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THE INFLUENCE OF MIXING SOLID PARTICLES ON THE KINETIC OF BENZOIC ACID
DISSOCIATION DURING THE PNEUMATIC MIXING OF SOLUTION

The current research characterizes the regularities of the process of polydisperse mixture of benzoic acid dissociation during the
pneumatic mixing of solution. The advantages of using compressed air for dissolution are presented. The authors also describe the
method of conducting experimental investigations. The research is focused on the using of solid and chemically inert mixing additi-
ves, which supply into the process at the beginning. The authors have estimated the influence of these solid particles of different
forms, which were produced by chemically inert to benzoic acid materials (glass, plastic, rubber, polyacetal), and in the process
pneumatic mixing, and, correspondingly, on the kinetic of benzoic acid dissolution in water. We have also discovered that optimal
for mixing of benzoic acid solution particles have spherical shape, which are made of plastic, and have diameter 7 mm and specific
density 1280 kg/m’. Experimental investigations enabled the determination of the fact that introduction of mixing additives in the qu-
antity of 2 % from the volume of solution is critical and sufficient for avoiding of passing out of the solid phase in the foam layer and
reduce the dissolution time to the necessary concentration. We have also investigated the influence of mixing additives on the disso-
lution duration and energy expenses. The maximum permissible compressed air flow rate for prevention of solution transition into fo-
am state was determined. Furthermore, the impact of compressed air flow rate variation on the kinetic of dissolution process was in-
vestigated. The analysis of graphic dependency reveals that adding of mixing additives and increasing of compressed air consumpti-
on reduces the average duration of dissolution process. From the other side, such consumption of compressed air is critical in conditi-
ons of current research, as its further increasing over 5.6 m*/hour leads to transformation of 80 % of solution into foam. Finally the
kinetic of benzoic acid dissolution to the concentration 1.2 kg/m’ with using of mixing additives in the conditions of incomplete solu-

tion saturation was experimentally determined and analysed.
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Introduction. Dissolution of solid disperse materials
applies in technological processes of chemical, food, phar-
maceutical, and other industrial branches. Dissolution is
complicated and energy consuming mass exchange process
of interphase interaction of substances in the solid — liquid
phase system. The effectivity and intensity of the process
influences the cost of the final product. There exists a vari-
ety of methods for intensification of poly disperse solid ma-
terials dissolution, namely: mechanical and pneumatic mi-
xing; dissolution in the liquid flux when its velocity
constantly changes or pulsing; by hydrodynamic cavitation;
by overlaying of energy fields; vibration; and other met-
hods. During the analysis of existing methods of continuous
dissolution of solid substances, the pneumatic mixing can
be considered as one of the perspective methods, which do
not require complicated accessories and can be easily auto-
mated. The major benefit of using of compressed air is uni-
form and intensive mass exchange between solid phase and
liquid. The use of bubbled air ensures also the constant so-
lution temperature; the heat, which emits during the

IHpopmauis npo aBTopis:

