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Aim of the work was to determine the efficiency of combined application of lime and high-viscous
suspensions, containing the aluminium nanoparticles as a precursor in treatment of sugar-containing
solutions.

At the first stage the aluminium nanopowder, encapsulated into a salt matrix, was produced by the
combined precipitation from a gas phase of metal and halogenide of alkali metal (NaCl). For the long-term
stabilization of aluminum nanoparticles the method, developed by the authors, for dispersing these
powders in the composition of polyethylene glycols was used, providing the colloidal solution of high
viscosity (gel).

At the second stage, as an object of investigation a juice of sugar beet, produced in the laboratory
conditions by water extracting from the beet chips, was applied. In the produced juice the main
characteristics of its quality were determined: the content of solids, sucrose, its purity was calculated
(ratio of sucrose to solids content, in%). The content of protein and pectin components was also
determined (as the main components of the colloidal fraction of the diffusion juice). Conventionally, as a
basic reagent for the process of a lime pretreatment a lime milk of 1.18 g/cm3 density, prepared by liming
the burned lime using hot water, was used.

During the experiments the effectiveness of reagents, containing aluminum in nanoform, their
influence on the degree of removal of the colloidal dispersion substances in the process of juice purification
in sugar beet production and improvement of its quality, is shown. However, the obtained results show
that, depending on the method of producing, the additional reagents with aluminium nanoparticles have
different effect on change of diffusion juice purity in the process of its treatment by the lime milk.
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Today, to attain the required quality of
sugar, it is necessary to have the high quality
of semi-products, it concerns, in particular,
juices after the defecosaturation treatment
by using a lime milk and saturation gas. Due
to the fact that the beet of a low technological
quality is supplied often into processing, the
diffusion juice has a high content of different
compounds (so-called non-sugars), which
reduce greatly its purity [1]. To purify this
juice it is necessary either to increase the
consumption of the lime milk and saturation
gas or to apply additionally in the technology
such reagents which could improve sufficiently
the effectiveness of the carried out processes
of the juice purification, and also reduce the
consumption of conventional reagents. The use

of the additional reagents in the technology of
treatment of the sugar-containing solutions
is the rather urgent problem for the sugar
complex of Ukraine, as this is the most simple
and economic way for the improvement of
characteristics of the ready products. This
problem was studied in many works, in
particular in [2—-8]. However, the variety of
processes, proceeding under conditions of
a diffusion juice treatment, does not give
an opportunity to evaluate precisely the
mechanism of interaction of added additional
chemical reagents with non-sugars of the
diffusion juice. First of all, it concerns the
process of coagulation of colloids. On the other
hand, the adding of additional reagents to the
processes of the juice treatment should be in
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compliance with a number of conditions, in
particular these are a minimum dose of reagent
at high efficiency, the absence of interaction
with the sucrose, removal in the process of
production together with other wastes [9-13].

On the basis of investigations of properties
of colloidal high-viscosity solutions, produced
by encapsulation of metallic aluminium
particles into a salt coat, the present work
deals with their effect on the quality of semi-
products at applying the nanoreagents for an
additional treatment of the sugar-containing
solutions in the beet sugar production. The
work considered the possibility of applying
the additional reagents on the base of
aluminium nanoparticles in the process of
lime pretreatment of the diffusion juice.

Materials and Methods

The nanopowders of biogenic metals were
produced by the combined precipitation of
metals and halogenide of alkali metals from the
gas phase [14, 15]. Encapsulation of metallic
particles into a chemically inert matrix limits
them by sizes on the one hand and on the other
hand it provides formation of a protective
coat on their surface (Fig. 1). This does not
only prevent the processes of consolidation
of particles during storage, but also protects
them from their interaction with environment.

Statistic processing of results of
measurement using the computer program
Image Pro Plus is given in Table 1, that
allowed plotting a diagram of distribution of
nanoparticles by sizes, given in Fig. 2. It is
seen from the diagram that the sizes of these
particles are 6—7 nm.

