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2. FFLGN and FFLGN membrane
· Introduction
[bookmark: _Hlk181685368]Graphene, GO and its related structures to this day continue to show interest in various fields of science and technology due to their physicochemical properties. Today, after the appearance of graphene in 2004, monoatomic carbon layer of graphene oxide has names as FFLGN.
· Main directions of graphene related research
[bookmark: _Hlk181685387]One of the main directions of graphene related research is the study of its modifications, for example, graphene oxide, in the process of functionalization of graphene, which is the oxidation of graphite by strong oxidizing agents such as H2SO4, HNO3, KMnO4 as a result of which bulk graphite becomes functionalized with hydroxyl and epoxy groups on their main plane and at the edges of the carbonyl and carboxyl groups [42-45]. Then, from this bulk functionalized graphite using the most common ultrasound, it is possible to easily obtain exfoliated GO nanosheets, which may be referred to as functionalized few-layer graphene nanostructures (FFLGN).  
· [bookmark: _Hlk181685423]Functionalization of graphene
Today, functionalization of graphene can be carried out by various methods, in particular, the creation of radiation defects, hydrogenation, oxidation, etc. [46, 47]. In [48] it was considered that there are two basic types of functionalization of graphene: chemical and non-chemical. The chemical functionalization method is understood as chemical modification of the surface by various groups of atoms, as a result of which new covalent bonds between atoms native to reduced FFLGN/FFLGN and the guest functional groups are formed. In the case of nonchemical functionalization, mainly physical interaction occurs and functionalization occurs on the basis of π interaction between guest molecules and reduced FFLGN/FFLGN. Both categories of functionalization contribute to changes in the properties of graphene, but the most effective is chemical modification [49, 50].
Compared with pure graphene, functionalized graphene has a wide range of applications in semiconductor electronics for creating biosensors, supercapacitors, various gas sensors, organic electrodes, LEDs, etc. [51, 52].
Thereby, one of the important moments is the large-scale production of graphene, which is necessary for applications in various fields of science and technology. In work [19] it was considered that initially one of the ways to obtain graphene in large quantities was mechanical peeling of graphite using scotch tape and epitaxial chemical vapor deposition, but these methods are ineffective for large-scale production since it is laborious, low yield and takes more time [32, 53]. Therefore, at present, large-scale production of graphene is relevant and of great interest.
In this regard, FFLGN is of great interest because of its low cost, a fairly simple synthesis method, availability, the ability to convert to graphene, also its scalability, which are an important feature [54, 55-58]. In addition, in reports [59, 60] that FFLGN attracted much attention due to its broad ability to be used in energy, electronics, water purification membranes, etc.  
· [bookmark: _Hlk181685445]Synthesis of FFLGN
FFLGN is an important precursor for the synthesis of graphene, which is implemented using chemical or thermal reduction processes. FFLGN is a single sheet of the crystal lattice of graphite oxide, which is a compound of carbon, hydrogen, and oxygen in different ratios, which is formed when graphite is processed with strong oxidizing agents [61].
In [62] and [63] et al., It is stated that graphite and FFLGN have a layered structure, although, compared with graphite, FFLGN contains functional groups with high oxygen density, such as hydroxyl and epoxy groups on its basal plane and on its edge with less carboxyl, carbonyl, phenol, lactone and quinone which contribute expand of interplanar distance, and also makes it hydrophilic. [62-67].
Above, we indicated that one of the important points in the production of graphene-like materials is the process of graphene functionalization, which is the oxidation of graphite by strong oxidizing agents as a result of which bulk graphite becomes functionalized with hydroxyl and epoxy groups on their base plane and on the edges of the carbonyl and carboxyl groups [68-71].
At the first time 150 years ago graphite oxide was obtained by Brodie, in the functionalization of graphite by KClO3 and HNO3 [72]. Since, FFLGN has been modified with various chemicals, such as KMnO4, H2SO4, H3PO4 [73, 74].  
At this time, the synthesis of FFLGN is performed by oxidizing NFG by the next main approaches [75]: Staudenmaier [76], Hofmann [77], Hummers [73] and Tour [78]. The Hummers methods developed by Brodie or Staudenmaier have a number of advantages over the currently existing methods for producing GO [73, 75, 76, 79]. First, it takes a little time in the process of synthesis, which can be completed within a few hours. Secondly, KClO3 was replaced with KMnO4 for improving the safety of the reaction to eliminate the occurrence of explosive ClO2. KClO3. Third, using the NaNO3 instead of HNO3 eliminates the formation of acid mist, smoke [75], so based above process for improving the synthesis and purity of the final product, various modifications of this method were introduced [80].
· Method of obtaining FFLGN
[bookmark: _Hlk181685470]Currently, the main method of obtaining FFLGN and large-scale production of graphene is the Hammers method. Graphite is usually chosen as the initial material because of its availability and low cost. The synthesis FFLGN consists mainly of two stages: such as oxidation of graphite and exfoliation of graphite oxide, which is shown in Figure 6 [72, 73, 76–78, 81].
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Figure 6 – The main stages of the synthesis FFLGN [81, p. 3]

