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Introduction. The purpose of the publication is to establish correlation
relations between the quality indicators of active coal (AC) used in the
distillery production in vodka technology.

Materials and methods. AC of natural origin, which is used for
distillery production. Standard methods of determination and quantitative
characteristics of AC quality indicators. Mathematical-statistical methods of
research are linear correlation analysis based on the Pearson correlation
coefficient.

Results and discussion. It was found that the correlation coefficient (r)
between iodine adsorption activity (A;), which characterizes the amount and
volume of micropore AC with diameter D<2 nm, including nanopor with
diameter Dr<1 nm, and methylene blue (Ams), Which depends on the
mesopore volume with a diameter Dme=2. ..50 nm, is equal to 0.93. The total
volume of the micro- and mesoporous space determines the total sorption
capacity of AC relative to the organic impurities present in the water-alcohol
mixtures. AC's sorption activity also depends on its fractional composition.
The correlation (reverse dependence) between adsorption activity on acetic
acid (Asa) and the mass fraction of the sorbent residue on a screen with a
cloth Ne10 (Faes0) with a coefficient r=-0,94 was established. Reducing the
mass fraction of the residual on a screen with a cloth from 97...98% to
62...64% leads to an increase in adsorption activity of AC by acetic acid to
117 ml versus 62 ml. This is directly due to the fact that the residual sorbent
on the sieve Ne 10 has a large area of the surface of the microporous and
mesoporous space due to the reduced size of the grains. The total volume of
sorbents in water (Tp,) is directly proportional to the mass fraction of water
soluble ash (Myz,) r=0.92 and the mass fraction of moisture (M) at r=0.99.
In order to release AC from water soluble ashes and increase the volume of
pore space, it will be logical to wash the prepared AC with water and then
dry it to the water content in the coal to 2%. It was established that the
fractional composition, the mass of the residue on the sieve with canvas Ne
36 (Fas6) is directly dependent on the mass fraction of ash (M,) (r=0.91) and
the mass fraction of water soluble ash (Mu.) (r=0.91), which indirectly
indicates the influence of inorganic components AC on its mechanical
strength. It is assumed that in the largest fractions of AC with a mass of the
residue on the sieve with canvas Ne 36 (Fx.3=2.1%) contains more ash in the
macropore space (Ma=5.12%), including water soluble ash (My,=1.95%).

Conclusions. As a result of the analysis of standard quality indicators
AB and the study of their mutual dependencies using the mathematical-
statistical method using the Pearson correlation coefficients, it has been
found that 92% (12 out of 13) indicators have strong internal relationships
that are characterized by a "very high" correlation force with coefficients
r=0.90-0.99.
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Introduction

Today, one of the topical problems of alcoholic beverage production is the improvement
of alcohol production technologies at the main stages of production, the development of
technical means and the search for optimal conditions for technological processes for their
implementation. The purpose of the publication is to establish correlation relations between
the quality indicators of active coal used in the distillery production in vodka technology.

Analysis of recent researchs and publications

The most important stages in the production of vodka (Oliinyk et al, 2016, 2014; Kuzmin
et al, 2014, 2015, 2017) [1-7] are the creation of water-alcohol mixtures (Kuzmin et al, 2013,
2014, 2017, 2018) [8-14] and processing them with activated carbon (Oliinyk et al, 2014;
Mukhin et al, 2003, 2004) [2, 15, 16]. The quality of the activated carbon depends on the
quality of the finished product (Mukhin et al, 2003, 2004; Petrov et al, 2004, 2005) [15-18].
Often, the main raw material for activated carbon is a wide range of precursors (natural coal,
wood, carbonaceous wastes of various origin, etc.) (Marsh, Rodriguez-Reinoso, 2006; Rivera-
Utrilla et al, 2011; Bansal, Goyal, 2005) [19-21].