Such composite structure allows the
encapsulated nanoparticles to be stored for
a long time in ordinary atmosphere and then
to be used by dissolution of the salt coat for
producing the colloidal solution [16—18].

Fig. 1. Electron-microscopic image of condensate:
light background
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To provide a long-time stabilization of
the nanopowders in the form of a colloidal
solution, a method of dispersion of these
powders into compositions of PEG (PEG
1500-8000 in the volume of 4—7 parts and
PEG 400-600 in the volume of 3—6 parts)
was developed. The initial powder, placed
into fluid, was subjected to dispersion for
60 min, accompanied by heating up to 60—80 °C.
However, the same as any colloid, this system
will tend to agglomeration under the action of
external factors. Therefore, to prevent this
phenomenon, the rapid cooling of the colloidal
solution is used at the last stage of producing.
Such an approach makes it possible to store the
produced gel for a long time in a compact form.
The appearance of high-viscosity colloidal
solution (gel) is shown in Fig. 3.

To reduce the viscosity of this gel is possible
by introducing into the water suspension. The
properties of this produced suspension were

Table 1. Statistic processing of the nanoparticles
observation using the computer program
Image Pro Plus

Diameter of | Frequency, | Number of investi-
particles, nm % gated particles
4 15 298
5 16 325
6 21 421
7 12 236
8 15 292
9 9 185
10 6 124
11 6 128

Hereinafter: * — P < 0.05.
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Fig. 2. Distribution of particles by sizes
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investigated by using the device Malvern
Zetasizer Ver. 7.11. From Fig. 4, at which
the distribution of particles by sizes is
presented, it is seen that such reducing of
viscosity does not cause an aggregation
process. The size of particles remains within
the nanorange [19].

By comparing Fig. 2 and 4, it is possible
to conclude that the average size of particles
in the solution is smaller than in a precursor.
It can be assumed that the particles in the
precursor are more agglomerated, and in the
process of solution producing the division
of agglomerated particles is occurred, in
particular, under the ultrasound effect.

Effectiveness of reagents for additional
treatment of sugar-containing solutions

During investigations a diffusion
juice was used, produced in the laboratory
conditions by water extraction from beet
chips. In the produced juice the main its
quality characteristics were determined,
namely: content of solids, sucrose, its purity
was calculated (ratio of sucrose content to
solids content, in % ). Content of protein and
pectin components (as main components of

Fig. 3. Appearance of high-viscosity colloidal
solution (gel)
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Fig. 4. Distribution of aluminium particles by sizes

colloidal fraction of diffusion juice) was also
determined, which makes the proceeding of
treatment processes difficult to the greatest
extent. As a main reagent for carrying out the
process of lime treatment, a lime milk of 1.18
g/cm? density was used, prepared by liming of
burned lime by hot water [20].

As the main aim of the lime pretreatment
of the diffusion juice consists in maximum
precipitation of components of colloidal
dispersity (protein and pectin components)
by the lime milk and producing a well-
structured precipitate [20], then at the first
stage of the investigations the task was put for
determination of effect of additional reagents,
containing aluminium in a nanoform, on
colloidal component of the diffusion juice
proper. Two modifications of reagents were
used: DAI4 (No.807) and DAI5(No0.805).
Characteristic of these reagents is given in
Table 2.

Experiment was made according to the
following procedure. Six test samples of
diffusion juice of 100 cm? volume were
heated up to 60 °C temperature (typical
temperature of carrying out the process of
lime pretreatment of juice). The preliminary
calculated value of reagent in the range of
0.25...1.5 g (with content of Al nanoparticles
in the limits of 0.0013...0.0078 g) was added
to the preheated samples at continuous
stirring. The obtained samples were stirred
for 10 min at constant temperature and
then at stirring during 15 min the lime
milk was added up to producing of value
pH of mixture of 11.2..11.3 (final point
of lime pretreatment). Then, precipitate
was separated in the obtained samples by
a filtering and in the filtrates the purity,
content of protein and pectin components
were determined. The obtained results are
given in Tables 1 and 2. For comparison, the
treatment of the diffusion juice was also
made by the lime milk without adding of Al
nanoparticles (reference sample). In this
case the quality of initial diffusion juice
was the following: purity — 83.3%, content
of protein components — 0.887 g/100 g of
juice; pectin components — 0.29 g/100 g of
juice.

