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Graphene nanosheets solvents

Scientific and technological research in electronics, life sciences, energy and the environment faces challenges in the performance, functionality and sustainability of key materials [1]. Advanced materials play a significant role in overcoming major challenges and achieving breakthrough solutions for technological and
practical applications. These materials include carbon-based nanomaterials such as soot, carbon nanotubes (CNT), carbon nanofibres and graphene. These advanced carbon nanomaterials are widely used in various important applications such as energy harvesting and storage, detection, catalysis, transistors and
plaster protection [2-11]. Pollution caused by oil, petroleum products and toxic organic solvents poses a major threat to the ecosystem and the marine economy. Porous adsorbents are used to solve leaks in organic oils and solvents. Natural porous adsorbers such as wool, sawdust, consistency and zeolites are
traditionally used to clean leaks due to their availability [12-14]. However, these conventional materials have a low oil adsorbing capacity (less than 10× own weight) and characteristic high water adsorption, making it difficult to extract and recycle these adsorbents. Hydrophobic and microporous polymers are formable.
Furthermore, these materials can adsorb from 5× to 25× their own weight in both oils and organic solvents, of which up to 80% can be extracted by extrusion [15, 16]. Extended graphite is an important alternative to cheap oil removal. This material has demonstrated a high adsorption efficiency of up to 83× its own weight,
and up to 70% of adsorbates can be taken by vacuum filtration [17]. However, solid particles do not show high adsorption of organic solvents, while the powder form is difficult to use and the material can only be recycled several times (only 17% of the capacity remains after five cycles) [18, 19]. The development of new
materials that can effectively and reversiblely remove organic solvents and oil spill contaminants is crucial for future oil spill treatment and water reclamation required for environmental protection. Three-dimensional (3D) spongily graphene with a high surface area, uniform structure, chemical stability of organic solvents,
the ability to maintain structural completeness at high temperatures and highly hydrophobic and oleophilic surfaces are feasible candidates for adsorbers. Graphene sponges have shown significant improvements in the loading capacity of organic oils and liquids, as well as the possibility of reuse, compared to existing
adsorbents. We have previously studied the use of spongy graphene as a highly efficient adsorbent for oil and organic toxic for the first time [20]. Graphene adsorbed to 86× own weight. We have also increased the ability to spongiglass graphene by one size [21] and we developed cheap carbon fibre-based adsorbents
made of cotton [22] and recycled paper [23]. In addition, together with graphene, different types of nanomaterial carbon adsorbents were widely for the removal of organic impurities and heavy metal ions [24-28]. This area of field research has shown great development. Figure 1A shows a short timeline of these
adsorbents. The adsorption capacity of different 3D graphene and carbon-based materials was compared and the results are shown in Figure 1B. Figure 1:Download figure Figure Download as PowerPoint slide(A) A short timeline in the development of graphene and carbon-based materials as adsorbents. (B)
Comparison of adsorption capacity of different adsorbents. The estimated cost of these adsorbents was based on the cost and availability of precursors, the manufacturing process, the heat treatment of materials, the convenience and use of materials and the recyclability of materials. Reproduced with consent: (A), Refs.
[20–23, 29, 30]. Copyright: (A) 2012 Wiley, 2013 Wiley, 2013 Royal Society of Chemistry, 2014 Wiley and 2015 American Chemical Society.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062See graphene and other carbon-based adsorbents [24-39]. Current adsorbents can be obtained by various
procedures, including direct gelling of materials with a high aspect ratio, such as direct gelling of materials with a high aspect ratio (e.g. graphene and CNT) [20, 21, 25, 27, 30], pyrolysis of natural fibres or artificial products (e.g. cotton [22], recycled paper [23], even plants [38, 39]) and chemical vapour deposition (CVD)
[34-36]. These techniques are used for the synthesis of hydrophobic and low-density porous structures. However, each method uses different starting materials, temperatures and additives according to the target products. The bottom-up growth of nanomaterials such as graphene and CNT could offer a fundamentally
different procedure to achieve macro-scale 3D architecture with well-defined porous sponge structures. However, the top-down procedure makes full use of the existing porous scaffolding. The hydrophobic properties of existing scaffolds can be enhanced by heat treatment of carbonization or surface coating of
hydrophobic materials. Significant development, wide potential use and numerous differences in spongiform graphene and other carbon-based adsorbents demonstrate the benefits, potential uses and disadvantages of these materials. This document aims to review the continuous development and challenges in
adsorbent production in a broad perspective. We also emphasized a fundamental understanding of the synthesis and characteristics of graphene and other carbon-based materials. Recent publications have also discussed the future prospects and application areas of high-performance sponges. Graphene, which is one
