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Abstract. The use of ultrasound (US) in the preparation of
pharmaceutica grade (PG) sodium chloride by the
sampling of final product from a vacuum evaporator
during the process of obtaining the “ Extra’ class table salt
at the crystallization stage of the sodium chloride has been
investigated. The US had been used: 1) for the content
control of the base matter — sodium chloride in the stock —
natural brine (sonoluminescent spectroscopy method). It is
necessary to create the appropriate crystallization
conditions by the control of the vacuum evaporator
parameters — temperature and pressure; 2) at the
crystallization stage of the sodium chloride to reduce the
co-crystalization between the sodium chloride and the
sulfate ions. It has been shown that the use of US allows
reducing the sulfate ions content in the final product and
getting sodium chloride PG satisfying the requirements of
pharmacopoeia standard (PS) 42-2572-88.

Keywords: sodium chloride PG, ultrasound, table salt,
sonoluminescent spectroscopy method.

1. Introduction

Usudly table sdt “Extra’ or sodium chloride
chemically pure (CP) is purified to the PG by barium
chloride treatment to remove sulfateions[1].

Tyumen chemical plant and a number of other
companies work by the same technology. They supply
sodium chloride PG used to make saline to Ukraine [1].
Thus, barium salts can get into the final product. The
technique used to identify barium salts based on adding
0.5 ml of 10% sodium sulfate solution to 10 ml of 5%
sodium chloride solution at pharmacopoeia standard (PS)
42-2572-88 does not ensure the presence of barium
microguantities [1].

It is known that first potassium chloride and then
sodium chloride is precipitated at brine heating in vacuum
evaporators. Consequently the sampling of NaCl PG
satisfying PS 42-2572-88 during crystdlization from
vacuum evaporator at table salt production was suggested
[2]. However, rescarch-industrial production in Sovyansk
st plant showed that 10-17 % of the product did not
satisfy the requirements of FS 42-2572-88 sulfate ions
content which should not exceed 0.005% [3]. It is
necessary to control the vacuum evaporator thermal regime
to reduce the co-crydallization between the sodium
chloride and the sulfate ions by temperature and pressure
changes [3]. It was found that the production of sodium
chloride PG by the vacuum evaporators requires to
immediate respond to changes of the brine composition
supplied from the well and to change the settings of the
vacuum evaporator, respectively. The task was complicated
by the aperiodic cyclica nature of changes in the brine
compogition in each well. Furthermore, after sampling
brine from the depth of 300400 m changed its primary
dructure due to pressure decrease. At the same time the
brine entered in the vacuum evaporators almost at the same
pressure as in natural conditions [3]. Consequently, thereis
a difference in the brine composition in the sample and in
the bulk brine during continuous sampling for analysis by
gravimetry, titration, flame atomic absorption spectrometry,
and fixed option sonoluminescent spectroscopy methods.
Duetothisfact, the efficiency of the vacuum evaporatorsis
decreasing. The crystalization conditions of the sodium
chloride are violated resulting in occurring of co-
crystallization processes and worsening of sodium chloride
quality. The crystallization conditions of the sodium
chloride are unoptimal resulting in co-crystalization and
worse NaCl quality [3, 4].

We have previoudy proposed to use the new
method of analysis “sonoluminescent spectroscop” for
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automatic brine analysis on the content of the main
substance and the most significant impurities. This me-
thod is used to optimize the vacuum evaporators thermal
regimein order to increase the safety of itswork [5, 6].

It isknown that the US-assisted treatment changesthe
conditions of the crystal formation and crystal growth, and
allowsto influence the co-crystallization processes[7, 8].

This paper is devoted to the use of US in the
preparation of sodium chloride PG at the following stages:
1) for the content control of the base matter - sodium
chloride in the stock — natural brine (sonoluminescent
spectroscopy method). It is necessary to create the
appropriate crystallization conditions by the control of the
vacuum evaporator parameters - temperature and
pressure; 2) at the crystallization stage of sodium chloride
to reduce the co-crystallization between the sodium
chloride and the sulfate ions.

2. Experimental

We proposed an automated system to obtain
sodium chloride PG. This sysem consisted of
sonoluminescent sensor immersed directly into the well
and sonoluminescent spectrometer based on atomic
absorption spectrometer AAS-3 (Germany) and vacuum
evaporator. The last one was improved to automatically
tune vacuum evaporator depending on brine composition
[5, 6]. The analytical signal is transferred from the sensor
to sonoluminescent spectrometer at the frequencies of
500-600 MHz and to control equipment of the vacuum
evaporators of 650-800 MHz. Brine sample in the sensor
cell is renewed and the following measurement is taken
every 25 min, which corresponds to technological cycle of
brine service in the vacuum evaporators. Moreover the
analysis results were obtained prior to technological cycle,
which allows to adjust the parameters of the vacuum
evaporator automatically [5]. The system was sonicated
by 0.03-0.15 W/cm? 500 kHz—1.2 MHz US at the stage of
sodium chloride crystallization. We carried out the
determination of the main substance in the brine by
sonoluminescent method [6, 7]. We used the modernized
medical device SONOPULS(R) (Italy) for US-assisted
treatment of sodium chloride brine in the vacuum
evaporator at pulse mode. The Slovyansk source natural
brine 250-300 g/l was used as the stock, the sodium
chloride content was 180-210¢g/l, potassum chloride
content was 5-10 g/, calcium chloride content was 20—
40 g/l, and sulfate ions content was 1040 g/l

