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We investigate a vibratory compaction process for a macronization (and densification) of carbon nanomaterials such as few-and multilayer graphene (FLG and MLG) in order to decrease their dust forming and consequently their cyto-and ecotoxicity. Preliminary compaction shows that new interesting variable macro-shapes of FLG/MLG materials (plates, spheres) are formed depending on the morphology of their (nano)microscopic counterparts.

Such compactions of nanocarbons give more insight the potential use of graphenes in compaction technology of building materials (concrete). Since the vibratory compaction is performed in µms sieves system, the separation of variable size graphenes is an additional advantage.

Keywords: vibratory compaction, graphene, concrete, toxicity, sieves separation A macronization of nano(macro)materials are of high importance in view of their potential applications. Several types of macronization of carbon nanomaterials are developed depending on final performance requirements. These are e.g. filtration, alignment, entwining [START_REF] Strivastava | Carbon nanotube filters[END_REF][START_REF] Deneuve | Bucky paper with improved mechanical stability made from vertically aligned carbon nanotubes for desulfurization process[END_REF][START_REF] Koziol | Highperformance carbon nanotube fiber[END_REF][START_REF] Janowska | Macronized aligned carbon nanotubes for use as catalyst support and ceramic nanoporous membrane template[END_REF][START_REF] Sun | The Alignment of Carbon Nanotubes: An Effective Route To Extend Their Excellent Properties to Macroscopic Scale[END_REF]. The macronization process can aim also to decrease the dust forming of nanomaterials.

The successful commercialization of carbon nanomaterials is warranted provided safety, health and environmental concerns are appropriately addressed [6]. Toxicological studies demonstrate that most of FLGs with lateral size greater than 20 µm are still respirable due to the ultrathin third dimension [START_REF] Schinwald | Graphene-Based Nanoplatelets: A New Risk to the Respiratory System as a Consequence of Their Unusual Aerodynamic Properties[END_REF]. Surface area, layer number, lateral dimension, surface chemistry and purity are the morphological parameters determining a safety of graphene materials [START_REF] Sanchez | Biological Interactions of Graphene-Family Nanomaterials: An Interdisciplinary Review[END_REF]. On the other hand, graphene based nanomaterials (graphene, GO, few layer graphene, CNTs) find more and more potential or existing applications in our daily life. One of them is concrete construction components, in which graphene materials reduce thermal cracking and improve durability, among others [START_REF] Chuah | Nano reinforced cement and concrete composites and new perspective from graphene oxide[END_REF][START_REF] Sanchez | Nanotechnology in concrete-A review[END_REF][START_REF] Sedaghat | Investigation of Physical Properties of Graphene-Cement Composite for Structural Applications[END_REF].

At present, we propose a vibratory compaction as a potential way to macronize and density increase FLG/MLG. The spreading and compacting of powders by shaking is well known in powder metallurgy and concrete processing [START_REF] Angelo | Compaction of Metal Powders. Power Metallurgy: Science, Technology and Applications[END_REF]. The approach of species during a shaking process causes an increase of contact between surfaces of two species, and increases the temperature due to the friction which enhances the adhesive forces.The compacts are formed due to the mechanicalinterlocking of the species. The agitated particles with different size packtogether, while the low size particles occupy the space between the large size particles [START_REF] Angelo | Compaction of Metal Powders. Power Metallurgy: Science, Technology and Applications[END_REF]. Pressure and heatare not used in the vibratory compaction but only the kinetic energy, whose transfer depends on several parameters, such as amplitude, acceleration and frequency of oscillation, time, distance, etc….acts [START_REF] Gray | Energy Transfer during Vibratory Compaction of Powders[END_REF]. It is not rare that lubricants are added during compaction process to decrease a friction between working surfaces, which consequently lower the energy required for compaction.

Here, FLG and MLG are submitted to mechanical vibrations, i.e. a combination of horizontal and vertical vibrations in the standard metal sieves (Retsch, AS 200, 50/60 Hz) for 1-2 h, with 80amplitude.The FLG was prepared from synthetic graphite, according to a previously reportedmechanical ablation process, which is characterized by low selectivity towards the number and lateral size of the produced sheetswithin singular flakes [START_REF] Janowska | Mechanical thinning to make few-layer graphene from pencil lead[END_REF]. The average number of the sheets, foundby TEM analysis,is 5; their lateral size varies from 0.5 to tens of microns with an av. value of 5 µm (Fig. 1A); and surface area is c.a. 400 m 2 /g. Simultaneously to the compacting process the FLG is separated by sieving (80 µm) on two different batches; the one with an excess of larger lateral size flakes and the second with an excess of lower lateral size particles. The flakes with greater lateral size have than higher surface-to-thickness ratio exhibiting more important 2D characteristic.

