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The production of xylose from Eucalyptus globulus wood sam- 
ples in media containing sulphuric acid was studied. The prehy- 
drolysis reactions were carried out in autoclave. All the experi- 
ments were performed with liquid/wood ratio ofm g/g. The 
effects of sulphuric acid concentration (within the range 2-6%), 
reaction time (0-6 h) and temperature 015 or 13o~ on the type 
and distribution of reaction products were studied. Xylose was 
the main compound generated by hydrolysis. The xylose concen- 
tration/time series of data were fitted to a kinetic model which 
provided a close reproduction of experimental results. The con- 
centrations of other reaction products (glucose, arabinose, fur- 
rural and acetic acid) in reaction media were also determined. 
The results obtained are compared with those obtained in experi- 
ments carried out at atmospheric pressure. 

Vorhydrolyse von Eukalyptus-Holz mit verdOnnter Schwefels~ure im 
Autoklaven 
Die Herstellung von Xylose aus Holz yon Eucalyptus globulus mit 
Hilfe yon Schwefels~ure wurde untersucht. Die Vorhydrolyse 
wurde im Autoldaven durchgeftihrt. Das Flottenverh~iltnis 
(F1/issigkeit/Holz) betrug in allen Experimenten lo gig. Der 
Einflul3 der S~iurekonzentration (2-6 %), der Reaktionszeit 
(o-6 h) und der Temperatur (115 oder 13o ~ aufdie Art und 
Verteilung der Reaktionsprodukte wurde untersucht. Xylose war 
jeweils das Hauptprodukt der Hydrolyse. Die Ausbeute-Daten 
wurden durch ein kinetisches Model simuliert, das eine gute 
Vorhersage der Ergebnisse erlaubt. Die Konzentrationen anderer 
Reaktionsprodukte wie Glucose, Arabinose, Furfural und 
Essigs~iure wurden ebenfalls bestimmt. Die Ergebnisse wurden 
mit denjenigen vorangehender Untersuchungen unter 
AtmospMrendruck verglichen. 

1 
Introduction 
During the last decades, a great amount of research work has 
been directed towards the development of alternative processes 
for biomass upgrading. The new technologies should fit several 
requirements, such as: (i) economical feasibility, (ii) high effi- 
ciency in the benefit of raw materials, (iii) high selectivity in the 
separation of fractions, and (iv) low environmental hazards. 

Eucalyptus globulus is an important resource in the North 
West country of Spain. The wood from this fast-growing species 
gives a pulp of excellent quality with good yield (Pereira 1988). In 
conventional pulp processes, both the lignin and hemicelluloses 
of wood are wasted or used in low value-added applications (i.e., 
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heat recovery). Remarkable improvements could be obtained if 
the raw materials were selectively "fractionated" into their main 
components (hemicelluloses, cellulose and lignin), which could 
be then used for different product applications. 

An acid prehydrolysis step could contribute to an enhanced 
benefit of lignocellulosic materials. The acid-catalysed hydrolysis 
of hemicelluloses leads to complex mixtures composed mainly 
by sugars (glucose, xylose, mannose, galactose, arabinose and 
rhamnose), degradation products (furfural and hydroxymethyl- 
furfural) and acetic acid (Vlizquez et al. 1991; Clausen and Gaddy 
1982; Wayman et al. 1985; Frazer and Mc Caskey 1989; Maloney 
et al. 1985). The solid residue from prehydrolysis which contains 
mainly cellulose and lignin can be subjected to further chemical 
or biotechnological processing (Conner et al. 1984, 1986; Harris 
et al. ]984). After acid removal, the prehydrolysates can be used 
as substrate for chemical or biotechnological conversion into a 
variety of marketable end-products (V~izquez et al. 1991; 
Clausen and Gaddy 1982; Wayman et al. 1985; Frazer and 
Mc Caskey 1989; Maloney et al. 1986; Beck 1986; Parekh 
et al. 1986; Delgenes et al. 199o; Roberto et al. 1991; Wilson et al. 
1989). 

In an earlier work (Paraj6 et al. 1993), the authors reported on 
the study of the prehydrolysis of Eucalyptus globulus wood at 
normal pressure. The influence of the catalyst concentration 
(3.5-1o%) and reaction time (o-ll h) on the production ofxylose, 
glucose, arabinose, acetic acid and furfural was studied. Almost 
quantitative xylose recovery was achieved with low byproducts 
concentration when high catalyst concentration were used dur- 
ing long reaction times. However, it is well known that prolonged 
reaction times and high acid concentration result in increased 
costs of both equipment and catalyst recovery. 

