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Introduction

Hydrothermal carbonization (HTC) of biomass takes place in a closed reactor
at temperatures between 180 - 260° C and self-sustained pressure using the
influence of subcritical water as a reaction medium. In most cases, treatment
duration is within the range of 1-24 h. The outcomes of the process are, a
solid material with a higher carbon content, called hydrochar and the residual
HTC wastewater. Due to their surface structure and tunable properties,
hydrochars have been applied as solid fuels, soil conditioners and
adsorbents”.

Miscanthus giganteus, a perennial purpose-grown crop, has been primarily used
as an energy source. However, with low bulk density and moisture and
significant transportation costs, thermochemical pretreatment of this
feedstock has been suggested as the best way to overcome these issues and to
increase its use-value. Besides, miscanthus is characterized by a very low
ash content and this attribute is advantageous for HTC?.

The scope of this work was to offer new insights into the application of
miscanthus hydrochars as adsorbent materials. The main objectives were the
following: a) valorization of Miscanthus giganteus for the production of an
added-value material (adsorbent) at different HTC temperatures and a short
residence time b) application of the ’'as produced” hydrochars in the
adsorption of Cu? and NH,* ¢) investigation of the influence of the production
temperature and correlation of the process severity to the properties and
adsorption behaviour of the samples
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Exper imental method

Miscanthus giganteus biomass was air-dried and homogenized to a fraction
below 1 mm. NH,” and Cu* test solutions were prepared by dillution of the
respective stock solutions (1000 ppm), which were prepared by dissolution of
NH,Cl (Sigma Aldrich) and CuSO, 5H,0 (Sigma Aldrich) salts, respectively.
Ageuous solutions of NaCl0, (Sigma Aldrich) were used as background eletrolyte
for the investigation of the effect of ionic strength.

The HTC of the biomass was performed in a high-pressure laboratory autoclave
(250 ml capacity, Carl Roth, Model II), at temperatures of 180, 200, 220,
240, and 260° C) at a rate of 4° C min' and treated for 60 min. After
treatment the autoclave was allowed to cool to room temperature and the solids
(hydrochar) were recovered by vacuum filtration. All experiments were
performed in triplicate. The produced miscanthus hydrochars were repeatedly
washed with ultrapure water and dried at 105° C for 12 h followed by storage
at 4°C waiting further analyses. No activation or other modifications were
performed. The miscanthus hydrochars were coded as MIS-180, MIS-200, MIS-220,
MIS-240 and MIS-260 and these names will be used thereof.

Mass yields (%) of hydrochars were calculated based on weight measurements
of miscanthus before and after HTC. Hydrochars were characterized by elemental
analysis (C, H, N content), ash content analysis, Fourier-transform infrared
spectroscopy and X-ray photoelectron spectroscopy. The oxygenated surface
groups were determined by the Boehm titration.

The cation adsorption was investigated at pH 5.5 and pH 5.0 for the Cu* and
NHs*, respectively, under ambient conditions. The initial cation concentration
was varied between 5 and 200 mg L™, the contact time to reach equilibrium
was set at 24 h and the determination of Cu* and NH,” in the solutions was
carried out potentiometrically by means of the corresponding ion selective
electrodes. The kinetic experiments were carried out under similar conditions
using the MIS-180 hydrochar at cation concentrations equal to 100 mg L.

Results and discussion

The C, H, 0, N and ash content of the MIS samples were within the typical
range of hydrochars prepared from this biomass®. The fixed carbon and total
carbon content increased with temperature, whereas the yields followed the
opposite trend. This was due to the increasing lignin content which remained
essential ly undegraded in the range of 180 - 260°C and became part of the
zradual ly decreasing mass of hydrochars
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Table 1. Properties of miscanthus biomass and the produced hydrochar samples
No sulfur was detected in any of the samples
Sample Ash  Fixed Cay () Hay 0 N Mass Volatile H/GC  0/C

(%  Carbon % % %) yield matter
(%) (%) (%)
Miscan 2.67 6.25 4410 5.71 47.17 0.30 84.02 1.57 0.8
thus
MIS- 1.50 10.83 47.92 6.10 44.27 0.22 73.00 82.30 1.52 0.69
180
MIS- 1.07 16.82 49.13 5.98 43.61 0.22 54.00 80. 44 1.46 0.66
200
MIS- 0.88 22.90 51.63 5.91 41.42 0.17 51.00 74. 36 1.37 0.6
220
MIS- 1.49 27.51 65. 35 .34 28.95 0.37 49.18 68. 89 0.98 0.33
240
MIS- 1.41 37.65 68. 99 5.07 25.56 0.39 35.04 59. 25 0.88 0.27
260

Figure 1 shows the Van Krevelen diagram for the original miscanthus and the
respective hydrochars. Both H/C and 0/C ratios decrease almost linearly with
temperature, whereas the slope of the linear fit establishes dehydration as
the dominant pathway during the process. The excellent |inear agreement
between the H/C and 0/C values is due to the uniform HTC conditions throughout
all experiments and the low initial ash content of miscanthus. Both ratios
decrease as oxygen and hydrogen are removed as GO, G0, H,0 and other 0- and
H-containing volatiles, resulting in carbon-richer hydrochars
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Figure 1. Van Krevelen diagram of the miscanthus and the hydrochar samples
used in this study
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Table 2 shows a gradual decline of the adsorption capacity for the NHs cations
as we proceed from MIS 180 to MIS 260. On the other hand, in the case of the
Cu* cation adsorption there is dramatic decrease when the higher temperature
hydrochars were used (MIS 200 - 260). This observation is most probably
associated with the decomposition of oxygen-containing moieties which form
stable inner-sphere complexes with Cu®cations. Generally, as 0/C decreases
with increasing temperature, the adsorption mechanism shifts from mainly ion
exchange based to physisorption (van der Waals, London dipole), resulting in
sorption capacity reduction due to the weaker nature of physisorption.

Table 2. g., and R values by applying the Langmui/r isotherm model to the
exper imental data obtained for the adsorption of NH," and Cu® cations on the
MIS samples

Sample NH,* Cu?
Gex (mg g7 R Gex g g) R

MIS-180 11 0.998 301 0.985
MIS-200 50 0. 987 14.3 0.927
MIS-220 21 0.998 59.1 0.993
MIS-240 23 0. 985 23.0 0.968
MIS-260 39 0.993 33.9 0. 981
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