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Abstract : In this work, the conversion of crystalline cellulose into polyols in the presence of hydrogen was
examined over noble metal (Pt, Ru, Ir, Rh, and Pd) catalysts supported on activated carbon. For comparison, Pt/
7 -AlLO3 and Pt/H-mordenite were also investigated. Several techniques: N physisorption, X-ray diffraction
(XRD), inductively-coupled plasma-atomic emission spectroscopy (ICP-AES), temperature-programmed
reduction with H, (H,-TPR) and CO chemisorption were employed to characterize the catalysts. The cellulose
conversion was not strongly dependent on the types of the catalyst used. Pt/AC showed the highest yields to
polyols among activated carbon-supported noble metal catalysts, viz. Pt/AC, Ru/AC, Ir/AC, Rh/AC and Pd/AC.
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Figure 1. The XRD patterns for cellulose before (a) and
after the reaction for 30 min at 518 K (b).
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Table 1. Physicochemical properties of the supported noble
metal catalysts

Metal Amount of
Catalyst component chemisorbed CO" [CO/Metal]*
(%) (umol/geac.)
Pt/H-mordenite 0.94 14.9 0.31
Pt/ 7 -ALO;" 1.00 26.4 051
Pt/AC 0.57 10.8 0.28
Ru/AC 0.31 17.6 0.57
Ir/AC 0.84 6.4 0.15
Rh/AC 0.41 40.4 1.01
Pd/AC 0.74 2.4 0.03

* CO chemisorption was conducted at 300 K in He.
Commercial catalyst.
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Table 2. Conversions of cellulose and yields of polyols in the absence of catalyst and in the presence of Pt catalysts supported

on H-mordenite,

7 -ALLO; and activated carbon (AC)”

Catalysts Catal)z;fl gx;veight Con(vqear)sion : . Yield (%) .
Sorbitol Ethylene Glycol Manitol Propylene Glycol Glycerol Erythritol

- 0 71.0 0.2 0.6 - 0.5 0.5 0.2

Pt/H-mordenite 150 79.9 0.6 3.3 0.8 4.1 2.8 0.3

Pt/ v -ALO; 150 66.5 0.7 4.5 0.4 3.1 1.4 0.5

Pt/AC 150 69.4 3.2 4.1 1.0 3.8 1.2 0.4

“Reaction condition: the weight of cellulose = 0.5 g, the weight of water = 50 g, reaction temperature = 518 K, reaction time = 30 min,

H, pressure = 6 MPa.

H, consumption (a.u.)

400 500 600
Temperature (K)

Figure 2. Temperature-programmed reduction (TPR)
patterns for supported noble metal catalysts, viz.
Pt/H-mordenite (a), Pt/ y -ALLO; (b), Pt/AC (c),
RwAC (d), Ir/AC (e), RWAC (f) and Pd/AC (g).
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Table 3. Conversions of cellulose and yields of polyols over activated carbon-supported noble metal catalysts

Yield (%)
Catalysts Conversion (%) - - —
Sorbitol Ethylene Glycol Manitol Propylene Glycol Glycerol Erithritol
Pt/AC 69.4 3.2 4.1 1.0 3.8 1.2 0.4
Ru/AC 61.6 3.0 39 0.9 2.2 1.0 0.7
Ir/AC 69.8 2.4 2.9 0.8 1.7 0.7 0.7
Rh/AC 68.5 1.8 2.1 0.6 1.4 0.7 0.6
Pd/AC 72.4 1.3 1.7 0.4 1.4 1.1 1.0

“Reaction condition: the weight of cellulose = 0.5 g, the weight of water = 50 g, the weight of catalyst = 0.15 g; reaction temperature = 518 K,

reaction time = 30 min, H, pressure = 6 MPa.

Table 4. Conversions of cellulose and yields of polyols over activated carbonrsupported noble metal catalysts”

Catalysts Catalyst weight  Conversion Yield (%)
(mg) (%) Sorbitol  Ethylene Glycol Manitol Propylene Glycol  Glycerol  Erithritol
Pt/AC 88 64.4 1.3 3.3 0.9 1.4 0.5 0.5
Ru/AC 54 70.7 1.1 2.5 0.6 1.2 0.9 0.5
Ir/AC 150 69.8 2.4 29 0.8 1.7 0.7 0.7
Rh/AC 24 65.4 0.3 1.1 - 1.2 0.7 0.5
Pd/AC 399 77.7 0.5 1.7 0.3 1.9 1.9 0.3
“Reaction condition: the weight of cellulose = 0.5 g, the weight of water = 50 g, reaction temperature = 518 K, reaction time = 30 min,
H, pressure = 6 MPa.
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of polyols at different reaction temperature over
Pt/AC. Left-hand axis: conversion of cellulose (¢);
Right-hand axis: yield for ethylene glycol (O),
propylene glycol ((J), hexitols (~), other polyols
(+). Reaction condition: the weight of cellulose =
0.5 g, the weight of water = 50 g, the weight of
catalyst = 50 mg; reaction time = 30 min, H,
pressure = 6 MPa.
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Figure 4. Variations of the cellulose conversion and the yields
to polyols with reaction time over Pt/AC. Left-hand
axis: conversion of cellulose (¢); right-hand axis:
yield for ethylene glycol (O), propylene glycol ((J),
hexitols (~), other polyols (+). Reaction condition:
the weight of cellulose = 0.5 g, the weight of water
= 50 g, the weight of catalyst = 50 mg; reaction
temperature = 518 K, H, pressure = 6 MPa.
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