transformation of solid phase into liquid, transmits outside
the apparatus together with bubbles (Danyliuk et al., 2017),
and this establish the process stationarity. Disadvantages of
pneumatic mixing are possible oxidation of solid material
particles by air, which enters the apparatus; and foam cre-
ation, which negatively impacts the mass exchange between
solid and liquid phases (Danyliuk & Atamaniuk, 2017). For
avoiding of foam formation, in the industry there uses che-
mical means, namely the surfactants, which reduces the vis-
cosity of solution and prevents creation of foam. The soluti-
on of the problem in such manner is not completely suitable
in the investigated case, because such substances pollutes
the final product, and also make technological process more
complicated, which negatively impacts the overall econo-
mical parameters of the project. There exist other methods
of elimination of foam creation also, namely: ultrasonic,
using of nosepieces for foam destruction, and other. Howe-
ver, all mentioned methods involve additional energy ex-
penses and material resources, and complication of dissolu-
tion apparatus construction.
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Literature review. Problems of foam creation and its
destruction are actual, and generalizations of experimental
data and theoretical investigations in modern monographies
reveals the problem (Garrett, 2014; Kotelnykova & Alikov,
2011; Exerowa & Kruglyakov, 1998). In the mentioned re-
searches there were investigated kinetic regularities of foam
destruction by silicon oils and foam destructors of ethanol
type in water solutions of polyacrylamide and sodium la-
uryl sulfate as anionic surfactant. Foam creation during the
production of the nitrogen fertilizers with additions (for
example, production of hydrogumatic) is often the reason
for accidents, reduces the quality of product, and total ma-
nufacturing productivity (Kraievskyi & Mykhailova, 2009).
In some food production branches, the problem of foam
creation also require solution. One of the examples can be
considered sugar production. Due to the microorganisms li-
ving activities (which consumes saccharides during meta-
bolism), there creates foam as a result of emitted metabolic
gases. Technological stations of sugar production, where
observes the creation of foam, require equipping with do-
zing devices and equipment for preparation of water emul-
sions with addition of surfactants, or by using of centrifuges
(Anisimova, 2014). Authors of the research (Shtanheieva et
al., 2000) investigated the dependency foam creation ability
of transportation and washing water from the concentration
of foam creators, such as saponin, pectin substances, collo-
id-disperse substances during the technological process of
sugar production. The reduction of foam creation in the
transportation and washing water can be reached by the
implementation of pressure flotation in such water purifica-
tion systems, which allow performing of additional water
purification with further its using for washing of beetroots.
In the research (Yureva, 2003) there was investigated the
ability of vegetable oils to prevent the milk foam firmness.
There was proved the expedience of using of emulsified
palm oil for milk foam destruction. There was investigated
the influence of liquid nitrogen, UHF and microwave influ-
ence on the milk foam stability, and determined the change
of milk content after electro physical treatment.

Authors (James, 2007) determined the feasibility of fo-
am destruction by the ultrasonic waves of different frequen-
cies. In the research (Fazilet, 1998) there represented results
of investigations of foam creation in biological processes,
mechanism of foam creation and destruction, and also met-
hods of its control. Specific attention is paid to chemical
methods of struggle with foam creation and these methods
efficiency. Additionally, there justifies the selection of fo-
am destructors. In the research (Karakashev & Grozdanova,
2012) there was investigated the research methods, and the
conditions of creation and destruction of foam. Specifically,
there was investigated the interferometry method of deter-
mination of thickness of thin liquid films for systematic in-
vestigation of bubbles behavior. In the research (Fink,
2015) there describes application of foam creators and foam
destructors during the oil and gas extraction processes du-
ring drilling and cementation of wells. The author (Garrett,
2015) investigated the influence of foam destructors and
methods of mechanical destruction of foam and destruction
of foam by ultrasonic. Additionally there was investigated
the destruction of foam due to microgravity. The feasibility
of foam destruction intensification by mechanical device
with perforated plates, which facilitates foam fractioning,
was investigated in the research (Liu et al., 2013). As a rule,
processes of dissolution are investigated in two directions:

research of the solubility and process kinetics, intensificati-
on methods; and struggle against foam creation.

Authors in the research (Shapoval et al., 2017), based on
dependences of velocity constant for initial sections of fo-
am destruction from foam destruction concentrations, per-
formed the efficiency estimation and selection of foam
destructors, considering the possibility of creation of emul-
sion in the system of water-based lubrication and cooling
technological fluids for metal treatment. In the research
(Karakashev & Grozdanova, 2012) there was investigated
the main stages and methods of research of foam creation
and destruction, additionally there investigates the foam ge-
neration mechanism, namely there states that elasticity mo-
dulus of foam bubbles corresponds for the further lifetime
of foam created.

