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Synthesis of an active electrode Preparation of supercapacitor electrodes
material grinding of material; mixing the active, conductive and binding material into a
highly porous activated graphene- slurry; application of layers of suspension to the current collector and drying;
containing carbon from rice husks pressing electrodes to the desired thickness / density

Supercapacitor assembly
cutting electrode strips to the required size; ultrasonic welding for joining multilayer electrodes and protrusions to manifolds; a
winding operation to form layers of anode, separator and cathode into cells; short circuit testing (cell integrity check); vacuum
drying to remove moisture

Sealing
Spot welding, grooving to create a recess in the neck of the body to provide a seal (after inserting the cell into the cylindrical
body), welding process to secure the cell to the lid (positive lead), filling the body with electrolyte and sealing the body in the
glove box

Supercapacitor activation and testing
Charging and discharging assembled supercapacitors for activation, testing the performance of supercapacitors
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Зерттеу нысаны суперконденсаторлар мен конденсатор модульдерінің өнеркәсіптік үлгілерін өндірудің технологиялық үрдісі болып табылады.


Жұмыстың мақсаты коммерциализацияландыру бойынша суперконденсаторлар мен суперконденсатор модульдерінің өнеркәсіптік үлгілерін өндірудің технологиялық үрдісін жасау бойынша сипаттама мен ұсыныстарды әзірлеу болып табылады.


Жүргізілген ғылыми-зерттеу жұмыстарының нәтижесінде электр қуатын сақтау үшін сыйымдылығы 100, 500, 1000 Ф және номиналды максималды кернеуі 2,7 В цилиндрлік суперконденсаторлардың өнеркәсіптік үлгілерін өндірудің технологиялық үрдісін құру бойынша ұсыныстар әзірленді. Белсенді электрод материалы ретінде күріш қауызынан алынған кеуектілігі жоғарыбелсендірілген графен құрамды көміртек қолданылады, оны өндіру технологиясы патенттелген.


Көлемі 1,6 литрге дейінгі іштен жанатын қозғалтқыштарды іске қосуға арналған, шығыс кернеуі 16,2 В және сыйымдылығы 500 Ф суперконденсаторлық модульдердің өндірістік үлгілерін өндірудің технологиялық процесін жасау бойынша ұсыныстар әзірленді. Суперконденсатор модульдерінің максималды меншікті сипаттамаларына қол жеткізу үшін ресейлік әзірлеуші ЖШҚ «TЭЭMП» электроэнергиясын жинақтау және сақтау жүйелері негізінде суперконденсаторды және модульдерді құрастыру технологиясы ұсынылды. TЭЭMП технологиясы жаңа құрылымның негізінде анағұрлым тиімді сипаттамаларды береді: негізгі ұяшықтың орамдық-призматикалық дизайны және модульді құрастырудың стэкті технологиясы. Ұяшықтар мен модульдердің бұл құрылымы ұқсас құрылғылармен салыстырғанда суперконденсатор модулдерінің меншікті параметрлерін жақсартатын суперконденсатор жиынтығының салмағы мен көлемін 30% төмендетуге мүмкіндік береді. Суперконденсаторлар мен олардың негізінде модульдер өндірісін әрі қарай коммерциализацияландыру бойынша сипаттама мен ұсыныстар жасалды.

ABSTRACT
Report 50 p., 6 figures, 1 table, 11 sources, 5 app. 
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The object of research is the technological process of manufacturing industrial samples of supercapacitors and capacitor modules.

The purpose of the work is to develop recommendations for creating a technological process for the production of industrial designs of supercapacitors and supercapacitor modules and proposals for commercialization.

As a result of the research work carried out, recommendations were developed on the creation of a technological process for the production of industrial samples of cylindrical supercapacitors with a capacity of 100, 500, 1000 F and a nominal maximum voltage of 2.7 V for storing electrical energy. Highly porous activated graphene-containing carbon from rice husk is used as an active electrode material, the production technology of which has been patented.

Recommendations have been developed for the creation of a technological process for the production of industrial samples of supercapacitor modules with an output voltage of
16.2 V and a capacity of 500 F, intended for starting internal combustion engines with a volume of up to 1.6 liters. To achieve the maximum specific characteristics of supercapacitor modules, the technology of assembling a supercapacitor and modules based on them was recommended by the Russian developer of energy storage and storage systems, OOO TEEMP. TEEMP technology gives more advantageous characteristics due to a new design: roll-prismatic design of the base cell and stack technology of module assembly. This design of cells and modules allows to reduce the weight and size of the supercapacitor assembly by 30% compared to similar devices, which improves the specific parameters of supercapacitor modules. Proposals and recommendations were drawn up for the further commercialization of the production of supercapacitors and modules based on them.
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INTRODUCTION

 

Supercapacitors, possessing a high capacity, fast charging time, and the ability to deliver high power in a short time, occupy a special place among various electrochemical devices designed to generate and store energy. They occupy a niche between conventional capacitors and storage batteries [1-6]. As the electrode material in supercapacitors used superfine carbon material having a 1-50-micron particle size, pore size active 0,7-16 nm and a specific surface area up to 3000 m 2/g. These properties are possessed by carbon material obtained as a result of carbonization and activation of plant raw materials, including from their waste. All these properties of activated carbon material, as well as its low cost, practically deprives it of any competitors. In supercapacitors produced on an industrial scale, aqueous alkali solutions with a decomposition voltage of 1.23 V and highly toxic organic electrolytes based on acetonitrile with a decomposition voltage of 2.7 V are used as electrolytes. For practical application, supercapacitors with voltages up to 1000 V are required, which are obtained by a set or winding of elementary supercapacitors. This produces supercapacitor modules with the required characteristics (voltage, power) depending on the number of series-parallel connected elementary cells. For example, to obtain a supercapacitor with a given voltage of 300 V, it is necessary to use one hundred elementary supercapacitors, with a voltage of the order of three volts, switched using systems for balancing the spread of their characteristics. Typesetting and winding technologies are used in various fields of technology. For example, stacked supercapacitors are used primarily to create powerful high-voltage systems that will shape the future of supercapacitors.  

Based on the research results for 2018, according to the calendar plan, an interim report with the same name was submitted (registration No. 0118RK00589, inventory No. 0218RK00660). The work for 2018 was completed in full.

Based on the research results for 2019, according to the calendar plan, an interim report with the same name was submitted (registration No. 0118RK00589, inventory No. 0219RK01343). The work for 2019 was completed in full.

1 Executive Summary 2018
 
In the first quarter, according to the calendar plan, a carbonization method was developed and studied, followed by thermochemical activation of rice husks, and a nanoporous carbon material was obtained with optimal structural characteristics and a specific surface area of up to 3000 m2/g. It was found that at a carbonization temperature of 450 ± 5°C, an inert gas feed rate of 
~ 0.005 l/min and a carbonization time of 90 minutes, 43% of the yield of carbonized rice husks from the initial product mass with a maximum specific surface area of 270 to 350 m2/g is provided. For thermochemical activation, carbonized rice husk samples were mixed with potassium hydroxide powder in a 1: 4 ratio. The process of thermal activation of the prepared mixture was carried out in a reactor at a heating temperature of 850 ± 5°C for 1.5 hours in an inert gas atmosphere at a feed rate of 0.005 L/min. The temperature rise in the reactor was carried out at a rate of 9.5 °C/min. Under these conditions, a carbon material is formed with a specific surface area from 2800 to 2900 m2/g, with a specific pore volume of 1.1-1.8 cm3/g and an average pore size of 2.6-1.7 nm.

In the second quarter, according to the schedule, methods were developed for modifying the obtained nanoporous carbon materials by introducing nanoparticles of metals and carbon materials with good electrical properties into their structure to increase the electrically conductive properties.

A method was developed for the formation of graphene in the structure of nanoporous carbon materials in the process of thermochemical activation of carbonized rice husk. It was found that 3-4-layer graphene is formed in CRS samples activated at a temperature of 850°C 
(I2D / IG = 0.63 and ID/ IG = 0.45).

Modification of activated rice husk with metal nanoparticles was carried out by the method of metal reduction from salts using a 0.5 M solution of nickel nitrate Ni(NO3)2∙6H2O, as well as using nickel hydroxide Ni(OH)2. To obtain the maximum capacity of the supercapacitor, studies were carried out with the following percentage of Ni(OH)2 in the ARH sample: 4.5; 9.0 and 16%. Studies of the morphology and structure of nickel hydroxide modified with ARS showed that the material has a heterogeneous structure with a developed macroporous structure with an average size of 2 μm. Electrodes were made for electrochemical tests. For this, the carbon material was mixed with conductive carbon black (Timical Super C45) and polyvinylidene fluoride (PVDF) in a weight ratio of 8: 1: 1, and 1-methyl-2-pyrrolidone was used as a solvent for polyvinylidene fluoride.

The results of a comparative study of electrodes based on carbon material based on pure ARH and modified Ni(OH)2 with different percentages were obtained. It was found that at 9% Ni(OH)2 content in ARH electrodes show the highest specific capacitance at different scanning rates (for example, 252 F/g at 1 mV/s, compared with pure - 214 F/g). It is shown that at a current density of 50 mA/g, the calculated specific capacity for clean ARH electrodes is 236 F/g, while for electrodes with 9% Ni(OH)2 content in ARH it is 300 F/g, which is 27 %. It was found that with a tenfold increase in the current density (100 → 1000 mA/g), the decrease in specific capacity is 
12-15%, which indicates a good and high speed of the electrodes. 