The obtained results show that the
additional reagents have a different effect on
value of changing in purity of the diffusion
juice in the process of its treatment. Thus,
when adding the reagent DAI4(No0.807) in the
amount of 0.0052...0.0078 g/100 g of juice the
improvement of its quality characteristics is
observed (purity, content of protein and pectin

73



BIOTECHNOLOGIA ACTA, V. 8, No 6, 2015

Table 2. Characteristic of colloidal solutions of high viscosity (gels)

Characteristic of reagent
No. of reagent . Concentration of nanoparticles
& Volume fraction of nanopar- of Al in colloid high-viscosity Dav, nm
ticles in precursor .
solution
DAI4 ( No.807) 25% 52mg/10 g 1.2-1.5
DAI5 (No.805) 30% 51 mg/10 g 1.2-1.5

Table 3. Results of interaction of reagent DA14(No0.807) in the process of diffusion juice treatment

with a lime milk

Quantity of Content in test sample
No. of test | 1, 14(No.807), /100 Purity, % : :
sample (No.807), g/ urity, /o Protein components, | Pectin components,
g of juice g/100 g of juice 2/100 g of juice

0

Control 0 84.3 0.414 0.212
1 0.0013 84.55 0.406 0.210
2 0.0026* 84.84 0.368 0.206
3 0.0039 85.20 0.350 0.200%
4 0.0052 85.36 0.344 0.198%*
5 0.0065 85.40 0.346% 0.192%
6 0.0078 85.39 0.350 0.201

Hereinafter: * — P < 0,05 compared with control

Table 4. Results of interaction of reagent DA15(No0.805) in the process of diffusion juice treatment

with a lime milk

Quantity of Content in test sample
No. of test DAI5(No.805 Purity, % - :
sample (No.805), urity, /o Protein components, | Pectin components,
g/100 g of juice g/100 g of juice g/100 g of juice
0 Control 0 84.3 0.414 0.212
1 0.0013 84.25 0.226%* 0.110%*
2 0.0026 84.10 0.210% 0.100%
3 0.0039 82.12 0.115% 0.094*
4 0.0052 80.29% 0.112% 0.086%*
5 0.0065 77.34% 0.100% 0.080*
6 0.0078 77.39% 0.098%* 0.079%*

components) as compared with a control sample
without the reagent addition. The visual
inspection for the formation and quality of the
precipitate showed that at such consumptions
the active formation and quick precipitation of
the precipitate particles is observed. This gives
an opportunity to separate this precipitate
and avoid its effect on proceeding of further
processes of the diffusion juice treatment (for
example, main lime pretreatment, carried out
under the conditions of high alkalinity and
temperature, which destroy the earlier formed
precipitate).
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For the reagent DAI5(No0.805) the results
of experiments showed its negative effect on
the result of treatment of the juice samples.
Though the effect of removal of protein and
pectin components is rather higher than that
in reagent DA14(No0.807), but the purity of this
juice is occurred to be very low, that proves
about the additional removal of sucrose from
the juice. The decrease in content of sucrose
for treatment of the diffusion juice can be,
probably, explained by the formation by an
aluminium saccharate, which is precipitated
into the precipitate together with other
colloidal particles in system [AI(OH); +
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CioHy,0,9 — C;9H,,0,5A1 + 3H,0]. For the
technology of sugar production from the
beet this effect is not admissible. The visual
inspection for the formation of the precipitate
showed the similar results. Therefore, this
reagent has, possibly, the higher purifying
effect on other semi-products of the beet sugar
production, which do not contain sucrose, for
example, feed water for proceeding the process
of sugar extraction from the beet.
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Metoo poboTu 6yJsi0 BUsHAUUTU e(DeKTUBHICTh
CYMiCHOT'O BUKOPUCTAaHHA BallHAKY Ta CyCII€H3iit
BHCOKOI B’ABKOCTi, III0 MiCTATH SK IIPEKYPCOP
HaHOYACTUHKU aJIOMiHil0, IIiJl Yac OUUIIeHHS Iy -
KPOBMIiCHUX PO3UUHIB.