There are several methods for producing activated coal, the most common of which is
the activation of gases and water vapor at temperatures of 800-900 °C (the so-called
"physical" activation) (Marsh, Rodriguez-Reinoso, 2006; Kong et al, 2013; Matos et al, 2011)
[19, 22, 23] and thermochemical activation, involving reagents of various nature (Marsh,
Rodriguez-Reinoso, 2006; Kong et al, 2013; Kuzmin et al, 2017; Kwiatkowski et al, 2017;
Kumar, Jena, 2017; Zubkova, 2011) [19, 22, 24-28]. Advantages of chemical activation: one-
stage process; lower activation temperature; shorter activation time; large exits; more
developed surface; more controlled microporosity (Lillo-Rddenas et al, 2007) [29]. However,
chemical activation involves the use of an activating agent (ZnCl,, HsPO4, NaOH, KOH, etc.)
(Kuzmin et al, 2017; Kwiatkowski et al, 2017; Kumar, Jena, 2017) [24-27], which is
introduced by impregnation or stirring, after which the raw material is heated (activated) in
an atmosphere of inert (or intrinsic) gases to a certain degree roasting (as a rule, up to 50-
70%).

Activated charcoal is classified (Kinle, Bader, 1984; Roshchina, 1998) [30, 31]:

— for the predominant form of pores: spherical; slit-shaped (Figure 1); bottle-shaped;
— by pore size: macropores; mesopores; micropores (Figure 2);
— for porosity: large porosity; fine porosity; active coke; carbon molecular sieve (Table 1).

a b

Figure 1. Characteristics of pores in the form:
a - spherical; b - slit-shaped
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Table 1
Characteristics of activated carbon for porosity (Kinle, Bader, 1984) [30]
The name of the coal Macropores I'\D/Ies=02p Orseg Micropores

Dma>50 nm menn‘q” Dm<2 nm
Volume of pores of broadly porous coal, cm®/g 0,4 0,6...0,8 0,1...0,2
Volume of pores of finely porous coal, cm®/g 0,3 0,1 0,6...0,8
Volume of active coke pore, cm®/g 0,1 0,1 0,1
Volume of pore carbon molecular sieves, cm®/g 0,1 0,05 0,25

Figure 2. Matrix of pore space in activated charcoal:
a — adsorbed molecules in size of particles (large, small); b — macropores Dma>50 nm; ¢ - mesopores
Dme=2...50 nm; d — micropores Dm<2 nm

Characteristics of macropores: diameter Dma>50 nm; volume Vma=0,2...0,8 cm®/(g;
surface Sma=0,5...2,0 m?/g. Macropores are channels for penetration of substances deep into
the sorbent, on the surface of which it is impossible to capillary condensation of steam (Kinle,
Bader, 1984) [30].

Characteristic mesopores: Dpe=2...50 nm; Vn=0,02...0,10 cm®/g; Sme=20...70 m?/g.
Filling the mesoporous volume occurs when capillary condensation of steam, adsorption — at
pressures, lower boundaries of capillary condensation (Kinle, Bader, 1984) [30].

Characteristics of the micropores: Dmi<2 nm; Vmi=0.20...0.60 cm®g. Micropores
represent the space in which the adsorption field appears at low partial pressure, even before
capillary condensation (Kinle, Bader, 1984) [30].

For the solution of special problems of the liquor industry, the production of activated coal with
certain properties is relevant. Thus, the adsorption activity of activated charcoal by acetic acid
characterizes the catalytic characteristics of activated charcoal, with the decrease of activity,
regeneration of active coal or replacement is recommended, with increase —an increase in the content
of aldehydes in the water-alcohol mixture (Petrov et al, 2004) [17].

The adsorption activity of activated charcoal by iodine depends on the amount and volume of
micropores and determines the sorption capacity of activated charcoal relative to the impurities of
organic substances present in water-alcohol mixtures (Petrov, Limonov, 2005) [18].

The oxidation of water-alcohol mixtures by the Lang method is an indicator of the effectiveness
of the action of activated charcoal, which is determined in water-alcohol mixtures before and after
treatment with activated charcoal. The difference in oxidation for high-grade vodka should be > 2.5
minutes, for low-grade vodka — 2 minutes. If the difference is less indicated — active coal is
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regenerated or replaced (Petrov, Limonov, 2005; Lovyahin et al. 2008) [18, 32].

The hardness of active coal — characterizes the ability of active coal to withstand the pressure of
the liquid and not crushed by rubbing the particles one by one (Mukhin et al, 2003, 2004; Petrov
et al, 2004; Roshchina, 1998) [15-17, 31].