of the advanced carbon nanomaterials, is a two-dimensional (2D) single sheet of carbon atoms arranged in a hexagonal network. Pristine graphene sheets obtained by mechanical exfovity [40] exhibit exceptional properties such as high surfaces (2630 m2 g-1), high thermal conductivity (5300 W mK-1), Young module (1
TPa), strong strong and high electron mobility (2.5×105 cm2 V-1 s-1) [41]. However, this type of graphene is not suitable for applications requiring large amounts of graphene. This type of graphene is economically inefficient, especially when used as adsorbents. In this way, several low-cost methods of mass production
were developed. Graphene-based adsorbents with ordered 3D networks can usually be obtained through a variety of procedures, including the interaction of self-assembly graphene oxide (GO) during reduction, direct drying solution, CVD, surface coating on scaffolding skeletons and expansion of compact GO films. The
following subsections will provide a deeper discussion of these methods. GO is currently the most common and important precursor to the preparation of graphene materials. Graphene can be controlled to form a superhydrophobic material [42]. This material can be produced in a porous sponge-like cylinder in a special
drying process in which strong interactions of GO sheets in water play a significant role [43]. Changing hydrofilicity during GO reduction allows you to increase strength and control pore size. What's more, the interactions between GO sheets are strong enough to allow solutions for direct freezing to produce ultralight
sponges. In addition, some challenges and process variability also require greater development in order to achieve optimal and consistent results. GO can be prepared by intercalation and oxidation of graphite powder usually by a modified method (44), in which sulphuric acid and potassium permanganate are the key
components (45, 46). In this way, functions consisting mainly of epoxy and hydroxyl groups could be created, and these groups are highly hydrophilic and form strong hydrogen bonds with water [47]. In addition, water intercalation may extend the mesh, increasing the distance between graphite planes from 0,335 nm to
0,6 to 1,2 nm (48). Van der Waal bonding forces can be easily overcome after strong mixing or sonication to form thin mono- or multi-layer GO materials [49, 50]. The synthesis process is schematically shown in Figure 2.Figure 2: Download Figure Download as PowerPoint SlideSydycheczna for rough graphene
synthesis. 1. Oxidation of graphite to graphite oxide with greater interlayer distance. 2. Exfoliation of graphite oxide in water by sonication to obtain graphene oxide (GO) colloids stabilized by electrostatic retension. 3. Controlled conversion of GO colloids to conduct graphene colloids by deoxidation by reducing hydraine.
Reproduced with the consent of ref. [50]. Copyright: 2008 Nature Publishing Group.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062 3D graphene tombs can be generated by using water-soluble GO properties to produce high concentration solutions and alkali [51]. GO sheets can be easily dispersed
evenly in water due to their hydrophilia and electrostatic repelment effects [52]. Carboxylic acid groups carboxylic acid to go sheets can ionize, resulting in carboxylic ions containing negative charges. Some groups of carboxylys are removed as reactions progress, such as reactions for tens of minutes, thereby reducing
the fees for some GO sheets. Additionally, GO journals are snapped to those with fees at no charge to create large journals. The basic GO plane is eventually shifted from a hydrophilic state to a more hydrophobic regime. Hydrogen-water bonding is weakened and van der Waal's attractiveness between aircraft
increases, creating several sticky sheets of graphene. The sheets in the solution may begin to self-assemble if not disturbed, as schematically demonstrated by Bi et al. [53] in Figure 3. However, at a sufficiently high concentration, attractive forces between sheets and mutual restriction of mobility may lead to the
assembly of reduced graphene materials into a porous hydrogel, formed in the shape of an containment vessel (54). Further reduction of graphene materials as the C/O ratio of the net increases leads to stronger van der Waal forces as well as to a more rigid and denser self-assembled rGO hydrogel [55]. In addition, the
reduction can also be carried out by adding combining agents or more environmentally friendly reducing agents. The reduction process can be additionally supplemented by high temperature high-temperature cleaning. After installation, the structure is dried to prepare sponges. Two techniques are usually adopted,
namely freeze drying and drying at a critical point, to avoid the screening process during ambient drying. Both techniques reduce the stress of the pore structure by replacing the liquid with gas to form sponges, thus avoiding refilling and leading to a high surface area of the macro-scale sponge. Freeze drying usually
reduces capillary stress by overcoming the triple water point limit. This phenomenon lowers the water temperature and then converts it directly from solid to gaseous phase through low pressure. Figure 3:Download the Download Drawing drawing as a PowerPoint(A) hydrothermal reduction process slide. Porous hydrogel
is formed with the shape of an encapsulated vessel. B) Agglomeration with the addition of different amounts of ammonia. Graphene hydrogels with varying surface morphology were synthesized based on the amount of ammonia. The agglomeration of a relatively loose graphene hydrogel is demonstrated by black arrows.
Most GO sheets without fees for the first time attracted small GO sheets with negative fees and became large sheets. Large GO sheets eventually lost their fees and agglomerations easily due to the removal of carboxyl groups. The agglomeration of a relatively compact graphene hydrogel is indicated by green arrows.