Ha nmepmomy etamnmi orpuMyBaau iHKamncy-
JIBOBAHUI y COJBOBY MATPUIII0 HAHOIOPOIIOK
aJIOMiHiIO CIIIBHUM OCaIKEeHHAM i3 ImapoBOi
dasum mMerany Ta raJoreHify JYKHOTO MeTaay
NaCl. Husa tpuBajoi crabimisamii HaHOUacTH-
HOK aJIIOMiHiI0 3aCTOCOBYBAJI PO3POOJIEHU aB-
TOPaMHU CIIOCi0 AUCIIEPTYBAHHS IUX IMOPOIIKIB ¥
KOMIIO3UIIil IToJlieTUIeHTIIIKOIeH, OfepiKyI0oun
KOJOIAHUI PO3YMH BUCOKOI B’SIBKOCTI — TeJsb.
Ha gpyromy erami K 00’€KT IOCTiI:KeHHSA BU-
KOpHUCTOBYBaMu NUQPYIiAHUN CiK, OTPpUMAaHUN
B 1ab0paTOpPHUX yMOBaX eKCTparyBaHHAM BO-
o0 OYypAKOBOI CTPY:KKU. BusHayaam OCHOB-
Hi MOKa3HUKU AKOCTi COKY: BMiCT CyXux pe-
YOBUH, CAXapo3u, IPOTEIHOBUX i MEeKTUHOBUX
peuyoBUH (AK OCHOBHUX CKJIAJOBUX KOJOimHOI
dpaxkiii 1udysiiHOTO COKY), a TAKOMK HOT0 UYu-
CTOTY — CHiBBiJHOINIEHHA BMicTy caxaposu i
cyxux peuoBuH (y %). K OCHOBHUI peareHT
IJIA IPOBENEeHHA IPOIecy IOIepPeIHBOTO Ball-
HYBaHHS BUKOPHUCTOBYBAJIU BaITHAHE MOJIOKO 3i
mrigpaicTio 1,18 I‘/CM3, OPUTOTOBAaHE MIJISIXOM
raciHEs o0maJieHOTO BamHa rapAdv0i0 BOJOIO.

Y xonmi excmepuMeHTIB MOKas3aHO edex-
TUBHiCTb IpemnaparTiB, IO MicTAThH ajlloMiHil
y HaHodopwMmi, ix BOJUB Ha CTYIiHb BUJAJIEH-
HS PEUYOBUH KOJOIZHOI IMCIEPCHOCTI y mpoiieci
ounIleHHA AU(Qy3iiHOTO COKY B IMYKPOOYPSAKO-
BOMY BUPOOHHUIITBI Ta HmMifBUINEHHSA HOro AKO-
cri. Omeps:kaHi pesyabTaTH CBiguaTh HPO Te,
10 3aJIe’KHO BiJ cmoco0y OTPMMAHHSA TOCJi-
M'KYBaHiI HOMAaTKOBI peareHTHM 3 HAHOUYACTUH-
KaMy aJIOMiHiI0 CIpPaBJIATHL PisHUU edeKT
Ha 3MiHY YHCTOTU AUPY3iHHOTO COKY B IIPO-
meci #oro o6poOJIeHHA BANHAHUM MOJOKOM.

Knwo4o6i cnosa: HaHOIOPOIIOK aJNlOMiHif0, Balm-
HAKOBE OUUIIEeHHA IIYKPOBMiCHOT'O DO3UMHY.
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ITenno paboTeI 66170 OIpeaesieHe 3O HEKTUB-
HOCTH COBMECTHOTO WMCIIOJIb30BAHUS MU3BECTU U
BBICOKOBSIBKUX CYCIIEH3UHU C COep:KaHueM B Ka-
YecTBe IPeKypcopa HAHOUACTUI AJTIOMUHUSA IPU
OYUCTKE CaxXapoCoAePIKaIUX PACTBOPOB.

