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Sustainable biocomposites based on autohydrolysis of lignocellulosic substrates
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Two xylan-containing lignocellulosic raw materials (rice husks and Eucalyptus globulus wood) were subjected to autohydrolysis under optimised conditions, yielding liquors containing soluble xylan-degradation products and a solid phase enriched in cellulose. Autohydrolysis liquors were acidified with sulfuric acid and heated to yield xylosecontaining solutions suitable for the fermentative production of lactic acid, which can be easily converted into polylactic acid (PLA). The solids from autohydrolysis treatments were dried and mixed with PLA (in relative weight proportions 30:70) to give biodegradable composites. The mechanical properties of composites were assessed by tensile and impact tests. Microscopic analysis revealed that the particles of autohydrolysed lignocellulosics were evenly distributed in the PLA matrix. The interfacial compatibility between PLA and reinforcing agents was assessed by scanning electron microscopy.

Introduction

The term "lignocellusic materials" (LCM) stands for vegetal biomass mainly made up of three structural components (lignin, cellulose and hemicelluloses) and non-structural components (including extractives, ashes and proteins). According to the "biomass refinery" concept, LCM can be processed by chemical and/or biological methods to obtain several products or fractions of commercial value [START_REF] Myerly | The Forest Refinery[END_REF].

Processing in aqueous media (autohydrolysis or hydrothermal reaction) may be employed as a first fractionation stage for LCM refining, since hemicelluloses are decomposed into soluble products (including oligomers and monosaccharides from polysaccharides, acetic acid from acetyl groups and low molecular weight phenolics from aromatic substituents), whereas the spent solids from autohydrolysis are enriched into cellulose and acid-insoluble lignin. When mild operational conditions are used, sugar oligomers are the major compounds derived from xylan [START_REF] Garrote | Mild autohydrolysis: an environmentally friendly technology for xylooligosaccharide production from wood[END_REF].

A variety of applications can be envisaged for both phases from autohydrolysis of LCM.

For example, if a xylan-containing LCM is used, posthydrolysis of autohydrolysis liquors with acids or enzymes [START_REF] Vázquez | Enzymatic pocessing of crude xylooligomer solutions obtained by autohydrolysis of Eucalyptus wood[END_REF][START_REF] Duarte | Comparison of two posthydrolysis processes of brewery's spent grain autohydrolysis liquor to produce a pentose-containing culture medium[END_REF] leads to xylose-containing solutions suitable for biotransformation into a variety of products, including biofuels, xylitol or lactic acid. The fermentative production of lactic acid from hemicellulosic hydrolysates can be carried out at nearly stoichiometric yields [START_REF] Bustos | Influence of the metabolism pathway on lactic acid production from hemicellulosic trimming vine shoots hydrolyzates using Lactobacillus pentosus[END_REF][START_REF] Bustos | Production of fermentable media from vine-trimming wastes and bioconversion into lactic acid by Lactobacillus pentosus[END_REF] and then processed to give polylactic acid (PLA), a biodegradable polymer with thermoplastic character, which can be alternatively manufactured from other renewable materials (for example, by fermentation of glucosecontaining hydrolysates obtained from substrates rich in cellulose or starch). PLA is a popular thermoplastic polymer [START_REF] Shibata | Biocomposites made from short abaca fiber and biodegradable polyesters[END_REF] with satisfactory mechanical properties [START_REF] Tsuji | Properties and morphologies of poly(l-lactide): 1. Annealing condition effects on properties and morphologies of poly(l-lactide)[END_REF], favourable melting point (around 160 ºC, below the temperatures at which natural fibers start to degrade), versatility (with many applications in a variety of industrial fields), and suitability for melt processing, namely by injection molding. However, the tenacity of PLA is limited, and reinforcement by a suitable material may result in increased stiffness and dimensional stability [START_REF] Mathew | Mechanical properties of biodegradable composites from poly lactic acid (PLA) and microcrystalline cellulose (MCC)[END_REF].

