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REMEDIATION OF ANIONIC DYE (BROMPHENOL BLUE) FROM AQUEOUS SOLUTIONS
BY SOLVENT SUBLATION

Background. The accumulation of toxic effluent components is a considerable hazard to water resources potential of
the country. It particularly relates to waste water pollutants belonging to II—IV hazard classes such as organic dyes
and diluents.

Objective. The goal of this research was to investigate the main principles of Bromphenol Blue remediation from
water by solvent sublation technique and to determine optimum process conditions.

Methods. Bromophenol blue (BB), an anionic dye, was removed from aqueous solution by solvent sublation
of a BB — hexadecylpyridium complex (sublate) into isopentanol. The pH of the solution was determined by
potentiometric method. Dye concentrations of the sample solutions were measured with the use of absorption
spectroscopy.

Results. The effects of the following parameters on the solvent sublation were experimentally studied: the molar ratio
of hexadecylpyridium chloride (HPC) to BB, pH of the aqueous phase, the removal process duration, type of organic
solvent, the size of bubbles generated in the sparger and the addition of electrolytes (like KCI) and nonhydrophobic
organic compounds (like ethanol). By making central composite orthogonal design and deriving second order
mathematical model with the aid of MS Excel 2003 it was found that the maximum efficiency of depicted process
can be attained in a case of carrying it out under the following optimum conditions: temperature 10 °C,
surfactant/dye molar ratio 1.94:1; process duration — 15.3 min.

Conclusions. Within this research the main principles of Bromophenol Blue removal from water by solvent sublation
were investigated. The second order experiment statistical model was derived with the use of central composite
orthogonal design. The maximum relative standard deviation was equal to 4,7 %. Optimum conditions were
determined: According to obtained results the highest level of BB elimination reached within the experiment was
equal to 97.5 % and the residual dye content didn’t exceed the maximum allowable concentration (the M.A.C.) of
acidic dyes 0.25 mg/dm?.
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Introduction

It’s well-known that water is a unique sub-
stance which extinction will cause the death of
every living organism. Despite the key role of water
in the human life every year the worsening of na-
ture water quality is increasing rapidly. Annually
around 450 m?® of effluent, containing wide range
of pollutants, is discharged directly into the rivers
and other surface water basins. More than a half of
this amount doesn’t undergo any effective pre-
treatment

Unfortunately, Ukraine doesn’t remain be-
yond this ecological problem, moreover, it endures
its exacerbation phase. According to international
standards, mainly all of our big rivers and their
tributaries belong to the category of polluted or
highly polluted waters. There are numerous rivers
where the content of one or several impurities ex-
ceeds the maximum allowable concentration (the
M.A.C.) in dozens of times, for example, the
Dnipro, the Desna, the Stryj River, the Siverskyj
Donets and others.

The accumulation of toxic effluent compo-
nents is a considerable hazard to water resources
potential of the country. It particularly relates to
waste water pollutants belonging to II—-IV hazard
classes such as organic dyes and diluents.

The main sources of water pollution by dyes
are the following: textile industry, chemical plants,
cellulose and paper industry and pharmaceutical
industry. It is assumed that during dye production
the loss of target product is nearly 1-2 % and in
the case of dye usage 1—10 % loss occurs. For re-
active dyes, this figure can be about 4 % [1]. Per-
haps, this is caused by dye dilution in the water
used for its synthesis, and the amount of such wa-
ter is enormous: it takes approximately 100—
225 tons of water to produce 1 ton of dye [2].

Textile industry also stands out, as it yields a
large amount of effluents. It is estimated that about
10—15 % of dyes are released into processing water
during different procedures [3].

So it’s obvious that the discharge of such raw
effluent into the surface water entails high-level
pollution thus in natural water dyes concentrations
highly exceed affordable limits (0.05—0.25 mg/dm?®).
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Due to complicated chemical structure of
synthetic dyes they can’t be biochemically decom-
posed in aqueous systems therefore local treating
plants are not able to cope with this problem. Syn-
thetic dyes are also extremely hazardous pollutants
of natural environment due to the effect of poten-
tiation. As a consequence, the result of such inter-
actions is often unexpected.