The literature survey reveals prevailing of mechanical
methods of foam destruction over chemical. That is why the
investigation of energy efficient methods of mechanical fo-
am destruction is actual for a number of manufactories of
chemical, food, pharmaceutical, and other industries. The
purpose of the investigation is research of the process of
dissolution of polydisperse mixture of benzoic acid during
the pneumatic mixing of solution and destruction of foam,
which appears during the process. The main benefit of such
method application is uniform and intensive mass exchange
between solid phase and solvent in the whole volume of ap-
paratus. Mixing by compressed air allow improving of the
process without complicating the apparatus construction by
mixing devices.

During the pneumatic mixing, the increasing of
compressed air consumption allow intensifying the dissolu-
tion process, reduce its duration, and simultaneously incre-
ases the quantity of created foam. The research is focused
on the using of solid and chemically inert mixing additives,
which supplies into the process at the start. Thus, there
improves mixing efficiency, and simultaneously reduces the
quantity of created foam. Tasks of the research were: selec-
tion of quantity of mixing additives with their geometric
and physical characteristics, which will insignificantly
influence the energy consumption and, simultaneously, sup-
port mass exchange process intensification during dissoluti-
on; and also investigation of kinetic regularities of benzoic
acid foam dissolution process.

The object of the investigation was the dissolution pro-
cess of benzoic acid in water during pneumatic mixing, and
influence of solid chemically inert mixing additives, ente-
ring the process in the initial phase, on the intensity and ef-
ficiency of dissolution and foam destruction. The process of
interaction of benzoic acid with water is complicated, and,
despite of the fact that its density is greater than the solvent
density (distilled water), during the bubbling the majority of
solid particles are situated outside of the mass exchange zo-
ne. They hangs up inside the foam and lays on the appara-
tus walls above the liquid level, thus do not participate in
dissolution and in such manner increase the process durati-
on, thus, the struggling against the foam creation is actual.

Experimental investigations. The investigation of ben-
zoic acid dissolution was performed by the experimental
stand according to the methodology, described in (Danyliuk
et al., 2017). The content of dissolved acid C,, was determi-
ned according to standard methodologies by spectral photo-
meter Specord m40, and based on that data there was cre-
ated the dependency graph of benzoic acid concentration in
solution change in time C=f{7).
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The solid chemical inert additive, which was entered in-
to solution at the start of the process, there were used plas-
tic spheres of diameter 7-10°m and specific density
1280 kg/m®, which were added in quantities 0.2-6.0 % of
total solution volume. Before the experiment initiation the
solution bubbling was started, and there was mixed the por-
tion of benzoic acid and inert mixing additives. The disso-
lution occurred during the time of 10 minutes, with
sampling interval 2 minutes. The experimental results are
represented in the Figure 1.

Figure 1. The influence of the quantity of mixing spheres on the
dissolution process kinetics: 1) M=0 kg; 2) M;=12.9-10" kg;

3) M;=26.4-10"kg; 4) M;=37.38-10"kg; 5) M;=70-10"kg;

6) M;=100-10>kg

During analysis of Figure 1, there can be concluded that
adding of inert mixing additives intensifies the dissolution
process, however, the growth their quantity over 2 %
(M;=37.38 g) from the total volume of solution do not lead
to the significant growth of mixing intensity, and energy
consumption during that increases. Considering the practi-
cal findings, it was concluded that the optimal quantity of
mixing additives is 2 % (M;=37.38 g) from the total volume
of solution. Such value prevents shifting of solid phase in
the foam layer, intensifies the dissolution and reduces the
duration of process, and, correspondingly, energy expenses.

Figure 2. The dependency of concentration change of benzoic acid
in time with the variation of compressed air consumption:

1) V,=22-10° m/sec; 2) V,=44-10° m*/sec; 3) V,=67-10° m*/sec;
4) V,=89-10" m¥sec; 5) V,=111-10°m¥sec; 6) ¥, =133-10"° m*/sec;
7) V.=156-10° m*/sec

The dissolution kinetics, when other parameters remain
constant, additionally depends on the compressed air con-
sumption, which is used for solution pneumatic mixing. Fi-

gure 2 represents the kinetics of dissolution process of ben-
zoic acid under various consumptions of pneumatic mixing
to the saturation concentration, and using of mixing additi-
ves in the quantity 2 % from the total volume of solution.