In the third quarter, according to the schedule, the development of a technology for the manufacture of electrodes based on the obtained nanoporous carbon materials and the development of an electrolyte composition that provides the maximum values of the electric power characteristics with the manufactured electrodes was carried out. Foil made of stainless steel (SS 316L) and titanium was used as a current collector. An electrode mass was applied to the prepared current collector. The electrode mass was prepared in the following composition: 80% - nanoporous carbon material or its modified form, 10% - electrically conductive acetylene black, 10% - polyvinylidene fluoride binder polymer. The stability of the electrode material under electrochemical action was investigated when conducting Galvanostatic charge-discharge (GCD) measurements in the range of applied current loads of 50, 100, 250, 500, and 1000 mA/g. After testing at different current loads, the electrochemical properties of the electrode material did not change, which characterizes its stability. The study of the electrochemical characteristics of the obtained electrodes was carried out in prepared aqueous electrolytes based on potassium hydroxide, sulfuric acid and lithium sulfate. Studies have shown that aqueous solutions of electrolytes have certain advantages and disadvantages. It was found that a 6M potassium hydroxide solution provides the highest electrical capacity with an allowable potential window of 0.8-1.0 V.

In the fourth quarter, according to the calendar plan, a method was developed for the formation of experimental samples of supercapacitors based on the created electrodes and selected electrolytes with maximum capacitive and energy indicators. For this, the carbon material was mixed with conductive carbon black (Timical Super C45) and polyvinylidene fluoride (PVDF) in a weight ratio of 8:1:1, and 1-methyl-2-pyrrolidone was used as a solvent for polyvinylidene fluoride. The mixture was stirred for 10 minutes to obtain a homogeneous slurry and then coated onto titanium or stainless steel (SS 316L) foil. Coverage area 1×1 cm (1 cm2). The electrodes were dried at 120°C for 12 hours. The average mass consumption of the electrode material per 1 cm2 was 
2.5 mg, including 80% of the electrode material - this is ARH. After drying the electrode materials, the electric double layer capacitors were assembled.

During the test tests, a series of experiments was carried out to assess the electrophysical properties of carbonized rice husk obtained at different carbonization temperatures in an alkaline electrolyte (6M KOH solution). A porous polypropylene hydrophilic film with a thickness of 25 μm (PORP-A1) was used as a separator. As a result of testing, it was found that experimental samples of supercapacitors have low leakage currents in a wide range of current loads from 100 to 1000 mA/g, while the specific electrical capacity was 254 F/g at a sweep rate of 1.0 mV/s.

Thus, as a result of the research carried out, the method of carbonization and thermochemical activation of rice husks was developed. An installation for carbonization and thermochemical activation processes was developed and manufactured. It was found that the process of carbonization of rice husks effectively takes place in an inert gas environment at a temperature of 450°C for 90 minutes. It was also found that the optimum temperature for thermochemical activation is 850 °C for 90 minutes in nitrogen or argon. Under these conditions, a carbon material is formed with a specific surface area from 2800 to 2900 m2/g, with a specific pore volume of  
1.1-1.8 cm3/g.

A method was developed for modifying carbon materials by introducing metal nanoparticles into their structure. The modification with nickel particles was carried out by the method of thermal reduction of nickel nitrate and chemical deposition in the pores of Ni(OH)2. It was found that nickel particles form agglomerates, unevenly distributed in the volume of the sample, which leads to a decrease in the electrochemical characteristics of the supercapacitor electrode. It is shown that the modification of nanoporous carbon material with Ni(OH)2 nanoparticles increases the specific electric capacity of electrodes in comparison with electrodes not containing Ni(OH)2 nanoparticles. It was found that 9% content of Ni(OH)2 in carbon material gives the highest calculated capacity for electrodes, exceeding the capacity of clean electrodes by 27% (according to the results of the GСR study). The method of CRH activation was developed, as a result of which graphene is formed in the structure of the porous carbon material, which was confirmed by Raman spectroscopy. Analysis of the IG/I2D ratios showed that 3-4 graphene layers are formed during activation at a temperature of 850 °C (I2D/IG = 0.63 and ID/IG = 0.45). The presence of graphene in a carbon material enhances its electrochemical properties. The modification of the nanoporous material with carbon nanotubes was also carried out. However, the presence of CNTs in the ARH did not increase the specific capacity of the electrodes in comparison with the electrodes containing nickel hydroxide.

A technology was developed for the manufacture of electrodes, based on the obtained nanoporous carbon materials, and testing for mechanical and electrochemical stability was carried out. Selected aqueous electrolyte based on potassium hydroxide. It was found that a 6M potassium hydroxide solution provides the highest electrical capacity with an allowable potential window of 0.8-1.0 V. Experimental samples of a supercapacitor were made based on the created electrodes and the selected electrolyte.

The tasks set, in accordance with the work schedule for 2018, have been completed in full. 

 

 

 

 

 

 

2 Executive Summary 2019
 
In the first quarter, according to the schedule, it was carried out research and development work on the creation of laboratory samples of supercapacitors based on nanoporous carbon material. As a carbon material, we used activated rice husk (ARH), obtained on the basis of carbonization and activation of the initial rice husk (RH). In the process of developing laboratory samples, supercapacitors of three different designs were created: with a coin-type cell, cylindrical with an electrode twisted into a roll, and laminar with a flat electrode.

The electrochemical characteristics of the collected laboratory samples of cylindrical and laminar supercapacitors were studied. The electrolyte was a 6M aqueous solution of KOH or a 2M aqueous solution of lithium sulfate Li2SO4; filter paper of the FS-III brand was used as a separator. The results of studies by the method of cyclic voltammetry and the method of galvanostatic charge-discharge showed that in the created laboratory samples of laminar-type supercapacitors, the capacity is 0.053 F/cm2 at a charge-discharge current density of 
0.1 mA/cm2. Preliminary studies of the characteristics of laboratory samples of supercapacitors have shown that they withstand up to 2000 cyclic charge-discharge tests without changing their performance characteristics. 
As a current collector for coin-type supercapacitors, we used 3D porous nickel plates manufactured by Celmet®, Sumitomo Electric Industries, Ltd. 1.7 mm thick. The porous structure of the current collector, in comparison with the current collector made of dense foil, makes it possible to increase the electrical conductivity of the layer by increasing the contact area of the carbon material with the current collector. Electrochemical tests of a coin-type supercapacitor 1 cm in diameter were carried out on laboratory samples collected in a two-electrode symmetric supercapacitor in a standard Teflon cell. A 6M aqueous solution of KOH or a 2M aqueous solution of lithium sulfate Li2SO4 used as the electrolyte; filter paper of the FS-III brand was used as a separator. 

In the second quarter, according to the schedule, research and development work was carried out to create laboratory samples of supercapacitor modules based on laboratory samples of supercapacitors created in the 1st quarter.

Laboratory samples of supercapacitor modules were collected based on created laboratory samples of laminar-type supercapacitors. The cell dimensions of a laminar-type supercapacitor are length 70 mm, width - 20 mm, thickness with polyethylene packaging - 1.1 mm. The supercapacitor module includes 6 supercapacitors pressed against each other with transparent acrylic plates on both sides. 

As part of the experimental design studies, two types of supercapacitor modules were assembled. In the first type, laboratory samples of supercapacitors were connected in parallel. Parallel connection of supercapacitors increases their total capacitance and maintains the nominal voltage corresponding to a single supercapacitor. Studies have shown that all the samples by laboratory supercapacitors have relatively equal capacity with error 0.005 F (Ccell). Therefore, it can be assumed that the total capacity Ctotal supercapacitor module with parallel connection type will be 6 Ccell.
In the second configuration, in order to increase the output voltage, the supercapacitor modules were assembled by serial connection of supercapacitor modules assembled in parallel. Daisy chain connection provides the ability to increase the output voltage, but the total capacity of the module decreases.

In the third quarter, according to the schedule, test tests of the created laboratory samples of supercapacitors based on nanoporous carbon material were carried out and their limiting technical operating parameters were identified.
Tests were conducted laboratory samples obtained supercapacitors laminar type (electrode size 7h 15 cm2 , as an electrolyte was used a 6M aqueous solution of KOH and 2M aqueous solution of lithium sulfate, Li2SO4) by cyclic voltammetry at a scan rate of 5-160 mV/s. The results of the study of supercapacitors by the galvanostatic charge-discharge method at a charge-discharge current of 10-500 mA have been obtained. The research results showed that in the created laboratory samples of supercapacitors with an electrolyte based on a 6M aqueous solution of KOH, the capacity is 0.053 F/cm2 at a discharge current density of 0.1 mA/cm2 . With an increase in the charge-discharge current by 10 times (10 → 100 mA), a decrease in capacity is observed by 11.5%. The results of studies of supercapacitors with an electrolyte based on a 2M aqueous solution of lithium sulfate showed that the capacity is 0.04 F/cm2  at a charge-discharge current density of 
0.1 mA/cm2. The decrease in capacity was 1.33% with an increase in the charge-discharge current by a factor of 10 (10 → 100 mA), which indicates the capacitive stability of the supercapacitor with an increase in the current density.

