CLEAN TECHNOLOGY, Vol. 16, No. 1, March 2010, pp. 19~25

HEAUNBIIS
M) BXIE FSS SIS 0138 US=2Lc| ELISE Tt

o)
5
F7 20104 38 229] Al

Conversion of Cellulose into Polyols over Noble Metal Catalysts Supported
on Activated Carbon

Su Jin You, Saet Byul Kim, Yong Tae Kim, and Eun Duck Park’

Division of Energy Systems Research and Division of Chemical Engineering and
Materials Engineering, Ajou University,
San 5 Wonchun-Dong, Yeongtong-Gu, Suwon, 443-749, Korea

(Received for review February 22, 2010; Revision received March 21, 2010; Accepted March 22, 2010)

(=] oF
i) p=1

AN AEESAT FRRAVNIN BB AT SWF o B3e] FPLE ABNTIE A7E 5
Yigiek. Soh VY AFEEL Ru, I, Rh, POS BYE] SARLN0E BN Azshglon),
P/ -ALOsS} PyH-mordenite S H|ZEHZ AT, AIES DA A okE T2 FASU:
Soje AaEH, XA 988, FEAREAERIPU(CP-ALS), 445 AR TPR), 2211 2
Ashe BRERS il B AFEeAY WL AT Folsh duwAY} R 0T
Ehtor BYR BAE AF% ST PUACT} & Beled] £S5 viRR 202 2AIglet.

FAlo): ABEL, FhH NS, BO S, ATE S0, BYR

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 -ALO; 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, Rw/AC, It/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/g...)
Pt/H-mordenite 0.94 14.9 031
Pt/ y -ALO; 1.00 264 0.51
Pt/AC 0.57 10.8 0.28
Ru/AC 0.31 17.6 0.57
It/AC 0.84 6.4 0.15
Rh/AC 041 404 1.01
Pd/AC 0.74 24 0.03

* CO chemisorption was conducted at 300 K in He,
Commercial catalyst.
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Fable 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 -Al;O3 and activated carbon (AC)*

Catalysts Catalyglt]gx;veight Con(v;éx;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/ 7 -AlOs 150 66.5 0.7 4.5 0.4 3.1 14 0.5

Pt/AC 150 69.4 3.2 4.1 1.0 38 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.)
T

400 500 600
Temperature (K}

Figure 2, Temperature-programmed reduction (TPR)
patterns for supported noble metal catalysts, viz.
Pt/H-mordenite (a), Pt/ ¥ -ALO; (b), P/AC (c),
RWAC (d), Ir/AC (e), RWAC () 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 3.9 0.9 22 1.0 0.7
Ir/AC 69.8 2.4 29 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 04 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 carbonsupported noble metal catalysts®

Catalysts Catalyst weight  Conversion Yield (%)
(mg) (%) Sorbitol  Ethylene Glycol Manitol Propylene Glycol  Glycerol  Erithricol
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 09 0.5
Ir/AC 150 69.8 24 2.9 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 (A), 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.



24 FHEFI=, A16F A=, 20104 32

100

<
S g0
C —_—
S e
E A

d ke
g 60 o
o) >
© 40 2
2 S
i) [¢}
3 o
T 20 po
(@)

0 . . . :
0 50 100 150 200 250
Time (min)

Figure 4. Variations of the cellulose conversion and the yields
to polyols with reaction time over PUAC. Left-hand
axis: conversion of cellulose (@); right-hand axis:
yield for ethylene glycol (O), propylene glycol (),
hexitols (A), 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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