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Abstract

The main purpose of this article is to find a connection between the experimental physical and chemical
properties obtained and sorption characteristics from other polymeric raw materials and products of their
processing on carbon adsorbents. Methods of definition which were used in the work are the specific bulk
mass, the content of volatile substances and ash content, the construction of isotherms of sorption and the
calculation of the internal specific surface of methylene blue. Results: adsorbents derived from raw
materials with a low specific bulk density and high ash content are shown to have relatively low values of the
specific internal surface and sorption capacity. The increased content of volatile substances in raw materials
and carbonates contributes to the enhanced formation of sorption pores in activated materials. Discussion:
choosing a polymeric raw material for the production of carbon sorbents it is necessary in addition to other
criteria to take into account its physical and chemical characteristics.
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recommendations for use
1. Introduction determined by the size of the sorption capacity and

the specific internal surface.
Carbon adsorbents occupy the leading place, which

are used in many industries, including medicine. A
variety of materials are used for their production, but
natural (bio-) and some synthetic polymers are used
to obtain the most effective and clean drugs. For
their conversion into the target product, two
important technological steps are used, namely

2. Analysis of the research and publications.

Carbonization is a thermal destruction of the original
polymer in order to remove from it non-carbon
elements - oxygen, hydrogen, nitrogen, sulfur,
creation of the primary porous structure with the

carbonization (pyrolysis) and activation [1, 2]. The
flow of these processes, as well as the quality of the
adsorbents produced, depends on the nature and
physical and chemical characteristics of the starting
polymers.

Therefore, it was useful to establish a relationship
between the type of raw material and the quality of
its carbonates and activates. The latter was

provision of strong properties of the product.
Chemistry of carbonization of natural polymeric raw
materials on an example of fruit stones and shells of
nuts are proposed in the literature [3]. Carbonization
in this case consists of the following steps:

e in the temperature range 150-350C there is a
decomposition of the least thermostable compounds —
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pentosans, with the release in the gas phase of water,
oxygen-containing gases, formic and acetic acids;

e at temperatures 325-375C the decay of
cellulose and lignins with the release of water,
carbon dioxide, methanol and phenolic products
runs;

e with an increase of temperature up to 650°C,
complex pyrolytic reactions begin with the
formation of active radicals and low molecular
weight fragments. At the same time, secondary
reactions of recombination (polymerization and

polycondensation) occur, which lead to the
formation of a semicoke;
e in the temperature range 650-800°C

carbonization of the material continues with the
formation of coke; the carbon content in the material
reaches 85%.

As for polymers of artificial origin, they are
divided into two groups [4]: those that are
practically ~ non-carbonizable  (for  example,
polystyrene, polyethylene), and therefore have no
interest in the production of sorbents and those that
can be carbonized (for example, polyacrylonitrile )

The pyrolysis schemes in these cases are quite

complex and individual for each of the polymers.
For some of them, it is described in [5].
The essence of activation is that the carbonate is heat
treated in the presence of some reagents, resulting in
a lot of additional pores, cracks and cracks,
respectively, repeatedly increases the internal
specific surface.

When activated by oxidizing gases (water vapor,
carbon dioxide, air), part of the carbon is burned out
and removed with lethal compounds and the internal
surface increases [6].

3. Main material

3.1. Materials and methods which were used
in the work

For testing, raw materials such as vinyl styrene
resin, sunflower husk and coconut shell, as well as
carbonates and activated, obtained from them were
taken.

The content of volatile substances, mainly water,
was determined by the weight loss of the substance
after its exposure to the drying cabinet at a
temperature of 120°C for 2 hours.

The content of volatile substances w was
calculated by the formula (1):

W:Am-IOO’% )

m

where:

Am - reduction of mass after drying, g;
m, - initial mass of sample, g

The content of the mineral residue (ash content)
in the raw material and its conversion products was
determined by weighting in a porcelain crucible in
an electric muffle furnace at a temperature of 600-
625 ° C for 1 hour [7].

Ash content z is calculated by the formula (2):

m-lOO,% 2

m,

where:

m - the mass of the ash residue, g;
m, - weight loss of the dried sample , g.

Under the volume (bulk density) is understood
the mass of material that fills the unit volume under
the action of its own weight after shaking.

This value was calculated by the formula (3):

m

p="t.glem )

where:

m - mass of free matter, g;

V' - volume of the filled part of the measuring
cylinder, cm’.

A method of constructing isoterms of sorption of
methylene blue was used to determine the sorption
capacity of the samples [9]. To do this, weed 0,0150
g in 8 test tubes, which was added to 10.0 cm® of
solution with increasing concentration of methylene
blue from 0 to 2.4 mg/cm’ .The test tubes were
placed in an Orbital Shaker OS20 mixing machine
and their contents were shaken for about 6 hours to
establish adsorption equilibrium. Then, on the
photoelectrocalorimeter ~ KFK-UHLN2 at a
wavelength of 440 nm and a thickness of 1,080 mm,
the residual concentration of methylene blue was
determined and the sorption capacity 4 calculated
according to the formula (4):

_(G=C) T

m

A “
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where:
C, - initial concentration, mg/cm3 ;

eyeq . 3
C, , - equilibrium concentration, mg/cm-;

V' - volume of solution, cm?;
m - weight of weight of matter, g.

According to these data, sorption isotherms were
constructed, which represent a graphical dependence
of the sorption capacity 4 on the equilibrium
concentration Co,.

Using the data of sorption tests, a specific
internal surface was calculated [8].