The results of a study on the change in the capacity of supercapacitors depending on the charge-discharge current for different electrolytes have been obtained. It was found that with an increase in the charge-discharge current from 10 to 500 mA, the capacity of a supercapacitor for an electrolyte based on a 6M aqueous solution of KOH decreases by 19%, while for an electrolyte based on a 2M aqueous solution of Li2SO4 the decrease was 14%.

The results of a study were obtained on the change in the capacity of supercapacitors depending on the potential sweep rate for different electrolytes. It was found that with an increase in the potential sweep rate from 5 to 160 mV/s, the capacity of a supercapacitor for an electrolyte based on a 6M aqueous solution of KOH decreases by 35%, and for an electrolyte based on a 2M aqueous solution of Li2SO4 the decrease was 15%.

The equivalent series resistance (RESR) was calculated based on the voltage drop during polarity reversal from galvanostatic charge-discharge curves for KOH and Li2SO4 based electrolytes. It was found that the equivalent series resistance of a supercapacitor with an electrolyte based on a 2M aqueous solution of lithium sulfate Li2SO4 is an order of magnitude lower 
(RESR = 0.080 Om) than the resistance of a supercapacitor with an electrolyte based on a 6M aqueous solution of potassium hydroxide KOH (RESR=0.140 Om), which gives more power. In this case, the Coulomb efficiency of a supercapacitor with an electrolyte based on a 2M aqueous solution of lithium sulfate Li2SO4 is 99.11% (based on 6M KOH - 90.65%), which indicates a slow self-discharge process of the supercapacitor.

In the fourth quarter, according to the schedule, test tests of the created laboratory samples of supercapacitor modules were carried out and their limiting technical parameters of operation were revealed. The research results showed that in the created laboratory samples of supercapacitor modules the capacity is 1.83 F/cm2 for an electrolyte based on a 6M aqueous solution of KOH , and 1.38 F/cm2  for an electrolyte based on a 2M aqueous solution of lithium sulfate Li2SO4, which is comparable to the characteristics of commercial samples of supercapacitors. According to the results of studies of supercapacitor samples with an electrolyte based on a 6M aqueous solution of KOH, it was found that the porous structure of the current collector increases the capacitive density of the supercapacitor by 35 times in comparison with the current collector based on foil. Testing was carried out for the stability of the performance of laboratory samples of supercapacitor modules by the method of cyclic charging and discharging at currents of 100 and 500 mA. The tests carried out by the method of cyclic charging and discharging at a current of 100 mA, with a potential window of 0-0.9 V, showed the stable performance of the created laboratory samples of supercapacitor modules up to 2000 charge-discharge cycles with preservation of up to 97.7% of the initial capacity and the absence of mechanical damage to the electrodes.

Thus, the capacity of laboratory samples of supercapacitor modules, assembled in parallel type of connection, is 9.58 F at a charge-discharge current of 50 mA, and 8.11 F at a charge-discharge current of 100 mA. The capacity of laboratory samples of supercapacitor modules assembled by a mixed parallel-series connection is 2.16 F at a charge-discharge current of 20 mA, and 2.06 F at a charge-discharge current of 50 mA. The performance characteristics of the investigated supercapacitor modules based on ARS are comparable with the results of other authors. 

As a result of the research and development work carried out, a technology was developed for the manufacture of laboratory samples of laminar, cylindrical and coin-type supercapacitors .

Based on the results of studies of laboratory samples of laminar-type supercapacitors by the method of cyclic voltammetry and by the method of galvanostatic charge-discharge, it has been established that their electrochemical parameters depend on the electrolyte used:

- an electrolyte based on 6M aqueous KOH g capacity equal to 0.053 F/cm2  at a discharge current density of 0.1 mA/cm2 , and with increasing charge-discharge current of 10 to 500 mA is reduced by 19%; with an increase in the potential sweep speed from 5 to 160 mV/s, the capacitance decreases by 35%; the equivalent series resistance is 0.14 Ohm at a charge-discharge current of 
50 mA, and the power is 1.79 W; the efficiency of the supercapacitor as a whole is 90.65%;

- for an electrolyte based on a 2M aqueous solution of Li2SO4, the capacity is 0.04 F/cm2 at a charge-discharge current density of 0.1 mA/cm2 and with an increase in the charge-discharge current from 10 to 500 mA it decreases by 14 %; with an increase in the potential sweep speed from 5 to 160 mV/s, the capacitance decreases by 15%; the equivalent series resistance is 0.08 Ohm at a charge-discharge current of 50 mA, and the power is 3.13 W; the efficiency of the supercapacitor as a whole is 99.11%.

Based on the analysis of the results obtained, it was found that the equivalent series resistance of a supercapacitor with an electrolyte based on a 2M aqueous solution of lithium sulfate Li2SO4 is an order of magnitude less than the resistance of a supercapacitor with an electrolyte based on a 6M aqueous solution of potassium hydroxide KOH, which gives higher power. In this case, the Coulomb efficiency of a supercapacitor with an electrolyte based on a 2M aqueous solution of lithium sulfate Li2SO4 is 99.11%, which characterizes the slow self-discharge process of the supercapacitor.

Based on laboratory samples of supercapacitors, supercapacitor modules of various configurations were created and tested. It has been established that supercapacitor modules with a porous current collector show a large capacity (1.83 F/cm2), the value of which is 35 times higher than the capacity of a supercapacitor with a foil-based current collector.

It has been established that the capacity of laboratory samples of supercapacitor modules assembled by a parallel connection type is 9.58 F at a charge-discharge current of 50 mA, and 8.11 F at a charge-discharge current of 100 mA; The capacity of laboratory samples of supercapacitor modules assembled by a mixed parallel-series connection is 2.16 F at a charge-discharge current of 20 mA, and 2.06 F at a charge-discharge current of 50 mA. It was found that by using different connection configurations when creating supercapacitor modules, it is possible to obtain modules with the required voltages and capacities.

The limiting technical parameters for the stability of the performance of all types of laboratory samples of supercapacitor cells and modules created on their basis by the method of cyclic charging and discharging at currents of 100 and 500 mA are revealed. It was found that they have a stable performance up to 2000 charge-discharge cycles while maintaining the original capacity by more than 98%. In terms of operating characteristics, the investigated supercapacitor modules based on ARH are not inferior to supercapacitors obtained by other authors.  

The tasks set, in accordance with the work schedule for 2019, have been fully completed.

 
 

 

 

  

3 Development of recommendations for technological processes to produce industrial samples of supercapacitors and supercapacitor modules intended for energy storage and compensation of peak loads
 

As you know, the final stage of research work is the development of a technological process for manufacturing the investigated product. In this case, these are supercapacitors and their modules with different output parameters. Varying the number of elementary supercapacitor cells and methods of their connection allows obtaining modules with different output voltages and capacities, depending on the technical demand.

In this work, as a result of the analysis of existing technological processes [7-11], recommendations were developed for creating a technological process for the production of industrial samples of cylindrical supercapacitors with a capacity of 100, 500, 1000 F and a nominal maximum voltage of 2.7 V for storing electrical energy. Highly porous activated graphene-containing carbon from rice husks is used as an active electrode material; the technology and device for its production were patented by the authors of the project. The technology for the production of industrial samples of supercapacitor modules with an output voltage of 16.2 V and a capacity of 500 F, intended for starting internal combustion engines with a volume of up to 1.6 liters, is based on the process of switching parallel-series assembled blocks of initial supercapacitors. Recommendations were developed for the creation of a technological process for the production of industrial samples of supercapacitor modules with an output voltage of 16.2 V and a capacity of 500 F. To achieve the maximum specific characteristics of supercapacitor modules, a technology for assembling a supercapacitor and modules based on them was recommended by the Russian developer of energy storage and storage systems TEEMP LLC ". Proposals and recommendations were drawn up for the further commercialization of the production of supercapacitors and modules based on them.

3.1 Development of recommendations for the creation of a technological process to produce industrial samples of supercapacitors
According to the schedule, research and analytical work was carried out on the development of technological processes (route of the technological process) to produce industrial samples of supercapacitors based on nanoporous carbon material obtained from plant waste. Depending on the field of application, there are various types of supercapacitors and supercapacitor modules, which differ in design, shape, nominal characteristics (capacity, maximum operating voltage, internal resistance, energy and power density). When developing laboratory samples, supercapacitors of three different designs were created: with a coin-type cell, a cylindrical one with an electrode twisted into a roll, and a laminar one with a flat electrode. Based on the previous studies, a route was developed for the production process of industrial samples of cylindrical supercapacitors with a capacity of 100, 500, 1000 F and a nominal maximum voltage of 2.7 V for storing electrical energy and compensating for peak loads. 

