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Abstract: Bi-functional Ni/HZSM-5 with different Ni loadings were prepared and characterized by BET, XRD,
NH;-TPD, H,-TPR, FTIR and TG techniques. Effects of metal and acid active sites on the catalyst structure and
catalytic performance of aqueous phase reforming of xylitol for liquid alkanes production were studied. The
results showed that Cs~Cs alkanes could be effectively obtained by dehydration and successive hydrogenation of
xylitol on the optimized coupling of the metal and acid sites. 2% Ni/HZSM-5 catalyst exhibited the maximal
xylitol conversion of 94% and liquid alkanes yield of 90%. Moreover, the surface area and pore volume of thus
catalyst were found to be in favor for the reaction. Appropriate amount of metal active sites and acid were also
observed in the 2% Ni/HZSM-5 catalyst, which could promote the dehydrogenation and successive hydrogenation
of xylitol into alkanes. In addition, the catalyst deactivated heavily after six recycle runs, which might be

attributed to the partial dealumination of zeolite framework and coke formation on the surface of the catalyst.
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with different Ni loadings
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Table 1 Pore structure properties of the Ni/HZSM-5 catalyst with different Ni loadings

Sample Seir / R— Average pore Average pore Pore size distribution / %
(m?-g™) (m?*+g™) diameter /nm volume / (cm*-g™) <2 nm 2~50 nm > 50 nm
HZSM-5 416 240 2.81 0.21 79.3 19.3 14
1% Ni/HZSM-5 330 209 2.12 0.05 80.3 19.4 0.3
2% Ni/HZSM-5 308 210 2.24 0.05 70.3 29.3 0.4
3% Ni/HZSM-5 295 210 2.18 0.04 76.3 234 0.3
4% Ni/HZSM-5 257 203 2.19 0.03 79.7 20.0 0.3
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Table 2 NH;-TPD results of the Ni/HZSM-5 catalysts with different Ni loadings
Catalysts Peak position / C Acid amount / (mmol - g™

1 i Total Weak Strong
HZSM-5 240 452 50.5 36.9 13.6
1% Ni/HZSM-5 236 454 142 8.4 5.8
2%Ni/HZSM-5 238 451 14.0 8.4 5.6
3% Ni/HZSM-5 242 465 16.5 9.1 7.4
4% Ni/HZSM-5 244 483 19.2 9.7 9.5
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Table 3 H,-TPR results of the Ni/HZSM-5 catalysts with Ni metal loadings

Peak position / °C

Sample Ni reduction degree / % H, consumption / (pwmol - g™)
1y ty t3
1% Ni/HZSM-5 405 37.7 435
2% Ni/HZSM-5 360 48.9 101.2
3% Ni/HZSM-5 384 474 53.1 154.2
4% Ni/HZSM-5 343 396 511 51.3 174.0
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Table 4 Results of repeated use of 2% Ni/HZSM-5 catalyst
Alkane selectivity / %
Entry Xylitol conversion / %
Cy C, Cs Cy Cs Cs
1 94.0 0.3 0.2 24 1.0 95.4 0.7
2 90.3 — 5.7 6.0 — 88.4 —
3 81.5 4.5 43 94 0.6 80.9 0.3
4 60.0 15.8 11.9 26.2 0 46.1 —
5 46.3 14.5 22.7 114 3.7 47.7 —
6 45.7 21.7 333 0.8 12.6 31.6 —
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