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 regarding the cellulose, hemicellulose and lignin contents of the two bioresources. Adequate fits were obtained for the pH of the liquid phase (9-11% overestimation for OS and BW, respectively), the yields of solid (7-8% error for OS and BW, respectively) and liquid (6-16% error for OS and BW, respectively) and the production of 5-hydroxymethylfurfural and several phenolic compounds, while some discrepancies for the production of furfural and a few phenolic compounds were observed but were properly analysed and discussed.

Introduction

Hydrothermal carbonisation (HTC) is attracting increasing interest because of the mild pressure and temperature conditions involved in this process [START_REF] Liu | Hydrothermal treatment of grass: A low-cost, green route to nitrogen-doped, carbon-rich, photoluminescent polymer nanodots as an effective fluorescent sensing platform for label-free detection of Cu(II) ions[END_REF], the production of valuable products in the aqueous phase [START_REF] Guardia | Apple Waste: A Sustainable Source of Carbon Materials and Valuable Compounds[END_REF], and the possibility of using the hydrochars obtained as precursors of new carbonaceous [START_REF] Yahia | Activated Carbons from Hydrothermal Carbons Prepared in Milk[END_REF] or oxide materials [START_REF] Kavil | Multifunctional nanohybrid material from discarded razor blades as cost-effective supercapacitor electrodes and oil-spill cleaners[END_REF]. Hydrothermal carbonisation of biomass is indeed a simple process in which bioresources are treated in hot pressurised water in an autoclave at moderate temperatures, within the typical range of 140-240ºC.

Then, hydrothermal reactions occur at the medium pressures generated by water evaporation in the hermetically sealed autoclave [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF]. The hydrochars produced when biomass was subjected to HTC have been used for soil conditioning [START_REF] Bento | Release of nutrients and organic carbon in different soil types from hydrochar obtained using sugarcane bagasse and vinasse[END_REF], development of lubricants [START_REF] Huang | Preparation and tribological properties of core-shell Fe3O4@C microspheres[END_REF], stabilisation of Pickering emulsions [START_REF] Xie | Pickering emulsions stabilized by amphiphilic carbonaceous materials derived from wheat straw[END_REF], conversion to solid fuels [START_REF] Lucian | Impact of hydrothermal carbonization conditions on the formation of hydrochars and secondary chars from the organic fraction of municipal solid waste[END_REF][START_REF] Ma | Effect of water-washing of wheat straw and hydrothermal temperature on its hydrochar evolution and combustion properties[END_REF][START_REF] Zhao | Characterization of hydrothermal carbonization products (hydrochars and spent liquor) and their biomethane production performance[END_REF], adsorbents [START_REF] Lei | A Novel Nitrogen Enriched Hydrochar Adsorbents Derived from Salix Biomass for Cr (VI) Adsorption[END_REF], and metal detection [START_REF] Liu | Hydrothermal treatment of grass: A low-cost, green route to nitrogen-doped, carbon-rich, photoluminescent polymer nanodots as an effective fluorescent sensing platform for label-free detection of Cu(II) ions[END_REF].

In addition to hydrochar, the release of many valuable products from the main components of biomass, i.e., from hemicellulose, cellulose and lignin, is achieved through bond cleavage and self-catalysed reactions due to the presence of water [START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF]. Materials scientists often neglect the liquid phase although various phenolic compounds [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF], as well as furfural (FU) and 5-hydroxymethyl furfural (5-HMF) [START_REF] Grote | Molecular Dynamics Simulations of Furfural and 5-Hydroxymethylfurfural at Ambient and Hydrothermal Conditions[END_REF][START_REF] Wataniyakul | Preparation of hydrothermal carbon acid catalyst from defatted rice bran[END_REF], can be obtained, making this phase a high-added value, cheap and safe source of chemicals [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF][START_REF] Nakason | Hydrothermal carbonization of unwanted biomass materials: Effect of process temperature and retention time on hydrochar and liquid fraction[END_REF][START_REF] Zhao | Characterization of hydrothermal carbonization products (hydrochars and spent liquor) and their biomethane production performance[END_REF]. However, products separation is still difficult and therefore, restricting production to a limited number of product by catalysis [START_REF] Sun | Bright Side of Lignin Depolymerization: Toward New Platform Chemicals[END_REF] seems a very interesting strategy. Moreover, the importance and applications of FU and 5-HMF have been ubiquitously highlighted [START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF]. Among the phenolic compounds, some interesting chemicals such as vanillin and syringaldehyde have also been found [START_REF] Rodrigues Pinto | Lignin as Source of Fine Chemicals: Vanillin and Syringaldehyde[END_REF][START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF]. Others, such as acetosyringone, guaiacylacetone, guaiacol or syringol, have also been produced, all of them having noteworthy antioxidant and antimicrobial activity [START_REF] Conde | Production of antioxidants by non-isothermal autohydrolysis of lignocellulosic wastes[END_REF][START_REF] Gullón | Antioxidant and antimicrobial activities of extracts obtained from the refining of autohydrolysis liquors of vine shoots[END_REF]. Finally, the production of gases at higher temperatures, usually catalysed by acids and/or metal, has also been extensively studied [START_REF] Salimi | Influence of promoted bimetallic Ni-based catalysts and Micro/Mesopores carbonaceous supports for biomass hydrothermal conversion to H2-rich gas[END_REF]. In conclusion, HTC undoubtedly is an outstanding biorefinery tool for converting lignocellulosic resources into valuable, useful solid, liquid and gaseous products.