Further experimental work was performed in order to 
evaluate the effects obtained when operating at higher 
temperatures with lower catalyst concentrations and shorter 
reaction times. A study of the operation in autoclave at tempera- 
tures of 115~ and 13o~ was undertaken. The sulphuric acid con- 
centration was varied between 2 and 6% and the treatment times 
ranged from o up to 6 h. Xylose, glucose, acetic acid and furfural 
concentrations in reaction media were determined under the 
various experimental conditions considered. The generation of 
xylose was modelled, and aspects related to the reaction selectivi- 
ty were considered. 

2 
Materials and methods 

2.1 
Raw material 
The wood samples employed in this work were taken from the 
same lot used in our previous study (Paraj6 et al. 1993). 
Eucalyptus globulus wood chips were obtained from a local 
pulp factory (ENCE, Louriz~n, Pontevedra). The wood chips were 
air dried, milled and screened to select the particle fraction with 
size smaller than 0.5 ram. The lot was homogenized to avoid 



differences in composition among aliquots and stored for further 3 
use. Results and discussion 

2.2 
Prehydrolysis of wood 
Wood samples were autoclaved with sulphuric acid solutions 
in stoppered flasks. Hydrolysis reactions were carried out at 
la5 -+ z~ or 13o + 2~ for o-6 hours in media containing sul- 
phuric acid concentrations in the range z-6%. The moisture con- 
tent of wood was considered as water in the formulation of 
media. Neither heating-up nor cooling periods corresponding to 
pressures higher than atmospheric were considered in calcula- 
tions. After treatments, water was added to compensate the loss- 
es of liquid (typically o-z% of the total amount). The liquors 
were separated by filtration, diluted (1 : 3 to 1 : 5), filtered through 
membranes having o.45 gm pore diameter and analysed by 
liquid chromatography. 

2.3 
Analysis of wood 
Wood samples were analysed for moisture, lignin and polysac- 
charide content using the methods reported elsewhere (Paraj6 
et al. 1993). 

2.4 
Analysis of hydrolysates 
Hydrolysed samples were analysed for glucose, xylose, arabinose, 
acetic acid and furfural by the HPLC method described previous- 
ly (Paraj6 et al. 1993). 

2,5 
Fitting of data 
The experimental data were fitted to theoretical models by non- 
linear regression using commercial software (TableCurve from 
Jandel Scientific, Corta Madera, California, USA). 

3.1 
Composition of the raw material 
Wood samples contained, in dry basis, 36.z% glucan, 2.05% ara- 
banan and 17.4% xylan. It can be calculated from material bal- 
ances that the "potential concentrations" of sugars (correspond- 
ing to theoretical conversion of polysaccharides into monosac- 
charides) are 4o.z g glucose/L, z.3o g arabinose/L and t9.5 g 
xylose/L. Mannose and galactose, which elute together with 
xylose in the chromatographic analysis, have been neglected due 
to their low proportion in eucalypt wood (David et al. I988). 

3.2 
Obtainment of xylose 
The objective of this work was to obtain and correlate data of 
xylose concentration (the main product of reaction) with time 
under the different operational conditions studied. The equa- 
tions obtained should give a close interpretation of the experi- 
mental results. The type and amount of reaction byproducts are 
also important, because these compounds can limit the viability 
ofhydrolysates as fermentation media. 

In our previous work, the hydrolysis of the hemicellulose frac- 
tion of Eucalyptus globulus with sulphuric acid at normal boiling 
temperature was studied. The results showed that under strong 
experimental conditions (11 h reaction time, lo% acid concentra- 
tion) xylose can be recovered almost quantitatively, with low 
byproducts concentration. In this work, we study the possibility 
of improving the process by using higher temperatures, lower 
acid concentrations and shorter reaction times. Operational tem- 
peratures were fixed at 115 and 13o~ the minimal and maximal 
ones attainable with the experimental equipment used. Table 1 
shows the experimental xylose concentration~time series of data 
obtained at the two tested temperatures in experiments per- 
formed with different sulphuric acid concentrations. 
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Table 1. Dependence of xylose 
concentration on the opera- 
tional conditions 

a) Xylose concentration (g/L) obtained at 115~ for the reaction times and catalyst concentrations 
considered 
Xylose concentration (g/L) 