Entering the environment dyes easily colour
the water and the surrounings thus causing
unfavorable estetic impression, worsening water
organoleptic properties. In addition, dyes can
significantly effect the photosynthesis ability of
water inhabitants by decreasing water transparency.
Dyestuff can be toxic for some flora and fauna
species because of aromatic rings and chlorine
substituents in their structure [3]. This can lead to
total extinction of water living organisms, self-
treatment processes disruption and human intoxi-
cation.

Thus synthetic dyes can cause significant en-
vironmental pollution and bring a serious risk fac-
tor for human diseases too.

There are different methods of wastewater
treatment that provide either elimination or de-
struction of dyes such as: chemical processes (the
use of Fentons reagent, ozonation, photocatalytic
decolourization, electrochemical destruction),
physical treatments (adsorption, membrane filtra-
tion, ion exchange, electrokinetic coagulation, etc.)
and microbiological decomposition (decolourisati-
on by white-rot fungi, anaerobic textile-dye bio-
remediation systems and adsorption by living/dead
microbial biomass) [4, 5]. However all these tech-
niques are often too expensive for applying, inef-
fective or produce much sludge. Therefore the
search for more effective, inexpensive and low-
waste method for dyes remediation from water still
remains actual.

In this case solvent sublation is a good alter-
native. In this special adsorptive bubble separation
non-foaming technique some organic solvent
placed on the top of aqueous phase is used to col-
lect the sublate adsorbed on the bubble surfaces of
an ascending gas stream. This method, with its ad-
vantages of simultaneous separation and concentra-
tion, has recently attracted much attention in
many fields. Based on the former reports and re-
searches the following advantages of solvent subla-
tion can be outlined:

1) high separation efficiency;

2) high concentration coefficient;

3) low dosage of organic solvent;

4) soft separation process;

5) simple operation and equipment [6, 7].

Moreover, this technique provides the possi-
bility of the further dye recovery after its elimina-
tion. However the main disadvantage of solvent
sublation is lower capacity in comparison with flo-
tation but it can be overcome by the bubble size
decreasing.

Solvent sublation consists of two underlying
individual processes: bubble mass transfer and the
mass transfer of thin film of water (water droplets).
Sublate formation occurs after the injection of the
surfactant into dye solution. Then this complex ad-
sorbs on the bubble surface. After that the sublate
adsorbed on water-gas interface is levitated to the
top of the column. Sublate can’t dissolve into the
organic phase immediately, it keeps on staying on
the water-organic interface of the water droplets.

Then the sublate enters into the organic phase
by diffusive transport between the organic layer
and water-organic boundary layer, which is driven
by a concentration gradient. The sublate concen-
tration on the bubble surface is higher than on the
water-organic interface. In addition, after bubble
rupturing the bubble surface transforms into the
water-organic interface between water droplets and
the organic phase, and the total area of the inter-
face is rapidly reduced. However the amount of the
sublate on the interface remains the same (is not
reduced). Therefore the sublate concentration on
the water-organic interface is highly increased, so
the separation balance greatly turns to the organic
phase [6].

Problem statement

The objective of this research was to investi-
gate the main principles of Bromphenol Blue
remediation from water by solvent sublation tech-
nique and to determine optimum process condi-
tions.

To rich this goal the next tasks had to be
completed:

1) to study experimentally the effect of the
major influencing factors on the solvent sublation
process;

2) to generate the central composite design;

3) to build a mathematical model that could
adequately describe the process.