The fractional composition of activated carbon must also meet certain criteria. The high content
of small particles of activated carbon leads to increased removal of activated carbon from coal
columns, as well as to "loosening™ the layer of activated carbon in a column, which leads to
additional abrasion of activated carbon (Petrov et al, 2004) [17].

The mass fraction of active coal ash characterizes the amount of mineral impurities in activated
charcoal. Low ash content and low content of water soluble ash reduce the ability of water-alcoholic
raw materials to aldehyde formation (Mukhin et al, 2003, 2004; Petrov et al, 2004; Roshchina,
1998) [15-17, 31].

The cost of activated charcoal is also an important technical and economic factor, but it is not
analyzed in this paper.

Traditionally, the BAU-A grade of activated charcoal, obtained by the method of physical
activation with water vapor at T>800 °C, is used in the distillery production, which has the following
characteristics: p=200 g/dm3, Vs==150 cm®g; Vimna=1.19 cm®qg; Vn.=0.08 cm*/g; Vmi=0.23 cm?(g;
Sme=57 m?/g [17].

The main advantages of BAU-A type activated coal (Petrov et al, 2004) [17]: high specific
surface area (5=500...800 m?/g), which provides good organoleptic characteristics of vodkas.

The main disadvantages of activated charcoal BAU-A brand (Mukhin et al, 2003, 2004) [15,
16]: high alkalinity of the surface (pH 9...11); low mechanical hardness (37...42%); presence of
water soluble ash 0,5...0,7%; uneven fractional composition, which leads to an independent sorting
of activated charcoal in the adsorber, with large-sized fractions located in the middle of the column,
smaller —in the periphery, which changes the velocity of the water-alcohol mixture in the adsorber.

The spent activated charcoal BAU-A grades are regenerated at a temperature of 700-900 °C by
pyrolysis and activated at a temperature of 110...115 °C with water vapor (Mukhin et al, 2003,
2004) [15, 16].

Based on the critical analysis of literary sources, it is concluded that the active charcoal of BAU-
A brand does not fully meet the requirements of alcoholic beverage production, which is why the
search for alternative active coal is needed and the development of additional requirements for
activated carbon in terms of: hardness; adsorption activity (Shulman-Babkova's method); adsorption
activity by acetic acid (Oshmyan method).

In the distillery production prospects are active charcoal from fruit stones, shells of coconut,
walnuts, etc., which have: a higher bulk density; higher adsorption activity by acetic acid (UAK —
130 units, BAU-A - 60 units); a significant difference in oxidation between vodka and aqueous-
alcoholic mixture (UAK — 3.8 minutes, BAU-A — 3.0 minutes); less amount of water soluble ash;
greater intergenerational resource of activated carbon; higher hardness than activated charcoal of
BAU-A mark (Mukhin et al, 2003, 2004; Petrov et al, 2004) [15-17].

One of the promising areas for the creation of new adsorbents is the production of activated
charcoal with particles of colloidal-dispersed silver deposited on its surface. As a result of the
electrochemical potential difference between silver and activated carbon there are positive changes
in the surface of activated carbon: the intensification of oxidation-reduction reactions and reactions
of esterification; increase of hardness of activated carbon; increase of the active coal activity
resource; reduction of the aldehyde formation process; increase of organoleptic parameters of vodkas
(Tarasov et al, 2003) [33].

The main disadvantages of activated carbon impregnated with silver are: the reduction of the
efficiency of treatment of water-alcohol mixtures as a result of the gradual washing out of the surface
of activated carbon silver (Tarasov et al, 2003; Zhabkina et al, 2005) [33, 34].
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Materials and methods

Materials. The object of the study was active carbons of various types: crushed activated wood
charcoal BAU-A; charcoal activated wood crushed BAU-A-LVZ; BAU-A silver impregnated
active carbon BAU-A-Ag; active stone coal MeKS; coconut activated carbon KAU-2; anthracite
active coal KDS-A (Table 2).