On the other hand, efforts have focused on understanding the kinetics of the involved transformation mechanisms. Thus, [START_REF] Keiller | Biochemical Compositional Analysis and Kinetic Modeling of Hydrothermal Carbonization of Australian Saltbush[END_REF] stated that hydrothermal carbonisation may occur through direct reactions, often of first order, whereas others have discussed the possibility of intermediates and side products [START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF]Gallifuoco et al., 2018;Gallifuoco and Di Giacomo, 2018;[START_REF] Zhao | Characterization of hydrothermal carbonization products (hydrochars and spent liquor) and their biomethane production performance[END_REF]. The modelling of HTC products was carried out by applied statistical methods (Gallifuoco and Di Giacomo, 2018), response surface methodology [START_REF] Heidari | Prediction of Hydrothermal Carbonization with Respect to the Biomass Components and Severity Factor[END_REF][START_REF] Zhao | Characterization of hydrothermal carbonization products (hydrochars and spent liquor) and their biomethane production performance[END_REF] and process simulators [START_REF] Gómez | Modeling and simulation of a continuous biomass hydrothermal carbonization process[END_REF]). Overall, these studies require powerful calculation tools in addition to the development of sophisticated models, due to the complexity of kinetics [START_REF] Marcotullio | The Chemistry and Technology of Furfural Production in Modern Lignocellulose-Feedstock Biorefineries[END_REF], as well as accurate experimental and analytical studies. In a former work, the solid and liquid products obtained when cellulose, hemicellulose and lignin were subjected to HTC have been meticulously studied. Various models were presented that were able to predict solid and liquid yields, the final pH of the liquid phase and the concentrations of FU, 5-HMF and several phenolic products [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF].

The objective of the present study is to test the validity of these models when the entire lignocellulosic biomass, instead of its independent components, is submitted to HTC. To this end, olive stones (OS) (Olea europaea) and beechwood (BW) (Fagus sylvatica) have been subjected to HTC at temperatures ranging from 140 to 240ºC and durations ranging from 1 to 24 hours. The severity factor, which is a useful tool for understanding HTC, was used to simultaneously account for the effects of time and temperature. The experimental data were finally compared to the predictions of the models.

Materials and Methods

Raw materials

The cellulose, hemicellulose and lignin contents of OS and BW were determined according to the Tappi standards (T 264, T 203 and T 222, respectively). Each analysis was repeated three times and the average error was lower than 3%. More details can be found elsewhere [START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF].

Olive stones (OS) were purchased at a local factory in Gabès (Tunisia) and ground at a size of less than 2 mm. The cellulose, hemicellulose and lignin contents were 40.5, 21.7 and 29.9 wt.%, respectively [START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF]. Beechwood (BW) was cut and milled and the resultant chips of an average size of less than 1 mm were recovered by using a powder collector. The corresponding cellulose, hemicellulose and lignin contents were 43.6, 33.5 and 22.1 wt.%, respectively.

All compounds used for identification and quantification of phenolic and furan compounds using HPLC equipment were analytical grade and purchased from Sigma-Aldrich (Steinheim, Germany).