Carboxyl groups ionize in COO-, which reduced the partial agglomeration of the initial small GO sheets. Go sheets became hydrophobic and COO groups were gradually removed, resulting in a compact uniform go sheets. Reproduced with the consent of ref. [53]. [53]. 2012 Wiley.Citation: Nanotechnology Reviews 5, 1;
10.1515/ntrev-2015-0062Personal solubility and hydrophilic edges of the created GO facilitate its good dispersion at high concentrations. An uneasy solution which exhibits sufficiently strong binding interactions may be directly freeze-dried to form go sponges, controlling its concentration between 1 and 15 mg ml-1 (55,
56). Figure 4A schematically illustrates the formation of a graphene sponge during rapid freezing of the solution. This process caused the internal expansion and macroscale cracking of the freeze-dried solution, and the pore size was controlled by a change in freezing point [57]. This phenomenon caused a block of
graphene sponge (Figure 4B). Figure 4C-G shows scanning micrographs of porous electrons of the structures of four graphene sponges made at different freezing temperatures of -170°C, -40°C, -20°C and -10°C. Figure 4H shows a qualitative diagram of the relationship between nuptiation and the growth of crystals as
a function of freezing temperature during ice clotting. Nucleation dominates the process at low temperatures, as opposed to the preferred crystal growth at high temperatures. The size of the ice crystals is not drawn in proportion to the size of the graphene sponge. Ice crystals are artificially demonstrated in the
background, based on facts scanning electron microstructures of microstructures. Improving the quality and strength of the GO network is important in the production of repeatable, scalable sponges. GO sponges have been reduced to rGO sponges to change the hydrophilic GO to the desired hydrophobic properties of
graphene to meet adsorbents requirements. However, using a chemical reduction of the solution with a reducing agent such as sodium borohydride, hydrazine, ascorbic acid and HI is difficult [47, 48, 58-61] because the reintroduction of GO sponges into high humidity and moisture can cause the sponge to collapse
rapidly. Instead, GO sponges can be reduced at relatively high temperatures (600-1000°C) in a dry environment with an inert gas atmosphere or at lower temperatures with strong reducing fumes, such as hydrasea fumes, forming a rGO sponge [62-64]. The speed of the temperature ramp in this heat reduction process
should not be too high. Otherwise, the sponge would suffer a thermal shock by rapidly releasing the gas and interfering with the integrity of the sponge structure [56]. Figure 4:Download the Drawing Download drawing as a PowerPoint(A) Slide Production of Improved Spongy Graphene. The components are not
intentionally pulled into the scale. (B) Macroscopic image of improved spongige graphene. (C-F) Scanning micrographs of porous electrons of the structures of four graphene sponges made at different freezing temperatures -170°C, -40°C, -20°C and -10°C. Scale bar: 500 μm. (G) High-magnification electron micrographs



of pore walls consisting of corresponding graphene nanoarkuszy (C). The average thickness of the pore walls is 10 nm. (H) Qualitative diagram between the two and crystalline increase in freezing point during ice clotting. Nucleation dominates the process at low temperatures, as opposed to the preferred crystal growth
at high temperatures. The size of the ice crystals is not drawn in proportion to the size of the graphene sponge. Ice crystals are artificially demonstrated against the background, actually scanning microconstructions of microstructure electrons. Reproduced with consent: (A and B), ref. [21]; (C-H), ref. [57]. Copyright: (A
and B) 2013 Royal Society of Chemistry; (C-H) 2013 Nature Publishing Group.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062CVD can be used to produce a monolith or several layers of graphene with very high consistency of choice comparable to pristine mechanically exfoliated small-scale graphene
[65]. In this growth process, three main components are required: metal catalyst, carbon precursor and high temperature at about 1000°C in a controlled atmosphere. Catalysts, such as Ni templates (Ni foams), usually play an important role in obtaining large amounts of graphene material for the 3D synthesis of CVD
graphene (CVD-G). The limited surface area of nickel films traditionally prevents cvd-g from being applied on a large scale or to a 3D structure. Rapid developments in this area appear to have been represented by the work of Cheng et al. in 2011 [66]. Sponge Ni was prepared for graphene growth, and a possible layer of
surface oxide on sponge Ni was removed by waning for a short period at 1000 °C at a 700-sccm gas flow consisting of Ar: H2 at 2.5:1. The source of methane carbon was introduced at a constant rate ranging between 2 sccm and 10 sccm during high temperature synthesis. After 5 minutes of carbon gas exposure, a fast
convection cooling rate of 100°C min-1 (Figure 5A) was applied. The quality of the resulting graphene was verified using Raman spectroscopy, which did not show a defect (D-Band) peak for CVD-G materials. The shape and position of the Raman 2D peak [67] also suggested a narrow distribution of thickness around
just a few layers. Graphene material is obtained by etching Ni with hot 3-frost HCl after the graphene coating has been growth. A sacrificial layer of PMMA was added before etching to avoid graphene network collapsing. In this way, the ni/graphene sponge was placed in a 4% PMMA solution (mean molecular weight, 1
million), and then a thin layer was formed by baking at 180 °C. After Ni was etched, PMMA was gradually removed by placing the CVD-G sponge in hot acetone. The sample was then evaporated to produce a large-sized graphene monolith (Figure 5B) and a porous structure (Figure 5C). In addition to using Ni as a
catalyst, single-layer graphene coatings were also produced using a copper sponge. This sponge had a lower carbon saturation level, as well as catalytic activity for the growth of graphene materials. The increase brought a similar result; however, the growth mechanism differs from ni, and the collapse of CVD-G sponges
was not stopped when Cu supports were used. In addition, similar high-quality CVD-G sponges have been achieved by others using ethanol as a carbon source or with slight fluctuations in flow and temperature (68-70). Figure 5:Download the Download Drawing drawing as a PowerPoint(A) GF synthesis and PDMS
integration slide. (1, 2) Cvd growth of graphene films (Ni-G, 2) using nickel foam (Ni foam, 1) as a 3D scaffold template. (3) Bred graphene film after coating with a thin layer wearing PMMA (Ni-G-PMMA). (4) GF coated PMMA (GF-PMMA) after etching ni foam with hot HCl solution (or FeCl3/HCl). (5) Free-standing GF
after dissolving the PMMA layer with acetone. (6) GF/PDMS composite after PDMS infiltration into GF. All scale bars are 500 μm. (B) Freestanding photo GF 170×220 mm2. (C) Scanning of the GF electron micrograph. Reproduced with the consent of ref. [66]. Copyright: 2011 Nature Publishing Group.Citation:
Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062The surface sheath provides a convenient way to control the shape and growth of graphics-based adsorbent designs. The resulting graphene materials are characterized by excellent structural integrity and reliable, long-term order. The sacrificial template is used as
a catalyst layer or skeleton supporting graphene and GO. Liu et al. [71] reported graphene sponges produced using polyurethane sponge (PU) as support. Graphene sheets together with Fe3O4 nanoparticles are decorated on a PU sponge through self-assembly. The well-defined pu amorphous skeleton is covered with
a thin layer of graphene and Fe3O4 nanoparticles. Tightly arranged layers in GO films have been used to produce free-standing graphene sponges. The use of thermal shock on GO films can lead to mixed results, achieving well-developed GO films. This method is still not widely used in the production of sorbents.
