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Mechanism and kinetics of cellobiose hydrogenation catalyzed by Ru/ CNT
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Abstract: The production of chemicals or fuels from renewable biomass resources especially cellulose has
attracted much attention because of the worldwide demand for less dependence on fossil resources.
However, the direct utilization of cellulose is still a challenge because of its robust crystalline
structure Herein, the hydrogenation of cellobiose, a typical cellulose, over carbon nanotube supported
ruthenium catalyst (Ru/ CNT) was reported The mechanism of cellobiose conversion was proposed and the
kinetic equation was obtained. Based on the kinetic experiments carried out in the range 120 —185C under
5 0 MPa H2, the reaction rate constants and activation energies of each reaction step in cellobiose
hydrogenation were obtained with MATLAB, in which the activation energy for hydrolysis and
hy drogenolysis of cellobiose was estimated as 147. 1 kJ * mol” ' and 71. 2 kJ * mol™ ', respectively. The
obtained kinetic model and some general rules on the catalytic hydrogenation of cellobiose may provide

important data for efficient utilization of cellulose.
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Table 1 Conversions of different substrates
catalyzed by Ru/ CNT

Conversion Selectivity/ %
Substrate

1% Glucose Sorbitol Mannitol Others
D- glucitol @ 41 7 88 3 2
glucos e® 67 — 89 4 7
sorbitol © 45 — — 40 60

@Di=1h. @i=05h. @t=24h.
Note: Reaction conditions: P (Hy) = 5 MPa, V=20 ml w

(catalysth= Q 05 g,,, 7= 185C.
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Fig 1 Reaction mechanism for conversion

of cellobiose over Ru/CNT
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Table 2 Reaction rate constants of each step in cellobiose hy drogenation over Ru/ CNT
Reaction rate constant/ min~ !
T/C
k kz(k2PH2) k3 k4(k4PH2) ks ke R
120 536x107° 1.25x1074(8 01x 107% 4 42x 1075 5 07x 1075(3 26x 10~ %) - — 0 9986
135 2.80x 107% 2 48x 1074(1 61x 107%) 1 66x 10°* 1 65x 10~*(1 07x 107 3) - - 0 9991
150 L 52x 1073 6 63x 1074(4 40x 1073) 6 58x 10°* 6 29x 107%(4 17x 103 9 98x 10"° 1 80x 10> 0 9920
185 3 14x 1072 2 63x 10-3(1 87x 10-2) 7 40x 10-3 2 12x 10-3(1L 51x 10-2) 2 97x 10-4 6 89x 10-3 0 9924

Note: ko, ks, ke unit: (MPa* min)-!. Reaction conditions: ¢.n= 24 mmol* L-1, P(Hy) =5 MPa, V = 20 ml, w( catalysty= Q 02 g
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Fig. 2 Time courses for conversion of cellobiose
over R/ CNT
cell= 24 mmol* L-', P(Hy)= 5 MPa,
V=20ml, w( catalyst)= 0 02 g, T= 150°C
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Table 3 Activation energy for conversion of
cellobiose over Ru/ CNT
[tem Activation energy/kJ* mol-! R
Eq 95 5 0 9966
E . 147 1 0 9992
E» 71 2 Q0 9971
Es 118 3 0 9990
Eu 86 1 0 9818
) ) (Ear)
147. 1 kJ * mol ', Lo
(110 £29 6) kJ * mol™'
(133%13) kJ* mol™' .
(E2=712kJ* mol'"),
(Ex= 95.5kJ* mol™ ),
(Ex)
86. 1 kJ * mol™ ', )
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