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Abstract. This article discusses the influence of the
methods of lime cream generation and its physico-
chemical properties on raw juice purification process. It
offers some measures for the raw juice clarification
process failure prevention that stem from the methods of
lime cream preparation. The electrokinetic potential of the
lime cream is studied and the structure of calcium
hydroxide micelle is proposed.
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1. Introduction

Sugar production has used lime for the raw juice
clarification for 210 years. Lime is used in the form of the
lime cream, which represents water and lime suspension
of hydrated lime. This provides the improvement of the
lime unit hygiene, facilitates lime clarification and makes
it convenient to dose. Consequently, during the raw juice
clarification, non-sugars react with calcium hydroxide and
therefore it is the main reagent providing raw juice
clarification.

Further carbonization of calcium hydroxide into
calcium carbonate provides additional reagent for raw
juice clarification. Another part of non-sugars (mainly
coloring compound) is removed on the surface of this
reagent due to adsorption.

Nowadays it is widely accepted that raw juice
clarification process and the clarified juices quality
depend on methods of lime cream generation and its
physicochemical properties [1]. It is shown that
commercially produced lime cream represents hard phase
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of calcium h2ydroxide with specific surface ranging from
3.5 to 5.8 m/g, that is due to the dimension of calcium
hydroxide crystals varying from 0.2 to 15 pm. This range
of dimensions argues for the lime cream (specifically lime
cream used in the sugar production) being a suspension
rather than colloid system [2] as it was postulated by some
researches. Distribution diagram obtained for the particles
dimensions of the lime cream hard phase (Ca(OH),) [3]
shows that in the most samples 50-60 % of the total hard
phase is made of particles of middle size (10-14 pm), 10—
30 % — of particles of more than 15 um in size and 20—
30 % — of particles of small fraction (0.2-1 um). Thus,
lime cream is a water-lime polydisperse suspension.
Burning of fine-crystalline limestones at a plant results in
the increase percentage of small fraction of the hard
phase. This leads to emergence of fine-crystalline
suspension with hard phase capable of binding a large
amount of water. It results in the reduction of the level of
free water serving a layer, which facilitates lime cream
flow, and thus the suspension loses its rheological
properties. Subsequently the lime cream suspension loses
its fluidity, which complicates its clarification and dosing.
Visually that kind of lime cream seems to be very viscous.
Nevertheless, measuring of its density with pycnometer
(not densimeter) according to the recommendations of the
“Chemical-technical control and sugar production
accounting rules” gives the value of about 1.13—1.15 g/cm’.
In such cases, in order to increase fluidity, facilitate
clarification and transfer through a pipeline, lime cream is
diluted with water, which further decreases its density.
When this occurs, machine of the juice purification house is
supplied with lime cream with high content of water, which
dilutes juice and increases evaporator unit loading.

2. Experimental

For the study, only freshly prepared samples of
aqueous suspension of calcium hydroxide with CaO
concentrations of 7.0 and 18.0 % were used.
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On-line determination of electrokinetic potential of
calcium hydroxide micelles was conducted with the use of
“suspension effect” (SE) method, basing on the pH
measurement of suspension and suspension filtrate under
study [4, 5]. Suspension or colloid-concentrating effect
emerges, providing the suspension is charged and is
conditioned by the ionization of the dispersed particles
and adsorption on their surface of ions present in the
solution. In this case pH of suspension and filtrate will
differ. It is also known that the sign (positive or negative)
of SE corresponds to the charge sign of dispersed phase.
Earlier it was shown [4] that electrokinetic potential of
suspension makes 100 SE. The approximate value of the
electrokinetic potential (mV) is calculated as the
difference between pH of suspension and pH of
suspension filtrate multiplied by 100.

The sign of electrokinetic potential was determined
by electrophoresis with the use of the Berton unit and
direct-current power supply.

The high-precision measurement of electrokinetic
potential of hard phase particles in water-lime cream sus-

pension was performed by combination of electrophoretic
method and dynamic light scattering method with the use of
Zetasizer Nano ZS (Malvern Instrument Ltd., UK).
4 mW/633 nm HeNe laser served as a light source. The
measurements were conducted at the temperature of
298+0.1 K with minimum of 3 replicates. The statistical
processing of data was accomplished through the Zetasizer
Software version 6.20. Sample preparation was done in
accordance with the procedure description in [6]. Sample
stability was estimated relative to the reference standard [7].

