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Abstract The dissolution of cellulose under 5 MPa of H2

in the absence of catalyst is temperature and time depen-

dant. The presence of Pt/c-Al2O3 increases the initial rate

of dissolution. The presence of H2/Pt is essential although

its exact role has not been well elucidated.
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1 Introduction

Direct transformation of cellulose into valuable organic

chemicals is of great interest [1]. Due to its structure, cellulose

is almost insoluble and very resistant to chemical transfor-

mations. However, cellulose can be hydrolyzed with liquid

acids [2], enzymes [3], or supercritical water [4]. The use of

heterogeneous catalysis has recently been reported with cat-

alysts such as sulfonated carbons [5, 6], metal carbides [7] or

bi-functional solids [8]. In general results obtained from

control reactions would provide insights to the reactivity of

the substrate in the reaction media but are not reported.

Fukuoka et al. report the direct formation of sorbitol from

cellulose in 25% yield, with Pt/c-Al2O3 (190 �C, H2O, 5 MPa

H2, 24 h). While the influence on the sorbitol yield of various

supports and metals is well established there is no mention of

either the cellulose conversion or the influence of the reaction

media. Here we report the conversion of cellulose in the

absence of catalyst under conditions used by Fukuoka as well

as the promoting effect of H2 in the presence of Pt/c-Al2O3.

2 Experimental Part

Microcrystalline Avicel� cellulose (Aldrich) was used as

received. Pt/c-Al2O3 (2.5 wt%) was prepared by wet

impregnation of c-Al2O3 by H2PtCl6. Before using, the

catalyst was reduced under H2 (350 �C, 3 h). Reactions

were performed in a 150 mL autoclave equipped with a

vigorous mechanical agitation system. The autoclave was

filled with water (100 mL) and cellulose (0.800 g, 5 mmol

equiv of C6H10O5 units), (0.340 g of catalyst), flushed

three times with He. The autoclave was heated up and the

pressure adjusted to 5 MPa with H2. The reaction was

stopped by cooling the autoclave using an ice bath. After

filtration of the residual solid (0.45 lm Teflon filters), the

liquid phase was analysed by HPLC (CarboSep 87C col-

umn and RID detector) and Total Organic Carbon analyzer.

Solubilisation (dissolution-conversion) was calculated as

the ratio between the total molar amount of carbon in the

filtrate obtained from TOC analysis and the molar amount

of initial carbon: ci (mol) = mcellulose/162*6 (162 = M of

C6H10O5). Product yields are expressed as molar yields.

3 Results and Discussion

3.1 Cellulose Dissolution-Conversion in Hydrothermal

Conditions in the Absence of Solid Catalyst

We evaluated the influence of temperature on the disso-

lution-conversion of cellulose in the absence of catalyst.
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Figure 1a shows that only 2% of cellulose was dissolved

or converted upon hydrothermal treatment at 150 �C for

24 h. Significant cellulose dissolution was observed at

higher temperatures: 11% of cellulose was dissolved at

175 �C and 35% at 190 �C, after 24 h of reaction under

5 MPa of H2 (Entry 1, Table 1). Similar results were

observed for the reaction of cellulose in water at 190 �C

in the absence of pressurized H2 (Entry 3, Table 1),

showing that the solubilisation ratio seems to be only

temperature dependant. The extent of non-catalyzed cel-

lulose dissolution at relatively mild hydrothermal condi-

tions (175–190 �C) was unexpected and not reported in

the recent publications. We evaluated the influence of

residence time. Figure 1b shows that the cellulose dis-

solution-conversion increased with time until reaching a

plateau at 60% after 100 h of reaction. In the absence of

catalyst, the liquid reaction mixture analysis showed a

yield of 2% of glucose and 3% of 5-hydroxymethyl-

furfural (5-HMF, a dehydration product of glucose)

(Entry 1, Table 1). This monomer distribution did not

change significantly with the residence time, indicating

that the observed phenomenon is rather limited to the

dissolution-conversion of the cellulose into soluble

polymers and that higher residence time does not favour

further transformation into monosaccharides and other

derivatives.

To determine if the dissolution-conversion phenomenon

occurred on a specific part of the cellulose material

(amorphous or crystalline), un-dissolved cellulose was

used as reactant with the same conditions. Again, 38% of

the re-used solid cellulose was dissolved after 24 h, a

similar result of fresh cellulose (35%) (Entry 2, Table 1).