Hydrothermal carbonisation

Hydrothermal carbonisation tests were performed according to the conditions established elsewhere [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF]. In brief, 2 g of the selected biomass were introduced into a glass vial with 16 g of distilled water. The vial was then placed in a 100 mL Teflon-lined autoclave, sealed and placed in a preheated oven at the desired temperature (140-240ºC) for times ranging from 1 to 24h.

The combined effect of time and temperature on the process was taken into account through the severity factor, logR 0 , [START_REF] Overend | Fractionation of Lignocellulosics by Steam-Aqueous Pretreatments[END_REF], as follows:

(1) where the higher importance of temperature, T (°C), with respect to time, t (min), can be observed in the exponential dependence of R 0 on T and its linear dependence on t.

Regarding the empirical parameter ω, a value of 14.75 has been traditionally used with lignocellulosic materials. However, it has been modified as needed to accommodate a variety of bioresources and temperatures [START_REF] Kim | Severity Factor Coefficients for Subcritical Liquid Hot Water Pretreatment of Hardwood Chips[END_REF][START_REF] Ko | Effect of liquid hot water pretreatment severity on properties of hardwood lignin and enzymatic hydrolysis of cellulose[END_REF]. Table 1 shows the experimental conditions and consequent severity factors used for OS and BW. 

Liquid/Solid separation

Upon completion of the HTC, the brownish solid, or hydrochar, was separated from the liquid by vacuum filtration and completely dried in a vacuum oven, where it was held for 6h at 60ºC before being weighed and stored. After separation, the liquid was also weighed and refrigerated to avoid further reactions until analysis.

Chromatographic analysis

The quantitative analysis of the main compounds in the liquid phase was carried out using an Ultimate 3000 high-performance liquid chromatograph (Thermo Fisher Scientific, Germany), coupled to an automatic sampler and with both diode array and fluorescence detectors. Two different columns were used for the appropriate separation and quantification of furan and phenolic compounds: Hypersyl Green PAH (Thermo Fisher Scientific, Germany) and Pinnacle DB BiPh 5 μm (Restek, USA), respectively.

The quantification of furans was performed at UV absorption wavelengths of 220, 276, 284 and 291 nm by selecting water and acetonitrile as mobile phases. For the determination of phenolic compounds, the same mobile phases were used, but 195, 201, 231 and 300 nm were the selected UV absorption wavelengths. More information on the analysis protocol can be found elsewhere [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF]. The limits of detection for HPLC measurements were around 0.0004 g/L.

Yield analysis

The hydrochar and liquid-phase yields, i.e., Y HC and Y LC , respectively, were calculated according to the following equations ( 2) and ( 3):

(2)

(3)

where W HC expresses the dry weight of the resultant hydrochar, W BC is the initial weight of the biomass compound (BC) fed into the autoclave, L is the resultant liquid content after HTC, and L 0 is the initial amount of distilled water added.

Procedure to estimate HTC products

The present procedure is based on recent models [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF] initially developed to describe the behaviour of the three main biomass components:

cellulose, hemicellulose and lignin, submitted to HTC separately, in terms of final pH, hydrochar and liquid yields, and concentrations in FU, 5-HMF and phenolic molecules.

Based on these former models, we tried to assess whether it was possible to predict the final composition and yields of HTC products or the possible synergistic effects when the real biomass is submitted to HTC. For that purpose, we used two rather different biomasses, OS and BW, the former being much richer in lignin than the latter. The final pH of the liquid phase reads as follows:

(4)

where p1, p2 and p3 are experimental parameters. A polynomial expression was then determined for each biopolymer: cellulose, hemicellulose and lignin.

The hydrochar yield from each biomass compound is as follows:

(5)

where the hydrochar yield of each lignocellulosic polymer (Y HC,BC ) depends on the constant initial and final hydrochar yields (Y 0 and Y ∞ , respectively), and on two parameters, k and m, which account for the slope of the yield drop and the severity value at which the drop starts, respectively.

The concentrations of FU and 5-HMF produced when submitting biomass to HTC read, respectively:

(6) (7) 
Both models were applied because the latter takes into account an intermediate in the production of FU from xylose. C BC was the initial concentration of the BC (cellulose, hemicellulose or lignin) while k 1 , k 2 and k 3 were the constants corresponding to the various reactions taking place.

The concentrations of the following phenolic molecules produced from lignin read as follows:

Vanillin, syringaldehyde and acetosyringone:

(8) Guaiacyalcetone:

(9)

Syringol, guaiacol and phenol production:

(10)

where a determined set of parameters has been developed for each compound.