The analysis of graphic dependency (Figure 2) reveals
that adding of mixing additives and increasing of compres-
sed air consumption up to 5.6 m*/hour reduces the average
duration of dissolution process between 200 min (1) and
130 min. From the other side, such consumption of
compressed air is critical in conditions of current research,
as its further increasing over 5.6 m*/hour leads to transfor-
mation of 80 % of solution into foam.

The allowable content of benzoic acid in food products
is between 0.1 and 0.2 %. Usually, in food and pharmaceu-
tical industries there uses solution of concentration 0.12 %.
Additionally to benzoic acid dissolution process to saturati-
on concentration Cj,, the investigation of the kinetics of its
solution to concentration C=0.12 % (1.2 kg/m’) is essential.
During the dissolution, there also applied mentioned above
mixing additives. The process was conducted at the steady
temperature conditions =16 °C, pressure P=0.5 atm., mate-
rial mass m=7-10"kg, and solution volume V=1.5-10"m’.
The compressed air consumption changed in the range
¥.=0.8-5.6 m’/hour.

Before reaching the desired concentration C=0.12 %,
there was performed periodic gathering of specimens
V=5-10""m’ with time interval Az=60 sec. and analyzed the
solution on the benzoic acid content. The kinetics of the
dissolution process until the desired concentration is repre-
sented in Figure 3.

Figure 3. Kinetics of benzoic acid dissolution at variable compres-
sed air consumption until reaching of the concentration 1,2 kg/m’:
1) V.=22:10"m%sec; 2) V.=44-10° m¥/sec; 3) V.=67-10° m*/sec;
4) V,=89-10°m%sec; 5) V.=111-10" m*/sec; 6) ¥,=133-10° m*/sec;
7) V.=156-10° m*/sec

Analyzing the Figure 3, there was discovered that
compressed air consumption 5.6 m*/hour allow performing
the benzoic dissolution process to the desired concentration
during 8 minutes.

Conclusions. According to experimental investigations,
there was discovered that adding of chemically inert mixing
additives positively influences the kinetics of dissolution
process, reducing its duration and, correspondingly, energy
consumption. It was selected the physical and geometric
characteristics of mixing additives, and their necessary and
sufficient quantity for the process. Additionally, it was de-
termined that adding of mixing spheres prevents displace-
ment of solid substance phase outside of the intensive mass
exchange zone into the foam layer. In such manner there
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ensures constant interaction between water and particles
and increases the mass exchange surface. In addition, it was
estimated the kinetics of benzoic acid dissolution in water
during various compressed air consumptions, and determi-
ned the critical allowable consumption for conservation of
intensive mass exchange between solid and liquid phases. It
was also investigated that adding of mixing spheres under
compressed air consumption equal to 5.6 m*/hour reduces
the average duration of dissolution process to required con-
centration down to 130 minutes. It was experimentally in-
vestigated and analyzed the kinetics of benzoic acid disso-
lution in conditions of incomplete saturation to the con-
centration C=1.2 kg/m’ with using of mixing additives.
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Hayionanenuii ynisepcumem "Jlvsiecoka nonimexuixa", m. Jlveis, Yxpaina

BIJIUB NEPEMIIIYBAJIbHUX TBEPJIUX YACTUHOK HA KIHETUKY PO3YMHEHHA BEH30MHOI
KHUCJIOTHU IIIA YAC ITHEBMATHUYHOT O IIEPEMIITYBAHHA PO3YUHY

OxapakTepnu30BaHO 3aKOHOMIPHOCTI IPOLecy PO3YNHEHHS MOTIJUCIePCHOI cyMimni GeH30MHOI KUCIIOTH 1IiJ] 9ac THEBMAaTHIHOTO