However, Niu and Others [63] tested controlled acidification of sealed free-standing graphite oxide films using small amounts of hydrasine. They produced flexible 3D rGO papers with surprising mechanical integrity (Figure 6), which still showed good oil capacity. Figure 6:Download the Drawing Download drawing as a
PowerPoint(A) Acidification Process slide to prepare the rGO foam. (B) Digital photo of free-standing rGO paper foam. (C) Large magnification of the micrograph of cross-sectional rGO foam scanning electrons formed after 10 hours in an autoclave at 90°C from 80 μl of hydrasine hydrasine monohydrate. Reproduced
with the consent of ref. [63]. Copyright: 2012 Wiley.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062Several graphene sponges have been shown as adsorbers for various oils, alkanas, water-soluble alcohols and organic solvents, with exceptional yield [29, 35, 72, 73]. Among these studies, we believe
that we have use of graphene sponge as adsorbent for organic oils and solvents (20). We used we used autoclave reduction to induce self-assembly and the creation of a 430 m2 g-1 graphene sponge. This graphene sponge adsorbed its weight many times (20 to 86 times). The graphene sponge with increased
efficiency and usability was prepared by directly lyophilizing solutions containing giant GO sheets. In this experiment, GO sheets in a sponge created a high level of flexibility after thermal reduction. In addition, the sponge was highly hydrophobic, which had an ultranist density of ~0.9 mg cm-3. The graphene sponge
produced had an increased adsorption capacity of one size compared to the previous one. The combination of these characteristics allowed the tested ultralight sponge to achieve an adsorption capacity of 110-616.4 g g-1, depending on the density of the liquid. Photographs illustrating the adsorption of oil and the
characteristics of the graphene sponge block, as well as an improved spongy block of graphene, are shown in Figure 7A. A sharp increase in the capacity of graphene sponge oil is shown in Figure 7B. Compared to conventional adsorbents, the adsorption capacity of this sponge showed a huge advantage. In addition,
heat treatment was easily used for evaporation of solvents due to the possibility of recycling graphene-based adsorbers due to thermal stability exposed by graphene sponges (Figure 7C). This process allows the user to reuse sponge materials (up to 99% of the remaining capacity after at least 10 cycles) (Figure 7D) and
restore the absorbed solvent condensate (99.9% restored for future use). The graphene sponge had great potential to become efficient and safe adsorbers for the reclamation of organic media in environmental protection and industrial processes. In addition, other groups reported similar studies on graphene sponge
adsorbents. Zhao et al. [54] reported a 400-m2 g-1 g-1 graphene sponge prepared by a similar thermal reduction process, but with thiourea mixing for functionalization and combined material. Moreover, this graphene sponge has even achieved a high adsorption capacity between 75 g-1 and 154 g g-1. Dong et al. [35]
used the CVD-G sponge to reach 48.5–71 g g-1. Coating macroporous sponges with dense CNT forest has given superhydrophobia (contact angle ~152°) on these sponges due to increased surface roughness, increasing adsorption capacity to 80-130 g-1 [34]. Sun et al. [29] presented an unusual high-performance
graphene-CNT sponge prepared by similar direct freeze-free GO sheets and CNT solutions. Adsorption capacity of as much as 215–743 g g-1 has been achieved. Figure 7: Download Figure Download as PowerPoint Slide (A) Top: Oil Adsorption and SG Block Characteristics adsorbing dodecane (stained Sudan red 5B)
at intervals of 40 sec. Down: Oil adsorption and characteristics of improved SG block adsorbing crude oil at intervals of about 10 sec. (B) comparison of adsorption capacity between SG and fortified SG. Almost achieved with the help of Sg. (C) Four-step SG recycling process scheme. The SG has been regenerated and
reused without affecting its performance when heated to a temperature around the adsorbate boiling point. The liquid can be evaporated, condensed and evaporated elsewhere. The SG material was ready for use in the next adsorption cycle without further process after a simple heat treatment. (D) Recyclable SG. (A)
SG repeatedly adsorbed toluene and released its vapor under heat treatment (105°C) for 10 cycles. The mass of SG in each cycle was measured before (black line) and after (red dotted line; taken away by dormant SG mass) heat treatment. The adsorbed mass of toluene ranged from 723 mg to 739 mg and the SG