Time (h) 2% H~SO 4 3% H2SO 4 4% H280, t 5% HzSO 4 6% HzSO, ~ 

0.25 3.92 5.01 6.81 8.92 9.77 
0.5 8.00 9.40 i0.7 11.5 12.0 
1 10.0 11.3 12.1 12.7 12.8 
1.5 10.8 12.0 12.3 12.9 12.9 
2 11.4 12.3 12.5 12.8 12.6 
3 12.1 12.5 12.9 13.2 13.1 
4 12.2 12.7 12.7 12.5 12.4 
5 12.5 12.9 12.6 12.4 12.3 
6 13.0 13.1 12.3 12.2 11.9 

b) Xylose concentration (g/L) obtained at 130~ for the reaction times and catalyst concentrations 
considered 
Xylose concentration (g/L) 

0.25 11.0 12.0 12.8 13.5 12.9 
0.5 12.9 13.1 13.2 14.2 13.8 
1 13.5 14.1 14.4 14.3 14.0 
1.5 13.7 14.4 13.6 13.7 12.9 
2 13.8 13.7 12.6 12.8 12.0 
3 13.7 13.3 12.0 1I.I 10.0 
4 13.8 13.2 11.6 9.61 8.96 
5 14.1 12.8 11.0 9.37 8.37 

Time (h) 2% H2SO 4 3% H_,SO4 4% H2SO l 5% H2SO 4 6% H.,.SQ 
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A preliminary analysis of results showed that the reaction rate 
markedly increased with both acid concentration and tempera- 
ture. Xylose concentration reached a maximum (about 13 g/L in 
assays performed at n5~ and 14 g/L in experiments carried out 
at ~3o~ and then decreased. These maximum concentrations 
were in the range of values obtained in the previous work, but 
the time necessary to achieve them when operating in autoclave 
was only 1-6 h in comparison with 6 - n  h required in experi- 
ments carried out at atmospheric pressure using similar H,SO 4 
concentrations. The data obtained at 115~ showed a decrease in 
the xylose concentration for sulphuric acid concentrations 
higher than 3% and prolonged reaction times. The same 
behaviour was observed in experiments at 13o~ in which the 
decrease in xylose concentration with time occurred in experi- 
ments with catalyst concentrations higher than 2%. The observed 
decrease in xylose concentration was caused by degradation 
reactions. The importance of these degradation effects was 
markedly higher than the one observed in experiments at normal 
pressure. 

The results obtained have been fitted to a kinetic model sug- 
gested in literature for other lignocellulosic materials (Maloney 
et al. 1986; Ranganathan et al. 1985), which assumes the existence 
of two xylan fractions in wood: a fast reacting fraction X,,<o and a 
slow reacting fraction (X~t~)). Both X,,~/~ and X,,I, / produce xylose 
(X), but at different reaction rate. In the reaction media, xylose 
gives decomposition products (DP). The reaction scheme is: 

Xn(y) "~.,. 

X - - -  DP 

Xn(s) /7  

Taking into account that: (i) experimental results showed a 
decrease in xylose concentration at long reactions times, (ii) such 
a decrease was associated to an increase in decomposition prod- 
ucts, and (iii) the maximum xylose concentrations obtained were 
significantly lower than the potential concentration 09.5 g/L), the 
mathematical model reported in our study at atmospheric pres- 
sure was modified in order to introduce the effect of the decom- 
position reaction. 

Assuming that the reactions followed an irreversible, first 
order kinetics, the dependence between xylose concentration (G) 
and time (t) is described by the equation: 

I kl ' - " 

k2 .(l_o:).(e-k:t_e-k;t)] 

where: 
- Cpx is the potential xylose concentration, 
- k, and k_. are kinetic coefficients corresponding to the reactions 
of the fast-reacting and the slow-reacting xylan, respectively, 
- k 3 is the kinetic coefficient corresponding to the xylose decom- 
position reaction, 
- c~ is the fast-reacting x-ylose fraction, defined as 
X~j(X,,~ + Xnc~)) 

The data listed in Table I were fitted to the above equation to 
obtain the regression parameters k,, k2, k 3 and corresponding to 
series of experiments performed with the same acid concentra- 
tion and at the same temperature. The results obtained are 
shown in Table 2, which also includes the statistical parameters 
r 2 and F used to measure the correlation and statistical signifi- 
cance of the mathematical models. 

