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Abstract: The regularities of the formation of carbon adsorbent from charcoal coke under the influences
of ionizing radiation and heat have been studied. In both stages of obtaining active adsorbent, i.e. in
coking and activation processes, the stimulating effect of radiation is observed. Thus, a temperature
decline by 200-450°C compared with thermal processes, and an increase in sorption capacity and
mechanical strength of the obtained product were observed. The sorption capacity of the activated carbon
by radiation-thermal methods 2,3 times more the adsorbent produced by thermal methods. As a result of
polycondensation processes occurring under the effect of radiation on the carbon material, the mechanical
strength of the product increases by 11.3%. The mechanism of the investigated processes is discussed,
and it is shown that the occurring processes are due to the high penetrating ability and chemical effects of
ionizing radiation. The technico-economical evaluation has been conducted and it has been found that
using the electron accelerator having the beam power of 5,0 kW, allows producing 28,800 tons' high-
quality carbon adsorbents per year.
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1. Introduction

Active charcoals are multifunctional according to their purpose and properties [1].
Purification of water and air from various contaminants, widespread use in hemodialysis, gas
masks, and other areas also impose selective requirements on their properties. Considering these
requirements, raw materials and methods to obtain active charcoal are selected. To increase the
sorption capacity of active charcoal, it is necessary to achieve a high purity of micropores by
cleaning resins from their structure. However, the possibilities of influence on micropores are
very limited in traditional thermal methods. Because the heat-mass exchange at micropores of
1.0-1.5 nm is very weak which makes it difficult to decompose the resins in these pores. At the
temperature of 800-900°C and pressure of 1-2 MPa, during the activation process by water
vapor, the carbonic residues prevent a significant increase in sorption volume. Under more
extreme conditions, partitions between the created micropores interact and unite with pores,
resulting in the creation of transition pores greater than 10 nm and macropores greater than 100
nm. This leads to a decrease in the sorption volume and mechanical strength of active charcoal.
Various literature data present variants of radiation usage to enhance the adsorption capacity of
adsorbents [2]. As a result of the irradiation of carbon adsorbents with y-rays and accelerated
electrons, at room temperature, their adsorption capacity in concerning zinc acetate increases by
60% [3]. I.B. Krichko [4] investigated the effect of high-frequency discharge on adsorption
kinetics of O, and CO> on the surface of charcoal and graphite. It was found that the adsorption
of gases on the surface of carbon adsorbents accelerated by the effect of slow electrons, which
energy was E = 2.5-9.5 eV. The authors [3] found that as a result of two-stage processing, the
adsorption capacity of carbon adsorbents "Pittsburg”," AST"," Dreaer E-900 " for gases under
optimal conditions increases to 69%.
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In our investigation, based on the high penetrating ability and chemical effects of ionizing
radiation, we obtained active charcoal under mild conditions (under relatively low temperatures
and pressures.)

Producing carbon adsorbent was carried out in two stages: In the first stage, the substance
containing carbon was coked in an oxygen-free environment, and in the second phase, the coke
was activated in a water vapor medium. The results of the first stage are given in [5]. At the
second stage, the resulting semi-coke was subjected to radiation-thermal gasification with water
vapor and the final product was obtained-activated carbon. These results are presented in this

paper.
2. Materials and Methods

From a methodological point of view, the gasification setting (Fig. 1) differs from semi-
coking in that in this case a unit for supplying water vapor (7) is used and there is no receiver of
liquid products since such products are not formed. In both phases, the substance was exposed to
gamma radiation of the Co-60 isotope. A dose rate determined by ferrous sulfate dosimetry
ranged within the interval P = 0,14-0,18 Gys/s.

The sample is exposed to ionizing radiation and temperature throughout the experiment
in reactor 3 under stationary conditions. To take the products out of the reaction zone, a gas was
given from inert gas balloon (1) through communication pipes (2)with a speed of 1 ml/sec. The
sample (5) temperature was maintained constant in the reactor by heating spirals (4) and
thermoregulator (6), water vapor is fed to the system through the water volume by a metering
device (7), gas products are collected in the Gasometer (8), and solid products remain in the
reactor (3). The reactor part of the device is located in the zone of maximum exposure to gamma
radiation.

Fig. 1. Scheme of an experimental device for producing activated carbon from semi-coke:
1 - gas cylinder; 2 - communication pipes; 3-reactor; 4 - spirals for heating the reactor; 5 - sample;
6 - temperature regulator; 7 - volume for water with a dispenser, 8 - gas meter; 9 - exit to the
chromatograph.