weighed 13.7 mg. (B) Recycling of Dodecan (200°C). The conditions were similar to those described in (A). The adsorbed mass of dodecan ranged from 246 mg to 264 mg and the SG weighed 5.2 mg. (E) Diagram of experimental configuration for magnetic testing. (F) Fe3O4/GA remote control for oil adsorption and
recycling: Fe3O4/GA was guided by a magnet to switch to adsorb oil. After saturation, the oil was released from Fe3O4/GA by magnetic field compression. Regenerated aero gels have retained their original shapes. Reproduced with consent: (A, C and D), ref. [20]; (A and B), ref. [21]; (E and F), ref. [30]. Copyright: (A, C
and D) 2012 Wiley; (A and B) Royal Society of Chemistry 2014; (E and F) American Chemistry Society 2015.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062In addition to the oil capacity, another direction of graphene sponge synthesis is functionalization by doping. Some metal ions, such as Co2+ and
Ni2+, can act as cross-linkers for mounting GO in porous 3D gels [71], which increases go spongy flexibility. Furthermore, this Fe3O4/graphene aerochet (Fe3O4/GA) can exhibit up to 52% reversible strain due to magnetic field and strain-dependent electrical resistance due to magnetic particles such as Fe3O4
nanoparticles [30]. This material can be used to monitor the compression/stretching rate of the material, which will facilitate the development of intelligent oil adsorption/desorption control (Figure 7E and F). Other groups reported adsorbents based on graphene. Table 1 provides a brief summary of the comparison of
reported graphe-based adsorbents. Table 1Size of graphene sponge adsorbents. Synthesis methodAVeach/absorption capacity (g g-1)Desorption method/recycling timesSelf-assemblySG/20-86Ogly/10[20]HGA/21–77Heating/8[74]ss-GF/40–19 8pH change/10[75]F-rGO aerogel/34–112Heating/10[76]GHs/30–
40NA[34]Direct dryingE-SG/110–610NA[21]UFAs/215–7 43Heat foam/98–122NA[77]XPAA/rGO Aerogels/110–140NA[78]GA/100–260Heating/10[79]CVDG-CNT foam/48.5–5–1071Heating/6[35]Surface coatingMesoporous G/8–66Heating/10[80]MPG/9–27Squeeze/8[71]Termo expansionrGO foam/8–
46Heating/10[81]CNT-based materials are promising for environmental applications such as sorption, filtration and separation due to their light, high porosity and large surface area [82-84]. CNT are considered excellent adsorbents over various organic chemicals and inorganic contaminants with many advantages such
as stronger chemical-nanonorurical interactions, fast equilibrium rate, high sorbene capacity and customized surface chemistry. The method of synthesis and preservation of adsorption are as follows. Like graphene, CNT is also a workable building block for the synthesis of porous, lightweight and hydrophobic 3D
structures. CVD techniques have recently been used to prepare 3D structures consisting of free-standing vertically aligned CNT films [85, 86]. However, high costs are an obstacle to the development of adsorption. Chemical techniques such as self-assembly [87] and surface modification [88] have been developed.
These methods can use CNT properties. A macroscopic monolithic sponge can be synthesized by CVD. Gui and Others [36] used a precursor ferrocene solution in dichlorobenzene, which was injected at 860°C for 4 hours. The sponge consisted of CNT self-assembled in porous, interconnected 3D frames (Figure 8A).
Figure 8B shows a transmission electron micrograph with a large, thin-walled cavity. An illustration of a sponge consisting of CNT stacks (black lines) as a skeleton and open pores (empty space) is shown in Figure 8C. During the reaction, many catalyst particles were enclosed inside the pipe cavs, which may have had
ferromagnetic properties [89]. The growth rate along the thickness direction was approximately 2-3 mm h-1 and did not slow down throughout the process. Therefore, the production of sponges is scalable. Each micro-scale CNT creates a continuous frame with a high aspect ratio. Figure 8:Download Drawing Download a
PowerPoint(A) Monolithic CNT Sponge (4 cm×3 cm×0.8 cm) with a mass density of 7.5 mg cm-3 as a PowerPoint slide. (B) Transmission of a large-bayed electron micrograph, thin-walled CNT. (C) Illustration of a sponge consisting of CNT stacks (black lines) as a skeleton and open pores (empty space). Reproduced
with the consent of ref. [36]. Copyright: 2010 Wiley.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062The functioning of CNT can lead to the formation of free-standing CNT aero gels. CNT, functionalised by ferrocene-vaccinated poly(p-phenylenethylene), can gel ordinary organic solvents such as
chloroform to form robust networks of 3D nanotubes that cannot be shaken in any organic solvent [90]. CNT thermoprovoded aero gels were mechanically stable and rigid, as well as very porous (99%). These aero gels showed excellent electrical conductivity (1-2 S cm-1) and a large specific area (590-680 m2 g-1) [91].