Materials and methods

The scheme depictured below was used to
carry out solvent sublation process (Fig. 1). 0
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Fig. 1. Flowsheet of the experimental unit: / — gas cylinder;
2 — humidifier; 3 — filter; 4 — gas flow rate; 5 — pres-
sure meter; 6 — Schott filter; 7 — solvent sublation col-
umn; & — thermostat

Solvent sublation process took place in glass
column 7. It was 42 cm in length with an initial
diameter of 3.3cm and had 2 access ports. Gas
bubbles were generated in a Schott filter of 16 pm
porosity. By changing the porosity of the gas spar-
ger (16, 40,100 and 160 um), different bubble sizes
were also created, thus altering the surface area of
gas bubbles. Compressed nitrogen was supplied by
the gas cylinder 1 and moved through the humidi-
fier and the filter to the bottom of the solvent
sublation column. Gas rate was measured by flow
rate meter 4. Thermostat was used to maintain sys-
tem temperature near the desired setpoint.

To determine dye concentration in the aque-
ous phase, the sample solution was withdrawn from
the top access port for analysis.

Reagent-grade HPC was used as a collector
without further purification. Reagent grade BB and
the other reagents were all analytical grade.

For the solvent sublation running, HPC was
added to the sample solution (250 sm®) to form
the dye-surfactant complex; the solution contain-
ing 1.5 10 mol/dm® (10 mg/dm®) BB was poured
into the sublation column; and 5 mL of isopen-
tanol was added immediately; then the timer was
started and samples of aqueous solution were taken
for analysis at specified times.

The pH of the solution was measured with the
pH-meter Portlab 102. UV-visible spectra of the
sample solutions were measured with the scanning
spectrophotometer Portlab 501 at the maximum
peak of 588 nm.

Results and discussion
Parameters influencing the solvent sublation

process can be classified as those, that effect the
aqueous and organic solutions and those, which

are operational factors. Parameters of the first
group are classified as those that relate to aqueous
phase composition (pH, ionic strength, presence of
various species) and those that are connected with
organic phase composition (organic solvent: type
and volume, presence of different additives). The
operational parameters are: gas flow rate and
temperature.

pH of the aqueous solution is a very impor-
tant factor because it determines the presence of
ionic species, which are involved in solvent subla-
tion process. Such processes as hydrolysis, complex
formation and precipitation of insoluble substances
are governed by pH values of aqueous solutions.

The presence of surfactant is also very impor-
tant factor for solvent sublation because usually it
makes extracted ion-pairs more hydrophobic. In
addition, surfactants tend to reduce the surface
tension of aqueous solution and decrease the size
of bubbles generated in the sparger [8].

Hexadecylpyridium chloride (HPC) was used
as the surfactant in all cases because it showed
high efficiency in the process of BB removal by
solvent sublation during previous researches.

It’s known, that higher sublate solubility in
organic layer enhances dye removal efficiency. In
this research different organic compounds were in-
vestigated to find out the proper one.

Mean bubble radius that is formed by Schott
filter is one of the crucial process parameters.

Gas flow rate is also an important factor for
solvent sublation run. According to the former
publication [9], the increase of gas flow rate en-
hanced the removal efficiency due to mass transfer
intensification. Therefore in this study the experi-
ment was conducted under the maximum permit-
ted gas flow rate condition (50 sm?/h). At higher
gas flow rates, the oil-water interface can be drasti-
cally disrupted and some drops of the top organic
layer can return back to solution.

The effect of the molar ratio of HPC to BB on
solvent sublation

HPC together with BB formed hydrophobic
complex that interacted with gas bubbles. Then
hydrophobic compound was levitated on a bubble
surface to the top of an aqueous column where it
encountered a solvent layer (isopentanol) to which
the material was transferred as the bubbles moved
through the solvent layer.

Results of this experiment are shown below
(Fig. 2).
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Fig. 2. The dependence of BB removal efficiency on the molar
ratio of HPC to BB. pH 1,1

The graph shows that molar ratios HPC:BB
2:1 and 2,5:1 caused the highest dye remediation
equal to 97.5 % providing the lowest residual dye
concentration in the water. The range of molar ra-
tios HPC:BB from 1:1 to 1,5:1 didn’t represent af-
fordable results, perhaps due to incomplete forma-
tion of a dye-surfactant complex. When the ratio
was higher than 2,5:1, solvent sublation efficiency
was lower, presumably due to the competition of
excess surfactant ion with the dye-surfactant com-
plex for the bubble surface.