For a given catalyst concentration, the values of ~ obtained in 
experiments at n5~ are similar to those obtained at atmospheric 

Fig. L Experimental and calculated dependence of xylose concentration on 
the reaction time in experiments carried out at ns~ using different catalyst 
concentration 
Bild 1. Gemessene und berechnete Xylose-Konzentratkmen in Abh~.ngigkeit 
yon der Reaktionszeit bei 115~ und verschiedenen S/iure-Konzentrationen 

Table 2. Regression and sta- 
tistical parameters obtained 
in the fitting of data from 
Table l to the kinetic model 

a) Parameters obtained from experiments carried out at 115~ 
Regression values 

Parameter 2% H2SO 4 3% H2SO~ 4% H2SO l 5% H2SO, I 6% H2SO 4 

k~ (h ~) 2.12 2.51 3.52 4.92 5.97 
k2 (h -~) 0.00 0.00 0.15 0.19 0.18 
k 3 (h ~) 0.00 0.00 0.06 0.07 0.07 

0.57 0.63 0.61 0.63 0.63 
R E 0.9940 0.9946 0.9969 0.9988 0.9985 
F 329 367 635 t637 1370 

b) Parameters obtained from experiments carried out at 130~ 
Regression values 

Parameter 2% H2SO 4 3% H2SO 4 4% HzS Q 5% H_,S04 6% H2SO 4 

k) (h ~) 6.74 8.23 8.70 8.70 9.27 
k 2 (h -~) 0.03 0.28 0.03 0.23 0.06 
k 3 (h -1) 0.004 0.08 0.066 0.157 0,151 
:r 0.687 0.684 0.738 0.799 0.786 
R 2 0.9996 0.9961 0.9915 0.9950 0.9957 
F 4015 424 195 332 382 



Fig. z .  Experimental and calculated dependence of xylose concentration on 
the reaction time in experiments carried out at 13o~ using different catalyst 
concentration 
Bild *. Gemessene und berechnete Xylose-Konzentrationen in Abhangigkeit 
yon der Reaktionszeit bei 13o"C und verschiedenen S~iure-Konzentrationen 

pressure. Significantly higher values of x have been obtained at 
Bo~ It can be noticed a moderate increase of v. when the cata- 
lyst concentration was increased. As a general trend, stronger 
operational conditions resulted in increased values of a. 

Figures ~ and 2 show the close agreement found between 
experimental and calculated values of xylose concentration. For 
experiments performed at n5~ the model predicted a maxi- 
mum xylose concentration of about t3 g/L (corresponding to 67% 
of the potential concentration Cpx). The reaction time necessary 
to reach the maximum xylose concentration varied among wide 
limits depending on the acid concentration used. The maximum 
xylose concentration in experiments performed at 13o~ 
increased up 14-14.5 g/L (corresponding to 72-74% of the poten- 
tial value). 

Reported studies on the kinetics of polysaccharide hydro- 
lysis (Ranganathan et al. 1985; Brennan et al. 1986; Nakagawa 
et al. 1986) correlated the values of the kinetic coefficients at a 
given temperature with the acid concentration following the 
equation: 

k=< C? 

where Cc is the catalyst concentration and k o and b are regression 
parameters. Additionally, activation energies can be calculated 
from data corresponding to experiments carried out at different 
temperatures. In our case, this procedure was not followed owing 
to the limitations of the experimental system used. In autoclave 
operation, there are unavoidable nonisothermal periods (heat-up 
and cooling times at pressure higher than atmospheric), in which 
the reaction occurs in a certain extension. This fact has not been 
considered in the modeling of the process, causing an overesti- 
mation of the kinetic parameters. Furthermore, during treat- 
ments, important temperature variations were observed (_+ 2~ 
Since experiments were carried out only at two temperatures, the 
calculated values for activation energies could be significantly 
affected by errors. Because of these facts, the developed model 
must be considered as an accurate phenomenological description 
of the process, but not as a rigourous kinetic study. A detailed 
examination of the physicochemical aspects of the process 
should he carried out using a different experimental system, and 
it should include the effect of several phenomena such as 
formation of oligomers from xylan, monosaccharide reversion, 
generation of reaction intermediates and furfural conden- 
sation (Maloney et al. ~986; Ranganathan et al. 1985; Carrasco 
1991). 