NepeMillryBaHHS PO3UMHY. 30CepPePKEHO yBary Ha BUKOPHUCTAHHI TBEPAUX XIMIYHO iHEPTHUX NEpEeMIllyBalbHHUX JOJATKIB, sIKi BBO-
IITECST 10 PO3YMHY Ha IOYATKY MPOIIECY, IO MOKpanlye e(eKTHBHICTh epeMIlIyBaHHs, OHOYACHO 3MEHIIYIOUH KiJIbKiCTh YTBOpE-
HOI miHu. ONiHeHO BIUIMB IMX TBEPANX YaCTHHOK Pi3HUX ()OPM, BUTOTOBJIIEHHX 3 XIMIYHO iHEPTHUX 10 OCH30HHOI KUCIIOTH MaTepi-
aiB (CKJIO, IIACTUK, TyMa, HMOJialeTank), Ha Mpolec MHEBMATHYHOTO IIepeMINTyBaHHS i, BIAMOBIAHO, HAa KIHETHKY PO3YMHEHHS OCH-
30MHOI KHCIIOTH Y BOJI. 3'COBaHO, 1[0 ONTHMAIGHIMH IS IEPEMIITyBaHHS PO3UNHY OEH30HHOI KHCIIOTH € YaCTHHKH KyJISCTOI (op-
MH, BUTOTOBJIEH i3 IUTACTHKY, i3 TAKMMI XapAKTEPUCTHKAMH: JiaMeTpOM 7 MM, IHTOMOIO rycturoio 1280 kr/m’. ExcriepuMenTansyi
JIOCIIIKEHHS JaJ¥ 3MOT'Y BCTAaHOBHTH, 110 BBEICHHS IepEMIlTyBaIbHUX HOAATKIB y 9acTHi 2 % Bix 00'eMy pO3UMHY € TPaHUIHHM i
JIOCTaTHIM, 100 3an00irTH BUHECEHHIO TBepAol (a3 y map miHM i TIM CaMUM 3MEHIIUTH TPUBATICTH MPOIECY POZUYMHEHHS 10 3a/1a-
HOI KoHIeHTpanii. JlocmimKeHo BIUIMB NepeMillyBaJbHUX JOAATKIB Ha TPUBATICTh PO3YMHEHHS Ta HAa BUTPATH €HeproHociiB. Bera-
HOBJIEHO T'PAHUYHO JOIYCTHMY BHTpPATy CTHCHYTOTO IOBITpS, sIKa 3armo0irae mepexoxy po3UHHY y CTaH MiHH. TakoX TOCIIKEHO
BIUTUB 3MiHHOi BUTPATH IIOBITPsl Ha KIHETHKY IIPOLECY PO3UMHEHHS. EKCIepHMEHTaIbHO TOCTIIKEHO 1 IMpoaHalti30BaHO KiHETHKY
PO3UMHEHHS GEH30MHOI KICIOTH 32 YMOB HEIOBHOT'O HACHUEHHS PO3UHHY IO KOHIEHTpAii 1,2 Kr/M’ y IPHCYTHOCTI IIepeMinryBaib-
HUX JIOIATKiB.
Kniouogi cnoea: po3unHEHHs; IepeMilllyBaHHs; 6apOoTep; MIHOYTBOPEHHS; MaCOOOMIH; KiHETHKa.