The route of the technological process for the production of industrial samples of supercapacitors based on nanoporous carbon material obtained from plant waste is shown in 
Figure 1.
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Figure 1 – Route of the technological process to produce industrial samples of supercapacitors

 

Synthesis of active electrode material. It recommended producing active carbon by a mass manufacturer of supercapacitors, as this will e r electrodes standardize the manufacturing process thereof. The technological route for manufacturing industrial samples of supercapacitors at the first stage includes the process of synthesizing an active electrode material. It is proposed to use highly porous activated graphene containing carbon from rice husk as an active electrode material. Rice husks are a renewable agricultural waste. The main advantages of plant biomass are relatively low cost, CO2-neutrality, abundance and a wide range of properties. The developed technology for producing activated carbon containing low-layer graphene from rice husk (RH) with a large specific surface area (3300 m2/g) consists of the following sequence:

- pretreatment of rice husk is carried out, including washing of the initial mass with running and distilled water to remove side impurities, followed by drying in a drying chamber;

- pretreated RH is subjected to carbonization. In the process of carbonization, non-carbon elements contained in the original RH, such as nitrogen, oxygen, and hydrogen, are removed in the form of volatile gaseous products. Residual carbon atoms in the aromatic collected sheets (crosslinked random) and form free spaces, causing boiling to pore formation;

- to form graphene structures and increase the specific surface area, the carbonized rice husk is subjected to a process of thermochemical activation. Activation expands existing pores, burning off the walls between adjacent pores and removing the disordered carbon that blocks the pores in the carbonized RC. With a 1: 4 mixture ratio of carbonized rice husk with potassium hydroxide powder, with its further heating and holding for 5 hours at a temperature of 150°C in a cylindrical reactor, it provides complete impregnation of carbonized rice husk with molten potassium hydroxide. The quality of the impregnation between the chemical activating agent and the carbonated rice husk is one of the main factors that greatly influences the structural performance of the original product.

The parameters for carrying out carbonization and thermochemical activation were selected experimentally. These parameters provide the output of low-layer graphene (graphene structures) as part of an active electrode material with a maximum specific surface area.

For the implementation of the proposed method developed a device consisting of cylindrical reactors - large and small. The large reactor is made of stainless steel AISI 304L, containing a lid on which a branch pipe for inert gas supply and a branch pipe for the outlet of inert gas and gaseous waste of thermochemical activation, a thermocouple are installed. The small reactor is housed in a large and made of AISI 316L stainless steel. This design excludes contact of reagents placed in a small reactor with air and prevents the process of corrosion of the reactor walls. As a result, pure low-layer graphene is obtained without additional impurities from the walls of the reactor. A general view of the schematic diagram of the device is shown in Figure 2. 

Figure 3 shows a large cylindrical reactor, with a small cylindrical reactor placed in it with the main equipment and the placed mixture.

The proposed technological process makes it possible to obtain inexpensive bulk quantities of an active electrode material with a highly porous structure containing low-layer graphene by carbonization and thermochemical activation of renewable biomass waste. The difference between the method for synthesizing an active electrode material from biomass from traditional technology is associated with a higher level of control of the technological process. The method and device for producing activated carbon containing low-layer graphene from rice husks are universal, which allows the use of other types of renewable biomass, which is confirmed by the obtained patent. 
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1 – large cylindrical reactor, 2 – small cylindrical reactor, 3 – mixture of carbonized RC with potassium hydroxide, 4 – lid of a large cylindrical reactor, 5 – inert gas supply pipe (Ar), 6 – thermocouple, 7 – inert gas outlet and activation of gaseous waste, 8 – electric, 
9 – thermoregulator, 10 – balloon (argon containing 99.9%), 11 – D duktor, 12 – the electromagnetic valve c timer of m, 13 – gas flow controller, 14 – non-return valve  

 

Figure 2 – General view of the schematic diagram of a device for obtaining an active electrode material from rice husk (RH) with the formation of graphene
 

Figure 3 shows a large cylindrical reactor, with a small cylindrical reactor placed in it with the main equipment and the placed mixture.

The proposed technological process makes it possible to obtain inexpensive bulk quantities of an active electrode material with a highly porous structure containing low-layer graphene by carbonization and thermochemical activation of renewable biomass waste. The difference between the method for synthesizing an active electrode material from biomass from traditional technology is associated with a higher level of control of the technological process. The method and device for producing activated carbon containing low-layer graphene from rice husks are universal, which allows the use of other types of renewable biomass, which is confirmed by the obtained patent. 
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1 – large cylindrical reactor, 2 – small cylindrical reactor, 3 – mixture of carbonized rice husk with potassium hydroxide, 4 – lid of a large cylindrical reactor, 5 – inert gas supply pipe (Ar), 6 – thermocouple, 7 – inert gas outlet gas and gaseous waste activation

 

Figure 3 – General view of a large cylindrical reactor, with a small cylindrical reactor and equipment placed in it
 

Synthesis of carbon conductive materials. It is recommended to use carbon black (acetylene black) as the conductive material for supercapacitor electrodes. Acetylene black, a type of carbon black produced by the thermal decomposition of acetylene. Acetylene black obtained by thermal decomposition is very pure and highly conductive. These characteristics make it an ideal material as a conductive additive in electrode material to enhance electronic conductivity in supercapacitor manufacturing. Also, carbon nanotubes can be used as a conductive material, which make it possible to increase the electrical conductivity of electrodes even in a small amount (~ 2%). Carbon nanotubes (CNTs) are formed by the catalytic decomposition of certain hydrocarbon gases. It is possible to obtain various nanostructures by controlling their crystalline order by manipulating parameters during synthesis. Single-walled carbon nanotubes and multi-walled carbon nanotubes can be obtained depending on the synthesis parameters. Carbon nanotubes also have a capacitive property that helps increase the capacity of a supercapacitor. They have a fully accessible outer surface and high electrical conductivity. The specific capacity of CNTs is largely influenced by the purity and morphology of the material.

Preparation of the supercapacitor electrodes. The manufacturing process for the supercapacitor cell electrodes takes place in the following sequence:

- weighing of materials. The composition and ratio of the materials used in the electrode determines such physicochemical characteristics as electrical resistance, specific capacity, and leakage current. Therefore, the initial stage in the production of supercapacitor electrodes is accurate weighing of materials on high-precision scales in order to obtain the specified compositions;

- material crushing. Grinding of activated carbon containing low-layer graphene with a large specific surface area will be carried out in ball mills. The variable speed roller ball mill is capable of grinding, dispersing activated carbon powders with great efficiency. A stainless steel can, and balls of different diameters will be used to grind the material in a ball mill. For grinding and mixing powders, in accordance with technological requirements, a horizontal ball mill was designed, assembled and tested within the framework of the project. A general view of a horizontal ball mill is shown in Figure 4. All technical drawings are given in Appendices D and D. A horizontal ball mill has the following characteristics:

– speed range: 0 ~ 200 rpm;

– rotation speed control: frequency converter;

–supply voltage: 220 V, 50 Hz;

– power: 0.75-1.5 kW;

– transmission: rubber belt;

– range of can diameter adjustment: 70-260 mm;

– maximum length of the roller (cans): 550mm (two cans can be placed simultaneously, the length of each 400 mm);

– dimensions of the mill L ∙ W ∙ H: 828 570 ∙ 667 mm;

– noise: <50 dB. 
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a – top view; b – mill control buttons: 1 – rotation speed regulator, 2 – main power switch, 3– timer; 4 – electric motor

 

Figure 4 – Photo of a horizontal ball mill for grinding and mixing carbon material

 

For dry grinding and mixing of active, conductive and binding material, a horizontal ball mill is recommended;

– mixing an active, conductive and binding material into a suspension. The mixing of the powders will be done using a planetary vacuum mixer with a vacuum pump and a water chiller. The vacuum mixer makes repeated movements during mixing to achieve a homogeneous suspension under vacuum. The water-cooled circulation pump and stainless steel cold water tank can ensure high mixing efficiency. Large vacuum planetary mixer with 30-liter containers (SFM-30L, Chengyi Equipment Sicence And Technology Co. Ltd) can be used to mix electrode paste powders. SFM-30L is excellent for preparing electrode slurries with excellent fineness and uniformity results. It is recommended to apply a magnetic filtration system (FT02, MTI Corporation) after mixing for deferrization for the supercapacitor electrode slurry. It is designed to optimize the condition of the slurry prior to the coating process. The slurry will pass through a set of strong permanent magnetic bars and then through a strainer to remove coarse particles and iron impurities. Such a system is capable of not only filtering out large particles, but also removing iron to improve the quality and stability of the electrode suspension;
– application of layers of suspension on the current collector and drying; pressing the electrodes to the desired thickness/density. The mixture (suspension) will be applied to a flexible current collector made of aluminum alloy using roll-to-roll processing. The pressing of the electrodes to the desired thickness will be carried out by an automatic pressing system in calender rolls with precise digital pressure control. Such a system is commonly used to produce a lithium-ion battery electrode. One such system is an AFA-E400-UL roll-to-roll coating unit manufactured by MTI Corporation. The AFA-E400-UL is an automatic and fast roll-to-roll electrode coating system with a maximum speed of 4 m/min (400 mm wide). It is ideal for small-scale production of new generation supercapacitors. It integrates the functions of unwinding a roll of metal foil, a slurry feeder, a Doctor Blade for coating, a drying oven and electrode winding (winding). After this process, it is recommended to compact the electrode coating to a certain thickness and density using a rolling press. To do this, a Roll to Roll Pressure Controlled Rolling Press DPC-B400 can be used to produce supercapacitor electrodes.

