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Introduction
According to the concept of sustainable development of society, one of the main directions of scientific and technological progress is the introduction of resource-saving technologies. The most pressing aspect in this regard is the problem of saving clean water, widely used in industry. One of the main measures for the rational use of available water resources and their preservation from pollution by industrial effluents is the circulating water supply of enterprises and the reuse of treated wastewater [1].
It is known [2-4] that membrane processes (electro- and baromembrane, membrane-bioreactor, etc.) in combination with other methods and with the inclusion of innovative components in them, can significantly increase the efficiency and productivity of purifiers.
The role of membrane processes due to their waste-free, high efficiency and low energy costs is steadily increasing [5-6]. At the same time, the membranes themselves are the most expensive element [7]. During electrodialysis, ultrafiltration and reverse osmosis, their cost is approximately 30% of the equipment cost. Therefore, the problem of cheapening their cost becomes crucial.
Experimental part
Synthesis of anion- and cation-exchange membranes based on matrix films was carried out as follows [8]:
1. Reception of films - matrixes
Polyvinyl chloride (PVC) and ether (allylglycidyl ether (AGE), diglycidyl ether of resorcinol (DGER) or tetraglycidyl ether of 4,4'-diaminodiphenylmethane (THEDADPhM) were pre-dissolved in cyclohexanone (CH) in three-necked reactor equipped with a stirrer and thermometer. The reaction temperature was maintained at 70°C with two-hour stirring. Then the reaction mass was cast on a smooth surface and dried under UV light. They shot a light yellow transparent film.

2. Amination of films
The obtained films were modified using a 40% aqueous solution of polyethylene polyamine (PEPA) at 70°C for 3 h.
3. Films sulfonation
The obtained films were modified with concentrated H2SO4 at 70°C for 3-4 h, after which they were washed with the same acid of decreasing concentration.
Results and discussion
Inert thermoplastic films that do not contain ion exchange groups were obtained by preliminary dissolving PVC and various glycidyl ethers in a common solvent of CH. The finished matrix has the following physico-mechanical characteristics: tensile strength 40-50 kg/cm2, elongation of 1.5-3.0%. Some physicochemical and electrochemical properties of the membranes synthesized by this method with the optimal ratio of the initial components are presented in the table.
Table. Electrochemical and physico-mechanical properties of the obtained membranes (A - SEC, mg-eq/g; B - specific electrical resistance, Ohm • cm; B - tensile strength, kg/cm2)
	The ratio of the initial components, wt.h
	Cationic
	Anionic

	
	Т, 0С
	τ, h
	А
	Б
	В
	Т, 0С
	τ, h
	А
	Б
	В

	AGE : PVC

	3,0 : 1,0


	60

70

80
	4

3

2
	2,8

3,0

2,7
	53

47

56
	35

43

31
	60

70

80
	4

3

2
	4,7

4,9

5,2
	73

68

62
	39

44

36

	DGER : AB : PVC

	1,5 : 1,5 : 1,0


	60

70

80
	4

3

2
	2,2

2,4

1,9
	47

34

49
	42

50

45
	60

70

80
	4

3

2
	4,1

4,3

4,9
	82

77

84
	41

49

49

	THEDADPhM : AB : PVC

	1,5 : 1,5 : 1,0


	60

70

80
	4

3

2
	2,3

2,7

2,0
	43

36

41
	47

52

42
	60

70

80
	4

3

2
	3,8

4,6

4,5
	89

64

83
	43

47

45

	Note: SEC - static exchange capacity, mEq/g, AB - allyl bromide


It is seen that an increase in the sulfonation temperature for cation-exchange membranes leads to an increase in SEC and an improvement in their electrochemical properties. A further increase in temperature contributes to the deterioration of physicochemical and electrochemical characteristics due to destructive processes. The duration of the reaction practically does not affect the properties of the membranes, since complete swelling and sulfonation occurs within 3-4 h. At the same time, the SEC and electrical resistivity are 2.5-3.0 mg-eq/g and 60-80 Ohm·cm, respectively . The selectivity of the samples in the range of 96-97%.
SEC, electrochemical and physico-mechanical properties of anion-exchange membranes depend on the amination conditions of the films. With an increase in the reaction temperature, the SEC of samples increases and reaches more than 5.0 mg-eq/g. This, in turn, leads to an increase in electrical conductivity and selectivity (98%) of membranes with a slight decrease in their strength properties. Tensile strength in the swollen state is equal to 35-50 kg/cm2, relative elongation - 3-5%. 

A study was made of the porous structure of membranes as chemically heterogeneous channel structures [9]. Studies using mercury porosimetry have shown that membranes contain mostly pores with a radius of 2.8 nm and, in a smaller amount, pores with a radius of 1.7 and 5.2 nm. The relative specific porosity of these membranes is 6.8-1.0 cm3/g, respectively. According to literature data, the size of small pores characteristic of the gaps between polymer chains and their beams is 1.5-10 nm, and the size of large pores for polymer chains and crosslinking agent particles is more than 10 nm [10]. It has been established that the membranes obtained are not inferior, and, by some electrochemical properties, are superior to industrial membranes, which opens up great prospects for their practical application.
The figure shows the current sample of the electrodialysis apparatus and samples of ion-exchange membranes synthesized by us.
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Picture. Electrodialysis unit EDA 1 - 400 × 60 and samples of synthesized anion- and cation-exchange membranes for water purification
Thus, on the basis of the available initial monomers, promising ion-exchange membranes have been synthesized, the use of which contributes to the solution of environmental problems, the treatment of industrial wastewater, water treatment tasks and the development of membrane technologies in general.
The work was performed under the grant of the Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan No. AR05131439 on the theme “Synthesis and modification of nanostructured ion-exchange membranes and the creation of innovative water treatment systems based on them”.
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