0. M. /lanumok, B. M. Amamaniok, 3. . THamue

Hayuonanvnviii ynusepcumem "JIveoseckas nonumexnuxa”, 2. JIveoe, Ykpauna

B/IMAHUE NEPEMEHNINBAIOINUX TBEPABIX YACTHUL HA KHHETHUKY PACTBOPEHUA
BEH30HHOH KUCJ/I0ThI BO BPEMA THEBMATHYECKOTO INIEPEMEIIIMBAHHA PACTBOPA
OXapaKTepI/I3OBaHI)I 3aKOHOMEPHOCTH MpoIecca paCTBOPCHUA HOHHHHCHepCHOﬁ cMecu OeH30MHON KUCIIOTBI BO BpeEMs ITHEBMaA-

THYECKOI'0 NEPEMCIINBAHUA pacTBOpA. Baumanue COCPEAOTOUCHO Ha UCIIOJIb30BAaHUU TBEPABIX XUMHUYECKU MHEPTHBIX NEPEMENIINBA-
omux HpHJ’IO)KeHHﬁ, KOTOPBIC BBOAATCA B paCTBOP B HadaJI€ MMpoLecca, yiIydliacT 3(1)(1)6KTI/IBHOCTI) nepemMemmnBanms, OAHOBPEMEHHO
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YMEHBIIasl KOJIMYECTBO 00pa3oBaHHO meHbl. OIeHeHO BIMSHIE 3TUX TBEPIbIX YaCTHIl PA3IMYHBIX ()OPM, H3TOTOBICHHBIX U3 XHMH-
YeCKH MHEPTHBIX K OCH30IHOM KHCIOTe MaTepHajoB (CTEKIO, IUIACTHK, PE3UHA, ITOJIHAIIeTalb), Ha IPOIece MHEBMATHIECKOTO Tepe-
MEIINBaHUS U, COOTBETCTBEHHO, HA KHHETHKY PACTBOPEHUS OEH30MHON KHCIIOTHI B BOJIE. Y CTAHOBIICHO, YTO OI'THMAJIBHBIMU JUIS T1e-
peMeIBaHus pacTBOpa OSH30HHONW KUCIOTHI SIBIISIOTCS YAaCTHIIBI MIapo00pa3HOi ()OPMEI, H3TOTOBICHHEIE U3 IUIACTHKA, C TAKUMHU
XapaKTEPHCTHKAMIL JMAMETPOM 7 MM, YIAeIbHEIM BecoM 1280 kr/m’. DKCIIEpHMEHTATbHBIE HCCIEIOBAHNS O3BOMMIM YCTAHOBHT,
9TO BBEJICHHE NEPEMEIINBAIOIINX IPIIOKEHUH B KoMndecTBe 2 % oT 00beMa pacTBopa SBIISCTCS MPEISIIBHBIM U JOCTAaTOYHBIM, 4TO-
OBl MPEIOTBPATHUTH BEIHOC TBEPHOH (a3bl B CIIOH IEHBI U TeM CaMbIM YMEHBIIHUTH MPOJOJDKUTEIBHOCTh MPOLecca PacTBOPEHUS 10
3a7aHHON KOHIEHTpanuy. McciieoBaHo BIMsHUE NepeMEIINBaIOINX IPHIOKEHNH Ha IPOIOIKUTEIBHOCTS PaCTBOPEHHS U Ha pac-
XOJIBI YHEPrOHOCUTENEH. Y CTaHOBIIEH MPEAENBHO JOIyCTUMBIN pacXoj C:KaToro BO3IyXa, KOTOPBHIM IperoTBpamaeT Hepexos pa-
CTBOpa B COCTOSIHHE II€HBI. Taroke MCCIeIOBaHO BIIMSHHUE ITEPEMEHHON pacxoja BO3[yXa Ha KHHETHKY IpoIecca PacTBOPEHHs. JK-
CIIEPUMEHTAIBHO HCCIISI0BaHa U IPOaHAIN3HPOBaHA KHHETHKA PAacTBOPEHHMST OCH30HHOM KUCIOTHl B YCIOBHUSIX HEIIOTHOTO HACHIIIIe-
HHS PACTBOPA 10 KOHIEHTPA|H 1,2 KI/M° B PUCYTCTBH IEPEMEIIHBAIOIIIX TIPIIOKCHHI,
Kniouesvie cnoga: pactBopeHue; nepeMeninBanme; 6apooTep; NeHooOpa3oBaHue; MaCCOOOMEH; KMHETHKA.
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