After the experiment, the benzene sorption capacity and mechanical strength of the

activated charcoal in the reactor were determined. The benzene sorption capacity was measured
in the vacuum unit and the MIS-60-8 the method was used to determine mechanical strength.
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3. Results and discussion

As we showed in [5] at 500°C, the yield of semi-coke from coal was 66%. In this work,
this semi-coke was gasified with water vapor under the influence of radiation and heat. Then the
properties and yield of gas and solid products of the process were measured.

The coke obtained in the second stage was activated at 500 ° C in a water vapor medium.
The relationship between the benzene sorption capacity and the absorbed radiation dose is shown
in Fig. 2.
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Fig. 2. Dependence of the sorption capacity of activated coke on the absorbed dose.
T =450°C

Thus, the sorption volume after radiation-thermal activation of coal-coal coke in the
presence of water vapor increases by 2.3 times. In the absence of water vapor, this growth does
not exceed 1.7 times. The difference in the radiation effect is due to the reactions of resinous
substances with water vapor. In the absence of a gasifying agent (H20), micropores are difficult
to open, and therefore a significant increase in the sorption volume is not observed.

It should be noted that although there is an increase in the volume of micropores to the
absorbed dose of 5.0 kGy, at subsequent dose values, there is a tendency to saturation, and this
dose can be considered as the optimal dose.

Since the study of the features of the radiation-thermal process is a relatively new field,
there is a limited amount of research and design work in the literature. Under the influence of
radiation, ionizing radiation is inhibited and secondary electrons are formed with high chemical
effects in the entire volume. As a result of this, the decomposition of tar in micropores and paths
leading to them occur at a high speed.

The formation of hydrogen, carbon monoxide and methane in the pores occurs in the
following radiation-stimulated reactions

C+HO0 -CO +H> Q)
RH(tar) > CHs + M (2)

Even though these reactions occur at a significant rate at a temperature of more than 700°C,

ionizing radiation, which causes activation and dissociation of gases, significantly accelerates the
process
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H20* —H +OH @3)

Since carbon atoms are relatively more active in micropores and the pathways leading to
them, they even actively participate in chain reactions:

C+OH—->CO+H 4)
H+H,0 — H,+0OH (5)
RH*+H —>H: +R (6)

The kinetics of the formation of H2, CO, and CH4 upon radiation-thermal activation of
coke in a water vapor medium are shown in Fig. 3
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Fig. 3. Kinetics of H,, CO and CH, formation during radiation-thermal activation of coke in a
water vapor medium, T=450°C

It should be noted that in reaction scheme (4-6) the rate of the process is determined by
the rate of reaction (5), since its activation energy is about 1 eV. Other reactions have
significantly less activation energy.

The OH radicals formed in the last reaction react again with C atoms and tar in
micropores at a high rate, producing Hz, CHa, and CO gases. In similar experiments, it was found
that the radiation-chemical yield of these gases is G (H2) = 50-60 molecules/100 eV. The same
can be said about the formation of carbon monoxide. The same results were obtained when
measuring the formation of carbon monoxide. In addition to the C + OH reaction, depending on
the process conditions, it is also possible to recombine OH radicals

OH + OH —»H20> (7)
In these processes, the radiation-chemical yield of the target reaction is determined by

rates of reactions (3-6). The rate of reaction 3 depends on the intensity of the ionizing radiation,
whereas the rates of reactions (4-6) depend mainly on temperature. Thus, by changing the rate of
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the adsorbed dose and temperature it is possible to control the rate and direction of the radiation-
thermal process.

It is known that radiation effects on high-molecular compounds stimulate the build-up
event at certain doses and increases their mechanical strength. In these studies, the dependence
between the mechanical strength of the active charcoal obtained from the petroleum coke and the
adsorbed dose was determined. Figure 4 shows the effect of adsorbed radiation dose on
mechanical strength.
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Fig. 4. Dependence of mechanical strength on absorbed radiation dose, T=450°C

Based on the MIS-60-8 method, the adsorbed dose up to 5 kGy results in the increase in
mechanical strength from 78.2 % to 89.3% and this leads to the decrease in active charcoal
consumption by 11.1% or increases exploitation time.