Large excess of surfactant can also lead to
emulsification of isopentanol thus the dye-surfac-
tant complex in the isopentanol may constantly be
dispersed back into the solution and the separation
efficiency can decrease greatly [9].

The effect of process duration on solvent sublation

Dye concentration in the aqueous phase was
measured every 5 minute for 30 minutes. As graph
shows (Fig. 3), the optimum process duration was

X
1

0,9

0.8

0,7
J

0,6

0 5 10 15 20 25 30
t, min
Fig. 3. The variation of BB removal efficiency in dependence

on the elapsed time. ??HPC:BB (mole ratio) 2:1, pH 1,1,
pore diameter 16 um

equal to 15 minutes with 97.5 % BB removal ac-
cordingly.

The effect of organic solvent nature on the
process effectiveness

Within this research the influence of such or-
ganic frame particularities as carbon chain length
and the degree of branching in the carbon chain
was investigated. The next compounds were used as
the organic solvent: n-pentanol, isopentanol, 1-he-
xanol, 1-octanol and 2-octanol (Fig. 4).
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Fig. 4. The variation of BB removal efficiency in dependence

on the organic solvent type. HPC:BB (mole ratio) 2:1,
pH 1,1, pore diameter 16 um

The diagram shows that the highest BB re-
moval equal to 97.5 % was achieved by the use of
isopentanol as an organic solvent. So, according to
attained results, the branching of the carbon chain
influenced the treatment process in the positive
way, in sharp contrast to the effect of normal
structure of the carbon chain. For example, in the
case of n-pentanol BB removal is much lower and
is equal to 77 %. The first possible reason lies in
the fact that probably there is much better solubil-
ity of dye-surfactant complex in organic solvent
with higher degree of branching in the carbon
chain. And the other one may lie in the fact that it
is easier to hold big-sized sublate by branched car-
bon skeleton solvent. In the case of using n-
hexanol the lowest dye elimination was obtained.

However depicted tendency can’t adequately
describe the behaviour of solvents which have
longer carbon chains, for example, 8§ or more car-
bon atoms. In such case both I-octanol and
2-octanol retained almost equal amounts of dye.
Therefore the degree of carbon chain branching
didn’t play any essential role there. Both of these
two isomers attained 90 % of BB removal, but this
efficiency is lower than in the case of isopentanol.
This can be explained by difficulties of the sublate
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solubility or retaining within the solvent layer char-
acterised by more complicated skeleton.

The effect of the mean bubble diameter on the
solvent sublation

As it was previously mentioned, the size of
bubbles generated in the sparger is one of the key
factors in solvent sublation. Attained results are

shown in Fig. 5.
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Fig. 5. The variation of removal efficiency in dependence on
the bubble size. HPC:BB (mole ratio) 2:1, pH 1,1: - —
x = f(d pore) (d in. = 33 mm); & — x = f(d pore)
(d in. = 21 mm); + — x = f(d pore) (d in. = 40 mm)

Graphs show that the removal efficiency in-
creased with the decrease of generated bubble dia-
meter. The highest recoveries were obtained for all
three columns with initial diameters 21, 33 and
44 mm in the case of applying Schott filter of
16 um porosity x=98.5, 97.5 and 97.5 % respec-
tively. Attained data proved that the bigger pore
size was, the lower remediation efficiency it cau-
sed, and the worst results were obtained in the case
of the largest gas bubbles: x = 53, 23, 16 %.

Bubble size reduction caused the increase of
the interfacial area per unit volume of air (3/r),
thus the bubble residence time was also extended
because smaller bubbles had lower rise velocities.
Smaller bubbles also enhanced mass transfer from
the liquid phase to the bubbles due to very large
surface area per unit volume of air.

According to represented graphs (see Fig. 5)
the decrease of the column initial diameter intensi-
fied the removal process. This can be explained by
higher retention time of the bubble in the system.

The effect of pH on solvent sublation

In contrast to results of the former reports [8,
9], this research revealed that in the case of BB

removal pH of the aqueous phase slightly influ-
enced the process run.