The resulting hydrogels exhibited an intriguing one-dimensional alignment of single-walled CNT (SWCNT) on the surface of the This feature has increased the elastic properties and stability, and also provided an interesting electrical conductivity of 3.1 S cm-1 for the resulting hydrogels. However, the presence of
functional groups on CNT, which remained available after geling, allowed the conjugation of the properties of gels and nanostructured carbon materials [92]. Thus, organogelators have many advantages, considering that in addition to induction of gelling and the addition of additional properties to the resulting gels,
functionalization helps dispersion of CNT at the solution stage. Therefore, a homogeneous distribution of CNT was achieved throughout the resulting gel. Petrov et al. reported on ice mediates the deposition of individual CNT on the inner surface of the pre-macroporous polymer cryocele [93]. This method is quite
promising economically because it provided aero gels with a minimum amount of SWCNT (0.12-0.15 wt% relative to polymer) that showed a high electrical conductivity of 1 S cm-1. Moreover, any pre-formed aerożel (regardless of chemical nature and morphology) may ultimately be suitable for modifying the CNT
surface, given that a process based solely on freezing and freeze-breaking does not require any specific properties from the substrate. In addition, surface coating treatment with multi-walled CNT (MWCNTs) can be used for 3D collagen scaffolds and the resulting materials can be used to engineer bone tissue [94]. The
versatility in the type of substrate that can be used is not simple, because incorporating CNT as surface modifiers, rather than embedded in a polymer matrix, can help preserve the internal properties of the original aero gel, also enhanced by coated CNT. Moreover, Wang et al. [88] used CNT to produce a reinforced
superhydrophobic and superolofophilic polyurethane (PU) sponge for oil and water separation (Figure 9A). Digital photos showed the surface difference between a pristine PU sponge and a PU-CNT sponge (Figure 9B and C). Figure 9:Download Figure Download as PowerPoint(A) Slide The process of producing a
superhydrophobic and superoleophilic PU-CNT sponge. (B) Digital photos of water droplets and lubricating oil on a pristine PU sponge. (C) Digital photo of water droplets and lubricating oil on the PU-CNT sponge. Reproduced with the consent of ref. [88]. Copyright: 2013 Royal Society of Chemistry.Citation:
Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062CNTs are low surface energy materials similar to graphene. These materials may be synthesized into hydrophobic aerogels (36) using tailoring, density and porosity alignment. In this way, CNT can be used as sorbents. Gui et al. [36] reported the use of CNT
aerosols as sorbents for organic oils and solvents in 2010. Monolithic CNT aero gels with an adjustable density of 5 to 10 mg cm-3, an area of 300-400 m2 g-1 and a mean pore size of approximately 80 nm can be produced by CVD. This sponge exhibited an adsorption capacity from 80× to 180× its own weight for
different and oils. The adsorption behavior is shown in Figure 10A. However, the adsorption capacity of CNT aerosols was not as high as that of a graphene sponge due to the denser structure of CNT aerotheses. Sorbents should have a lower density to increase adsorption capacity. Prepared CNT aero gels exhibited
some interesting properties, and the characteristics of CNT could be changed through doping through synthesis. Hashim et al. [89] presented a feasible way to increase the elastic properties of CNT aerosiles by adopting a strategy for doping boron during CVD. This strategy would affect the formation of atomic-scale
elbow joints and nanotube covalents, resulting in ultralight mass, superhydrophobic (contact angle ~150°), highly porous and thermally stable material. This type of CNT aerosol adsorbant can adsorb up to 180× own weight. Interestingly, CNT aero gels for the use of boron have a combination of physical properties that
will affect the practical use of CNT for this application. In preparation, CNT aero gels exhibited ferromagnetic properties due to iron catalyst particles used in the growth process that remained trapped in the CNT core. This feature offers a controlled and safe way to handle and recover all CNT aerobic sorbents through
magnetic fields (Figure 10B). Recycling of magnetic CNT sponges for spilled oil is schematically shown in figure 10C. Other groups also reported graphen-based adsorbents, in particular CNT adsorbents. Table 2 provides a brief summary of these studies. Figure 10:Download Figure Drawing Download as Slide
PowerPoint(A) Toluene adsorption process (stained Sudan Black B) on water by CNT aerogel block within 5 sec. (B) left, boron doped CNT aerogels burned or compressed (insert) to save oil. In this way, CNT can be reused rye. Right, the magnet was used to track or carry oil; the insert shows the sponge after burning
and before reuse. (C) Me-CNT sponge recycling scheme for spilled oil. (I) sprinkled in oil; (II) adsorbed spilled oil; (III) collected with a magnet; (IV) regeneration; and (V) reuse. Reproduced with consent: (A), ref. [36]; B), ref. [89]; and (C), ref. [95]. Copyright: (A) 2010 Wiley; (b) 2012 Nature Publishing Group; and (C)
2013 American Chemistry Society.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062Table 2Synthesis methodAbsorbents/adsorption capability (g g-1)Desorption method/recycling time Sponge references CVDCNT/80–180Burning or compression/10[36]B-CNT sponge/24–130NA[89]Me-CNT sponge/30–6
6 Heating/1000[95]Self-assemblyP-CNT aerogels/3.98–12Heating/10[87]Surface spongePU-CNT/22–35Squee [88]Organic resorcino-formaldehyde aero gels have traditionally been pyrolyzed in an inert atmosphere to form a highly carbonated structure for the production of carbon aero gels (96), 97]. However, aero gels