On the other hand, if the cellulose contained in spent solids from autohydrolysis becomes susceptible to cellulases, glucose-containing solutions can be produced by enzymatic hydrolysis and fermented (for example, for making biofuels or lactic acid). However, highly lignified LCM lead to spent autohydrolysis solids scarcely susceptible to cellulases.

In this case, the enhanced cellulose contents of spent solids make them potential candidates as fiber-containing reinforcerments for polymer matrices. Figure 1 summarizes the various possibilities outlined above.

The formulation of biodegradable composites is gaining interest owing to the dwindling fossil resources and to the increasingly strict environmental regulations [START_REF] Bledzki | Composites reinforced with cellulose based fibres[END_REF][START_REF] Saheb | Natural fiber polymer composites: a review[END_REF][START_REF] Mohanty | Natural fibers, biopolymers, and biocomposites: an introduction[END_REF][START_REF] Huda | Green composites from recycled cellulose and poly(lactic acid): Physico-mechanical and morphological properties evaluation[END_REF][START_REF] Oksman | Natural fibres as reinforcement in polylactic acid (PLA) composites[END_REF][START_REF] Plackett | Biodegradable composites based on Lpolylactide and jute fibres[END_REF][START_REF] Joshi | Are natural fiber composites environmentally superior to glass fiber reinforced composites?[END_REF]. The latest trend in this field is to develop new materials which are based on 100% renewable resources [START_REF] Oksman | Green composites: the latest development from micro to nanoscale[END_REF]. In this way, "green bio-composites" or "eco-composites" [START_REF] Lee | Eco-composite from poly(lactic acid) and bamboo fiber[END_REF][START_REF] Nishino | New trends of EcoComposites. Design, manufacturing and applications of composites[END_REF], obtained by embedding biofibers with renewable resource-based biodegradable polymers, open the way to the next generation of sustainable, environmentally friendly, eco-efficient materials, products, and processes [START_REF] Mohanty | Sustainable bio-composites from renewable resources: opportunities and challenges in the green materials[END_REF]. This kind of composites have been cited as one of the most keenly required materials in the 21 st century [START_REF] Nishino | New trends of EcoComposites. Design, manufacturing and applications of composites[END_REF]. This approach is advantageous as the material properties can be improved and its biodegradability can be retained while total material costs are reduced [START_REF] Plackett | Composites based on biodegradable polymers[END_REF]. Consequently, environmental problems such as the persistence of plastics in the environment, the shortage of landfill space, concerns over emissions during incineration, and entrapment or ingestion of packaging plastics by fish, fowl and animals can be alleviated [START_REF] Mohanty | Natural fibers, biopolymers, and biocomposites: an introduction[END_REF].

Biofiber-reinforced, biodegradable composites provide a unique alternative to the commonly used synthetic composites like polypropylene-or unsaturated polyester-glass fiber reinforced plastics for a variety of product applications, including packaging, automotive and building products, furniture and consumer goods [START_REF] Mohanty | Natural fibers, biopolymers, and biocomposites: an introduction[END_REF][START_REF] Wibowo | Chopped industrial hemp fiber reinforced cellulosic plastic biocomposites: thermomechanical and morphological properties[END_REF], combining several advantages such as wide availability, high specific strength and modulus, low density, ease of fiber surface modification, relative non-abrasiveness, low cost and biodegradability [START_REF] Huda | Chopped glass and recycled newspaper as reinforcement fibers in injection molded poly(lactic acid) (PLA) composites: A comparative study[END_REF][START_REF] Bismarck | Plant fibers as reinforcement for green composites[END_REF].