Table 2
Characteristics of active carbons
Brand of active coal
Symbol | Name of the indicator BAU-A- |BAU-A-
BAU-A L7 Ag MeKS|KAU-2|KDS-A

Adsorption  activity by
A iodine % 62 69 73 94 82 51

Adsprptl_on activity by 64 73 82 117 67 62
Aaa |acetic acid, ml

Adsorption activity by

Ans | methylene blue, m/g 129 | 141 169 | 273 | 265 | 117

Total pore volume of

3 1,72 1,91 200 | 157 | 1,23 | 1,43
Tpv. | water, cm®/g

B4 |Bulk density, g/dm?® 215 221 228 572 | 524 | 691
Fractional composition,
mass of the residue on the 1,6 1,4 2,1 0,1 0,2 0,1

Far36 | sieve with canvas: Ne 36,%

Fractional composition,
mass of the residue on the 98,0 97,6 96,6 90,4 | 96,3 | 97,2
Frr0 | sieve with canvas: Ne 10,%

Fractional composition, the
mass of the residue on the

. . . 0,4 1 1,3 9,5 3,5 2,7
sieve with canvas: on the
Fo. |pallet,%
M. | Mass part of ash,% 4,70 4,95 512 | 3,61 | 3,26 | 2,40
Mass part of water-soluble
Mua | ash % 1,64 1,87 1,95 | 1,27 | 1,04 | 0,78
M;. | Mass part of iron,% 0,12 0,13 0,45 | 0,19 | 0,13 | 0,10
Mn. | Mass part of moisture,% 3,8 4,1 4,5 3,2 2,1 2,9
A:. | Abrasion resistance,% 52,8 59,6 63,1 | 90,1 | 86,7 | 79,3

The research methods are based on the research methods of active carbons by physicochemical
parameters: adsorption activity by iodine; adsorption activity by acetic acid; adsorption activity
by methylene blue; total pore volume of water; bulk density; fractional composition; mass part of
ash; mass part of water-soluble ash; mass part of iron; mass part of moisture; abrasion resistance.

Linear correlation (Pearson). Pearson correlation coefficient measures the strength of the
linear association between variables. Each variable should be continuous, random sample and
approximately normally distributed (Hinkle et al, 2003) [35].

The correlation coefficient can take a range of values from +1 to -1. Positive correlation
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coefficient means that if one variable gets bigger, the other variable also gets bigger, so they
tend to move in the same direction. Negative correlation coefficient means that the variables
tend to move in the opposite directions: If one variable increases, the other variable decreases,
and vice-versa. When correlation coefficient is close to zero two variables have no linear
relationship (Hinkle et al, 2003) [35].

There are many rules of thumb on how to interpret a correlation coefficient, but all of them
are domain specific. For example, here is correlation coefficient (Table 3) interpretation for
behavioral sciences offered by Hinkle et al, 2003 [35].

Table 3
Correlation coefficient interpretation by Hinkle et al, 2003 [35]
Absolute value of coefficient (r) Strength of correlation
0,90...1,00 Very high
0,70...0,90 High
0,50...0,70 Moderate
0,30...0,50 Low
0,00...0,30 Little, if any
Results and discussions
Table 4 presents the correlation matrix for the coals studied.
Table 4

Marked correlations (r) are significant at p<0,05; N=6

Ai Aaa | Amb | Tpw Ba |Fmss|Fro| Fp. | Ma [Mwa| Mi. | Mm. | Ar
A | 100|080 | 0,93 |-0,11| 0,07 |-0,23]|-0,80| 0,73]0,11| 0,09 0,90 |-0,18| 0,52
Asa | 080 | 1,00 | 064 | 0,14 | 0,16 |-0,20(-0,94/0,84|0,08|0,11]|0,96| 0,11 0,45
Amp.| 093 | 064 | 1,00 | -0,46 | 0,36 [-0,49(-0,76| 0,77 |-0,22|-0,25| 0,72 |-0,52| 0,75
Tev. | -0,11 | 0,14 | -046 | 1,00 | -0,80 | 0,87 0,20|-0,40|0,87|0,92| 0,19 0,99 |-0,75
Bys. | 007 | 0,16 | 0,36 | -0,80 | 1,00 |-0,94(-0,45| 0,62 |-0,97|-0,94|-0,01|-0,79| 0,87
Fpss| -0,23 | -0,20 | -0,49 | 0,87 | -0,94 |1 1,00| 0,50|-0,68| 0,91 | 0,91 |-0,06 0,88 [-0,89
Fp:0| -0,80 | -0,94 | -0,76 | 0,20 | -0,45|0,50| 1,00|-0,97| 0,24 | 0,22 |-0,88| 0,22 [-0,69
F.|073]084] 0,77 | -040| 0,62 [-0,68]-0,97| 1,00 [-0,44|-0,42] 0,75 [-0,42| 0,82
M, | 011 | 0,08 | -0,22 | 0,87 | -0,97 [ 0,91 0,24]-0,44| 1,00]| 0,99 0,24 0,84 |-0,77
Mwa| 0,09 | 0,11 | -0,25| 0,92 | -0,94 (0,91 0,22]-0,42| 0,99 1,00| 0,25| 0,89 |-0,75
M. | 090 | 096 | 0,72 | 0,19 | -0,01 |-0,06(-0,88| 0,75|0,24|0,25|1,00| 0,15| 0,37
M. | -0,18 | 0,11 | -0,52 | 0,99 | -0,79 | 0,88 | 0,22|-0,42| 0,84| 0,89 0,15 1,00 |-0,77
A | 0521045 075 |-075]| 087 |-0,89|-0,69| 0,82 |-0,77(-0,75( 0,37 [-0,77| 1,00