Supercapacitor assembly. The supercapacitor cells are assembled in the following sequence:

– cutting electrode strips to the required size. Automatic Precision Coil Cutting Machine and Automatic Cylindrical Battery Cutting Machine will be used to cut the electrode strips to size;

– ultrasonic welding for connecting electrodes and protrusions to collectors. The ultrasonic metal welding machine will be used to weld (connect) the current collector to the terminals;

– winding operation to form layers of anode, separator and cathode into cells. The automatic winding machine will be used to assemble the cylindrical cells;

– testing for short circuit (checking the integrity of the cell). A multimeter (tester) will be used to test the short circuit;

– vacuum drying to remove moisture. A vacuum oven with a program controller will be used to dry the assembled cells to remove moisture.

The resulting supercapacitor is sealed in the following sequence:

– spot welding. The single-point pneumatic welding machine will be used to assemble the cylindrical cells;

– cutting grooves to create a recess on the neck of the body to provide a seal (after inserting the cell into the cylindrical body), welding process to attach the cell to the lid (positive lead), filling the body with electrolyte and sealing the body in the glove box.

Supercapacitor activation and testing. In order to ensure the normal performance of the assembled supercapacitor, it is activated and tested, which is carried out by the charge-discharge method with simultaneous control of the parameters. A multichannel battery analyzer with a computer and software will be used to activate and check the basic parameters of the collected supercapacitors.

Thus, in the first quarter, as a result of research and development work, a technological process (route) for the production of industrial samples of cylindrical supercapacitors with a capacity of 100, 500, 1000 F and a nominal maximum voltage of 2.7 V was developed for storing electrical energy. The main element of the supercapacitor is a nanocarbon material containing low-layer graphene with a unique developed surface structure and maximum area per unit mass (~ 3300 m2/g), obtained by the authors of the project from rice husks, and recommended as an active carbon material for supercapacitor electrodes.

 

3.2 Development of recommendations for the creation of a technological process to produce industrial samples of supercapacitor modules
According to the schedule, research and analytical work was carried out to develop recommendations for creating a technological process to produce industrial samples of supercapacitor modules.

The low operating voltage of single supercapacitors created within the framework of the project, which does not exceed 1.23 and 2.7 V, respectively, for supercapacitors based on aqueous solutions of alkali and organic electrolytes, limits the scope of its application. For many technical applications of supercapacitors, higher voltages and powers are required. For this, supercapacitor modules are created by serial connection of single supercapacitors to increase the operating voltage or by parallel connection to increase energy power. As a rule, supercapacitor elements of the same rating are used to create a supercapacitor module, i.e. the same voltage and capacitance, connected either in series or in parallel. Separately taken supercapacitors have, without fail, a shell with conductive leads to connect the elements to the electrical circuit. The outer shell of the module provides protection against moisture, vibration and good heat dissipation. A built-in air cooling system is provided for high power and voltage modules. The modules are equipped with electronic devices that ensure the balancing of the elements and the output to the user of information about the main instantaneous parameters of the module.

 In the second quarter of the project, based on research conducted in 2018-2019, recommendations were drawn up on the creation of a technological process for the production of industrial samples of supercapacitor modules in series or parallel-serial connection. Supercapacitor modules currently available as commercial products on the market are mainly based on daisy chaining individual supercapacitor cells to increase the module's output voltage. As a rule, modules offered by supercapacitor manufacturers have an operating voltage in the range of 6-300 V and provide a wide range of technical applications. The operating voltage of a 15 V supercapacitor module, for example, corresponds to the nominal voltage of 12 V of lead acid batteries. Commercial supercapacitor cells have a maximum operating voltage of 2.5-3 V and a capacitance value of up to 5000 F. This operating voltage is achieved in supercapacitors based on organic electrolyte and ionic liquids.

The data table for a supercapacitor cell with a capacity of 3000 F and a voltage of 2.7 V from Maxwell (Maxwell, BSAP3000F) indicates a mass of 507 g and a volume of 395 cm3. To obtain a module with an operating voltage of ~ 16.2 V and a capacity of 500 F, six supercapacitor cells (each with a capacity of 3000 F and a voltage of 2.7 V) are connected in series. The drawings of such a module are shown in Figure 5.
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Figure 5 – The drawings of a 500 F supercapacitor module and 16.2 V operating voltage

 

Six packed supercapacitor cells, assembled in series in a modular package, together with the fixture, have a mass of 4.4 kg and a volume of 5.5 liters. As a result, taking into account the total mass of six cells and the total volume, the specific energy decreases from 6 Wh/kg (7.7 Wh/ L) for a modular element to 4.14 Wh/kg (3.3 Wh/L) for the module. These specific energy values can be considered the best now for commercial supercapacitors.

When passing to the supercapacitor module, there is a significant decrease in the specific energy in comparison with the specific energy of the original supercapacitor cell. For cells with a voltage spread of 2.5 to 2.7 V in the module, a voltage balance is required for each block, since the leakage current can differ from one to the other. To balance the voltage, a balancing circuit is selected, which is in the module case. The described scheme of a supercapacitor module based on cylindrical supercapacitor cells is recommended for stationary applications where there are no requirements for volume and weight.

It follows from the above that the assembly of cylindrical supercapacitor cells into a packed module results in a lower specific energy due to the additional weight of the body of individual cells and the presence of an ineffective volume due to the cylindrical shape of the cells. The elimination of metal packings of cells can help to reduce the mass and volume of the module. The metal packing of a cylindrical cell can account for more than 20% of the total weight of the cell, therefore, its exclusion from the module significantly reduces the weight of the cell, as well as the cost of the module. Also, some of the arising technological obstacles associated with the direct assembly and packaging of cylindrical coils of supercapacitor cells can be overcome. Thus, by the optimal design of the supercapacitor cells' assembly into modules, the maximum specific energy can be increased to a value corresponding to one cell.

To achieve the maximum specific characteristics of supercapacitor modules, we recommend using the technology of assembling a supercapacitor and modules based on them by the Russian developer of energy storage and accumulation systems, TEEMP LLC. TEEMP technology gives more advantageous characteristics due to a new design: roll-prismatic design of the base cell and stack technology of module assembly. The difference between TEEMP supercapacitors from other manufacturers is the modular technology, which provides low internal resistance and, accordingly, high impulse currents. In addition, due to the design of the cell, it is possible to create modules of various standard sizes, which provides flexibility in the design of the modules. Also, the design of cells and modules allows to reduce the weight and size of the supercapacitor assembly by 30% compared to similar devices, which improves the specific parameters of supercapacitor modules.

The assembly technology of supercapacitor modules includes the following processes:

– a line for the manufacture of a body that provides protection against moisture, mechanical pollution and vibration, including equipment for laser or plasma cutting, sandblasting of parts, manufacturing of parts on a turning and milling machine;

– checking the dimensions of frame parts and body, painting;

– production line for the module control system for maintaining the voltage and balancing current loads between the supercapacitor cells;

– assembly line for supercapacitor modules;

– The final stage of production is the performance testing of the assembled supercapacitor modules with a multichannel battery analyzer with software.

At the stage of creating modules, it will be necessary to purchase and launch technological equipment, recruit and train the necessary personnel. List of equipment for assembling modules:

– injection molding machine,

– turning and milling machines with and without CNC,

– contact spot welding,

– metrological control and measuring equipment.

Thus, in the second quarter, as a result of research and development work, recommendations were developed for creating a technological process to produce industrial samples of a supercapacitor module.

 

3.3 Conducting a technical and economic assessment of the technological process of manufacturing industrial samples of the developed supercapacitors and supercapacitor modules
The first supercapacitors were developed in the 1960s by Standart Oil, CarborundumCo. (USA). At the moment, the most famous manufacturers of supercapacitors and supercapacitor modules are Skeleton Technologies GmbH (Germany), Cellergy (USA), Maxwell Technologies (USA), Epcos (Germany) Murata Manufacturing (Japan). They are also the ancestors of this new direction and have the most powerful scientific and technological base. These foreign firms provide the widest range of products. But nevertheless, the production technology and raw materials that they use are expensive. Therefore, in general, foreign manufacturers have only one drawback - the high price. For example, a supercapacitor B-MaxwellK2, 3000 F, 2.7 V costs $ 45 (20 thousand tenge); Maxwell Technologies BMOD0165P048B06, 165 F, 48 V - $ 995 (430 thousand tenge); UltraCap B49400-L2276Q000 2700 F, 2.5 V - 142 $ (~ 61 thousand tenge); module of 6-12 V supercapacitors modules B48620-A4205-Q006 (a 6 single UltraCapa 1200 F) - $ 495 (~ 212 thousand tenge). To assess the technical and economic efficiency of the technological process of manufacturing industrial supercapacitors and supercapacitor modules, a lot of data from the manufacturer is required. This information is usually inaccessible to outsiders. Therefore, the feasibility study of the technological process of manufacturing supercapacitors and supercapacitor modules by different companies is problematic. However, based on the available superficial and indirect information, it can be assumed that the modern technological process of supercapacitor production needs optimization and improvement of existing technologies.