Using the corresponding model and taking into account the lignocellulosic composition of both OS and BW, the aforementioned yields and concentrations of the main HTC products were estimated.

Relative error analysis

To determine to what extent the various models match the real data, the following expression was used to calculate the relative error:

(11)

where V exp and V th are respectively the experimental and predicted data, whether for pH value, hydrochar or liquid yields, or concentration of a given product obtained during the HTC of OS or BW.

Results

Final pH of the liquid phase

The final pH after HTC gives information on the severity of the process and on the reactions that have taken place. Fig. 1a shows the pH of the liquid fraction after HTC of OS and BW along with the predicted data obtained.

Figure 1

As can be seen, the pH of the liquid fraction after HTC was generally higher for BW than for OS within the studied range of severity, which is in good agreement with their lignocellulosic composition. At low severity, the higher the cellulose and hemicellulose contents, the higher the pH final values [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF]. In the former paper it was shown that, as severity increases, lignin produces a slight increase in the final pH, cellulose decreases it considerably, and hemicellulose gives a minimum of about pH 5. Therefore, the experimental results observed represent a clear combination of the degradations of the three biopolymers. Although a slight overestimation of pH was observed (about +9% and +11% for OS and BW, respectively), the predicted evolution of pH with severity followed the same trend as the experimental one.

Hydrochar yield

Fig. 1b shows the values of for OS and BW. At low severity, was higher than due to the higher cellulose content of BW, a biopolymer that was found to lead to the highest yields under these conditions [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF].

Nevertheless, at the highest severities, lignin began to play a more significant role in the hydrochar yield, leading to values of closer to those of .

The differences between the predicted and experimental were as low as about 7% and 8% for OS and BW, which shows the relevance of the proposed equation for predicting the yield of hydrochar of two very different biomasses submitted to HTC.

Liquid yield

Fig. 2a shows the liquid yield for both biomasses, that of OS being higher than that of BW due to its higher lignin and lower cellulose contents, respectively. Nevertheless, due to the high hemicellulose content of BW, the two datasets were very similar. In our former work [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF], no model could be obtained for the liquid yields from the HTC of hemicellulose, cellulose and lignin, due to the scattering of the results. However, the experimental liquid yields of lignin, cellulose and hemicellulose and the corresponding compositions were used here to predict the results. Thus, for each severity value and for each bioresource, the liquid yields previously obtained from raw cellulose, hemicellulose and lignin were weighed with the lignocellulose concentration, generating the predicted values. In spite of that impossibility to previously obtain a proper model [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF], the predicted data were found to be in very good agreement with the OS liquid yield, with an average error of about 6%; however, the BW liquid yield was slightly overestimated, with an average error of 16%.

Fig. 2b shows the differences between experimental and predicted values from the model. The general overestimation of the liquid yield, especially for BW, can be explained by some synergistic effect that may occur when the three biopolymers are linked together. As a result, some reactions can be hindered and the extraction of water from the raw biomass can be limited. In addition, it can be concluded that both cellulose and hemicellulose must be responsible for this higher resistance to HTC, because OS, with a higher lignin content, does not present such an overestimation of liquid yield [START_REF] Xiao | Hydrothermal carbonization of lignocellulosic biomass[END_REF].

Figure 2

Concentrations of FU and 5-HMF and estimates

Fig. 3 shows the concentrations of FU and 5-HMF experimentally produced from OS and BW. Unexpectedly, the FU concentration from OS was significantly higher than that from BW. Such a finding was surprising because BW contains a much higher fraction of hemicellulose, which is directly responsible for the production of FU.

Moreover, the latter from both materials was much higher than expected, based on their hemicellulose content and our previous study [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF], as clearly seen in Fig. 3a and 3b, which also show the predictions of models A and B. This can be explained because higher concentrations of pentoses are known to be responsible for side reactions, so the lower hemicellulose concentration of both biomasses may actually increase the yields [START_REF] Marcotullio | The Chemistry and Technology of Furfural Production in Modern Lignocellulose-Feedstock Biorefineries[END_REF]. In addition, since FU is generally produced under acid-catalysed conditions [START_REF] Dashtban | Production of furfural: overview and challenges[END_REF][START_REF] Matsagar | Direct Production of Furfural in One-pot Fashion from Raw Biomass Using Brønsted Acidic Ionic Liquids[END_REF], cellulose degradation, which produces a substantial decrease in pH, can potentially enhance the production of FU from OS and BW compared to hemicellulose itself. Moreover, the lower pH reported for OS can also explain the difference between the two biomasses.