This may indicate that the recovered cellulose does not

correspond to a less reactive part of the material and there

is no evidence of differences of dissolution-reaction for the

amorphous and crystalline parts of the polymer. It may be

possible that the observed 60% solubility after 100 h

(480 mg of cellulose dissolved) corresponds to a maximum

solubility of the cellulose in our conditions (i.e. saturation

of the solution with soluble polymeric species). This would

mean that with a lower concentration of cellulose a higher

percentage of dissolution could be obtained. Using half of

the initial cellulose concentration, 400 mg into 100 mL of

water instead of 800 mg, the percentage of solubility

reached 60% after 100 h (corresponding to 240 mg of

cellulose dissolved) (Entry 4, Table 1). Moreover, using

twice amount of cellulose, 1600 mg in 100 mL, 35% of

solubility were obtained after 100 h, corresponding to

560 mg of cellulose dissolved (Entry 5, Table 1). This

ruled out the possibility of a saturation of the solution since

increasing the amount of cellulose in the reactor increased

the amount of cellulose dissolved. Our results suggest

0

10

20

30

40

50

150 160 170 180 190
Temperature / °C

C
el

lu
lo

se
 d

is
so

lu
tio

n 
(%

)

0

20

40

60

80

0 20 40 60 80 100 120

without catalyst

with Pt / γ-Al2O3

Time / h

C
el

lu
lo

se
 d

is
so

lu
tio

n 
(%

)

(a) (b)Fig. 1 Hydrothermal

dissolution of cellulose:

a influence of reaction

temperature after 24 h

b influence of reaction time at

190 �C

Table 1 Dissolution of cellulose under various conditions

Entry Cellulose Atm. Time (h) Catalyst Sol. (%) Carbon balance (%) Products yields (%)

1 Fresh H2 24 – 35 90 Glucose 2, HMF 3

2 Re-used H2 24 – 38 75 Glucose 4, HMF 6

3a Fresh He 24 – 40 92 Glucose 1, HMF 4.8

4 Fresh, diluted H2 100 – 60 92 Glucose 1.5, HMF 4.5

5 Fresh, conc. H2 100 – 35 90 Glucose 2

6 Fresh H2 24 c-Al2O3 41 84 Glucose 3, HMF \ 1

7 Fresh H2 24 Pt/c-Al2O3 60 89 Glucose 1, sorbitol 15

8 Fresh H2 100 Pt/c-Al2O3 69 97 Glucose 1, sorbitol 11

9 Fresh He 24 Pt/c-Al2O3 38 65 Glucose 1, HMF 0

Common conditions: 5 MPa, 190 �C
a 1 MPa bar of autogeneous pressure
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dissolution-conversion of cellulose is dependent of the

severity of the main parameters for the hydrothermal

treatment (temperature and residence time) under the rel-

atively mild conditions (temperature range of 175–190 �C).

3.2 Cellulose Dissolution-Conversion in Hydrothermal

Conditions in the Presence of 2.5 wt% Pt/c-Al2O3

We also studied the dissolution of cellulose in the presence

of heterogeneous Pt/c-Al2O3 (Fig. 1b). The ‘‘initial rate’’

(0–24 h) of cellulose dissolution is increased by a factor

1.7 in the presence of Pt/c-Al2O3. Most likely, distinct

mechanisms are involved as suggested by the different

nature of the produced species. Indeed, a yield of 15% of

sorbitol was obtained after 24 h, in agreement with the

results reported by Fukuoka et al. (Entry 7, Table 1) [8].

In the absence of H2 the percentage of cellulose dis-

solution was drastically lowered from 60 to 38% (Entry 9,

Table 1). The roles of H2 and Pt in this process are not

straightforward. The higher overall activity and the higher

yield to sorbitol obtained over Pt/c-Al2O3 compared to the

yield in glucose (2–3%) obtained in the absence of a solid

catalyst or even over Pt free c-Al2O3 (Entry 6, Table 1)

may indicate that the metallic function is not restricted to

the successive hydrogenation of the monosaccharide to the

corresponding sorbitol but also has a role on the dissolu-

tion reaction. In the presence of H2, the metallic function

may directly affect the initial step of activation of the

cellulose by increasing the pool of H? formed by het-

erolytic H2 dissociation as proposed by Fukuoka et al. [8].

The metallic centres in the presence of H2 may intervene

in the carbocationic chain mechanism initiated by the

glycosidic bond cleavage with H3O?. The cyclic carbe-

nium ions, once formed, might react with H2O or they

may be involved in a hydride transfer step promoted by

H2/Pt which results in H? release to the media

(Scheme 1). The above proposition is based on literature

data only [9–11]. Indeed, earlier work reports the possi-

bility of such a heterolytic H2 activation with supported

and non-supported Pd catalysts. It was shown that the

polarisation Pdd?-Hd- or Pdd--Hd? depends on the

polarity of the substrate [9–11]. In our case, a carbocat-

ionic substrate would favour Ptd?-Hd- species promoting

the hydride transfer step. The yield of sorbitol did not

increase and even slightly decreased at longer residence

times (Entry 8, Table 1). This may be due to sorbitol

degradation. Our work suggests that successive transfor-

mations of soluble polysaccharides into monosaccharides

and derivatives remain of limited importance.

4 Conclusion

We showed that dissolution-conversion of cellulose

occurred at 190 �C under 5 MPa of H2 to an extent of 35%

of the introduced carbon amount after 24 h even in the

absence of catalyst. This temperature is needed to have a

significant dissolution and provides a yield of 2% glucose.

The presence of Pt/c-Al2O3 significantly increased the

initial rate of dissolution-conversion as well as the selec-

tivity of monomer sugars, especially sorbitol. Pt associated

with H2 is proposed to intervene not only in the hydroge-

nation of glucose into sorbitol but also as an elementary

step through H? generation via H2 heterolytic dissociation

and/or hydride transfer.
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