are very dense (100-800 mg cm-3) [98] and tend to crack under compression. Meanwhile, CNT and i can be used as structural elements and mounted in macroscopic 3D architectures [99-102]. Both CNT aero gels and graphene sponges exhibited high adsorption capacity and exceptional recyclability. However, they also
have some limitations. The preparation of CNT-based sponges requires expensive precursors and complex devices that hinder their mass production for practical applications [36, 86]. In addition, the use of large quantities of chemicals and the production of acid waste during the preparation of go severely limit their
current industrialization. The facile, economical and environmentally friendly method of producing carbon-based nanostructured aero gels should therefore be examined. Natural pore materials and some fibers are usually used in spill events because they are readily available. However, natural adsorbents are often
hydrophilic, which will hinder the adsorption capacity of the oil. A feasible way to overcome this obstacle is to pyrolyze these adsorbents at high temperatures to convert natural fibres from hydrophilic to hydrophobic. Wu et al. [103] reported carbon fiber aero gels using bacterial cellulose (BC) as a precursor. Bc's dried
aerosols were pyrolyzed at 700-1300°C in an argon atmosphere to produce black and ultralight carbon fiber aero gels. After pyrolysis, the volume of carbon fiber aero gel obtained was only 15% of the volume of the original BC aero gel. Meanwhile, the density decreased from 9 to 10 mg cm-3 for BC aerosellers to 4-6 mg
cm-3 for carbon fiber aeroceles due to evaporation of volatile species. The macroscopic sizes of as-synthesized carbon aero gels depended on the size of bc pellets cut in the production procedure. However, the production of these aerobics is still complex and costly, which limits their industrial applications. Cheap and
widely available materials such as raw cotton, which is a typical natural and sustainable material and contains 90-95% cellulose, [104, 105] are promising raw materials for the production of carbon-based aerożeli. Raw cotton fibres have been used to sorption dyes [106] and heavy metal ions [107]. However, their poor
buoyancy, low oil sorption capacity, unsatisfactory water resistance and recyclability, among other things, make it difficult to use them in removing and separating contaminants from water. A simple method was therefore adopted for pyrolysing raw cotton to produce black and light twisted carbon fibre aerogels (TCF) to
change hydrophilic raw cotton to TCF hydrophobic aerogels. This procedure requires a relatively high temperature. Several pieces of purified raw cotton of cylindrical shape have been pyrolysed at 800°C for 2 hours at low pressure (~0.5 mbar) in the argon atmosphere to generate black and light TCF aerosols. After
pyrolysis, the diameter of cylindrical cotton decreased from 3 cm to 1.5 cm and decreased from 1.5 cm to 0.9 cm. The volume of the TCF aero gel was therefore only ~15% of the volume of raw cotton. The TCF TCF has a low density of ~12 mg cm-3, which was measured on an Archimedes basis. The before and after
pyrolysis images are shown in Figures 11A and B. Structural integrity was still good, as could be seen in the scanning electron micrographs in Figures 11C and D.Figure 11: Download figureDownload as a PowerPoint(A) slide Photographs of raw cotton (left) before and (right) after placing a glass bottle weighing 15.3 g of
the top of cotton. (B) Pictures of a piece of TCF aero gel (left) before and (right) after placing a 15.3 g glass bottle on top of the bottle. (C) Scanning of the electron micrograph of cellulose fibres in raw cotton. Insert: photo of a piece of raw cotton. (D) Scanning of carbon fiber electron micrograph in TCF aerothel. Insert:
photo of a piece of TCF aero gel. Reproduced with the consent of ref. [22]. Copyright: 2013 Wiley.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062Coat carbon aerogel is an ideal candidate for removing contaminants such as organic oils and solvents due to their porous 3D structure, good mechanical
properties and surface water reperobability. The strong sorption capabilities of the TCF aero gel were demonstrated in Figure 12A and B. When the TCF aerojourne came into contact with a layer of heptane (sudan's dyed red 5B) on the surface of the water, the aerodige completely and quickly absorbed heptane. The
TCF aerogel floated on the surface of the water after heptane sorption due to its low density and water repebocy. This indicates the potential use of TCF aero gel for the removal of oil spills and chemical spills, as well as for easy recycling. In addition, the TCF aerochel can also be used to quickly adsorb chloroform, which
has been stained with red Sudan 5B at the bottom of the water. Moreover, this aerożel also has excellent recyclability and maintains a high sorption capacity even after five cycles by distillation, combustion (Figure 12C) or extrusion (Figure 12D). Figure 12:Download figure Figure Download as Slide PowerPointAdsorption
of organic fluids by TCF aerogel. Heptane (A) and chloroform (B) were stained with red sudan 5B. These pictures show the sorption process with a TCF aero gel made at intervals of 10 s. TCF aero gel recycling process by combustion (C) and (D) extrusion. Reproduced with the consent of ref. [22]. Copyright: 2013
Wiley.Citation: Nanotechnology Reviews 5, 1; 10.1515/ntrev-2015-0062It is intended to use natural cellulose, Li et al. [38] synthesized carbon fiber from wintermelon, which is a typical vegetable. Wintermelon carbon aerochile has reached 16× to 50× weight gain depending on the density of various oils and organic
solvents. After adsorption of oils, desorption can be performed by simply heating to release adsorber vapors. Yang et al. [39] has proven that bamboo can be a possible source of coal for the production of carbon fibers. Bamboo can be synthesized into fibre liophile in combination with pyrolysis. Thus, the adsorption