The ability of reinforcing agents derived from LCM for improving the mechanical strength and modulus of polymeric matrices depends on a variety of factors, including fiber content, particle aspect ratio, fiber orientation and degree of interfacial interaction between the fiber and the matrix. As autohydrolysis removes volatile extractives from LCM, spent autohydrolysis solids are expected to behave better than native LCM, with decreased interfacial weaknesses derived from the formation of bubbles during the compounding and subsequent converting operations (e.g. injection molding or extrusion) that should result in an improved compatibility between components. This article deals with the evaluation of autohydrolysis for providing both xylose-based culture media for lactic acid production and fiber-containing solids for making PLA-based biodegradable composites. Two xylan-containing raw materials (rice husks and Eucalyptus globulus wood) were selected in this study for their xylan content, local availability and abundance, and processed by autohydrolysis. The production of xylose-containing liquors by posthydrolysis of autohydrolyis liquors and the utilisation of spent autohydrolysis solids as fiber-containing reinforcements for PLA-based composites are assessed.

Experimental

LCM raw materials

Husks from rice (Oriza sativa L. var Balillax Sollana, cultured in the Murcia province, east of Spain) and Eucalyptus globulus wood (grown in Galicia, north west of Spain) were employed in experiments. Rice husks were employed as collected in a local industry (Procesadora Gallega de Alimentos, Pontevedra, Spain), and Eucalyptus globulus wood samples were collected as chips in a cellulose pulp industry (ENCE, Pontevedra, Spain), and treated in a Willey mill to pass 1-mm screen. Rice husks and wood samples were and air-dried, homogenised in separate lots to avoid compositional differences between batches, and stored in polyethylene bags until use.

Analysis of LCM raw material

Samples were subjected to moisture determination (method ISO 638) and to quantitative acid hydrolysis (method TAPPI T13m). The HPLC analysis of liquors from quantitative acid hydrolysis allowed the determination of their contents of glucan (including cellulose and starch in the case of rice husks), hemicellulosic polysaccharide constituents and acetyl groups [START_REF] Garrote | Mild autohydrolysis: an environmentally friendly technology for xylooligosaccharide production from wood[END_REF]. The oven-dry weight of the solid phase from quantitative hydrolysis measured the content of Klason lignin after correction for ashes.

Autohydrolysis-posthydrolysis processing and analysis of autohydrolysis liquors

The LCM raw materials were mixed with water at the desired proportions (8 kg/kg oven dry solid) in a Parr reactor and heated following the standard temperature profile of the reactor up to reach the temperature leading to maximal oligosaccharide concentrations (212ºC for the rice husk and 196ºC for Eucalyptus globulus). At the end of treatments, the solid residues were recovered by filtration, washed, oven-dried, weighed to measure the solid yield, and vacuum stored before compounding. Posthydrolysis of autohydrolysis liquors was carried out under optimised conditions (4 weight percent sulfuric acid, 121 ºC, 30 min) to cause the quantitative saccharification of sugar oligomers into monosaccharides.

For analytical purposes, samples of liquors were filtered through 0.45 µm membranes and used for direct HPLC determination of glucose, xylose, arabinose, and acetic acid using the same method employed in the analysis of the raw material. The content of raw or processed liquors in non-volatile compounds (NVC) was measured by oven-drying at 105 ºC until constant weight.

Formulation and testing of composite materials

The composite materials considered in this work were produced from spent autohydrolysis 

Results and discussion

3.1) Production of xylose-containing solutions by autohydrolysis-posthydrolysis

Autohydrolysis can be conceived as an environmentally friendly technology for biomass fractionation [START_REF] Garrote | Mild autohydrolysis: an environmentally friendly technology for xylooligosaccharide production from wood[END_REF] leading to the separation of hemicelluloses (which are mainly converted into oligosaccharides) from cellulose and acid-insoluble lignin (which remain in solid phase with little chemical alteration). The posthydrolysis liquors can be subjected to posthydrolysis (with acids or enzymes) to give sugar solutions suitable as fermentation media [START_REF] Vázquez | Enzymatic pocessing of crude xylooligomer solutions obtained by autohydrolysis of Eucalyptus wood[END_REF][START_REF] Duarte | Comparison of two posthydrolysis processes of brewery's spent grain autohydrolysis liquor to produce a pentose-containing culture medium[END_REF].