Results of the experiment are represented be-
low (Fig. 6).
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Fig. 6. The dependence of the BB removal efficiency on the pH
value. HPC:BB (mole ratio) 2:1, t =15 min: 4 — x =
= f(pH); &= — x = = f(pH) simultaneous

Graphs show that the increase of pH reduced
treatment efficiency. At pH 12 the lowest BB re-
moval was detected: x= 96 % that corresponds to
the residual dye concentration in water equal to
0.4 mg/dm? which exceeds the M.A.C.

Such behaviour can be explained by the next
equilibrium established in aqueous solution:

B+A‘O<H:>I;HA+BH+<:>[HA—BH+] (1)

where B represents the HPC; HA is the dye
(Bromphenol Blue); A~ is the deprotonated anion

of BB and BH* is the protonated HPC cation.
According to the equation (1) the increase of
the acidic pH drives the equilibrium toward a lar-

ger concentration of BH*, which easily binds with
HA to form the complex [HA- BH*]. By con-

trast, the increase of the basic pH drives the equi-
librium toward a larger concentration of B and
the complex quantity decreases [9].

In spite of slight effect of pH on the BB re-
moval observed throughout the experiment, the
most proper pH value for efficient treatment was
pH 1.1 because it assured the lowest value of re-
sidual dye concentration 0.25 mg/dm?® equal to the
M.A.C.

Effects of co-solutes
The influence of the inorganic salt, KCI, used

as a co-solute, on the sublation of the BB-HPC
complex is shown in Fig. 7.
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Fig. 7. The dependence of the BB removal efficiency on the

KCI concentration. HPC:BB (mole ratio) 2:1, t =15
min

The increase of the KCI concentration is cor-
related with the decrease in the percent removal
and the elimination efficiency. This finding was at-
tributed to an ion-pair equilibrium that existed in
the aqueous solution between the dye and surfac-
tant molecules. In aqueous solution, the following
equation is applicable:

HP*B™ + K*ClI-—=HP*CI" +K*B~, (2)

where HP* B~ is Bromphenol Blue-hexadecylpyri-
dium complex.

So according to Le Chatelier’s principle, the
increase of the salt concentration (KCl) drove the
equilibrium toward a smaller concentration of BB-
HPC complex. Thus, the effectiveness of removal
declined.

The effect of 0,006—0,086 mole fractions of
ethanol added to the bulk solution was also stu-
died. Results are represented below (Fig. 8).
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Fig. 8. The effect of ethanol molar fraction on BB removal effi-
ciency. HPC:BB (mole ratio) 2:1, t =15 min

The graph shows that lower molar fractions of
ethanol had no significant influence on dye re-
moval and only the highest quantity of this co-
solute equal to 0,086 molar fraction entailed slight
increase in treatment efficiency equal to 98 %.

Dye remediation enhancements might occur
due to the next factor. The addition of ethanol

changed bubble properties considerably; more very
small bubbles were evident upon addition of etha-
nol than when ethanol was absent. This is a well-
known effect that arises from the lowering of water
surface tension, which prevents the bubbles from
growing larger. Such smaller bubbles provide a very
large surface area per unit volume of air, which
enhances mass transfer of the contaminant from
the liquid phase to the bubbles [9].

Mathematical model deriving and the determi-
nation of optimum conditions

Central composite orthogonal design was se-
lected to derive mathematical model (second or-
der) with the aid of MS Excel 2003 [10, 11]. The
following model was obtained:

Y =66,22+0,43-Z,+6,79-Z, +2,59-Z -
0,06-Z3-Z,+0,01-Z,-Z; +0,13-Z,-Z; -
0,02-Z%2-0,07-Z3,

according to the next definition: Z, — temperature
factor; Z, — surfactant excess factor; Z,; — process
duration factor.

By deriving mathematical model, represented
above, it was found that the maximum efficiency
of depicted process can be attained in a case of
carrying it out under the following optimum condi-
tions: temperature 10 °C, surfactant/dye ratio 1.94:1;
process duration — 15.3 min.

