001
0.5Ru/NA-Al,05 5.52 0.026
Ru—Al 1.0 2.60 0.004
Ru-0 2.7 2.06 0.004
3.34 0.027
1Ru/NA-Al,O; Ru—Al 1.0 2.55 0.012
Ru—Ru 2.3 2.70 0.013
Ru-0 3.4 2.01 0.009
5Ru/NA-Al,O; 1.99 0.013
Ru—Ru 33 2.70 0.008
Ru-0 33 2.01 0.009
8Ru/NA-Al,O; -1.25 0.013
Ru—Ru 3.3 2.70 0.007

2 Coordination number.

b Bond distance.

¢Debye—Waller coefficient.

dAE,: Internal potential correction.

eR factor obtained from the best fit of each catalyst.
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Table S4. Catalytic performance of Ru/Al,0; catalysts in PE hydrogenolysis.

Catalyst Time Conversion Production C1-C4 C5- C30+  Conversion Ccapturedc
(h) rate rate yield C30 yield (%) (%)
(gconverted (gliquid/wax.gRu> (%) yleld (%)
o Lpt 1,1 (%)
pe Bru ) ‘h”)

0.5Ru/NA-AIZO3a 25 1.08 x 103 8.76 x 10?2 15.1 41.4 33.1 89.7 66.9
1Ru/NA-AIZO3a 1 2.08x 10° 1.68 x 103 12.0 30.0 27.3 69.2 72.7

1Ru/NA-ALO.’ 2 1.36x10°  1.08x10°  16.8 495  24.0 90.3 76.0

1Ru/NA-AI203a 2.5 1.15x 103 9.23x 10?2 17.4 64.1 14.8 96.2 85.2

1Ru/NA—AIZO3a 3 9.99 x 102 7.86 x 102 19.2 66.8 13.9 99.9 86.1

1Ru/NA-A|203a 4 7.50 x 102 5.72 x 102 21.6 72.8 5.6 100.0 94.4

5Ru/NA—AI203a 2.5 9.98 x 102 7.10 x 102 214 44.2 17.6 83.2 82.4

8Ru/NA—AI203a 2.5 6.60 x 10? 4,77 x 10? 13.5 23.4 18.1 55.0 81.9

1Ru/com-AI203a 1 1.58 x 103 1.32x103 8.0 22.4 22.3 52.7 77.7
1Ru/com-AI203a 2 1.10x 103 9.25x 10?2 10.8 43.6 19.3 73.6 80.7
1Ru/com-AI203a 25 9.87 x 10?2 8.28 x 10?2 11.9 53.7 16.6 82.3 83.4
1Ru/com-AI203a 3 9.56 x 102 7.34 x 102 19.8 54.7 211 95.6 79.0
1Ru/com-AI203a 4 7.50 x 102 5.43 x 102 25.0 63.9 11.1 100.0 88.9
1Ru/NA-AI203b 2 3.91x 10?2 2.87 x 10? 6.2 6.8 13.1 26.1 86.9

1Ru/NA-AI203b 4 4,90 x 102 3.69 x 10? 14.6 25.4 253 65.3 74.7

1Ru/NA-AI203b 6 4.45 x 102 3.56 x 10? 16.1 51.3 21.6 88.9 78.4

1Ru/com-AI203b 2 1.22 x 10? 55.6 4.0 2.2 1.9 8.1 98.1
1Ru/com-AI203b 4 2.36 x 10? 1.76 x 10? 6.8 6.3 18.4 31.5 81.6
1Ru/com-AI203b 6 3.73x10? 2.85 x 10? 15.9 35.5 23.2 74.5 76.8

2 Reaction conditions: 3.0 g PE (Mw ~4,000, Mn ~1,700), 1 mg Ru, 250 °C, 40 bar H,.
bReaction conditions: 3.0 g PE (Mw ~4,000, Mn ~1,700), 1 mg Ru, 220 °C, 40 bar H,.

CCl—C4 +C

+C

C5-C30 solid

¢ Ccaptured (%) =

Cinitial

S21

x 100, where Ci,itia is the initial substrate’s amount (in C-mol)
and C¢i—ca, Ces—c30, and Cqqiq are the amount of C1-C4, C5—C30, and solid residue (in C-mol),



respectively.