38 ——Ukrainian Journal of Food Science. 2019. Volume 7. Issue 1



Food Technology ——

The volume of iodine adsorbed by coal (Ai) is in the range of 51-94%. lodine adsorption
activity (Figure 3) is directly related to the adsorption activity of the sorbent for methylene
blue (Amp). Methylene blue adsorption activity is in the range of 117-273 mg/g. The
coefficient of pair correlation (r) between the indices of the adsorption activity on iodine and
methylene blue was r=0.93, which is characterized by “very high” correlation strength, since
the value is in the range of 0.90-1.00. The adsorption activity of active carbon in iodine
depends on the number and volume of micropores, which are characterized by a diameter of
Dmi<2 nm, including nanopores with a diameter of D,<1 nm. The adsorption activity of the
sorbent for methylene blue depends on the number and volume of mesopores, which are
characterized by a diameter of Dne=2-50 nm. The internal correlation between the adsorption
activity of active carbon in iodine and methylene blue determines their total effect of the
micropore and mesoporous space on the adsorption process. It determines the sorption
capacity of activated carbon relative to the impurities of organic substances present in water-
alcohol mixtures.

300
s
rd
280r A, =-123.9 +4.2626 * A, e
260 T=0,93 O

2401
2201
20071
1801
160
140

1201

Methylene blue adsorption activity,
mg/g

100+

80 “
45 50 55 60 65 70 75 80 85 90 95 100

Adsorption activity for iodine, %

Figure 3. Dependence of adsorption activity for iodine on methylene blue adsorption activity

From the data of table 2 it can be seen that the active carbon of MeKS brand, which has
the highest values of adsorption activity for iodine — 94% and adsorption activity for
methylene blue — 273 mg/g, has the most developed micropore and mesoporous space. The
least developed total pore space is inherent in the structure of active carbon KDS-A, made of
fossil coal — anthracite. It is characterized by the lowest values of adsorption activity for
iodine — 51% and adsorption activity for methylene blue — 117 mg/g. Interrelation of Amp.
and Ai. shown in Figure 3. These qualities of sorbents are characterized by a “very high”
correlation force (r=0.93).

The sorption properties of porous materials are inextricably linked with their fractional
composition. This relationship was considered by us on the example of the adsorption activity of the
samples with respect to acetic acid (Asa) and the fractional composition of activated carbons. So,
A the studied sorbents lie in the range of 62—117 ml. The coefficient of pair correlation (r) between
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the indicators of the adsorption activity of acetic acid (Aaa) and the fractional composition of
activated carbon, characterized by weight (%) of the residue on the sieve with cloth Ne 10 (Far0),
was r=-0,94 (Figure 4). This is characterized by a "very high" force of inverse (negative) correlation.

99 z
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22 96 Ry g
1723 ~ ~
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= 92t <
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2 91t N
+ ~
\\ o
90
50 60 70 80 90 100 110 120

Acetic acid adsorption activity, ml

Figure 4. Dependence of acetic acid adsorption activity for fractional composition, the mass of
the residue on the sieve with canvasNe 10

Interpretation of the results. A decrease in the fraction of active carbon fractions on a sieve with
canvas Ne 10 from 98.0% to 90.4% leads to an increase in the adsorption activity of active carbon
on acetic acid from 62 to 117 ml. This characterizes the presence of a smaller amount of the fine
fraction on the sieve with the canvas number 10, which has a greater surface area due to the
developed micropore and mesoporous space, and, accordingly, increased adsorption activity on
acetic acid.