Proportional amounts of oxidizing agents, such as KMnO4, NaNO3 and concentrated H2SO4, are mixed in order with graphite. Then a 3 phase process is carried out with low, medium and high-temperature reactions, each of which occurs separately in time. Graphite is oxidized to GO using these procedures. The implantation of oxygen-containing functional groups overcome between Van der Waals sheets and contributes to the expansion of the distance between the layers, as well as these groups are attached to both sides of the graphite sheet. Then, oxidized graphite to obtain one or few layers of graphene, these oxidized layers are exposed to ultrasound, as a result of which it exfoliate into single-layer, few layers to formation GO, FFLGN [49], and after oxidation, graphene sheets have a large number of different defect levels, which depends on the added amount of oxidant and the time of oxidation [82, 68]. 
Also today, besides the obtaining of large-scale amounts of FFLGN it is relevant to study of its optical, electrical, mechanical, and other properties. Due to the violation of the sp2 bond, the properties of FFLGN as GO are often described as dielectric, but in fact, this is not true. Basically, the conductivity of FFLGN depends on the functionalization, that is, on the amount of oxidation, as well as on the method of synthesis, which can fundamentally change the electrical properties. In this case, there are various methods of functionalization, in which few-layer graphene nanostructures can be functionalized, depending on the required application.
As mentioned above, the structure and properties of FFLGN depend on the synthesis method and degree of oxidation; therefore, chemical synthesis using the Hammers method [69] has found the widest application. This synthesis method used can be changed by decreasing or increasing the levels of oxidation used to exfoliate graphite flakes, which affects the change in electrical and other properties [70].
Thus, the synthesis of FFLGN with the oxidation of bulk graphite with strong oxidizing agents, then followed by exfoliation into FLG sheets helps to obtain graphene, graphene-like materials in large quantities, with low cost, a simple method of synthesis and the ability to turn it into graphene. In addition, one of the important processes in the study of FFLGN is the reduction of FFLGN, which will be discussed in the next subsection. 
· [bookmark: _Hlk181685641]Synthesis of an FFLGN membrane using vacuum filtration
Also, except obtaining FFLGN, the synthesis of the FFLGN membrane from a FFLGN solution is the most important for application in science and technology, in partically for creating humidity sensors and studying its electrophysical characteristics, which are discussed in Chapter 3.2.8 of this work. 
For the manufacture of the FFLGN membrane, the following methods are used: filtration (vacuum, pressure filtration); casting-plating (spinning casting-plating, drop casting, two-piece coating); layer-by-layer assembly; evaporation; alignment method related with the shift and hybrid method [81].
From all the above methods in our experimental work, we chose vacuum filtration because its availability, low labor intensity, nano-sized control over the membrane thickness and the possibility of high-scale production of FFLGN membranes. FFLGN membranes using vacuum filtration were first obtained in work [84], in which FFLGN monolayers were connected almost in parallel, and also in this work, it is stated that during the preparation process, the physicochemical properties of FFLGN monolayers do not change [81, 84].
The synthesis of an FFLGN membrane using vacuum filtration consists of the following main processes: the selection of the appropriate concentration of FFLGN solution; FFLGN membrane is deposited by passing FFLGN solution through a porous film, then after the completion of the filtration, the resulting FFLGN membrane is dried [81, 83]. The result is a uniform dispersibility membrane with a relatively flat surface due to the fluidity of water in the solution filtration process, and the control of the film thickness depends on the concentration chosen. 
Thus, obtaining FFLGN and FFLGN membranes are important for obtaining graphene in large quantities, as well as its application in many areas of science engineering.
Questions
1. GO and its related structures
2. Main directions of graphene related research
3. Functionalization of graphene
4. Synthesis of FFLGN
5. Method of obtaining FFLGN
6. Synthesis of an FFLGN membrane using vacuum filtration
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2017 (topic keywords “graphene” and “graphene oxide membrane” searched from web of science),
data updated by August, 2017.

2. Preparation and Characterization of GO

2.1. Preparation of GO

‘The synthetic process of GO mainly contains two steps: oxidation of graphite and exfoliation of
graphite oxide, as shown in Figure 3. So far, various methods have been reported for the preparation
of GO [12-17,40]. These methods, as well as their characteristics, are summarized in Table 1.
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Figure 3. Schematic llustration of GO preparation process.
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