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• Non-oxidative hydrothermal processing of high concentrated IPA-Water solutions is safe.

• Combustible gases produced at temperatures ≥ 300 °C and Hydrogen gas at ≥ 550 °C.

• Moderate to high organic matter removal yielded at 300 & 550 °C without catalyst or oxidant.

Purpose

Water itself and alcohols have been pointed out repeatedly in the literature as adequate solvents for reclaiming the carbon fibers contained in composite materials by hydrothermal liquefaction/solvolysis, although very few used isopropanol (IPA) [START_REF] Zhang | Current status of carbon fibre and carbon fibre composites recycling[END_REF][START_REF] Morin | Near-and supercritical solvolysis of carbon fibre reinforced polymers (CFRPs) for recycling carbon fibers as a valuable resource: State of the art[END_REF]. IPA is known to be a major component of the solution for cleaning/drying of wafers within the growing semiconductors manufacture industry; those solutions usually contain from 40 to 70 wt.% of IPA [START_REF] Lin | Recovery of IPA from waste solvent of a semiconductor plant[END_REF][START_REF] Park | Interfacial and electrokinetic characterization of IPA solutions related to semiconductor wafer drying and cleaning[END_REF]. So, wouldn´t it be profitable to use the wafers spent cleaning solution as solvent in the hydrothermal reclaim of carbon fibers? Ideally, that would mean the management and valorization (organic matter removal, waste to energy in the form of H2/CH4) of a spent waste (wafers cleaning solution) to recover a high added value material (carbon fibers from composite off-cuts or obsolete composite parts). Two major objectives are to be highlighted in this work, which was performed as a preliminary step in the framework of the Circular Economy applied to the reclaim of carbon fibers embedded in composite off-cuts from the aeronautical industry: on the one hand, it was necessary to understand and describe in situ by ourselves the behaviour of the high concentrated solvent mixture IPA-water under several hydrothermal conditions and liquid influent volumes of hundreds of millilitres for the sake of experimental safety and logistics; on the other hand, and as far as authors of this work are aware, no studies have been published on the simulation of hydrothermal processes in batch reactors up to this date, so we aimed here to propose a preliminary approach on that.

Materials and methods

Experiments were performed in a 1 liter PARR 4570 Series 316 stainless-steel non-stirred batch reactor, able to operate at 570 °C (accuracy ±3 °C) and pressures of up to 277 bara. Deionized water and pure IPA were used to develop the influent solutions (total initial volume (Vi) from 100 to 550 mL], ranging from 5 to 60 wt.% IPA. Prior to each test, and to assure that no oxygen was present during the experiments, the reactor was gently purged with nitrogen. Initial reactor pressure (Pi), required to reach the final testing pressure, was also attained using nitrogen (only required in one of the performed experiments). Temperature, pressure, and reaction time ranged from 250 to 550 °C, 125 to 250 bar, and 30 to 120 min, respectively. Liquid effluent was analyzed for pH, conductivity, chemical oxygen demand (COD) and total organic carbon (TOC). Composition of the gaseous effluent (H2, CO2, O2, N2, CH4, CO) was also analysed by GC, using helium as carrier gas. An attempt to simulate the entire experimental hydrothermal test was done using the modelling software Prosimbatch © . Prior to run the simulation, simplified and reasonable hypothesis were adopted.

Results and discussion

Hydrothermal operation (15 experiments + 4 replicates) was smooth and safe, without occurrence of any temperature or pressure spikes. The highest net increment of produced overall combustible gases pressure (10 bara) was attained in two of the tested conditions: 300 °C, 120 bara, IPA 40 wt.% (Vi = 400 mL), Pi, N2 = 1 bara, 120 min// 300 °C, 105 bara, IPA 20 wt.% (Vi = 450 mL), Pi, N2 = 1 bara, 120 min. However, in terms of Hydrogen Efficiency (HE = [((4*mol_CH4, OUT) + (2*mol_H2, OUT))/mol_H IN]*100) the results were negligible at those conditions and even when operating at 450 °C; only when operating at 550 °C a perceptible hydrogen production (HE = 16.75%) was achieved [550 °C, 230 bara, IPA 5 wt.% (Vi = 100 mL), Pi, N2 = 1 bara, 40 min]. Also, to be highlighted is the fact that no net increment of overall combustible gases pressure occurred when: 1.-operating with water-IPA 40 wt.% solutions at 250 °C, or 2.-operating with water-IPA 60 wt.% solutions at 300 °C. Regarding organic matter removal, considerable COD removals (71%) were only obtained when operating at 550 °C; nevertheless, we detected signs indicating that the operation at 300 °C, 150 bara, IPA 10 wt.% (Vi = 200 mL), Pi, N2 = 36.2 bara and 120 min can also yield a remarkable COD removal (74%). Finally, it is worth to mention that operating at 300 °C, IPA 40 wt.% (Vi = 200 mL), Pi, N2 = 37.4 bara and 120 min, a sudden and well-marked drop of temperature and pressure, followed by a temperature recovery and a unexpected and sharp, while controlled, increase of pressure (up to 196 bara) was detected after 15 min at 300 °C and 137 bara; according to our understanding and based on evidence in the literature [START_REF] Anikeev | Kinetics & thermodynamics of 2-propanol dehydration in SCW[END_REF], this phenomenon is related to the critical point of the particular influent mixture water-IPA-nitrogen employed in that test, and have an impact in the yielded results. Calculated evolution of the pressure is restored according to the initial raise in temperature from ambient to operating. Simulations were running with or without reactions.

Conclusions and perspectives

Non-oxidative hydrothermal batch process using IPA-Water solutions with considerably high concentrations of IPA is safe, either under sub-or supercritical water conditions. In general, temperatures over 500 °C were required for the significant production of Hydrogen gas. However, considerable net increment of produced overall combustible gases pressure and organic matter removal can be attained with lower temperatures, even 300 °C. Some hydrothermal tests can be simulated, but not all. This could be due to the change in the number of phases during the experiment. A plot of the phase envelope of simplified mixture seems to demonstrate that and it should be further investigated.