It is known that the presence of iron in active carbon determines the catalytic properties
of active carbon. At the same time, the mass fraction of iron (M;) also affects for the
adsorption activity of active carbon for acetic acid (Aaa). The coefficient of pair correlation
(r) between the indicators for adsorption activity for acetic acid (Aa..) and the mass fraction
of iron (M;) was r=0.96 (Figure 5). This indicates a “very high” strength of direct (positive)
correlation. An increase in the mass of iron in active carbon from 0.10% to 0.19% leads to
an increase in the adsorption activity of active carbon on acetic acid from 62 ml to 117 ml.
At the same time, a decrease in the mass of iron in active carbon to 0.10% reduces the
adsorption activity of active carbon on acetic acid to 62 ml.

The total pore volume of water (Tp..) is in the range of 1.23-2.00 cm®g. This parameter
(Figure 6-7) is in direct relationship with the mass portion of water soluble ash (Mw.) and
the mass portion of moisture (Mn). The coefficient of pair correlation (r) between the
indicators of the total pore volume of water and the mass fraction of water-soluble ash was
r=0.92. The relationship between the total pore volume of water and the mass fraction of
moisture turned out to be even closer. The coefficient of pair correlation (r) in this case was
r=0.99, which means “very high” correlation force. Note that all three indicators are related
to moisture, which is in the active carbon, and water absorbed in the process of determining
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the total pore volume. That is, the larger the pore volume of water (T,,.=2.00 cm®/g),
determined by the standard method in active carbon, the more active carbon retains moisture
(Mm=4.5%) and the more water-soluble ash is in the volume of active carbon (My...=1.95%).
Therefore, to release the sorbent from water-soluble ash and increase the pore volume, it is
necessary to wash the activated carbon with water and then dry it to a mass of water of 2%.

0,20 . : . : .
M, =0,02551 + 0,00143 * A .
1=0,96 .

0,18

0,16

0,14

Mass part of iron, %

0,12

0,10 | "0 95% confidence

0,08
50 60 70 80 90 100 110 120

Acetic acid adsorption activity, ml

Figure 5. Dependence of acetic acid adsorption activity for mass part of iron

2,0

1,8 w
M,,, =-1,008 + 1,4803 * T, .

1.6 =092

14
L2pow-™

1o

| “O._95% confidence

Mass part of water-soluble ash, %

1.1 1,2 1.3 1.4 L5 1.6 1,7 1.8 1.9 2,0 21

Total pore volume by water, cm 3/g

Figure 6. Dependence of total pore volume by water for mass part of water-soluble ash
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M,,=-1,460 + 2,9778 * T, ,
r=0,99

Mass part of moisture,%o

| 0. 95% confidence

11 1,2 13 1.4 L5 L6 1,7 1.8 1.9 2,0 21

Total pore volume by water, cm 3/g,
Figure 7. Dependence of total pore volume by water for mass part of moisture

One of the indicators characterizing the operational properties of active carbons is bulk
density. The bulk density (Bq) of the coals studied is in the range of 215-691 g/dm?3. At the
same time, the bulk density (Bq) (Figure 8-10) is inversely related to the fractional
composition of the sorbent, namely, to the mass portion of the residue on the sieve with web
Ne 36 (Faess), mass portion of ash (Ma), mass part of water soluble ash (My.a).