Table S5. /so-alkane composition in the C;y Product (based on GC analysis). Reaction
conditions: 3.0 g PE, 1 mg Ru, 250 °C, 40 bar H,, 2.5 h.

Catalyst Iso-alkane fraction”
0.5Ru/NA—A|203 0.10
1Ru/N/—\-A|203 0.10
5Ru/NA-A|203 0.10
8Ru/NA—A|203 0.09
1Ru/com-AI203 0.10

i - C10 product (mmol)

a/so-alkane fraction = Total C10 product (mmol)
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Table S6. Comparison of conversion and production rates in the hydrogenolysis of PE (M,,
~4,000, M,, ~1,700) using reported Ru-based catalysts.

Catalyst Temperature  Time Conversion Production Ref
(°C) (h) rate rate

(gconverted PE'gRu-l'h_l) (gliquid/wax'gRu—l'h_l)
(Carbon number)

1Ru/NA-Al,05 250 2.5 1.15 x 103 9.23 x 102 (C5-C30+)  This work
RU@NTO-NH 180 8 12.5 11.0 (C6-C35) 2]
Ui0-66-RuH, 200 72 18.6 12.1 (C5-C35) 3]
Ru/C 200 16 333 15.6 (C8-C45) [4]
Ru/FAU 200 16 35.0 23.5 (C5-C33) (5]
Ru/MgO 1.26 x 102 85.0 (C5-C45)
240 4
Ru/TiO, 1.24 x 102 86.7 (C5-C45)
(6]
Ru/CeO, 84.2 76.5 (C5-C45)
240 8
Ru/SiO, 60.4 46.8 (C5-C45)
Ru/zrO, 240 4 1.68 x 102 1.51 x 10? (C5-C45) (7]
Ru/C-EG120 240 1.5 6.09 x 102 - 8]
Ru/Ce0,-R-HT 1.93 x 102 1.82 x 102 (C5-C41)
250 2 [9]
Ru/Ce0,-C-HT 3.58 x 102 3.11 x 102 (C5-C41)
Ru/TiO,-R 250 3 2.07 x 102 1.89 x 10? (C5-C40) [10]
Ru/SBA-15 (10) 250 1.5 417 x 102 3.84 x 102 (C5-C40) [11]
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Table S7. Comparison of conversion and product yield in the hydrogenolysis of PE (M,, ~4,000,
M, ~1,700) using reported Ru-based catalysts.

Catalyst Temperatur Time  Conversion Gas (%) Liquid/Wax Ref
e (°C) (h)
(%) (Carbon (%)
number)

(Carbon number)

Thi
1Ru/NA-ALO, 250 25 96.2 19.3 (C1-C4) 76.9 (C5-C30+) on:k
RU@NTO-NH 180 8 100 12 (C1-C5) 88 (C6-C35) 2]
UiO-66-RuH, 200 72 90 32 (C1-C4) 58 (C5-C35) 3]
Ru/C 200 16 95 45 (C1-C7) 50 (C8-C45) [4]
Ru/FAU 200 16 100 33 (C1-C5) 67 (C5-C33) (5]
Ru/MgO 74 24 (C1-C4) 50 (C5-C45)
240 4
Ru/TiO, 73 22 (C1-C4) 51 (C5-C45)
(6]
Ru/CeO, 99 10 (C1-C4) 90 (C5-C45)
. 240 8
Ru/SiO, 71 15 (C1-C4) 55 (C5-C45)
Ru/zro, 240 4 99 11 (C1-C4) 89 (C5-C45) (7]
Ru/C-EG120 240 15 95 - - (8]
Ru/CeO -R-HT 53 3 (C1-C4) 50 (C5-C41)
250 2 [9]
Ru/CeO -C-HT 93 13 (C1-C4) 81 (C5-C41)
Ru/TiO R 250 3 91 8 (C1-C4) 84 (C5-C40) (10]
Ru/SBA-15 (10) 250 15 92 7 (C1-C4) 85 (C5-C40) [11]
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