To improve the technical and economic efficiency of the production process of supercapacitors and modules based on them, it is proposed:

- firstly, to introduce into the production and technological chain the synthesis of an active electrode material based on low-layer graphene (graphene-like structures) with a maximum specific surface area from renewable biomass. Since graphene exhibits excellent performance in supercapacitors and, in addition, is promising for modifications (introduction of pseudo-capacitive materials). Obtaining a significant amount of graphene in activated carbon improves the electrical conductivity of the electrode and makes it possible not to use various additional conductive materials (carbon nanotubes, graphene, soot), which are an additional consumable material in the production of supercapacitors. The specific surface area and highly developed porous structure are decisive parameters in the manufacture of high-performance supercapacitors. The main goal of this project was to develop a technology for manufacturing electrode active materials for supercapacitors (supercapacitors) with high specific energy and power based on renewable raw materials. This goal was achieved and an inexpensive technology was proposed for the synthesis of a bulk amount of a new type of graphene with a highly porous structure by carbonization and thermochemical activation of renewable biomass waste: rice husks and walnut shells. The difference between the method for the synthesis of low-layer graphene from biomass from the traditional technology is associated with a higher level of control over the technological process. The method and device for producing low-layer graphene from rice husks are universal, which allows the use of other types of renewable biomass. The active material of the electrode obtained by the proposed methods in the developed device will presumably reduce the cost of materials and improve specific indicators such as specific energy kJ/kg and specific power kW/kg, especially in terms of overall and weight characteristics;

– secondly, for the production of supercapacitors and modules, you can use the equipment that is used for the production of lithium-ion batteries and modules based on them. In general, the technological process of manufacturing supercapacitors is slightly different from the processes of creating electrolytic capacitors (for example, K50-77), and lithium-ion batteries. Equipment for making electrodes and assembling batteries and modules based on them is highly developed and the cost of this equipment is relatively low due to the great competition between equipment developers;

– thirdly, in order to achieve the maximum specific characteristics of supercapacitor modules, it is recommended to use the technology of assembling a supercapacitor and modules based on them by the Russian developer of energy storage and storage systems, OOO TEEMP. TEEMP technology gives more advantageous characteristics due to a new design: filter-press, roll-prismatic design of the base cell and stack technology of module assembly. The difference between TEEMP supercapacitors from other manufacturers is the modular technology, which provides low internal resistance and, accordingly, high impulse currents. In addition, due to the design of the cell, it is possible to create modules of various standard sizes, which provides flexibility in the design of the modules. Also, the design of cells and modules makes it possible to reduce the weight and size of the supercapacitor assembly by 30% in comparison with similar devices, which ensures an increase in the specific parameters of supercapacitor modules.

 

3.4 Drawing up proposals and recommendations for the further use and commercialization of work results
The high rates of development of production lead to a continuous increase in electricity consumption, and the task of creating powerful devices designed for accumulating and storing energy is becoming especially urgent. The efficiency of energy storage devices depends on two main parameters - energy density and power density. An ideal energy storage should maximize both parameters.

Intensive research is currently underway to develop new systems suitable for generating and storing electricity. The modern market for devices for generating and storing electricity is represented by batteries, galvanic cells, fuel cells, capacitors and supercapacitors. Batteries and galvanic cells are characterized by high specific energy, but their main disadvantage is their short service life and low power density, which is limited by low values of the discharge current. Fuel cells have a high specific energy, but require a large amount of external equipment, which limits their scope. Capacitors have a long service life, high power density, but the main drawback is their low specific energy. Supercapacitors have high power, almost unlimited service life, and at the present stage they are the most promising devices with many applications using energy storage devices. It should be noted that supercapacitors have many advantages that are not provided by batteries, namely:

– the ability to fast charge,

– a wider operating temperature range (up to - 40 °С),

– do not require maintenance during the entire service life,

– provide high security systems, in the absence of chemically 's reaction first.

The main disadvantages so far are the high price per unit of energy used and the low level of density of stored energy.

The market for supercapacitors is, in our opinion, comparable to the market for lithium batteries. The application of supercapacitors is wide, and the market is divided into two sectors:

– electronic devices (cell phones, wireless sensor networks, digital cameras, laptops, players, toys, e-books, remote controls);

– for industrial applications (in remote controls, readers of radio identification devices, medical equipment, industrial lasers, transport systems, rectifiers, uninterruptible power supplies, monitoring and control systems, etc.).

The forecast for the growth of the supercapacitor market capacity, according to experts, is shown in Figure 6 ( https://ppt-online.org/261285 ).
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corpyunkn MacTrTyTa. Beero 19 uenosek.

HNOBECTKA JHs
1. 3acnymmBaHHe 3aKII0YMTEIBHBIX 0T4eTOB 110 ['D 32 2020 rox.

3awm. TpesicesiaTens 3acenanus - Kas.xuM. Hayk TanupGeprenosa C.K.
Cekperapb 3aceanms - kaua.xum. nayk Kouieibaesa H.K.

CJIYHIAJIA

Jloknax nayuHoro pykosoautens mpoexrta she Jlecbaea B.T. no teme «Paspaborka
CO3JaHME CYNEPKOH/EHCATOPOB HA OCHOBE HAHOMOPHUCTBIX — YIJICPOJHBIX — MaTepHaloB
MOJIyYCHHBIX 13 OTXOJ0B PACTHTENBHOTO CHIPhS».

IMocse BBICTYMICHHUS OBIIH 3a1aHbl BOTPOChL.

1. JI.x.n. Ourapbacs E.K. SIBnsercs aum TeXHONOIUsS MOJIYYCHHUS CYHNEPKOH/EHCATOPHBIX
Moy el Ha OCHOBE KOMMYTALHI [IEPBHYHBIX CYTEPKOH/IEHCATOPOB 6a30B0if?

Otset: Jla. IPOM3BOIUTEH CYHEPKOHICHCATOPOB HCIOJIL3YIOT €& MOBCEMECTHO, TaK Kak
[epBUYHbIE CYIEPKOHICHCATOPbI HE MMEIOT HH OOJIBLIOrO HANPSUKEHUs, HH EMKOCTH.

2. J.x.u. Jlocymo K.JI. PeambHpl om mpejutaraeMbie peKOMEHIAIMM 1O OpraHu3aiuy
TEXHOJIOTHYECKOTO MPOLECCa B [LIAHE IPUMEHESHHs! JUTsl KOMMepLHann3aunm’?

Oteer: Ecnu  opraHm3oBaTh —TEXHOJOTMYECKHH —IMPOLECC ¢  MOIHBIM  HAabopom
PEKOMEH/TyeMOro 000pPY/IOBAHII M €ro OTIaIHTh. TO MOKHO BBITYCKATh CYTEPKOH/IECATOPDI €
HeoOXO0IMMBIMU XapaKTEPUCTHKAMI B KOMMEPYECKOM TijlaHe.

3. PhD Cwmarysosa [.T. B 4ém npenMyliecTBo NpeiaraeMoro BaMu CynepKoHaeHcaTopa
10 CPABHEHHIO ¢ HMEIOLIIMMHUCS Ha PhIHKe?

Otget: [IpenMyLIecTBO NPEUIOKEHHOIO CYNEPKOH/ICHCATOPa OCHOBAHO Ha NMPUMEHCHHH
7eMEBOr0 aKTHBHOTO IKTPOJAHOI0 MaTepuana., HOLyYeHHOro MeTOJ0M KapOoHH3auud H




 

Figure 6 – Forecast for assessing the growth of market capacity for supercapacitors

Today the following companies are major manufacturers and assemblers of supercapacitors all over the world: Maxwell Technologies (USA), NEC-Tokin (Japan), Power Systems (Japan), LS Cable (South Korea), Evans Capacitor (USA), CJSC “ESMA" (Skolkovo). Basically, these companies produce supercapacitors based on carbon black and graphene, which affects the price of the final product. The energy cost issue can be solved by using cheap electrode materials from waste of plant renewable raw materials.

At present, the authors of the project have developed a method for obtaining nanoporous carbon material with a specific surface area of 2800-3200 m2/g from rice husks. A technology for the manufacture of electrodes based on the obtained nanoporous carbon materials for supercapacitors, which have mechanical and electrochemical stability, has been developed. The selected aqueous electrolyte based on potassium hydroxide, which provides the highest electrical capacity with an allowable potential window of 0.8-1.0 V. The electrodes have a specific capacity of 255 F/g at a current density of 0.5 A/g. The specific power at a current density of 1 A is 
1700 W/kg. The obtained characteristics of supercapacitors fully compete with the world's leading manufacturers and even outstrip them in some indicators. Nanoporous carbon material, synthesized from rice husk, reduces the cost per unit of energy used, that is, the end product.

A technique has been developed for the manufacture of laboratory samples of supercapacitors based on the created electrodes and the selected electrolyte - laminar, cylindrical and coin types. Based on laboratory samples of supercapacitors, supercapacitor modules of various configurations with the required voltages and capacities have been created and tested. Stability tests of all types of laboratory samples of supercapacitor cells and modules created on their basis by the method of cyclic charging and discharging at currents of 100 and 500 mA have been carried out. It was found that they have stable performance up to 10000 charge-discharge cycles while maintaining the original capacity by 98%. With the release of various types of supercapacitors, all sectors of the supercapacitor market will be covered and there is a prospect of going into retail.

Based on the results of the work, a commercialization strategy in three stages is recommended. The implementation of the first stage of the project provides for scientific research work (R&D), which includes: marketing research, optimization of the method for obtaining carbon materials, drawing up technical specifications for capacitors, manufacturing and testing of prototypes. The implementation of the second stage of the project provides for development work on the preparation of technical specifications for capacitors and modules based on them and deciding on the development of production.