The FU yields obtained are in the range of other studies, as already shown in a previous work [START_REF] Borrero-López | High added-value products from the hydrothermal carbonisation of olive stones[END_REF].

Figure 3

Regarding 5-HMF production, overall, the predictions were closer to the experimental data than for FU. Nonetheless, it is worth mentioning the extremely high overestimation shown by model A when considering a constant calculated from the equations (data not shown). The production of 5-HMF was higher for BW for almost all the considered severity factors, which was consistent with its higher cellulose content when compared to OS. Nevertheless, the highest 5-HMF production was obtained from OS at the highest tested severity factor. In summary, the most reliable predictions obtained were those considering equations developed from the application of model B.

Concentrations of phenolic compounds and estimates

It is well known that lignin can produce a wide range of phenolic compounds from the decomposition of its structure into its constituent units [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF][START_REF] Cesari | Antioxidant properties of phenolic surrogates of lignin depolymerisation[END_REF][START_REF] Yang | Analysis of phenolic compounds obtained from bamboo microwave liquefaction for fast-curing phenol-formaldehyde resin preparation[END_REF]. In the present work, nine different types of phenolic compounds have been identified and quantified for OS and BW, the concentrations of which have also been estimated by application of the previous models developed from HTC tests on lignin [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF]. These phenolic compounds are vanillin, guaiacylacetone, syringol, syringaldehyde, guaiacol, acetosyringone, phenol, acetovanillone and creosol. Only the first seven compounds were plotted in Fig. 4 for OS and BW, because the concentrations of acetovanillone and creosol were below the limits of detection (0.0005 and 0.0004 mg/L, respectively) throughout the whole range of conditions studied. The absence of creosol was somehow expected, since previous studies on the HTC of lignin only produced it at severities greater than 6 [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF]. However, the concentration of acetovanillone had comparable values to syringaldehyde [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF], thus the production of acetovanillone should be somewhat limited by the synergistic action of both cellulose and hemicellulose and the corresponding reduction of pH.

Figure 4

Since the concentration of lignin in OS is the highest, one would think that the concentrations of phenolic compounds from this bioresource would be the highest.

However, similar to what occurred with FU production, this was true only for vanillin, guaiacylacetone and final phenol concentration, while the remaining phenolic compounds concentrations from OS were similar to or less than from BW. This fact highlights the extreme importance of the lignin content, which may vary significantly from one bioresource to another. Since the concentration of monolignols and other units may be very different, different concentrations of the resulting products can be obtained [START_REF] Anderson | Differences in S/G ratio in natural poplar variants do not predict catalytic depolymerization monomer yields[END_REF]Santos et al., 2015a;Santos et al., 2015b). Both OS and BW derive from hardwoods, thus close syringyl(S) / guaiacyl(G) (p-hydroxyphenylpropane) ratios are expected. Some authors [START_REF] Simon | Optimization of a formic/acetic acid delignification treatment on beech wood and its influence on the structural characteristics of the extracted lignins[END_REF] have reported that BW has a S/G ratio close to 1, while others suggest lower ratios that depend on the extraction process [START_REF] Choi | Characterization of Residual lignins from chemical pulps of spruce (Picea abies L.) and beech (Fagus sylvatica L.) by analytical pyrolysis-gas chromatography/mass spectrometry[END_REF]. In contrast, the OS S/G ratio was postulated at 1.08 [START_REF] Harman-Ware | Characterization of Endocarp Biomass and Extracted Lignin Using Pyrolysis and Spectroscopic Methods[END_REF]. On the contrary, the lignin used for modelling was PROTOBIND 1075, which comes from softwood, so that the S/G ratio drops dramatically to very low values depending on the initial biomass [START_REF] Anderson | Differences in S/G ratio in natural poplar variants do not predict catalytic depolymerization monomer yields[END_REF], which makes the structure of lignin completely different. Therefore, this fact may compromise the accuracy of the model [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF][START_REF] Li | Study on structure and thermal stability properties of lignin during thermostabilization and carbonization[END_REF][START_REF] Sameni | Physico-Chemical Characterization of Lignin Isolated from Industrial Sources for Advanced Applications[END_REF].