The test of the significance of regression coef-
ficients showed that four of them are insignificant
however they can’t be excluded from the model
since it will entail dramatic accuracy decrease.

The check of the model adequacy proved that
it can accurately describe the process and can be
used for further simulations. The maximum relative
standard deviation was equal to 4.7 %.

Conclusions

To sum up, within this report contemporary
state of water pollution problem caused by syn-
thetic dyes was analysed, covering the main meth-
ods, typically used for dyes decomposition and
remediation. Solvent sublation was proposed as an
effective alternative.

The main principles of Bromophenol Blue
removal from water by solvent sublation were in-
vestigated. The following major factors and their
influence on treatment process were studied in de-
tail: pH, type of organic solvent, the mean bubble
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diameter, gas flow rate, molar ratio of surfactant to
dye and the presence of such additives as KCI and
ethanol.

Acidic pH, fine bubble radius had a positive
effect on the removal efficiency. The increase of
gas flow rate up to 50 sm?/min also enhanced the
treatment. The highest dye removal was obtained
in the case of isopentanol used as the solvent.
Smaller fractions of ethanol (0.006—0,06) had no
significant effect on the efficiency of the solvent
sublation, only the quantity of this co-solute equal
to 0,086 molar fractions slightly improved the
treatment effectiveness. The increase of KCI
concentrations gradually decreased the dye removal
efficiency due to the equilibrium driving toward
the smaller concentration of BB-HPC com-
plex.The initial dye concentration was 10 mg/dm?.

The second order experiment statistical model
was derived with the use of central composite or-
thogonal design. The check of model adequacy
proved that it can accurately describe the process
and can be used for further simulations. The
maximum relative standard deviation was equal
to 4,7%.

List of literature

To assure attaining the maximum treatment
efficiency the next optimum conditions were de-
termined: temperature 10 °C, surfactant/dye ratio
1,94:1; process duration — 15.3 min. It was found
that the process should be conducted under such
conditions: pH 1.1, solvent — isopentanol, Schott
filter nominal pore size — 16 um, molar ratio sur-
factant:dye — 2:1.

The recovery efficiency was 97.5 % and the
corresponding residual Bromphenol Blue content
in the aqueous phase was equal to 0.25 mg/dm?
which didn’t exceed the maximum allowable con-
centration. Attained results can be used in further
studies.

Further researches of this team will deal with
the determination of the complete sublate forma-
tion mechanism, confirmed by thermodynamic
calculations. Possible ways of organic phase utiliza-
tion after the treatment process will also be cov-
ered.
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T.l. O6yweHko, H.M. Tonctonanosa, O.10. Kynewa, |.M. ActpeniH

BWOANEHHA AHIOHHOIO BAPBHUKA (BPOM®EHONOBOIO CMHBLOIO) 3 BOAHMX PO3YMHIB METOAOM &®f10TO-
EKCTPAKLII

Mpo6nemaTuka. HakonMyYeHHsi TOKCUYHUX KOMMOHEHTIB CTIYHUX BOA € CYTTEBOI Hebe3neKkow A BOAHOro NoTeHuiany gepxasu.
Lle ocobnmBo cTocyeTbcsa 3abpyaHioBadiB CTiYHMX BOA, WO HanexaTb Ao |-V knacie Hebe3anekn, Takux sik 6GapBHUKM Ta PO3HYUHHUKN.

MeTa gocnigxeHHsl. BUBYMTU OCHOBHi 3aKOHOMIPHOCTI BUITyYEHHS1 3 BOAM BPOMEEHONOBOr0 CUHLOrO TEXHOMOTIEID OrIOTOEKCT-
pakuii Ta BU3HaAYMTU ONTUMarbHi YMOBW NpoLeCy.

MeTtoauka peanisauii. BpomdeHonoBuit CKHIl, aHiOHHWIA GapBHUK, BUAANABCA 3 BOAHUX PO3YMHIB (DNIOTOEKCTPAKLIED KOMMIIEK-
cy 6pomdeHonoBuMI CUHit—rekcageunnnipuanHin (cybnar) B isoneHTaHon. pH po3ynHiB BU3Ha4YaBcsi 3a JOMOMOrOH MOTEHLiOMETPUYHO-
ro metoay. KoHueHTpauii 6apBHMKa 3paskiB po34MHiB BUMipOBanvcb MeToaom abcopbuinHoi cnekTpodoToMeTpii.