3. Results and Discussion

The Table summarizes the data on excess water
entering juice clarification unit with diluted lime cream as
well as the data on fuel overconsumption due to its
evaporation. These values are calculated for sugar mill
with processing capacity of 3.000 tons of beets per day
and the rate of lime cream consumption for diffusion juice
clarification of 2.5 % by weight of beets.

The effect of reduction of lime cream density on the flow rate of water evaporated from juice
and overconsumption of fuel

Flow rate of natural

Initial lime cream
density at the
beginning of raw juice

Flow rate of water
delivered with lime
cream to evaporator

Flow rate of secondary
steam spent for water

Flow rate of fuel
equivalent spent for
secondary steam

gas spent for
secondary steam

o 3 . evaporation, ton/24h . production,
liming, g/cm unit, ton/24h production, ton/24h 1000 m/24h
1.20 254 101.6 10.16 8.91
1.18 285 114.0 11.40 10.0
1.16 324 129.6 12.96 11.37
1.14 375 150.0 15.00 13.16
1.12 438 175.2 17.52 15.37
1.10 532 212.8 21.28 18.67

The above calculations are based on the estimation
that 1ton of secondary steam provides evaporation of
2.5 tons of water; 1ton of secondary steam is generated
via consumption of 0.1ton of fuel equivalent and
conversion factor for fuel equivalent relatively to 1000 m’
of natural gas comprises 1.14. The usage of diluted lime
cream induces the growth of lime consumption that goes
for treatment of the increased level of juice. It is apparent
from the foregoing that seeming density of lime cream
may be deceptive and therefore it is recommended that the
density should be measured with pycnometer and not
densimeter. According to our findings, unfit rheological
properties of lime cream should be improved with
application of more severe mode of limestone burning [8]
and not dilution with water. The mode of limestone
burning should be as follows: flow rate of anthracite
should comprise not less than 7.5 % of furnace charge,
given that specific output of CaO is less than 9 tons from

Im’ of kiln cross section area per 24h (9 tons
CaO m’/24 h). Application of this mode results in the
increase of temperature in the burning zone up to 1473 K.
This temperature induces the process of thermal disso-
ciation of calcium carbonate in the burning zone, as well
as lime agglomeration and recrystallization, i.e. thickening
of lime lumps and growth of big crystals at the cost of
small crystals [9]. The total amount of small crystals
significantly decreases and, therefore, slaking results in
lime cream with suitable rheological properties [10].
Adjustment of burning mode and crystalline
structure of lime will allow for the usage of washings for
lime slaking. The underlying mechanism is that sucrose
facilitates the disintegration of the hard phase, which, on
the other hand, may cause the slump loss of lime cream.
However, this problem can be solved by using the
moderate mode of burning. There are some literature data
[11] attesting that application of sucrose may inhibit the



The Study of Calcium Hydroxide Structure and its Physico-Chemical and Electrokinetic Properties...

lime slaking process. However, these data are not
applicable for sugar production as they were obtained for
the specifications of concrete manufacturing process, for
which another type of lime is used, in particular, semi-
active lime, burned at the temperature of 1623—1773 K.
For the needs of sugar production only active lime is used,
burned at the temperature of 1373-1523 K, which
prevents the inhibiting influence of sucrose. Besides, there
exists the best industrial practice of lime slaking with
washouts of pressure filters containing not less than 2 %
of dry matter. However, the degradation of sucrose in case
of slaking of lime with sugar-containing solutions is not
studied until now. Lime cream preparation at the sugar-
house is conducted within the temperature range of 313—
373 K at pHy = 12.5 and continues for 2-2.5 h. Under
production conditions the amount of degraded sucrose
depends on the value of pH, temperature and the
exposition time, thus the slaking of lime with sugar-
containing solutions may result in sucrose degradation.
According to the existing literature data, obtained by
different authors using different methods, sucrose
degradation level varies from 0.5 to 15.4 %, depending on
the amount of sucrose applied [12]. However, it should be
emphasized that determining small amounts of sucrose
with polarimetry, used for all the mentioned studies, is
characterized by big errors. In order to determine
unprovisioned manufacturing losses of sugar, such as the
overall amount of degraded sucrose, generated as a result
of lime slaking, and the amount of degraded sucrose at the
regions of lime separation, we have used the up-to-date
method, based on calculation of invert sugar/acid radical
ratio. The model solutions used for this investigation were
solutions of refined granulated sugar and process
washings with sugar concentration of 2.85-10.0 wt %. It
was shown that the total amount of sucrose degrading at
the lime department machine comprises approximately
5.0 wt % of sugar used, which corresponds to 0.02 wt %
of beetroot mass. A great part of the sucrose degraded in
the process of the lime slaking (67 %) is due to the lime-
slaking machine and corresponds to 0.013 % of the
beetroot mass. In view of this, the amount of degraded
sucrose resulting from lime slaking with sucrose-
containing solutions remains within the range of values
referred to as unprovisioned manufacturing losses of
sugar.