For the purposes of this work, autohydrolysis was carried out under selected operational conditions for each raw material leading to maximal yields of xylooligosaccharides, and then subjected to posthydrolysis with sulfuric acid to cause the quantitative hydrolysis of oligosaccharides into monosaccharides. Figure 2 

3.2) Manufacture of biodegradable composites made up of PLA and autohydrolysed solids

Besides liquors suitable for making fermentation media, autohydrolysis leads to fiberenriched, spent solids that can reinforce PLA without adverse effects derived from the presence of volatile extractives or marked abrasion effects in injection molding. The autohydrolysis solids from Eucalyptus wood and rice husk are denoted AEW and ARH, respectively.

Literature has pointed out certain drawbacks for cellulose-containing reinforcers, such as poor compatibility with the polymer matrix, the tendency to form aggregates during processing and the low resistance to moisture [START_REF] Georgopoulos | Thermoplastic polymers reinforced with fibrous agricultural residues[END_REF]. In this work, the negative effects derived from the moisture content of the reinforcing agents was overcome by using ovendry AEW and ARH in the compounding stage. Previous experiments carried out with raw (untreated) particles of Eucalyptus wood and rice husks resulted in poor results due to the above reasons, with test parameters inferior to those achieved with neat PLA.

A number of LCM have been used as reinforcing agents for biodegradable composites, but little attention has been paid to autohydrolysed substrates. To our knowledge, only Georgopulos et al. [START_REF] Georgopoulos | Thermoplastic polymers reinforced with fibrous agricultural residues[END_REF] employed autohydrolysed samples of wood and brewery spent grains for reinforcing polypropylene-based composites, and Okuba et al. [START_REF] Okuba | Improvement of interfacial adhesion in bamboo polymer composite enhanced with micro-fibrillated cellulose[END_REF] used steamexploded bamboo for improving the properties of PLA-based composites. Other reinforcers have been derived from LCM by physicochemical treatments, including thermomechanical pulping and acid hydrolysis [START_REF] Mathew | Mechanical properties of biodegradable composites from poly lactic acid (PLA) and microcrystalline cellulose (MCC)[END_REF], pulping with alkali-methanol-anthraquinone solutions [START_REF] Lundquist | Alkalimethanol-anthraquinone pulping of Miscanthus giganteus for thermoplastic composite reinforcement[END_REF], extraction with alkaline solutions [START_REF] Alvarez | Mechanical properties and water absorption behavior of composites made from a biodegradable matrix and alkaline-treated sisal fibers[END_REF][START_REF] Shanks | Composites of poly(lactic acid) with flax fibers modified by interstitial polymerization[END_REF], esterification [START_REF] Shibata | Biocomposites made from short abaca fiber and biodegradable polyesters[END_REF] and carboxymethylation [START_REF] Cunha | Sustainable materials in automotive applications[END_REF].

One of the crucial factors to be considered in reinforcement is the fibre content of composites. Usually, the strength increases with the reinforcement content up to a given threshold dependent on the case studied. Even if percentages of replacement as high as 50% have been cited in literature [START_REF] Sriburi | Preparation and characterization of composites from coconut fiber and biodegradable polymers[END_REF], the usual degree of replacement lies around 30% [START_REF] Cunha | Sustainable materials in automotive applications[END_REF][START_REF] Huda | A study on biocomposites from recycled newspaper fiber and poly(lactic acid)[END_REF].

In fact, higher fiber contents lead to very viscous melts difficult to process by conventional injection molding equipment. Based on literature information, on our own experience and on preliminary experimental results (data not shown), the composites considered in this work were made using weight ratio (autohydrolysed solids):(PLA) of 30:70, whereas the temperature cycles considered in compounding and injection molding were fixed in optimised values as reported elsewhere [START_REF] Cunha | Sustainable materials in automotive applications[END_REF].