Pe3ynbTatn pgocnigxeHHsA. byno ekcnepMmeHTanbHO AOCMIOXEHO XapakTep BNAUBY Ha (OrIOTOEKCTPaKUilo TakMx napameTpiB:
pH cepeposuwwa, monspHe cnieeigHoweHHs1 MAP:6apBHYK, TpuBanicTe NpoLlecy, NpMpoAa OpraHiyHoOro po3vMHHMKA, PO3MIp NMyXMpLiB,
3reHepoBaHUX y po3npuckyBadi, goaaBaHHs enekTponitiB (sk KCI) Ta HerigpodobHMX opraHiyHmMx cnonyk (sik etaHon). 3 4onomMorot
MS Excel 2003 uepe3 nobyaoBy LieHTpanbHOro KOMMO3WLiAHOrO OPTOroOHarNbHOro NiaHy Ta BMBEAEHHS MaTeMaTU4HOI Mogeri Apyroro
nopsiaky 6yno BUSIBNEHO, L0 MakcuManbHa eeKTUBHICTb OMMcaHoro npotecy Moxe 6yTn AocsrHyTa 3a Takux onTUMarnbHUX ymoB: T =
=10 °C, monbHe cniBBigHoweHHs MNAP:6apeHuk = 1,95:1, TpuBanictb npouecy — 15,3 xa.

BucHoBku. Y xogi gocnigxeHHss 6yno BMBYEHO OCHOBHi 3aKOHOMIPHOCTI BMITyYEHHs1 3 BOgM GpomdeHonoBoro cuHbLoro. Ekcne-
pUMeHTanbHO-CTaTUCTMYHa Mogerb Apyroro nopsaky 6yna BuBefeHa 3 BUKOPUCTaHHAM LEHTPanbHOro KOMMOo3uLiNnHOro OpTOroHanbHo-
ro nnaHy. MakcvmanbHe BiOHOCHe BigxurneHHs gopiBHoBano 4,7 %. byno Bu3HayeHo onTumarnbHi yMOBMW. BignoBigHO 4o oTpumaHux
pe3ynbTaTiB, HaNBULLMIA CTYMiHb BUIyYEHHA BPOMMEHOMNOBOrO CMHLOrO, AOCATHYTUIA Yy XOAiI ekcriepuMmeHTy, fopisHioBas 97,5 % i 3anu-
LLKOBWIA BMICT 6apBHUKa He NepeBuLLYBaB rpaHNYHO JOMYCTUMOI KOHLEHTpauii kucnotHux 6apsHukis 0,25 mr/om®.

KniouoBi cnoBa: 6apBHUK; 6pomMbeHONOBUI CUHIN; ONTMMarnbHi YMOBU; MaTemMaTudHa Mofgenb; cybnar; cnekrpodoToMeTpisl.

T.WN. ObyweHko, H.M. Tonctonanosa, O.10. Kynewa, N.M. ActpenuH

YOANEHVME AHWOHHOIO KPACUTENIA (BPOM®EHONIOBOroO CUHEro) M3 BOAHONoO PACTBOPA METOOOM
®JIOTOSKCTPAKLINA

Mpo6nemaTtunka. HakonneHne TOKCUYHbLIX KOMMOHEHTOB CTOYHbLIX BOA, NPEeACTaBMSAET CYLLECTBEHHYIO OMacHOCTb Anst BOAHOMO Mo-
TeHuMana rocygapctBa. OTO 0COOEHHO KacaeTcs 3arps3HuTenei CTOYMHbIX BoA, OTHocsAwmxes K |-V knaccam onacHOCTW, TakMx Kak
Kpacutenu un pacTeopuTenu.

