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Ni-Sn alloy catalysts supported on aluminium hydroxide (denoted as Ni-Sn(x)/AIOH, x =
Ni/Sn ratio) were prepared via the hydrothermal treatment of the mixture of R-Ni/AIOH) and
SnCl,-2H,0 solution with different Ni/Sn ratios. The physicochemical properties of
Ni-Sn/AIOH are summarised in Table S1. Based on the ICP-AES analyses, the loading amount
of Sn was 0.45, 0.75, 1.04, 2.14, and 3.96 mmolg'1 which were reflected in the Ni/Sn ratio of 7.9,
3.7, 3.0, 1.4, and 1.0, respectively. The Ni/Al ratio confirmed the presence of aluminium
hydroxide that resulted from the alkali leaching of the Raney Ni-Al alloy precursor in the form

of gibbsite and bayerite as indicated by the XRD patterns.>

Table S1 Chemical compositions, H,-, CO-, and N,-adsorption data (Sget), and mean nickel
particle size for R-Ni/AIOH and Ni-Sn/AIOH

Entry Catalyst Sna_1 Mlﬁia, H umal\:?h/ {"(fupml_c]ec/ Sl:iw_r:i/ Dy
(el (mwlat vato) Lnwlg pirwlg meg
1 R-Mi/AlOH 0 0.9 11y &1 151 9.0
2 Mi-Sn(7.9)/ AN H 0.4% 1. K 3 T 6.2
3 Mi-Sn(3.7)/ AN H 0.7¢ L 11y ] K7 3.6
4 Mi-Sn(3.0)/ AN H L.y L 1 ol o 33
5 NiSn(3.0)/AKH 14T 1413 w nd® 7 nd®
6 Mi-Sn(1.4)/ AR H 214 0.5 ITSE o gl 4.1
7 NiSn(1.4)/ANH 21" 0.8 cr nd® o nd®
8 Mi-Sn(1.0)/ AR H 3x 0.8 O ol 7 38

@ Detetrritrd by ICP-AES. ? Bawrd upan total H, upiake at 277 K (neted aften enreyted fou
plwsirsl and chemiesl aderiptirn). © Basrd upem total {7 upiake at ¥7° K (nrted afit crwrevted frn
plnsicsl and chomiesl adeription). ¢ Deteervined by N, aderwption at 77 K. ¢ Average Ni particle
sios. palerlated  avevnding to the mirthod  disetibed in the Tierature. ™
T Afwet Hy treatment at 777 K fen 1 h. € Not detorritrd.



The H, and CO uptakes, BET surface area (Sger), and the average Ni particle sizes of
R-Ni/AIOH and Ni-Sn/AIOH catalysts are summarised in Table S1. With increasing the loading
amount of Sn, H, and CO uptakes and BET surface area varied whereas the average Ni particle
sizes decreased (Table 1, entries 1-6).

Thermo gravimetric-differential thermal analysis (TG-DTA) profiles for Ni-Sn(1.4)/AIOH
fresh are shown in Fig. S1. TG curve shows that small amount of H,O and residue organic
compound, i.e. ethanol was evaporated at 365-470 K. A significant loss of weight was observed
at 521-551 K (approximately 14.6%) which corresponds to the transformation of gibbsite and
bayerite into [-alumina.>*** Furthermore, DTA curve shows a good agreement to the TG curve
that an endotherm peak at 540 K which corresponds to the dehydration of bayerite or gibbsite to
"-alumina.®® In addition, neither weight loss nor an exothermal peak of the transformation of
SnCl,-H,0 into SnO, was observed at 600 K. These results suggest that SnCl,-2H,0 precursor

may reacted completely with metallic Ni to form Ni-Sn alloy.
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Fig. S1 Thermogram profiles of the as prepared Ni-Sn(1.4)/AIOH catalyst.



Fig. S2 SEM images of Ni-Sn(1.4)/AIOH catalysts. (a) fresh and H,-treated at (b) 673 K and (c)
773 K for 1 h.
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Fig. S3 Raman spectra of (a) the as-prepared Ni-Sn(1.4)/AIOH and (b) H,-treated at 673 K for

1.5h.



Fig. S4 TEM images and SAED for Ni-Sn(1.4)AIOH catalyst. (a) as-prepared, (b) after H,

treatment at 673 K, and (c) recovered catalyst after the third reaction run.
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Fig. S5 Temperature programmed reduction of (a) the as-prepared and H,-treated
Ni-Sn(1.4)/AIOH catalyst at (b) 673 K and (c) 773 K.
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Fig. S6 XRD patterns of the recovered (a) Ni-Sn(1.4)/AIOH and (b) Ni-Sn(1.0)/AIOH catalysts.

(11) bayerite: (1'1) gibbsite; (11) 1-Sn: (11) Ni(0).

Table S2 Results of LA transformation over various Ni-M/AIOH (M= In, Ag, Zr, V, and Nb)

catalysts
_ Yield®/%

Entry  Catalysts Conversion? %

LE GVL HVA
1 Ni-In/AIOH 57 0 57 0
2 Ni-Ag/AIOH 56 0 56 0
3 Ni-Zr/AIOH 53 0 53 0
4 Ni-V/AIOH 13 0 13 0
5 Ni-Nb/AIOH 32 0 32 0

Reaction conditions: catalyst (0.05 g), LA (2 mmol), solvent (3 mL), H, (4.0
MPa), 393 K, 120 min. 2 Conversion of LA. ? Determined by GC using an internal

standard technique; LE = levulinic ester; GVL = J-valerolactone; HVA =

hydroxyvaleric acid.
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Fig. S7 'H NMR spectra of synthesised [-valerolactone from hydrogenation of levulinic acid in

water over Ni-Sn(1.4)/AIOH catalysts.
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Fig. S8 *C NMR spectra of synthesised [-valerolactone from hydrogenation of levulinic acid in
water over Ni-Sn(1.4)/AIOH catalysts.
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Fig. S9 'H NMR spectra of synthesised [-valerolactone from hydrogenation of levulinic acid in
D20 over Ni-Sn(1.4)/AIOH catalysts.*’
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Fig. S10 *C NMR spectra of synthesised (-valerolactone from hydrogenation of levulinic acid
in D20 over Ni-Sn(1.4)/AIOH catalysts.*
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