Figure 3 shows the stress-strain curves of PLA and composites made of PLA and either AEW or ARH. The shapes of the curves suggest a near ductile behaviour, with an initial elastic-like zone followed by a plastic deformation range before the breaking point.

According to literature, the modulus of cellulose-filled composites is expected to increase significantly with respect to the unfilled polymer, the tensile strength should remain unaffected, and elongation is expected to be reduced significantly [START_REF] Georgopoulos | Thermoplastic polymers reinforced with fibrous agricultural residues[END_REF][START_REF] Maldas | Current trends in the utilization of cellulosic materials in the polymer industry[END_REF]. This general pattern has been confirmed experimentally in this study, although the ductility of the produced composites was not reduced dramatically. Figure 4 shows the data concerning the tensile test: the two types of composites showed better stiffness than the virgin PLA, with increased values of the E modulus. The best results corresponded to the samples reinforced with AEW (E = 5.35 GPa, with 57% increase respect to the non-reinforced samples), but remarkable improvements were also observed for ARH (E= 4.93 GPa, with 45% increase respect to neat PLA). The average values of the tensile strength were closely related for the three types of samples, with a narrow variation range (55.1-56.6 MPa). These differences can be ascribed to the experimental error. The presence of reinforcements resulted in increased brittleness, with longer elongation for virgin PLA samples (2.21% as an average) than for composites, which presented close average values (1.50 and 1.56 % strain at break).

The presence of fibre-based reinforcements is expected to decrease the impact strength of composites [START_REF] Georgopoulos | Thermoplastic polymers reinforced with fibrous agricultural residues[END_REF][START_REF] Maldas | Current trends in the utilization of cellulosic materials in the polymer industry[END_REF][START_REF] Sanadi | Agro-fiber thermoplastic composites[END_REF][START_REF] Chuai | Conifer fibers as reinforcing materials for polypropylene-based composites[END_REF], a property highly dependent on the adhesion between polymeric matrix and reinforcer. Interestingly, the experimental data determined for the impact strength of virgin PLA (17.7 ± 0.6 J/m) were not significantly different from those determined for AEW composites (17.5 ±1.25 J/m) and close to the ones found for ARH composites (16.6 ± 1.8 J/m). The experimental results determined for both types of composites were within the upper expected range. Dispersion of fillers in the matrix, particle orientation and aspect ratio of reinforcing materials are major parameters governing the properties of composites. These aspects were assessed by optical microscopy of longitudinal and transversal probe cuts (see Figure 5). Good dispersion was observed for both composite types, whereas the fiber orientation was typical for short-fiber reinforced composites. The particles of AEW where bigger than the ones of ARH, but their aspect ratios were similar.

The matrix-filler interface plays a critical role in ensuring that the properties of each component contribute optimally to the properties of the final product, and is affected by a number of factors, including the nature of interfaces, the operational conditions (which may result in thermal degradation) and superficial chemical changes which could adversely affect the bulk properties [START_REF] Gonzalez | Thermal-degradation of wood fillers at the melt-processing temperatures of wood-plastic composites. Effects on wood mechanical-properties and production of volatiles[END_REF][START_REF] Meyers | Wood flour and polypropylene or high-density polyethylene composites-influence of maleated polypropylene concentration and extrusion temperature on properties[END_REF]. For example, this type of effects has been reported by Takase and Shiraishi [START_REF] Takase | Studies on composites from wood and polypropylenes[END_REF] in the co-extrusion of polypropylene and wood flour at 250ºC. In this work, the interfacial compatibility was assessed by SEM of AEW-and ARH-reinforced samples coming from impact and tensile (longitudinal and transversal) tests. Figure 6 shows the corresponding images: the lack of volatile components in the AEW and ARH, together with the mild conditions employed in compounding and injection molding, allowed a satisfactory compatibility between phases, which confirmed the suitability of the materials considered in this work as reinforcing agents for manufacturing PLA-based composites.