Ha mepBoM sTame mosaydanm WHKAICYJUPO-
BaAHHBIA B COJITHYIO MATPUITY HAHOIOPOIIIOK aJIi0-
MUHHUS COBMECTHBIM OCaKJEeHUEM M3 IIapoBOU
(asbl MeTasIa U TaJIOTEHUAA IIEJIOUHOTO MeTaJl-
aa NaCl. [Insa gauTeabHOM CcTaOUIM3AIIUY HAHO-
YacTUI aTIOMUHUA IPUMEHAJN paspaboTaHHbIN
aBTOpaMM CIOCO0 AUCIEPTUPOBAHUA HTUX IIO-
POIIIKOB B KOMITOBUIINY TOJUITUJIEHTIUKOJIEH,
moJiyyas KOJIJIOUJHBIN PACTBOP BBICOKOU BSBKO-
cTu — resib. Ha BTOpOM aTame B KayecTBe 00hb-
eKTa MCCJIeJOBaHUSA NCI0JIb30BaJIN COK CaXapHOU
CBEKJIBI, IOJYUYEHHBIH B 1a00PATOPHBIX YCIOBUAX
SKCTParupoOBaHUEM BOJIOM CBEKJIOBUYHOM CTPYK-
Ku. Onpeesisiu OCHOBHBIE TOKa3aTeJ I KauecTBa
COKa: coNep:KaHle CyXUX BeIecTB, CaXapos3bl,
MIPOTENMHOBBLIX U MEKTUHOBBIX BeIleCcTB (KakK oc-
HOBHBIX COCTABJIAKINUX KOJJIOUAHON (parkmuu
IUPPY3UOHHOTO COKA), a TaKiKe ero YuCTOTy —
COOTHOIIIEHNE COJEPIKAaHUA Caxapos3bl U CYXUX
BemiecTB (B % ). B KauecTBe OCHOBHOTO peareHTa
JLJIsI IPOBEIeHUA IIPoIlecca IpeaBapUTeIbHOTO U3-
BECTKOBAHUS UCIIOJIb30BATIY U3BECTKOBOE MOJIOKO
¢ mwroTHOCTHIO 1,18 r/cM®, mpuroToBIeHHOE IyTEM
ramreHusa 000KKEeHHOM N3BECTU TOPSAUe BOIOM.

B xone skcnepuMeHTOB nokasaHa a(hheKTuB-
HOCTH TIIPEnapaToB, COAEPIKAIUX AJTIOMUHUNA B
HaHO(OpPME, UX BIUSHUE HA CTEIEeHb YAAJEHUA
BEIIeCTB KOJIJIOUIHOI AUCIIEPCHOCTU B IIPOIlecce
ouncTKU AUMPY3UOHHOTO COKAa B CBEKJIOCaXap-
HOM IIPOUM3BOJICTBE U IOBHIIIIEHNE €TI0 KauecTna.
ITonmyueHHBIE PEBYIBTATHI CBUETEIBCTBYIOT, UTO
B 3aBHCUMOCTHU OT cIIOc00a MOJTyUYeHUs UCCIeye-
MbI€ IOTIOJIHUTEJbHBIE PeareHThl ¢ HAaHOYAaCTUIIA-
MU aJIOMUHUS OKa3bIBAIOT PA3IUUHBIN 9)HEKT
Ha U3MeHeHUe YUCTOTHI Au(P(Py3nMOHHOTO COKa B
mpoiiecce ero 06paboTKM N3BECTKOBLIM MOJIOKOM.

Knrouesvie cnosa: HaHOIIOPOIIIOK aJIFOMMHNA, 13BECT-
KOBasf OUYHCTKA caxXapocoaepixalliero pactasopa.