3.3 
Reaction byproducts 
Table 3 lists the glucose and arabinose concentrations deter- 
mined under the various operational conditions assayed. Glucose 
concentration continuously increased with the severity of the 
experimental conditions up to a maximum value of 6.37 g/L, cor- 
responding to the 76% of the xylose obtained under the same 
conditions. Nevertheless, from a practical viewpoint, the most 
important data are the glucose concentrations reached under 
optimum treatment conditions (i.e., in the conditions under 
which maximum xylose concentrations were reached). 

Figures 3 and 4 show the dependence of the (xylose concentra- 
tion/glucose concentration) ratio on the xylose concentration for 
some assayed sulphuric acid concentrations at 115 or 13o~ In 
these figures, the data obtained for reaction times longer than 
those corresponding to the maximum xylose concentrations have 
been omitted in order to provide an easier understanding. It can 
be observed a decrease in the reaction selectivity with xylose con- 
centration. The selectivity of reaction disminished with both acid 
concentration and temperature. In operation at n5~ a (xylose 
concentration/glucose concentration) ratio higher than lO was 
achieved with xylose concentrations about 12 g/L. Similar condi- 
tions can be reached in hydrolysis performed at 13o~ but 

Fig. 3. Dependence of the (xylose concentration/glucose concentration) ratio 
on the xylose concentration in experiments carried out at 13o~ using differ- 
ent catalyst concentration 
Bild 3- AbMngigkeit des Konzentrationsverh~iltnisses Xylose/Glucose yon der 
Xylose-Konzentration wiihrend der Hydrolyse bei n5~ und verschiedenen 
S~iure-Konzent rationen 

Fig. 4. Dependence of the (xylose concentration/glucose concentration) ratio 
on the xylose concentration in experiments carried out at 13o~ using differ- 
ent catalyst concentration 
Bild 4. Abh~ingigkeit des Konzentrationsverh/iltnisses Xylose/Glucose yon 
der Xylose-Konzentration w~ihrend der Hydrolyse bei 13o~ und verschiede- 
nen S/iure-Konzentrationen 

m5 
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Table 3. Experimental data of 
glucose and arabinose con- 
centrations 

a) Data obtained in experiments carried out at 115~ 
Glucose concentration (g/L) 

Time (h) 2% HeSO, I 3% H2SO 4 4% H2SO. I 5% H280, , 6% HeSO 4 

0.25 0.20 0.22 0.28 0.36 0.31 
0.5 0.40 0.36 0.51 0.49 0.72 
l 0.50 0.57 0.71 0.89 0.93 
1.5 0.60 0.80 0.80 0.95 1.05 
2 0.64 0.83 0.85 1.02 l. 10 
3 0.80 0.94 l. 13 1.33 1.47 
4 0.82 1.04 1.24 1.41 1.62 
5 0.91 1.20 1.35 1.60 1.95 
6 1.08 1.38 1.57 1.80 2.33 

Arabinose concentration (g/L) 

Thne (h) 2% H~SO,, 3% H2SO 4 4% H2SO, ~ 5% H2SO, ~ 6% H2SO, ~ 

0.25 0.63 0.75 0.75 0.62 0.70 
0.5 0.70 0,72 0,70 0.61 0.87 
1 0.90 0.95 0.91 0.93 0.97 
1.5 0,90 0.99 0.92 0.95 0.93 
2 0.92 1.18 0.80 1.01 0.85 
3 0.91 1.00 1.00 1.10 0.99 
4 1.02 0.81 0.83 0.77 0.80 
5 1.10 1.02 1.00 0.85 0.95 
6 1.02 0.94 0.96 0.92 0.84 

b) Data obtained in experiments carried out at I30~ 
Glucose concentration (g/L) 

Time (h) 2% H2SO , 3% HeSO 4 4% H,SQ 5% H2SO 4 6% H280, ~ 

0.25 0.72 1.00 1.15 1.28 1.36 
0.5 1.73 1.86 1.99 2.28 2.52 
1 1.88 2.20 2.58 2.82 3.14 
1,5 1.95 2.33 2.82 3.21 3.55 
2 2.18 2.74 3,47 3.85 3.92 
3 2.43 3.17 3.88 4.39 4.95 
4 2.69 3.53 4.46 5.02 5.69 
5 2.97 3.85 4.89 5.64 6.37 