The Fig. 1B and Fig. 2 present the optical photos, SEM micrographs of compacted FLG flakes with different macroscopic morphologies and corresponding XPS spectra before/after compacting. The compacted flakes with bigger lateral size reveal plate forms with 2D specificity (Fig. 1). In turn, the batch of lower size FLG sheets shows higher degree of spreading (in the by-product) and the compacted product is an assembly of FLG particles in form of macrospheres (Fig. 2). According to the known solid lubricant properties of graphite [START_REF] Dienwiebel | Superlubricity of Graphite[END_REF][START_REF] Liu | Observation of Microscale Superlubricity in Graphite[END_REF], the lamellas in the FLG materials are shearing over each otherwith very low friction during vertical vibration and the energy required for compaction is very low. On the other hand the horizontal movements cause the overlapping of the flakes and their easy stacking due to van der Waals interactions, which results in higher density in the Y direction. The macroscopic form of compacted FLG material depends on the initial shape of the FLG flake, but also on the size of the spread materials. The formed spheres seem to have lower density than the plates. This is a result of lighter, highly spread particleswhich also exhibit a lower surface to interact with one another in the planar direction due to the irregular structure and the final interlocking is impeded. The higher optimal frequency of compacting should also be applied if the fraction of largest particles is greater, while higher frequency that the optimal one gives disruption and not packing.Also, for maximum packing the amplitude must be equal to the particles size, here the amplitude of 80 corresponds to the fraction with the excess of large size flakes.

The second, MLG material,origins from expanded graphite and is obtained by liquid exfoliation in the presence of surfactant [START_REF] Vigneron | Hydrophobic gold catalysts: from synthesis on passivated silica to synthesis on few-layer graphene[END_REF]. Although the MLG is thicker [START_REF] Bianco | All in the graphene family -A recommended nomenclature for two-dimensional carbon materials[END_REF], the lateral size of the sheets is more homogenous and considerable, i.e. few tens of microns. Before being compacted the MLG is filtered. The filtration is commonly applied for the preparation of carbon "buckypapers" for several specific and advanced applications such as electrode/actuators/ catalyst support/carbon membrane; and can be considered as a macronization process. Although a quantity of the filtered nanomaterials is limited. High pressure drop of afilter systemoccurs with an increase of filtered material, especially in the case of 2D materials where pores in the paper disappeared due to the planar stacking of the sheets. The densification in all cases neitheralter further use of FLG/MLGwhich, after compacting may easily be re-dispersed in adequate solvents; nor alter significantly the surface chemistry of FLG/MLG. The oxygen content in the FLG spheres (XPS) remains at the initial 2%, a negligible increase of at. O from 1.2 to 1.7 is detected for MLG plates. Only FLG plates reveal an oxygen increase to 4%, which can be related to the non-homogeneous distribution of the higher structure irregularity, low spreading degree during compaction and then more strained mechanical interlocking, which lower edges stability.

In conclusion, the present preliminary studiesdescribe the densification of graphene based materials via non-invasive, simple vibratory compacting. A new generation apparatus not only offer vertical/horizontal, but also planar and circularvibrations, and may allow access to new interesting and advanced compacts. Highly controlled compacting parameters may be also adapted to the morphology of the carbon (and others) nanomaterials which will result in high density but non-disrupted compacts.The proposedcompacting process may be a potential solution to decrease the dust formation of the FLG materials, and consequently a way to lower their cyto-and ecotoxicity. The resulting compacts of the FLG/MLG reveal the behavior of graphene based materials during vibratory compaction, which can help to produce their composites for example in the construction technology.

In addition, the vibratory sieves fraction (separate) the FLG flakes of varied lateral size, which is of significant importance for many other applications.
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 1 Fig. 1 (A) TEM and SEM micrographs of plates-like compacts of FLG (optical photo); XPS
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 2 Fig. 2 Optical photo and SEM micrographs of FLG spheres.
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 3 Fig.3 Optical photos, SEM micrographs and XPS spectra of MLG before/after compacting.