Nevertheless, the predicted data showed adequate fits for the vast majority of them, highlighting the validity and adaptability of the model. However, here again, the influence of the simultaneous HTC of the remaining lignocellulosic biopolymers affects the prediction of the results by modifying the interactions and modifying the composition of the liquid phase. Thus, in our previous work, it has been shown how the final pH from lignin HTC increased with severity [START_REF] Borrero-López | Modelling the reactions of cellulose, hemicellulose and lignin submitted to hydrothermal treatment[END_REF], although, for the bioresources studied in this work, the final pH has decreased as a result of the presence of both cellulose and hemicellulose. Thus, the compounds that depend on acidic or basic catalysis can have a completely different behaviour, as shown for vanillin, acetosyringone, acetovanillone and syringaldehyde, whose concentration was generally overestimated as a result of low pH.

In addition, the general underestimation observed for syringyl-derived units may also result from the higher S/G ratio of hardwoods, with respect to softwoods, which is known to facilitate the effectiveness of delignification [START_REF] Anderson | Differences in S/G ratio in natural poplar variants do not predict catalytic depolymerization monomer yields[END_REF][START_REF] Schmetz | Versatility of a Dilute Acid/Butanol Pretreatment Investigated on Various Lignocellulosic Biomasses to Produce Lignin, Monosaccharides and Cellulose in Distinct Phases[END_REF].

Conclusions

The hydrothermal carbonisation of OS and BW was successfully performed in a wide range of severity factor values. pH, hydrochar and liquid yields as well as some furan and phenolic compounds were determined, and the experimental results were compared to estimates. These estimates were obtained taking into account the hemicellulose, cellulose and lignin contents of the biomasses as well as the results of the fits obtained for the same parameters when these components of biomass were separately submitted to HTC. The following general trends could be derived.

-The final pH of liquids derived from BW was generally higher than that measured in OS-derived liquids, which is in good agreement with their lignocellulosic composition. An average overestimate of 10% of the pH value was obtained because of the synergistic effect between the three lignocellulosic compounds, but the trends were well predicted.

-A similar trend was observed in the hydrochar yield although the agreement between predicted and experimental values was much better (around 7%).

-The liquid yield was higher for the OS because of its higher lignin and lower cellulose contents. A good fit was obtained, reaching about 6 and 16% average error for OS and BW, respectively.

-Extremely high concentrations were obtained for FU, which is attributable to lower rates of side reactions and the influence of the final pH. The concentrations of 5-HMF were lower, and a better approximation was obtained with model B. The concentrations of phenolic compounds were of the same order as those predicted, but highly dependent on the selected biomass and pH.

Although further analysis is needed to explain the unexpected concentrations of FU, the models predicted trends similar to those determined experimentally. A systematic study in which mixtures of biomass components would be submitted to HTC would be necessary to understand the undergoing reaction mechanisms and synergistic effects. The dashed lines represent the predicted values from the models. 
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 1 Performed tests and corresponding values of severity (logR 0 ).

	Olive Stones		Beechwood	
	Test conditions	logR 0	Test conditions	logR 0
	160ºC, 6h	4.32	160ºC, 1h	3.54
	170ºC, 2h	4.14	160ºC, 2h	3.85
	170ºC, 4h	4.44	160ºC, 3h	4.02
	170ºC, 6h	4.62	160ºC, 6h	4.32
	180ºC, 2h	4.43	160ºC, 12h	4.62
	180ºC, 4h	4.74	160ºC, 24h	4.92
	180ºC, 6h	4.91	180ºC, 1h	4.13
	190ºC, 4h	5.03	180ºC, 2h	4.43
	190ºC, 6h	5.21	180ºC, 3h	4.61
	190ºC, 8h	5.33	180ºC, 6h	4.91
	200ºC, 2h	5.02	180ºC, 12h	5.21
	200ºC, 4h	5.32	180ºC, 24h	5.51
	200ºC, 6h	5.50	200ºC, 1h	4.72
	220ºC, 2h	5.61	200ºC, 2h	5.02
	240ºC, 1h	5.90	200ºC, 3h	5.20
	240ºC, 2h	6.20	200ºC, 6h	5.50
			200ºC, 12h	5.80
			200ºC, 24h	6.10
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