The implementation of the third stage of the project provides for the purchase, installation and adjustment of technological equipment, and the introduction of a supercapacitor into serial production.

At present, to launch a pilot line to produce supercapacitors (100 units per day) with a capacity of 100 and 500 F using the proposed technology, it takes about 200 million tenge. The requested amount is required for the purchase of specialized equipment, as well as for setting up and launching a production line to produce supercapacitors and supercapacitor modules. At the same time, the following tasks are set, which determine certain difficulties in the process of project commercialization:

– marketing improvements (competitors, technology readiness, state relevance, etc.),

 – development of technology for promotion and sales,

 – production automation,

 – organization of production,

– supplier search.

Table 1 provides a brief SWOT analysis of the project, taking into account the potential benefits and threats in the event of commercialization. 

Table 1 – SWOT analysis of the project
	Capabilities
	Threats

	1. If the equipment becomes obsolete, each component of the complex can be replaced/improved.

2. The emergence of additional demand for a new product
	1. The emergence of new technologies.

2. Lack of demand.

3. Introduction of additional state requirements and certification for power supply complexes and for environmental monitoring complexes.

	Benefits
	Disadvantages

	1. Lower cost compared to other technologies.

2. Demand will not decrease due to the increased attention of organizations to environmental monitoring.
	1. Lack of an engineering company capable of building a turnkey production.

2. Long delivery time for materials and components.


CONCLUSION

 

As a result of the research work carried out, recommendations were developed on the creation of a technological process for the production of industrial samples of cylindrical supercapacitors with a capacity of 100, 500, 1000 F and a nominal maximum voltage of 2.7 V for storing electrical energy. As an active electrode material, a highly porous activated graphene-containing carbon from rice husk is used, the production technology of which has been patented.

Recommendations have been developed for creating a technological process for the production of industrial samples of supercapacitor modules with an output voltage of 16.2 V and a capacity of 500 F, intended for starting internal combustion engines with a volume of up to 
1.6 liters. To achieve the maximum specific characteristics of supercapacitor modules, the technology of assembling a supercapacitor and modules based on them was recommended by the Russian developer of energy storage and storage systems, OOO TEEMP. TEEMP technology gives more advantageous characteristics due to a new design: roll-prismatic design of the base cell and stack technology of module assembly. This design of cells and modules allows to reduce the weight and size of the supercapacitor assembly by 30% in comparison with similar devices, which improves the specific parameters of supercapacitor modules.

On the basis of a technical and economic assessment of the technological process for the production of industrial samples of supercapacitors and supercapacitor modules, it was proposed to optimize the process by introducing into the production and technological chain the synthesis of an active electrode material based on low-layer graphene with a maximum specific surface area from renewable biomass, and it was proposed to use an efficient technology for the production of supercapacitors, which is used to produce lithium-ion batteries and modules based on them.

Proposals and recommendations were drawn up for the further commercialization of the production of supercapacitors and modules based on them.

The assigned tasks in accordance with the work schedule were completed in full. 
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TEXHHYECKAS] CIIEUHOUKALIS
KAJEHIAPHBI [UIAH PABOT

Tlo zorosopy Ne /7_ov_0f -4@AmA. 2018 roma

1 PITI na TIXB cueraryr npoaem ropems» KH MOH PK

1.1 Tlo npopiery: 2 DuepreTika i NammocTpocHHE

12 Tlo MOANpHOpHTETY: 2.2 ATVTEPHATBIAR SHEPFETIKA  TEXHOTOTI BOIOGHOBTACNHE
HCTONMHKIN SHCPTIH, AACPHAR H BOOPOIHAS SHEPIETHKG, APYTHE HCTOWHHKI SHCPTIH, TPHKIATHE
rsh—

1.3 o Teme mpoera: No APOS133792 «PaspaGora 1 Co31aise cynIepKONICHEATOPOB Ha OCHOBE
HAHONOPHCTIIX YT IEPOHX METEpHAIOB IOTYCHIIX H5 OTXO1OB PACTHTETBHOTO CHPL®):

1.4 OGuias cyna npoekta 20 953 730 (TBLLATS MHATHONOB ACBATHCOT IATLICCAT TPH THCRYA
CCMICOT TPIAUIATS) THTC, B TOM WHCAE ¢ PASGHBKOH 110 FOZON, JUIA BMTOHEHE PAGOT COTTACHO
ymrry 3:

~Ha 2018 roz — B eyate 7 000 000 (cest MitHOHOR) Terre;

- Ha 2019 107 — B cysnve 7 095 963 (ceMB MIIIHONOB ZCBRHOCTO TIATH THCR ABATHGOT
mecTzecsT TpH) Temre;

-2 2020 r0 - B cysove 6 857 767 (ECT: MILLTHOHOD BOGEMACOT AT IECAT CeNb THRY CEMBEOT
mecrgecsT cexy) Tenre.

2 XapaKTEpHCTIKA Hay4HO-TEXHNYCCKOH HPOTYKILIN 10 KBATNUKAUIONNLN
pHSHAKAM I KOHOIMECKHE NOKAIATEAN

21 Hompasienne paoru: PaspiboTa TEXHOTOTHA HOOTOBICHWS DIEKTPOIOB i
CYTICPOMACHCTOpOB (HOHIICTOPOB) a OGHOBE BO3OGHOBTAENOTO CHPs — KapOOMIIIOBANIHOI PHCOBOf
HICIYXH ¢ WX TIDHMGHEHNEM COVIANHE IXCIIEPNCHTATLHAX OGPASIIOB. CYICPKONACHCATOPOB ©
GonLuOft YACALHOT SHepriCl H NOUHOCTE.

22 OGaacts, mpuniericis: CHOTENS HAKOTIEHNR H PEKYTIEPAILIH MEXAHHSCCKOH SHCpTI B
SACKTPHIECKYIO B BTONOGIIECTPOGHIH, @ TAKKE CHCTENS CTAGHTHSAIN NHKOBX HATPYIOK B
SMEKTPHIGCIIX ceTAX

2.3 Konewnsi pesysrar:

- 32 2018 TO/L: METO/S IOy MR HAHOTOPHCTLIX YTAEPOTHSIX NATEPHATOB Ha OCHOBE PHCOBOTt
meayxw. MapupyT TeXHOTOTH HITOTOBTEHIS 37EKTPO/IOB 1a OGHOBE HOTYYEHHSIX HAHOTIOPHCTHX
YIIEPOTHLIX MATEPIHATION H IKCIIEPHMENTATHHL OBPALOB CYIEPRONIEHCATOPOB;

~32.2019 rox: 1aGopaTOpHsE OGS CYIEPKOIACHCATOPO H CYTIEPKONIEHCATOPHSX MO

- 3a 2020 FOX_peXOMCHZMIH O NAPUPYTY TEXHOTOTHYECKIX NPOLECCOB TPOHSBOACTEA
UOMBITCHHIX  OGPISHOB  CYICPKOWIEHCATOPO M CYNCpKOICHCATOPHNX  NOAYcH
UNASHYEHHELX /13 HAKOILIEHIA SHEPTHH f KONIEHCLUH THKOBSIX HOIPY3OK.

34 Beck, nepHOA BIOTHENHA TPOSKTA GYAYT OnyGTHKOBIM He Mewee 2 (1yX) Crateil 5
PeUCHSHpYEMSX 3aDYGEXILIX MY HYIAHHRY, HHTEKCHPYENMX b Gasax Aamiutx Web of Science
M SCOPUS © HENYICBEN HMTAKT-JaKTOpON, He MeHce 2 (18YX) nYGTHKAWMi B PeLEISMpYeMIIX
3apYGCHLIX 1 OTCHCCTRCHHAX HayWHIX HIIHIAX C HCHYICBIN HTKT-$axTopo. Byaer nonyuen
Oxpau OKyNEHT.

2.4 HarestocnocoGocs: Mpoext narermocriocoGer

2.5 Haywo-rexsiiccianli yposens (nopusia): HOBMSHON mpockra spiscrea_ paspaGorka
TEXHOTOTH HOYHEIHA HAHOTOPHCTIAX YFAEPOTHEIX MATEPHATOB, OGIATHOLIX BHCOKOH YICTbHOI
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APPENDIX 1.1

TECHNICAL SPECIFICATIONS AND CALENDAR WORK PLAN

Under contract No. 97 dated March 05, 2018

1 RSE on REM "Institute of Combustion Problems" KN MES RK

1.1 By priority: 2 Energy and mechanical engineering

1.2 For sub-priority: 2.2 Alternative energy and technologies: renewable energy sources, nuclear and hydrogen energy, other energy sources, applied research.

1.3 On the topic of the project: No. AR05133792 "Development and creation of supercapacitors based on nanoporous carbon materials derived from waste of vegetable raw materials"

1.4 The total amount of the project is 20 953 730 (twenty million nine hundred fifty-three thousand seven hundred thirty) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:

- for 2018 - in the amount of 7 000 000 (seven million) tenge;

- for 2019 - in the amount of 7 095 000 (seven million ninety-five thousand nine hundred sixty-three) tenge;

- for 2020 - in the amount of 6 857 767 (six million eight hundred fifty-seven thousand seven hundred sixty-seven) tenge. 