Llenb nccnegoBaHus. M3y4nte OCHOBHbIE 3aKOHOMEPHOCTU M3BMNeYeHuss u3 Boabl 6pomdeHONnoBoro cMHero TexHonornen cno-
TO3KCTPaKUMK U onpeaenvTb onTUMarbHble YCroBuWs npoLecca.

MeTtoauka peanusauun. bpomdheHONOBbIN CUHWUIA, aHUOHHBIN KpacuTenb, yaansncs M3 BOAHbIX PacTBOPOB (PrIOTOEKCTpaKUmnen
Komnnekca 6pomMdeHonoBbIN CUHUI — rekcageuunnupuanHuin (cybnar) B n3oneHTaHon. pH pactBopoB onpegensncs ¢ nomoLlblo no-
TeHumomeTpuyeckoro metoaa. KoHueHTpauumu kpacmuTens obpasLoB pacTBOPOB M3MEPSNNCb METOAOM abcopOLMOHHOWM cnekTpodoTo-
meTpuu.

Pe3ynbTaThl ccnegoBaHuUs. bbin akcnepvMeHTanbHO UccreaoBaH xapaktep BO3AEeNCTBUA Ha oriOTOIKCTPAKLMIO CreayoLwmnx
napametpoB: pH cpeabl, MonsipHoe cooTHoleHune MAB:kpacuTens, NPoaAoMKMTENBHOCTL MpoLecca, NPUpoaa OpraHNYeckoro pacTBo-
puTens, pa3Mmep Ny3blpbKOB, CreHepMpOBaHHbIX pasbpbidruBaTtenem, nobasku anektponutoB (kak KCI) u HermgpodobHbIX opraHuyec-
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KX coegunHeHui (kak ataHon). C nomousio MS Excel 2003 nyTem NoCcTpoeHUsi LLeHTPanbHOro KOMNO3WLUOHHOIO OPTOroHarnbHOro nna-
Ha ¥ BbIBOAA MaTeMaTMyecko MOAEenu BTOPOro nopsiaka Obino ycTaHOBIEHO, YTO MakcumarnbHasi 3hekTMBHOCTb ONMMCAHHOro Npo-
Lecca MOXeT ObITb AOCTUrHyTa Mpu cregylowmx ontumaneHbix ycnoBusix: T = 10 °C, monbHoe cooTHoweHue MAB:kpacutenb =
=1,95:1, npogomknTeneHoCcTb npouecca — 15,3 MuH.

BbiBogbl. B xone nccnenoBaHuns Obiny M3yveHbl OCHOBHbIE 3aKOHOMEPHOCTM M3BMeYeHus U3 Boabl 6poMdEeHONOBOro CUHEro.
JKcneprvMeHTanbHoO-CTaTUCTMYECKasi Moferlb BTOPOro nopsiaka 6bina BbiBEAeHa C UCMOMb30BaHMEM LIEHTParnbHOro KOMMO3ULMOHHOMO
opToroHanbHoro nnaHa. MakcumarnbHOe OTHOCUTENbHOE OTKNoHeHue paBHo 4,7 %. bbinu onpegeneHsl onTumansHble ycnosus. Co-
rMacHo NoMyYeHHbIM pe3ynbTaTam, BbiCLIas CTeneHb n3BneyeHns GpomdeHonoBoro CMHero, AOCTUIHYTasi B Xo4e aKCNepuMeHTa, pas-
Ha 97,5 % u ocTaTo4yHOe copepXaHue KpacuTens He MpeBbllano npefaernibHo AOMYCTUMON KOHLEHTPauWMn KUCMOTHbIX KpacuTenewn
0,25 MF/LLM3.

KnioueBble cnoBa: kpacuTenb; 6poMdEHONOBbLIN CMHWIA; ONTUMarbHblE YCIOBUS; MareMmaTuyeckasi Mogenb; cybnar; CneKkTpo-
doTomeTpus.

PexomennoBana Pamoro Hapiitina mo penakiii
XiMiKO-TE€XHOJIOTIUHOTO (haKyJIbTETy 3 6epesnst 2015 poky
HTVYY “KIII”
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