2,2
20r *

N Fess= 2,5202 - 0,0039 * B,
L8 AR = -0,94
1,6t

LAk
1.2t
1.0t
0,8}
0.6}
0.4}
0,2}
0,0}

-0,2}

0,4
100 200 300 400 500 600 700 80(

Fractional composition, the mass of the
residue on the sieve with canvas Ne 36, %

Bulk density, g/dm >

Figure 8. Dependence of bulk density for fractional composition, the mass of the residue on the
sieve with canvas Ne 36
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Figure 9. Dependence of bulk density for mass part of ash
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100
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Figure 10. Dependence of bulk density for mass part of water-soluble ash

800

The coefficient of pair correlation (r) between the indicators bulk density (Bq) And the
mass part of the residue on the sieve with the web Ne 36 (Fa3s) was r=-0.94. The coefficient
of pair correlation (r) between the indicators bulk density (Bq,), The mass part of ash (M)
and the mass part of water-soluble ash (Mw.) was respectively r=-0.97, r=-0.94. All four
indicators are associated with the mass of individual fractions of activated carbon. The
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greatest influence on the bulk density is exerted by large fractions with a mass of the residue
on a sieve with web Ne 36 (Fess).

For the studied active carbons, the fractional composition is typical, which is
characterized by a mass portion of the residue on a sieve with cloth Ne 36 (Fa.s6) in the range
of 0.1-2.1%. It is she (Figure 11-12) that is directly dependent on the mass of ash (M.) and
the mass of water-soluble ash (Mw.). The coefficient of pair correlation (r) between the
indicators of the mass fraction of the residue on the sieve with the canvas Ne 36 (F.35) and
the mass fraction of the ash (M) was r=0.91. The coefficient of pair correlation (r) between
the indicators mass fraction of the residue on the sieve with the canvas Ne 36 (Fe35) and the
mass part of water-soluble ash (Mwa) was r=0.91. Consequently, in the largest (largest)
fractions of active carbon with a mass part of the residue on a sieve with the canvas Ne 36
(Fx36=2.1%) in the macroporous space there is more total ash (Ma=5.12%) and water-soluble
ash (Mw.a=1.95%).
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Figure 11. Dependence of fractional composition, the mass of the residue on the sieve with
canvas Ne 36 for mass part of ash

We analyzed the relationship of the fractional composition of activated carbon, taking
into account the mass fraction of the residue on the sieve with the canvas Ne 10 (Fj.0), the
value of which is in the range of 90.4-98.0%, with the mass portion of the residue on the
pallet (Fp) (Figure 13). The coefficient of pair correlation (r) between the indicators of the
mass fraction of the residue on the sieve with the canvas Ne 10 (F.;0) and the mass part of
the residue on the pallet (F,) was r=-0.97. Obviously, with an increase in the mass part of
the residue on the sieve with the web Ne 10 (F.;0=98%), the mass part of the residue on the
pallet decreases (F,=0.4%).

The bulk of the ash (M,) of the objects studied is in the range of 2.40-5.12%. Its value
(Figure 14) is directly related to the mass of water-soluble ash (Mw.a.). The coefficient of pair
correlation (r) between the indicators of the mass fraction of ash and the mass fraction of
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water-soluble ash was r=0.99. This is characterized by a “very high” correlation force, since
the value is in the range of 0.90-1.00. Consequently, the higher the total ash content of the
sorbent, the more water-soluble ash is in the composition of the activated carbon.
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Figure 13. Dependence of fractional composition, the mass of the residue on the sieve with

canvas Ne 10 for fractional composition, the mass of the residue on the sieve with canvas on

pallet
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Figure 14. Dependence of mass part of ash for mass part of water-soluble ash

Conclusions

As a result of mathematical and statistical studies of a number of active carbons that are
promising for use in alcoholic beverage production, the strength of the linear relationship
between the variables was estimated by analyzing standard indicators of active carbons and
determining the Pearson correlation coefficients. The interdependencies of such active
carbon parameters are shown: iodine adsorption activity and methylene blue adsorption
activity; acetic acid adsorption activity and iron content; total pore volume of water and the
content of water-soluble ash, bulk density and characteristics of the fractional composition,
and others.

It was found that 12 indicators out of 13 (92%) have a strong internal relationship, which
is characterized by “very high” correlation strength, because r values are in the range of 0.90—
1.00. Only one of the indicators of sorbents (Ar. — abrasion resistance) does not have a “very
high” correlation force, the highest value of the correlation coefficient (r=-0,89) was obtained
for a pair of characteristics — the abrasion resistance and the mass portion of the sorbent
residue on the sieve canvas Ne 36 (Faess).

The conducted studies are of particular interest for the selection of initial and
optimization of the composition of composite sorbents from a number of available active
carbons for optimizing the process of obtaining high-quality alcoholic beverages.
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