Arabinose concentration (g/L) 

Time (h) 2% HaSO, I 3% H_,SO 4 4% H2SO ~ 5% H2SO i 6% H2SO I 

0.25 0.94 0,98 0.92 0.92 0.90 
0.5 1.55 1.55 1,54 1.50 1.46 
1 1.47 1.53 1.56 1.55 1.39 
1.5 1.46 1.50 1.53 1.41 1,29 
2 1.52 1.56 1.45 1.27 1.12 
3 1.51 1.52 1.46 1.20 1.06 
4 1.40 1.43 1.36 1.06 1.00 
5 1.35 1.48 1.36 1.00 0.74 

fur ther  increases in xylan convers ion caused a decrease in 
selectivity. 

The dependence  of the arabinose  concent ra t ion  on the 
exper imental  condi t ions  followed the same general t rends  
previously discussed for xylose. The decrease in arabinose  

concent ra t ion  with t ime observed under  certain condi t ions 
can be explained by the format ion  of decomposi t ion  
products.  

If the prehydrolysates  are to be used for bioconversion,  spe- 
cial a t ten t ion  mus t  be taken with the generat ion of  acetic acid 

and  furfural, because these react ion byproducts  can cause 
inhib i tory  or toxic effects in microorganisms.  The m ax imum 
allowable concent ra t ions  of these compounds  depend on many  
factors, including the type of b ioconvers ion  tried, the kind of 

mic roorgan i sm utilised, cell adapta t ion  effects, chemical  pro- 
cessing of media,  and  so on (Parekh et al. 1986; Watson et al. 

1984; Frazer and McCaskey 1989; Wilson et al. 1989; Delgenes 

et al. 199o; Roberto et al. 1991). 
Table 4 shows the acetic acid and furfural  concentra t ions  

obta ined under  the different operat ional  condi t ions assayed. 

It can be noticed that  experiments  performed at n5~ led to 
acetic acid concent ra t ions  higher  than those found at 13o~ 
A similar behaviour  has been reported in the prehydrolysis 

of paper  birch (Maloney et al. 1985). This fact, as well as the 
var ia t ion pat tern  of data with time, suggests the existence of 

acetic ac id-consuming reactions. This fact could justify the 
presence in ch romatograms  of unident i f ied peaks which 
increase with time. Under  the condi t ions leading to max imum 
xylose concentra t ions ,  the acetic acid concentra t ions  

de te rmined  were in the range 2-2.9 g/L at n5~ and less than 2 
g/L at 13o~ These values are significantly lower than the limit 
of 7 g acetic acid/L which has been repor ted to cause 
inhibi t ion in the alcoholic fermenta t ion  ofxylose (Watson et al. 

1984). 



Table 4. Experimental data of 
acetic acid and furfural con- 
centrations 

a) Data obtained in experiments carried out at 115 ~ 
Acetic acid concentration (glL) 

Time (h) 2% H2SO. ~ 3% HzSO 4 4% H2SO 4 5% H2SO 4 6% H2S Q 

0.25 1.60 1.47 1.70 1.70 2.20 
0.5 1.39 1.21 1.32 2.00 1.80 
1 2.35 2.80 2.81 2.82 2.87 
1.5 2.36 2.95 2.90 2.92 2.90 
2 2.31 3.35 2.88 2.82 2.86 
3 2.65 2.81 2.82 2.90 2.87 
4 2.78 2.96 2.88 2.99 3.16 
5 2.62 2.74 2.81 3.10 2.67 
6 2.02 2.44 2.49 2.44 2.42 

Furfural concentration (g/L) 

Time (h) 2% HeS Q 3% H2SO 4 4% H2SO 4 5% H~SO, 1 6% H2SO a 

0.25 < 0.10 < 0.10 < 0.10 < 0.10 < 0.10 
0.5 < 0.10 < 0.10 < 0.I0 < 0.I0 0.11 
1 < 0.10 < 0.10 0.17 0.25 0.29 
1.5 < 0.10 0.15 0.27 0.35 0.41 
2 0.16 0.25 0.38 0.49 0.53 
3 0.28 0.46 0.65 0.76 0.82 
4 0.31 0.61 0.72 0.96 1.00 
5 0.38 0.68 0.80 1.05 1.10 
6 0.43 0.74 0.90 1.06 1.18 

b) Data obtained in experiments carried out at 130~ 
Acetic acid concentration (g/L) 