The molecule of methylene blue (C;sH;sCIN;S)
is adsorbed in a plane orientation relative to the
surface and the area of the molecule in this
orientation is 1.2 nm’. Taking into account the two-
layer state of methylene blue on the surface of the
adsorbent and the magnitude of its molecular weight
(319.85 a.om.), the specific internal surface of the
samples was calculated by the formula (5):

A-N,-S
ST BT I

where:

A - maximum sorption capacity of the sample for
methylene blue, mg/g;

N, - Avogadro number, mol ™

Sne - area occupied by one molecule after
adsorption, m’;

M,,s — molecular mass of methylene blue, g/mol;

N - the number of molecules in the gap, that is, in
this case, 2.

The value of the specific internal surface
determined by the described method is considerably
inferior to the value determined by the BET method
[9-10]. This is due to the smaller size of the nitrogen
molecules used in the BET method, which may
occupy the sorption sites, the next for methylene
blue molecules [11].

3.2. Experiment results and discussion

Summary data for determining some physical
characteristics of the samples under study are given
in the table 1.

Table 1

The summary table of physical and chemical
characteristics of samples

Sample/ Butadiene-styrene rubber
Characteristic Raw Carboni | Activate
material | zate
Bulk density, g/em’ 0.59 |0.42 |0.34
Volatile matter content, % | 24.60 | 1.14 1.88
Ash content, % 1.24 1.23 1.79
Sample/ Sunflower seedlings
Characteristic Raw Carboni | Activate
material | zate
Bulk density, g/em’ 0.30 [0.10 |0.09
Volatile matter content, % | .67 7.32 7.56
Ash content, % 224 811 |10.14
Sample/ Coconut shell
Characteristic Raw Carboni | Activate
material | zate
Bulk density, g/em’ 048 059 |0.22
Volatile matter content, % | 8 77 6.30 0.94
Ash content, % 0.28 0.10 1.10

From the given data, it is clear that sunflower
husk has the worst characteristics of bulk density
and ash content. Therefore, obviously, they will
have the lowest values of the sorption capacity. For
samples made of vinyl styrene resin and coconut
shells, these characteristics are relatively similar and
will have, apparently, a relatively equal sorption
capacity.

These assumptions were confirmed by the data of
sorption tests presented in the form of isotherms of
sorption (fig. 1, 2, 3).

Fig. 1. Isotherms of sorption of carbonizate (1) and activate (2)
of coconut shell on methylene blue

. 300
A, mg/g
200

100

0 05 1 15 2

Ceq mg /om?

Fig. 2. Tsotherms of sorplion of carbonizate (1) and activale (2)
of butadiene-styrene rubber on methylene blue
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Fig. 3. Isotherms of sorption of carbonizate(1), activate(2) of
sunflower husk on methylene blue
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The same conclusions can be drawn by analyzing
the data presented in the table 2.
Table 2

The values of the maximum sorption capacity
(Amax) and the specific internal surface

of methylene blue (S,;).
Polymer raw | Processing | Sys, Anax
materials products | m¥/g (mg/g)

Coconut shell Carbonizate | 158,2 140,1

Activate 603,8 5334
Butadiene- Carbonizate | 180,8 153,4
styrene rubber
(SCS) Activate 527.6 466,9
Sunflower Carbonizate | 150,3 133,4
seedlings Activate 4519 400,2

4. Conclusion

From the comparison of experimentally obtained
physico-chemical and structural-sorption
characteristics of three types of polymeric raw
materials and carbonates and activates from them,
the following conclusions can be drawn:

e Sorbents, obtained from raw materials with a
small bulk density, have low sorption capacities.

e The same dependence is observed in reverse
order between the ash content of the initial polymer
and the sorption activity of the carbonates and
activates.

e The high content of volatile substances, in
particular water, in the raw material contributes

e to the formation of primary cavities in
carbonates and sorption pores in activates.

Consequently, when choosing a polymeric raw
material for the production of carbon adsorbents, it
should, in addition to other criteria, be oriented on
its physical and chemical characteristics.
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XIMIYHAMU BIACTUBOCTSMH 3 OJHOTO OOKY, 1 COPOIIHHUME XapaKTePUCTUKAMH, 3 iHIIOI JeSKUX MOTIMEPHIX
CHPOBHHHHX MaTepialliB Ta MPOIYKTIB iX mepepoOKH Ha ByTJICIIEBi acOpOCHTH.

Mertonu, 10 BUKOPUCTOBYBAIHCH B POOOTI — II¢ BH3HAYECHHS MUTOMOI HACUITHOI MacH, BMICTY JIETKHX
PEYOBHH 1 30JBHOCTI, MOOYyJOBa i30TepMu copOwii i po3paXxyHOK BHYTPILIHBOI MUTOMOI MOBEPXHi 3a
METWJICHOBHM CHHIM. Pe3ynbpraTi: mokaszaHo, 1o aacopOeHTH, oJepiKaHi i3 CHPOBHHU 3 MAJIOI0 MUTOMOKO
HACHUITHOI0 MAacoOl0 1 BEJIMKUMM IOKAa3HUKAaMH 30JIbHOCTI, MarOTh BiIHOCHO HHU3bKi 3HAYEHHS MHUTOMOI
BHYTpPIIIHBOI MOBEpXHI 1 copOwiiiHOi €mHOCTi. [ligBHIIEHMH BMICT JIETKUX PEUYOBHH Yy CHPOBHHI 1
KapOoOHi3aTaxX CHpHUsE MMOCHICHOMY YTBOPEHHIO COpOMLIiHWX mMop B aktuBaTax. OOroBopeHHs: mpu BHOOpI
TIOJTIMEPHOT CHPOBHHH TSI BUPOOHUIITBA BYTJICIIEBUX COPOCHTIB CIIiJI, OKPIM IHIIUX KPHUTEPiiB 3BayKaTH Ha il
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