2 Characteristics of scientific and technical products by qualification characteristics and economic indicators

2.1 Field of work: Development of technology for the manufacture of electrodes for supercapacitors (supercapacitors) based on renewable raw materials - carbonized rice husk and, using them, the creation of experimental samples of supercapacitors with high specific energy and power.

2.2 Applications: Systems for accumulation and recuperation of mechanical energy into electrical energy in the automotive industry, as well as systems for stabilizing peak loads in electrical networks.

2.3 Final result:

- 2018: methods of obtaining nanoporous carbon materials based on rice husks. Route of technology for manufacturing electrodes based on the obtained nanoporous carbon materials and experimental samples of supercapacitors;

- 2019: laboratory samples of supercapacitors and supercapacitor modules; 

- 2020: recommendations on the route of technological processes for the production of industrial samples of supercapacitors and supercapacitor modules intended for energy storage and compensation of peak loads.  

Over the entire period of the project, at least 2 (two) articles will be published in peer-reviewed foreign scientific journals indexed in the Web of Science or Scopus databases with a non-zero impact factor, at least 2 (two) publications in peer-reviewed foreign and domestic scientific journals with non-zero impact factor. The title of protection will be received.

2.4 Patentability: The project is patentable

2.5 Scientific and technical level (novelty): The novelty of the project is the development of a technology for producing nanoporous carbon materials with a high specific surface area and an adapted pore size distribution in a narrow range, based on renewable raw materials - rice husk, which is a waste product. The scientific novelty is the development of methods for modifying the obtained nanoporous carbon materials by introducing metal nanoparticles, nanotubes, graphenes into their structure to achieve the maximum specific energy characteristics of the supercapacitor electrodes.

2.6 The use of scientific and technical products is carried out: Contractor and Customer.

2.7 The type of use of the result of scientific and (or) scientific and technical activities: the results of scientific and (or) scientific and technical activities will be used in fundamental and applied research in the development of supercapacitors.

3 Name of work, terms of their implementation and results
	Task code, stage
	Name of work under the Agreement and the main stages of its implementation
	Period of execution
	Expected Result

	
	
	Start
	Ending
	

	1.
	Development and creation of methods for obtaining nanoporous carbon materials based on rice husks. Development and creation of a technology for manufacturing electrodes based on the obtained nanoporous carbon materials and creation of experimental samples of a supercapacitor
	January 2018
	November 1, 2018
	Methods for the production of nanoporous carbon materials based on rice rice husks will be developed and created. A technology for manufacturing electrodes (route of manufacturing technology for electrodes) will be developed and created on the basis of the obtained nanoporous carbon materials, and experimental samples of a supercapacitor will be created

	1.1
	Development and creation of a method for carbonization and thermochemical activation of rice husks to obtain nanoporous carbon material with a specific surface area of at least 2600 m2/g
	January 2018
	March 2018
	Methods of carbonization and thermochemical activation of rice husks will be developed and created to obtain nanoporous carbon material with a specific surface area of at least 2600 m2/g



	1.2
	Development and creation of methods for modifying the obtained nanoporous carbon materials by introducing metal nanoparticles, nanotubes, graphenes into their structure to achieve maximum specific energy characteristics of electrodes
	April 2018
	June 2018
	Methods will be developed for modifying the obtained nanoporous carbon materials by introducing metal nanoparticles, nanotubes, graphenes, electrodes with maximum specific energy characteristics into their structure to achieve maximum specific energy characteristics of electrodes 



	1.3
	Development of a technology for the manufacture of electrodes based on the obtained nanoporous carbon materials that are resistant to mechanical and electrochemical influences in a wide range of applied current loads and the development of an electrolyte composition that provides the maximum values of electric power characteristics with manufactured electrodes
	July 2018
	September 2018
	A technology for the manufacture of electrodes based on the obtained nanoporous carbon materials resistant to mechanical and electrochemical influences in a wide range of applied current loads will be developed, and an electrolyte composition will be developed that provides the maximum values of electric power characteristics with the manufactured electrodes.



	1.4
	Manufacturing of experimental samples of a supercapacitor based on created electrodes and selected electrolytes with maximum capacitive and energy parameters
	October 2018
	November 1, 2018
	Experimental samples of a supercapacitor will be made on the basis of the created electrodes and selected electrolytes with maximum capacitive and energy parameters.

1 article will be published in a peer-reviewed foreign or domestic scientific publication with a non-zero impact factor

	2.
	Carrying out research and development work on the creation of laboratory samples of supercapacitors and laboratory samples of supercapacitor modules
	January 2019
	November 1, 2019
	Research and development work will be carried out to create laboratory samples of supercapacitors and laboratory samples of supercapacitor modules. Laboratory samples of supercapacitors and laboratory samples of supercapacitor modules will be obtained

	2.1
	Research and development work on the creation of laboratory samples of supercapacitors 
	January 2019
	March 2019

	Research and development work will be carried out to create laboratory samples of supercapacitors.

Laboratory samples of supercapacitors will be received.

	2.2
	Carrying out research and development work on the creation of laboratory samples of supercapacitor modules
	April 2019
	June 
2019
	Research and development work will be carried out to create laboratory samples of supercapacitor modules.

Laboratory samples of supercapacitor modules will be received.

	2.3
	Carrying out test tests of the created laboratory samples of supercapacitors and identifying the limiting technical parameters of operation
	July 2019
	September 2019
	Test tests of the created laboratory samples of supercapacitors will be carried out and the limiting technical parameters of operation will be revealed.

The limiting operational technical parameters of laboratory samples of supercapacitors will be determined.

	2.4
	Carrying out test tests of the created laboratory samples of supercapacitor modules and identifying the limiting technical parameters of operation
	October 2019
	November 1, 2019
	Test tests of the created laboratory samples of supercapacitor modules will be carried out and the limiting technical parameters of operation will be revealed.

The limiting operational technical parameters of laboratory samples of supercapacitor modules will be determined.

1 article will be published in a peer-reviewed foreign or domestic scientific journal with a nonzero impact factor and 1 article in a peer-reviewed scientific journal indexed in the Web of Science or Scopus databases with a nonzero impact factor. A patent application will be filed.

	3.
	Development of recommendations for technological processes for the production of industrial samples of supercapacitors and supercapacitor modules intended for energy storage and compensation of peak loads
	January 2020
	November 1, 2020
	Recommendations for technological processes (route of technological processes) will be developed for the production of industrial samples of supercapacitors and supercapacitor modules intended for energy storage and compensation of peak loads.

	3.1
	Development of recommendations for the creation of a technological process for the production of industrial samples of supercapacitors
	January 2020
	March 2020
	A recommendation will be developed for the creation of a technological process (route of the technological process) for the production of industrial samples of supercapacitors.

	3.2
	Development of recommendations for the creation of a technological process for the production of industrial samples of supercapacitor modules
	April 2020
	June 2020
	A recommendation will be developed on the creation of a technological process (route of the technological process) for the production of industrial samples of supercapacitor modules.

	3.3
	Carrying out a technical and economic assessment of the technological process of manufacturing industrial samples of the developed supercapacitors and supercapacitor modules
	July 2020
	September 2020
	A technical and economic assessment of the technological process of manufacturing industrial samples of the developed supercapacitors and supercapacitor modules will be carried out


	3.4
	Drawing up proposals and recommendations for the further use and commercialization of work results
	October 2020
	November 1, 2020
	Proposals and recommendations will be drawn up for the further use and commercialization of the work results.

1 article will be published in a peer-reviewed scientific journal, indexed in the Web of Science or Scopus databases with a non-zero impact factor. A patent will be obtained 


From customer:





From the Contractor:

Chairman of the State Institution



General Director of the RSE on REM

"Science Committee Ministry




"Institute of Combustion Problems"

of Education and Science of the



SK MES RK

Republic of Kazakhstan»





_______________ Abdrasilov B.S.



________________ Mansurov Z.A.

Familiarized with:

Scientific supervisor of the project

______________ Lesbayev B.T.

APPENDIX С
[image: image18.png]500

400

300

200

100

1 billion $

2014

>500 billion $

>20 billion $
—

after 5 years after 15 years





[image: image10.jpg]AKTUBALMM PACTUTEILHOTO ChIPbS M HMEIOLIEr0 BBICOKONOPUCTYIO CTPYKTYPY C BBICOKOMH
YJIeJILHOM MTOBEPXHOCTBIO.

NOCTAHOBUWJIU:
1. YTeepauTh 3akmountenshbii otder 3a 2020 rox Jlec6aera b.T. no teme«Paspaborka un

CO37aHue CYINEPKOHJCHCATOPOB HA OCHOBE HAHONMOPHCTBIX  YIVIEPOAHBIX  MaTCpHaJIOB
TIOJIyYEHHBIX U3 OTX0/10B PACTUTEILHOI'O ChIPbS».

3am.nipesicenarens HTC Lﬁ&off/ C.K. TanupOeprenosa
VYueHslii cekpetapb //:/ H.K. KsL1b16aeBa



APPENDIX D

Drawings of the original parts for the mill frame
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APPENDIX E

Assembly sequence drawings of the mill frame and assembly view
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