Time (h) 2% H2SO 4 3% HzSO.t 4% H:SO., 5% HzSO 4 6% H2SO 4 

0.25 1.50 1.80 1.80 1.75 1.90 
0.5 1.38 1.64 1.70 1.58 1.70 
1 1.44 1.79 1.82 1.74 1.79 
1.5 1.48 1.70 1.81 1.78 1.81 
2 1.52 1.71 1.75 1.66 1.7l 
3 1.51 1.75 1.66 1.58 1.64 
4 1.52 1.71 1.66 1.57 1.57 
5 1.60 1.57 1.57 1.47 1.54 

Furfural concentration (g/L) 

Time (h) 2% H2SO, t 30,{, HzSO.~ 4% H2SO. , 5% H2SO, l 6% H280. ~ 

0.25 0.18 0.26 0.35 0.44 0.48 
0.5 0.10 0.24 0.30 0.36 0.42 
I 0.18 0.39 0.53 0.67 0.67 
1.5 0.23 0.53 0.68 0.74 0.80 
2 0.29 0.78 0.80 0.89 0.85 
3 0.39 1.02 0.88 0.88 0.81 
4 0.49 1.10 1.08 1.02 1.04 
5 0.79 1.15 1.16 1.12 0.97 
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The results of Table 4 show that  furfural concent ra t ion  
increased with the severity of the exper imental  condit ions.  
Opposite influences of this product  in fe rmenta t ion  processes 
have been repor ted (Ackerson et al. 1981; Clausen and  Gaddy 

1982; FarmOs-Yhtyma 1988). A beneficial effect of furfural  in the 
b ioconvers ion  of xylose to xylitol by Candida guilIermondii was 
reported in the concentra t ion  range o-1 g/L (Farm6s-Yhtyma 

1988). In exper iments  per formed at n5~ furfural  concentra-  
t ions in the vicinity o f l  g/L were reached only with 5-6% sul- 
phuric  acid and reaction t imes of 5-6 h, condi t ions  notably 
harsher  than those required to reach the m a x i m u m  xylose con- 

centrat ions.  In exper iments  carried out  at 13o~ furfural con- 
centra t ions  under  1 g/L were obta ined at reaction t imes leading 

to m a x i m u m  xylose concentrat ions.  
The data listed in Table 4 show that  the exper imental  furfural 

concent ra t ions  were lower than those calculated from stoichio- 

metr ic  pentose  conversion.  This fact suggests the existence of 

fur fura l -consuming reactions,  in the same way repor ted in litera- 

ture  (Carrasco 1991). 

4 
Conclusions 
The objective of this work was to evaluate the potential i ty of 
t rea tments  in autoclave for the recovery of xylose f rom 

Eucalytptus gtobulus wood. In compar i son  with t rea tments  at 
normal  pressure,  the op t imum condi t ions  in autoclave operat ion 
were reached at shor ter  react ion t imes using lower catalyst 

concentra t ion.  
Xylose was the main  reaction product .  Experimental  xylose 

concen t ra t ion / t ime  data obta ined  for acid concent ra t ions  in the 

range 2-6% at tempera tures  of 115 or 13o~ were correlated using 
an expression derived fi'om a kinetic model. Mathemat ical  equa- 
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tions were deduced assuming that xylose is generated from two 
xylan fractions having different susceptibility to hydrolysis, and 
that xylose reacts to give decomposition products. The kinetic 
expressions derived provided an accurate description of the 
process. For operation at al5~ maximum xylose concentrations 
about 13 g/L (67% of the potential concentration) were achieved. 
In experiments performed at 13o~ maxhnum xylose concentra- 
tions in the range 14-14.5 g/L (72-74% of the potential concentra- 
tion) were reached. The reaction times at which maximum con- 
centrations were obtained varied in a wide range depending on 
the acid concentration employed. 

The concentration of reaction byproducts (glucose, arabinose, 
acetic acid and furfural) strongly depended on the operational 
conditions assayed. In experiments performed during reaction 
times leading to maximum xylose concentrations, low concentra- 
tions of glucose, arabinose and acetic acid were obtained, sug- 
gesting that the hydrolysates obtained could be a good fermenta- 
tion media. The furfural concentrations obtained at optimum 
reaction times were lower than those reported in literature as 
causing toxic effects in microorganisms. 
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