Conclusions

Samples of rice husks and Eucalyptus globulus wood were subjected to autohydrolysis treatments with hot, compressed water to recover both liquors (containing soluble xylanderived products) and spent solids (enriched in fiber and lacking of volatile components).

Autohydrolysis liquors were subjected to a posthydrolysis step with sulfuric acid to yield xylose-containing solutions suitable for the fermentative production of lactic acid, which can be easily converted into polylactic acid (PLA). The solids from autohydrolysis treatments of rice husks and Eucalyptus globulus wood (denoted ARH and AEW, respectively) were dried and mixed with PLA (in relative weight proportions 30:70) to give biodegradable composites. The mechanical properties of composites were assessed by tensile and impact tests. ARH and AEW composites showed better stiffness than the virgin PLA. The best results corresponded to the samples reinforced with AEW (E = 5.35 GPa, with 57% increase respect to the non-reinforced samples), but remarkable improvements were also observed for ARH (E= 4.93 GPa, with 45% increase respect to neat PLA).

Similar results of tensile strength were achived for neat PLA probes and composites. The presence of reinforcements resulted in increased brittleness, with longer elongation for virgin PLA samples (2.21% as an average) than for composites, which presented close average values (1.50 and 1.56 % strain at break). The experimental data determined for the impact strength of virgin PLA (17.7 ± 0.6 J/m) were not significantly different from those determined for AEW composites (17.5 ±1.25 J/m) and close to the ones found for ARH composites (16.6 ± 1.8 J/m). Microscopic analysis revealed a good dispersion for both composite types. SEM of AEW-and ARH-reinforced samples showed a satisfactory compatibility between phases, which was ascribed to the lack of volatile components in reinforcements, as well as to the favourable effects of the mild conditions used in both compounding and injection molding. 

  solids and commercial PLA (obtained as a granulate from Hycail Finland Oy, Finland). The PLA used has a melt flow index of 8 g/10 min (190 ºC and 98 N), and was dried prior to processing for optimum performance. The relative weight proportion (dry autohydrolysis solids):(PLA) employed in this work (30:70) was selected on the basis of a previous study [26]. Compounding was carried using a Carvex counter-rotating twin screw extruder, which had a screw diameter of 52 mm and an L/D ratio of 18. The barrel temperature was in the range 120-170 ºC, and the screw speed was fixed at 20 rpm. No extrusion head was used in order to minimize the residence time and shear heat dissipation. The extruded material was cooled in air, granulated in a cutting mill, sealed in polyethylene bags and conditioned in ambient environment (23ºC, 55% relative humidity) at least for 48 hours prior to further investigation. An optimized molding program was established as follows on the basis of an extensive previous work: barrel temperature <200 ºC; mold temperature, 40 ºC; cooling time 40 s; injection speed, 35 mm/s (flow rate of 20 cm 3 /s). ISO tensile specimens (10 × 4 mm) and impact specimens (12 × 6 mm) were manufactured using an Engel ES45 HL-V injection molding machine (450 kN clamping force). Five specimens from each composition were tested in an Instron 4505 universal testing machine with a 50 kN load cell, fitted with a resistive extensometer with 50 mm gage length, at a crosshead speed of 2 mm min -1 (corresponding to a strain rate of 33.3 x 10 -5 s -1 ). Impact assays were carried out with a Charpy tester (2J energy) at 23ºC and 55% relative humidity. An Olympus BH2 transmission microscope was used to allow the visualisation of cross-and longitudinal sections of the specimens by polarised light microscopy. The respective samples were cut on a Leitz 1401 microtome with a thickness of 15 mm and mounted on glass lamellae. The fiber-matrix interface morphologies were analysed in a Leica S360 scanning electron microscope, through the observation of selected zones on fracture surfaces of molded specimens, after being sputter coated with a thin gold layer.