When a heterogeneous C + H,O system is irradiated, in addition to the gas medium,
radiation-induced chemical defects also appear in the carbon matrix. The concentration of these
defects is calculated using the following formula:

Na:Ga'P'IO-ZT (8)

Where G,- radiation-induced chemical yield of active particles, 1/100 eV

P- rate of the adsorbed radiation dose, eV/g s

T — irradiation time

Radiation effects on macromolecular compounds in certain doses stimulate the
crosslinking process and increase their mechanical strength. In these experiments, the
dependence of the mechanical strength of active coal obtained from coal coke on the absorbed
dose was determined.

It is known that [6] charcoal contains a lot of multifunctional polyaromatic compounds
with a polyconjugated chemical bond system. Similar to polymeric materials having
polyconjugated bonds, destruction, and build-up processes are possible during charcoal
irradiation. The course of these processes depends on the characteristics of the irradiated object
and the value of absorbed dose [7].

During y-irradiation of charcoal and their semicokes [4,8], conjugated bonds in their
organic masses are disturbed, and formation of the lattice structure is observed. This leads to a
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decrease in charcoal paramagnetism and an increase in the thermal stability of charcoal. An
analysis of existing data in the literature allowed us to assume that if the conditions for
processing coal with ionizing radiation are correctly determined, in addition to increasing the
adsorption capacity, their mechanical strength can also be increased.

Technical and economic indicators of charcoal modification under the radiation-induced
chemical effect are also of interest. Increasing the speed of processes under the influence of
radiation, lowering the temperature, and increasing the sorption volume affect economic
indicators of charcoal.

The productivity of the radiation-induced chemical process is determined by the
following formula:

n= KR ©)
DO

Where:

k —adsorption coefficient of the substances containing carbon ~ 0.80.

Pe — power of the radiation source, kW

Do — dose necessary for implementing the process. In our experiment Do= 4.0 kJ/kg.
When using an electron accelerator with a beam power of 5.0 kW:

H:M:lkq/s
4kJ /kq
The efficiency of the device is 3.6 t/h that meets the existing requirements for the
production or modification of active charcoal.
The conditional economic effect (Eef) was calculated using the following formula

Eef = AMk Ck —ADr Mr (10)

AMk -the amount of additional conditional adsorbent obtained by increasing the sorption volume
due to irradiation, kg
Ck - the cost of the active charcoal, $/kg

ADr - the cost of the radiation energy used for the modification, $
Mr - the quantity of the radiation energy, KWh
If we consider the increase in sorption as the acquirement of the additional sorbent (i.e., consider
the doubling of sorption volume as using 1 kg of charcoal instead of 2 kg) and use the following
literature data :
Market prices for active charcoal: 1.0- 40.0 $/kg
Radiation energy prices: 0.05- 4.0 $/kW h
Considering these prices, the conditional economic effect can be achieved by thousands
of dollars per hour. The economic effect is higher when charcoal prices increase and the cost of
radiation energy decreases.
The effect of radiation on the obtaining and modification of active charcoal may be
explained by the fundamental principles of radiation chemistry [9,10].
The use of radiation in obtaining carbon adsorbents has the following features:
- Absorption and high chemical effects of ionizing radiation,
- Ensuring high speed of energy-consuming chain processes at relatively low temperatures;
- Substances which are ecologically pure and do not form radioactivity when irradiating at
relatively low energies (<5 MeV);
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- Simple, few-stage radiation-induced chemical process, high economical efficiency when
using low-tonnage and expensive substances.

4. Conclusions

The mechanism for increasing the sorption volume of coal coke under radiation-thermal
effects consists in the volume absorption of ionizing radiation and the initiation of chemical
reactions of the decomposition of resinous substances in micropores with the participation of
reactive radiolytic particles and water vapor.

Due to the occurrence of radiation-stimulated polycondensation processes in the carbon
material, the formation of a mesh structure occurs, which leads to an increase in its mechanical
strength.
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PAJIMATMOHHO-UHUIIMNPOBAHHBIE ITPOLHECCBI AKTUBALIUN YI'JIA
P.I'. Axyngos, U.1. MycradaeB