capacity from 30× to 129× its own weight has been shown to be bamboo. Another possible source of carbon may be artificial materials full of cellulose, such as recycled paper. This source is very beneficial for the environment, because waste paper, as the main component of municipal waste, has caused many
environmental problems. Therefore, our group [23] reported a simple and cost-effective method of producing a new type of carbon microcoal aerobic (CMB) with good selective sorption capacity using recycled paper as a precursor material. First, the waste paper was soaked in distilled water for 12 hours by strong
agitation under vigorous mixing, breaking down cellulose in paper. Subsequently, the resulting products were freeze-dried to synthesize the fiber aero gel. The products were then pyrolyzed at 850°C for 2 hours at a low pressure (~0.5 mbar) in the argon atmosphere to produce a black and light CMB aero gel. After
preparation, the CMB aerożel exhibited highly efficient adsorption of both oils (up to 188× of its own weight) and organic solvents such as chloroform (up to 151× own weight). Moreover, the adsorption capacity of the CMB aero gel has not decreased even after numerous regenerations through simple distillation,
combustion or compression, which depends on the properties of solvents. Waste paper is the cheapest of all reported sorbents. All these carbon fiber aero gels are compared in Table 3.Table 3Summary of carbon fiber aero gel sorbents. Synthesis methodType/adsorption capacity (g g-1)Desorption method/recycling
timesReferencesPyrolysisWCA/16–50Heating/6[39]UFC foams/68–160Oging, combustion or compression/5[108]AEROGELS CNF/106-312Thaning or smoking/5[103]CMB aerogels/60-188Heating, baking or compression/5[23]MCF aerogels/30-129Ogling, combustion or compression[38]TCF aerogel/50-192Oging,
Combustion or extrusion/5[22]Graphene and carbon-based sponges are 3D aerogel networks with a large surface area, high chemical/electrochemical stability and very high surface water repeofability. In this way, these materials are used to demonstrate feasibility in reducing the nanoscale properties of carbon-based
materials for practical macro-scale applications in oil spills and organic solvents. This document provides a comprehensive overview of the latest developments in synthesis, characterisation, basic understanding and performance of all reported adsorbents and their practical applications. This review is expected to
facilitate further improvement and development of advanced material-based adsorbents. Several methods have been successfully developed, such as the growth of the CVD template of graphene on the Ni foam, direct gelling of GO solutions, self-assembly, surface modification and pyrolysis to prepare high-quality and
high-quality adsorbents. Among these methods, cvd growth produced well-defined and pore-sized structure with the desired properties. Quality Quality controlled mainly by process variables during cvd growth. However, high temperature, sacrificial template and multi-step processing entail high costs and limitations for
large-scale production. The technique of self-assembly by reducing GO is compatible with the simultaneous growth of composite materials. The properties and performance of the graphene/GO sponges produced depend to a large extent on the quality and size of the GO precursor and the type of reducing agents.
Although direct freeze-drying of self-consent is relatively simple, this process is largely dependent on size and concentration, in which controlling the formation of ice crystals and cracking on a larger scale is a challenge. All best practices require further development to promote robust, scalable sponges at low cost and
with less rest. As regards adsorption capacity, it is clear that adsorbents produced by surface coating usually have a relative low adsorption capacity of oil and organic solvents, several times to tens of times more than its initial weight. But for self-assembled sponges/foams, the adsorption capacity of the oil is much
greater than the surface coating adsorbents, from tens of times to hundreds of times the weight of the original materials. Moreover, carbon-based aero gels for direct drying generally have the greatest oil adsorption capacity. The adsorption capacity of the oil can often reach more than 100 times the mass of the initial
materials, and the highest can reach up to 743 times [29]. The difference in adsorption rate between these adsorbents can be attributed to their difference in density. For the surface coating method, the polymer skeleton used is usually denser than pristine carbon-based aero gels. Graphene and CNT sheets are usually
used to make a superhydrophobic surface of a polymer skeleton. Ultralight graphene aero gels can be directly dried. For example, in the Sun experiment [29], after reducing hydrazine steam, GO sheets in a sponge can create a high level of flexibility. In addition, based on the direct drying method, this aerożel had an
ultra-low density (controlled concentration between 0.16 and 22.4 mg cm-3). More importantly, the method allowed for the scalable preparation of large spongy blocks, an integral feature of the development of materials, is needed for the purification of large-scale spills. The combination of these features allowed for a
tested ultralight sponge (1000 cm3, 1.4 mg cm-3). Ultralight carbon-based aero gels are the most suitable for oil removal due to the oil adsorption capacity. However, their methods of preparation are usually complicated and expensive compared to those used in other superhydrophobic sponges. However, pyrolysis of
natural fibers can be used to produce cheap unwanted adsorbents. The development of graphene and carbon-based adsorbents is not only focused on adsorption capacity and cost reduction, but also on smart control of adsorption and desorption of adsorbents. Connection to functional materials such as magnetic
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