  shows material balances concerning the autohydrolysis-posthydrolysis processing of rice husks and Eucalyptus globulus wood. For simplicity, the streams containing solids are expressed in oven-dry solid basis, and the oligomers are expressed as sugar equivalents.The posthydrolysed liquors contained acetic acid, a valuable co-product from autohydrolysis (generated from the cleavage of acetyl groups), which is produced at yields of 0.79 kg/100 kg rice husks and 2.8 kg/100 kg Eucalyptus wood, respectively. The xylose solutions coming from the posthydrolysis step can be employed for the fermentative ACCEPTED MANUSCRIPT production of lactic acid, from which PLA can be easily obtained. Microorganisms such as Lactobacillus pentosus can convert the xylose contained in hemicellulosic hydrolysates into equimolecular amounts of lactic acid and acetic acid at nearly quantitative yields[START_REF] Garde | Lactic acid production from wheat straw hemicellulose hydrolysate by Lactobacillus pentosus and Lactobacillus brevis[END_REF][START_REF] Bustos | Influence of the metabolism pathway on lactic acid production from hemicellulosic trimming vine shoots hydrolyzates using Lactobacillus pentosus[END_REF][START_REF] Bustos | Production of fermentable media from vine-trimming wastes and bioconversion into lactic acid by Lactobacillus pentosus[END_REF]. The processing of 100 kg of rice husks or Eucalyptus wood by autohydrolysis-posthydrolysisfermentation would result in stoichiometric yieds of 5.68 and 9.15 kg lactic acid, respectively; as well as in stoichiometric yields of 3.78 and 6.1 kg acetic acid, respectively.
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 1 Figure 1. Alternatives for lignocellulosics processing based on autohydrolysis.
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 2 Figure 2. Material balances and product distribution for solid and liquid phases resulting from autohydrolysis-posthydrolysis of Eucalyptus wood and rice husks.
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 3 Figure 3. Results of tensile tests for neat PLA probes and composites.
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 45 Figure 4. Parameters determined in the tensile tests for neat PLA probes and composites.
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 6 Figura 6. SEM images of: a) Impact-broken ARH composite; b) longitudinal cut of a ARH composite; c) Transversal cut of a ARH composite; d) Impact-broken AEW composite; e) longitudinal cut of a AEW composite; f) Transversal cut of a AEW composite.
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				Sulfuric acid	
	Water					
				Ca(OH) 2	
	Stream kg (Eucal. wood) Washing liquors	A 100.00 Eucalyptus wood B C D E	F	G Rice husks H	I
				Stream A	Stream C	Stream A	Stream C
	Reinforcements	Glucan, kg Xylan, kg Arabinan, kg Acetyl groups, kg Others, kg	42.38 16.01 0.52 3.05 38.04	41.30 2.40 0.00 0.54 32.54		34.41 16.23 1.33 1.43 46.6	32.68 7.93 0.47 0.75 36.35

* Data

calculated in oven-dry weight basis. ** Others include uronic acids, lignin, proteins and protein-reaction products, and ashes Eucalyptus wood

  

			Water Water	H 2 SO 4
			B	E
	Raw material (rice Raw material (rice	A		Liquors Liquors
	husks or husks or	AUTOHYDROLYSIS AUTOHYDROLYSIS	POSTHY-POSTHY-
	Eucalyuptus wood) Eucalyuptus wood)			D	DROLYSIS DROLYSIS
	Spent solids (o. d. basis) Spent solids (o. d. basis)	C	F (4% sulfuric acid)
			Ca(OH) 2	G	NEUTRALIZATION NEUTRALIZATION
				H
				CaSO 4 CaSO 4	I
				Xylose-containing solutions for
				fermentation
				Rice
				husks
				Stream I	Stream I
	Non-volatile components		
	Glucose, kg			1.17	2.55
	Xylose, kg			15.25	9.46
	Arabinose, kg			0.58	0.98
	Uronic acids, kg			0.76	0.74
	Other non-volatile compounds, kg	4.72	6.69
	Volatile components		
	Acetic acid, kg			2.87	0.79
	Water and other volatile components, kg	810.45	813.20
				Figure 2
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