Now slaking of lime with washouts becomes more
and more relevant due to modernization of the filtering
equipment of the juice purification houses, and
specifically due to implementation of pressure filters of
new design and the new data showing the high activating
potency of sucrose concerning lime cream [12]. The latter
promotes the overall juice purification level and therefore
boosts the sugar yield.
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Taking into account the fact that lime cream
represents water and lime suspension, it should share all
the properties common for dispersed system. These are
primarily surface phenomena, including the electrical
double layer (EDL) surrounding each solid particle in the
system [2].

Calcium hydroxide is relatively insoluble in water.
According to [12] at 298 K the rate of CaO solubility in
water is about 0.176 g/100 c’, and in 11% solution of
sucrose — 1.55 g/100 cm’. In solution calcium hydroxide
dissociates in two stages:

- N .
I) Ca(OH), €~ CaOH' + OH; K;= 1.00 (1)

+ = + -
1) CaOH" €~ Ca*" + OH’; K, =0.03 ()

As it can be seen from Eq. (1), at the first stage
100 % of Ca(OH), dissociate, while at the second stage —
only 3 % [13], whereas according to other authors [13]
about 16.5% of CaOH' dissociates. Even such a high
dissociation level provides only a low level of Ca*"
concentration in the solution. The most widespread ions in
the lime milk solution are CaOH" and OH", which is due
to high pHyg value of lime milk suspension, comprising
12/53. It was proposed [14] to generate Ca(OH), micelles
from its dispersed solution — lime cream (3). According to
Eq. (3) Ca(OH), micelle includes two ions —OH and H'.

{m[Ca(OH),] nOH (n-x)H"} xH" 3)

In our opinion, this model of calcium hydroxide
micelle in lime milk is not true, as solid phase of calcium
hydroxide represents a crystalline substance, which
consists of Ca*" and OH [15].

According to the Fajans-Paneth precipitation and
adsorption rule [2], only those ions which compose crystal
lattice and are present in dispersed medium in excess are
capable of adsorption on the hard particles and can play
the role of potential determining ions. Lime cream
contains four types of ions (Ca*" CaOH", OH ta H") but
only two of them are in excess — CaOH  and OH". The
excess of OH™ is caused by the high pH value of the
dispersed medium, while the excess of CaOH" is due to
the low level of calcium hydroxide dissociation. Provided
the high alkalinity of the calcium hydroxide suspension,
only hydroxyl ion can play the role of potential
determining ion or co-ion, as it is reflected in Eq. (3),
whereas counter-ions can be represented only by calcium
hydroxide ions as the level of H at the high values of pH
is too low to perform this function.

With these considerations micelles of calcium
hydroxide in its saturated solution should have the
structure represented in Fig. 1.
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{m[Ca(OH)a | nOH- (n—X)CaOHj}' \XCaOng

Micelle core Coion Adso\;ptiylayer Diffuselayer

Micelleparticle negativelycharged
Fig. 1. Calcium hydroxide micelle in its saturated solution

As can be seen from Fig. 1, the surface charge of
the solid Ca(OH), with OH playing the role of the
potential determining ion is compensated with the sum of
adsorption and diffusion layer charges, which makes
micelles overall electroneutral. However, the total
negative charge of the co-ions (potential determining ion)
exceeds the total positive charge of counter-ions of the
adsorbed layer, so that overall the calcium hydroxide
micelle is negatively charged. As for the positively
charged diffuse layer, comprising mainly calcium
hydroxide ions, it is poorly attracted by the micelle,
because the interaction energy of these ions with the
nucleus is rather small — only several kcal/mol [2]. For
this reason, calcium hydroxide ions are constantly
“drifting”, exchanging with the ions of the same sign
present in the solution. It should therefore be expected that
the electrokinetic potential of a calcium hydroxide
aqueous suspension, which is caused mainly by the drift
of the diffuse layer ions, must be positive. This is verified
by the fundamental research [16], demonstrating that
electrokinetic potential of the lime cream is positive and
comprises not more than +20 mV. In addition, this value
is independent of impurities present in solution and ion
concentration in the surrounding solution [16].