Peziome: ViccnenoBaHbl 3aKOHOMEPHOCTU OOpa30BaHUsl aKTUBHOIO YIVI M3 KaMEHHOYTOJIBHOI'O KOKcCa
II0J1 ACMCTBUEM ramMMa-JIyded U BBICOKOM TeMIEpaTyphl. BbIIO BBISBICHO CTUMYJIUPYIOLIEE BO3IEHCTBHE
paguanuy Ha dTanax MOoJdy4YeHUs aKTUBUPOBAHHOTO YT, TO €CTh B IIPOLECCAaX KOKCOBAHUS KaMEHHOTO
yTos ¥ akTuBanuy. 110 cpaBHEHUIO ¢ TEPMUIECKIMH MTPOIECCAMU HAOIIOJAIOCh CHIYKEHNE TEMIIEPaTyphl
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npoueccoB Ha 200-450°C, yBenuueHHe CKOPOCTH PEaKUUH YTICPOJUCTBIX BEIIECTB ra3u(HIMPYIOIIUM
areHTOM, MOBBIIIEHHE COPOIMOHHONW EMKOCTH W MEXaHWYEeCKOW MPOYHOCTH MOIYYSHHOTO IMPOIYKTa.
CopO1noHHas CIIOCOOHOCTh aKTUBHBIX YTIIeH, MOAU(DUIIMPOBAHHBIX PaIUAIIIOHHBIM METOIOM OOIbIIE B
2,3 pa3za, 4eM y aJCOpOCHTOB, TMOJYyUYEHHBIX TEpMHUECKHMM MeTonoM. [loa Bo3aeHCTBHEM paaualuu B
YIJIEPOTHOM MaTepHalie B pe3ybTaTe MPOIECCOB MOJINKOHICHCANH MEXaHWIECKast IPOYHOCTD U3IEIHS
yBenuuuBaercs Ha 11,3%. OOcyxeH MeXaHU3M H3y4aeMbIX IIPOLECCOB U IOKA3aHO, YTO MPOUCXOSIIIE
NPOILIECCHl CBSI3aHBI C BBICOKOM NMPOHHLIAEMOCTBIO W XHMHYECKHUM BO3JCHCTBHEM HOHHU3UPYIOLIETO
nznydeHus. [IpoBeeHbI TEXHUKO-9KOHOMHYECKHE OLICHKU M MOKA3aHO, YTO Ha DJIEKTPOHHOM YCKOpHUTETe
MOIITHOCTEIO 5,0 KBT MoxHO mpon3BoanTth 28800 TOHH BEICOKOKa4eCTBEHHOTO YTIIEPOIHOTO a/IcOpOeHTa
B T'OJI.

Knroueswvle cnoea. KaMeHHBIA yTOJb, TaMMa JIydd, MUKPOIIOPHI, afcOpOITs, acOpOCHTHI, MEXaHIMIECKas
MPOYHOCTb.

KOMURUN RADIASIYA TOSIRI ALTINDA AKTIVLOSDIRILMOSI
R.Q. Axundov, I.I. Mustafayev

Xiilasa: Tonlasdirict siialarin vo istiliyin tosiri altinda karbonlu maddolordon aktiv komiir alinmasinin
kinetik ganunauygunluqglar1 tadqiq olunmusdur. Aktiv komiir alinmasiinin hor iki morhslasinds, yoni
kokslasma va aktivasiya proseslorinds radiasiyanin stimullasdirici tosiri agkar olunmusgdur. Bels ki, termik
proseslora nisboton proseslorin bag verma temperaturunun 200-450°C azalmasi, reaksiya siiratlorinin
artmast vo alinan mohsulun sorbsiya gabiliyystinin vo mexaniki méhkomliyinin artmas: miisahids
olunmusdur. Radiasiya tisulu ilo modifikasiya olunmus aktiv komiirlsrin sorbsiya qabiliyyasti termik tisulu
ilo alds edilon adsorbentlordan 2,3 dofs ¢oxdur. Karbon materialinda radiasiyanin tasiri altinda bas veran
polikondensasiya proseslari naticesinde mohsulun mexaniki méhkomliyi 11,3 % yiiksslir. Tadqiq olunan
proseslorin mexanizmi miizakirs olunur vo gosterilir ki, bas veran proseslor ionlasdirict siialarin yiiksok
kegicilik vo kimyavi tosiri ilo baghdir. Texniki-iqtisadi qiymatlondirmalor aparilmis vo gostorilmisdir ki,
giicii 5,0 kVt elektron siiratlondiricisindo ildo 28800 ton yiiksok keyfiyyatli karbon adsorbenti istehsal
etmok miimkiindiir.

Acar sozlor: das komiir, neft koksu, polimer, gamma siialar, sorbsiya hacmi, mikroporlar, hemodializ,
mexaniki mohkomlik
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