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Introduction

Grape marc waste generated from agro-industries have large deposit in the world (Food and Agriculture
Organisation FAO, 2006; Celma et al., 2012). To minimize environment impact and to recycle such harmful
residue, several recovery methods have been proposed. In particular, grape marc waste can be used as starting
material for the production of added value products (i.e. alcohol, tartar, yeast, phenol compounds, oil,
pharmaceuticals and cosmetics), as decontaminant for metal rich (copper and nickel) effluents, as feedstuff and
organic fertilizer for soil. However, numerous applications have been abandoned due to the difficulty of grape
marc to be biologically processed (high content of lignin and tannin) and for the high C/N ratio that is not adapted
for soil amendment. A promising way for grape marc recovery is the chars production using pyrolysis technique.
These chars that can be applied in different applications including adsorption for gas and water pollutants removal,
hybrid composites formulation, .....

Grape marc, as all lignocellulosic biomass, consists mainly of cellulose, hemicellulose, and lignin and contains
small amounts of minerals. These latter include significant amounts of alkaline and alkaline-earth species such as
potassium, sodium, magnesium and calcium, which are essential nutrients of plants. Various studies have
examined the effect of the inorganic elements on the pyrolysis process and reported many contradictory results on
their catalytic effect (Khelfa, 2013; Hwang, 2015; Eom, 2012).

In this context, the present investigation has been conducted with the aim to study the effect of minerals, and more
specifically the role of potassium and magnesium species, on the pyrolysis process of grape marc as well as on the
properties of chars which are key parameters for defining the suitable recovery process.

Methodology

The washed grape marc was impregnated with Mg- and K- chlorides and then the derived chars were elaborated
in a tubular pyrolysis oven working under nitrogen flow at 300, 400, and 500 °C (CMR300, CMRu400, and CMRsqg,
respectively) for the raw (B), washed (L) and impregnated samples (K, Mg).

A multi-technique characterization approach (SEM-EDX, Raman and infrared spectroscopy, XRF, CO.-
adsorption isotherms) was performed to highlight any morphological and physico-chemical changes on the chars
obtained at different pyrolysis temperature and in the presence (or absence) of added inorganic salts.

In parallel, thermogravimetric analysis at various heating rates (from 1 to 15 °C/min) were used to investigate the
pyrolysis behaviour of the raw (MR-B), washed (MR-L) and impregnated biomass (MR-K, MR-Mg). The role of
each added inorganic element on the pyrolysis process was compared by determining the apparent activation
energy of the degradation reaction by application of the Kissinger equation.

Results

Concerning the char yield production at the various pyrolysis temperatures, a decreasing in char production can

be noticed for the washed biomass. Such result can be of course due to the presence of a lower amount inorganic

residue at the end of the pyrolysis process, but it can also be connected to the fact that inorganics display a catalytic
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FTIR results. The band placed at 1743 cm, that
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obtained at 400°C than for those obtained at 300°C, and they completely disappear for those pyrolized at 500°C.
Bands at 1450 and 1606 cm™! appears for the chars obtained at 400°C, and two more supplementaruy peaks at
1450 and 1580 cm™*for those obtained at 500°C. These bands indicate the formation of C=C bonds (formation
of aromatic compounds).

The different samples showed the same carbon structure, as noticed by comparing the Raman spectra that in each
case display two well defined D and G peaks. By increasing the temperature, the G band moves towards higher
wavelengths, due to the formation of more complex aromatic systems in the char structure. The increasing of the
temperature from 400 to 500°C does not impact the Ip/lg ratio. This ratio is indeed expected to vary only at higher
pyrolysis temperature. The addition of inorganic salt would theoretically increase the disorder in the carbon matrix,
but such an augmentation of the Ip/lg ratio was not observed. The amount of deposited salt was probably too low
to provoke the structural modification.

In the same way, no dramatic differences were found in the morphology of the chars prepared in presence of K
and Mg species, but the stronger interaction of Mg-species was clearly evidenced by SEM microscopy (Figure 1)
and EDX: Mg-species are homogeneously distributed into the chars’ pores, while K-species forms crystallites
dispersed on the external surface (Figure 2 and 3).
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Fig.2. Photo SEM of the chars obtained at Fig.3. Photo SEM of the chars obtained at
400°C from the Mg-impregnated biomass 400°C from the K-impregnated biomass.
Table 1. Composition and morphological properties of chars obtained by pyrolysis at 500 °C
Char XRF analysis (%) Sco2 Vb coz
Sample (m?/g) (<1nm)
K Mg (cm®/g)
CMRs00-B 1.97 0.35 189 0.054
CMRsg0-L 0.13 0.23 213 0.059
CMRs00-K 2.73 0.07 225 0.065
CMRs00-Mg 0.04 2.29 220 0.061

The potassium and magnesium content for the different chars is reported in Table 1. It is worth to notice that the
char derived from the raw biomass (CMRsgo-B) already present a quite high amount of potassium. As expected,
the specific surface and porous volume values (measured by CO; adsorption at 0°C) are higher for the samples
derived from the washed biomass; the accessibility to the ultramicro- and micro- pores increases by eliminating
the impurities blocking the access to the pores. The higher pore volume of the CMRsg-K and MRsg-Mg samplesis
probably due to the further washing performed during the salt impregnation procedure.

In conclusion, the low amount of deposited salt presents only a slight impact the physico-chemical properties the
char produced, but modification in the mechanism and kinetics of pyrolysis can be expected. A deep analysis of
the TG analysis realized for the different biomass will clarify this point by comparison of the thermogravimetric
curves and activation energies of the different biomass samples.
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