We have measured the approximate value of the
electrokinetic potential of calcium hydroxide suspension
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using the method proposed in [4], which is based on
measuring the pH of the suspension and its filtrate with
subsequent calculation of the so-called “suspension
effect”. Experiments were conducted using freshly
prepared samples of calcium hydroxide aqueous
suspension with CaO concentration of 7.0 and 18.0 %,
and the value of electrokinetic potential was 13.0 and
12.0 mV, respectively. This confirms the results of studies
[16] supporting the independence of electrokinetic
potential from the concentration of ions in solution. Also,
by electrophoresis we were able to confirm a positive sign
of the charge of diffuse layer of calcium hydroxide
micelle, as indicated by the increased concentration of
solids at the negatively charged electrode (Fig. 2).

Fig. 2. Electrophoresis of Ca(OH),
suspension with Burton’s apparatus

Results Mean (mV) Area (%) Width (mV)
Zeta Potential (mV): 9,78 Peak 1: 9,78 100,0 447
Zeta Deviation (mV): 44,7 Peak 2: 0,00 0,0 0,00
Conductivity (mS/cm): 9,43 Peak 3: 0,00 0,0 0,00
Result quality G«
Zeta Potential Distribution
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Fig. 3. Distribution of electrokinetic potential in water suspension of calcium hydroxide
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For a more accurate measurement of electrokinetic
potential of calcium hydroxide aqueous suspension we
used analyzer Zetasizer Nano ZS. Thus, the value of
electrokinetic potential was measured to be +9.78 mV
(Fig. 3).

According to the previous researches [7], the value
of electrokinetic potential obtained in our experiments
indicates that the dispersed system is in a state of initial
instability, characterized by very slight rate of subsidence
and stratification.

4, Conclusions

The fact that counter-ions of calcium hydroxide
micelle are represented by ions of calcium hydroxide
rather than Ca”" cations negatively affects the cleaning
process. In accordance with the Schulze-Hardy rule, these
are counter-ions of micelles that induce coagulation of
colloidal  dispersion matter and macromolecular
compounds of raw juice. Moreover, its coagulating ability
increases proportionally to the level of charge. This means
that the protein and pectin compounds of raw juice will
precipitate in the form of calcium hydroxide complexes
and not Ca®" complexes. Calcium hydroxide complexes
with proteins and pectins are easily peptized in high
alkaline conditions and therefore partly go into solution
during the main liming process, thus reducing the
coagulation effect of the preliminary liming and
compromising the quality of juice. The latter urges sugar
production technologists to look for additional reagents
that would contain polyvalent cations with high
complexing ability and justifies the need for discarding of
preliminary liming precipitation before the main refinery
defecation.

Thus, in sugar production the obtaining of lime
cream with acceptable density and rheological properties
is possible only conditioned by adjustment of the
limestone burning mode and crystalline structure of lime,
as well as using washings for lime slaking. Compromising
of raw juice quality in high alkaline conditions during the
main liming process is caused by physical and chemical
structure of calcium hydroxide micelles, which provide
the solution with calcium hydroxide ions, forming
complexes with proteins and pectins, which are unstable
to peptization under conditions of high alkalinity. This is
another reason for discarding of pre-defecation
precipitation before the main liming,.
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JOCJI/UKEHHS CTPYKTYPH, ®I3UKO-
XIMIYHUX I EJEKTPOKIHETUYHHUX
BJACTUBOCTEM I'JZIPOKCHY KAJIBIIIIO
Y IYKPOBOMY BUPOBHUMIITBI

Anomauin. B cmammi naseoeno 0eski OCHOBHI NOLONCEHHS
BNIIUBY MEMOOIB 00EPIHCAHHA BANHAHO20 MONIOKA MA U020 i3uKo-
XIMIYHOT NpUPOOU HA MEXHONOIYHULL NpoYec OYUWeHHs Oudy-
3i1IH020 COKY. 3anpononosani 3acobu 3anobieanHs nopyuleHs mex-
HOJIOSIYHO20 PedtCUMY OHUUYeHHST OUQY3ITIHO20 COKY, SIKI CRPUYUHEHT
Memooamu npueoOmyBants 6anHAHO20 Monoka. JJocnioxceHo enekm-
POKIHEMUYHUIL NOMEHYIan BanHAHO20 MOIOKA MA 3anponoHOBAHO
CMPYKMypy Miyenu 2i0poKcudy Kanvyito 6anHAHO0 MOLOK.

Knrouoei cnosa: Ougysitinuil  cik, eanHsiHe MOIOKO,
DEOIIOCIYHI 81ACTNUBOCHI, €eKMPOKIHEMUYHUL NOMeEHYIaI.