3. Results and Discussion

The US-assisted treatment influences the sulfate
ions content in the final product during the sodium
chloride crystallization (Tables 1 and 2). The optimum
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conditions were found to be frequency of 550 kHz—
1 MHz (Table 1), at intensity of 0.05-0.10 W/cn? (Table
2). The sulfate ions content was 0.0152-0.0159 % without
US and 0.0037-0.0042 % with US-assisted treatment in
the optimum conditions. Therefore, in the crystallization
moment the optimum US-assisted treatment allows to
obtain sodium chloride PG satisfying the requirements of
PS 42-2572-88 at sulfate ions content [1]. Determination
of sulfate ions was carried out by turbidimetry method
according to [1].

The co-crystallization processes and the amount of
sulfate ions in resulting product were reduced at same US
parameters (Tables 1 and 2) [8, 9]. Perhapsit is due to the
increase in the crystallization rate and decrease in the co-
crystallization rate [8]. The US-treatment can affect the
crystal sze. Crystal size can increase or decrease
depending on US parameters [8-10]. The reduction of
crystals can lead to the difficulties during final product
separation from solution and washing.

The particle Sze of the sodium chloride without US.

less than 0.1 mm — 1%; 01-04mm — 9% ;
04-05mm — 70%; 0.5-0.8 mm — 10%; 0.8-1.2mm —
10 %.

Thepartide size of thesodium chloride at optimal US

less than 0.1 mm — 1 %; 0.1-04mm—-5% ; 04—
0.5 mm—75%,; 0.5-0.8 mm —15%,; 0.8-1.2 mm—5 %.

A dight increase of the medium basic fractions of
the final product was observed and the abrupt decrease of
the crystals size was not observed at optimal conditions
US. Consequently, the negative US effect on the
extraction of the final product from solution and washing
was not observed.

Sonochemical reactions do not occur by the US
assisted treatment in salt solutions and at dissolved gas
presence due to the fact that gases enter the cavitation
cavity and block the excited states or reasonably reduce
the possibility of the dectrical breakdown [9]. Gas
concentration should be saturaterd to prevent
sonochemical reaction [9, 11]. Earlier [11] we found a
possihility to stop sonochemical reaction in the brine up to
250 g/l. The positive effect of the sonication was amost
absent at CO, saturation (Table 1). Perhaps, US action is
based on speeding up and intensifying of acoustics flows
[8]. Correspondingly, the data in Tables 1, 2 show the
possihility to obtain the sodium chloride PG satisfying the
requirements of PS 42-2572-88 at sulfate ions content.
Also it is shown that the table salt obtained after the
sodium chloride sampling does not satisfy the
requirements of standards by sulfate ions content (not
more 0.020 %) but satisfies the requirements to the high
class table salt [1]. It should be noted that optimum US-
assisted treatment allows reasonably reducing the sulfate
ions content in the in table sat at the crystallization
moment (Tables 1, 2).
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The disadvantages of the method of obtaining the
sodium chloride PG areimpossibility to obtain the “ Extra’
class table salt and increase of power consumption due to
using the US generator. The possibility of using the pulse
US was investigated to reduce power consumption.

The sulfate ions content decreased in sodium
chloride PG fina product at the pulse US-treatment (Table
3). The optimal US parameters such as duty cycle, pulse
period, intervals between pulses and pulse repetition were
found experimentaly (Table 3). The waves microshock
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intensity increases at pulse US mode. In this case the
crysalization centers appear and the crystalization rate
increases. As a result, crystal porosity and the sulfate ions
co-crystallization decreases as well (Table 3) [8-10]. Addi-
tionally, the use of pulse US leads to 2.5-3.5 time power
consumption decrease. Thus, power consumption at brine
treatment in vacuum evaporator is 0.020-0.025 kwW/1-kg of
sodium chloride a usua UStreatment and 0.007—
0.010 kW/1-kg of sodium chloride at pulsed US-treatment.

Table3

Effect of pulsed US parameter swith a frequency of 1 MHz on the content of sulfate ions

d utyi;a/glcé’), ms Pulse period, ms l nteg\L/j?lS;berInwseen Pulse repetition, ms Content ofo/soulfate 10,
1:5 (20 %) 2 8 10 0.0023
1:10 (10 %) 1 9 10 0.0031
1:20 (5 %) 0.5 9.5 10 0.0035

Iternal US (1 MHz) - - — 0.0048

Table4

Analytical results for the major component and the sulfate ions as deter mined in the brine and the sodium
chloride PG, respectively (n = 6; P =0.95)

Content of NaCl in the brine, g/l Content of SO,” in NaCleg, %
. Usua . . Usua
sonolumi r,]Autor’r:aIu;ar sonoluminescent Automai Stcr)ggmmesce it sonoluminescent
escent speciroscopy spectroscopy $ by spectroscopy
c+te Sr c+te Sr c+te Sr cte Sr

1'?{" QIZ 210£0.13 0.06 195:0.06 | 003 | 00048+0.00001 | 0.02 | 0.0056+0.00001 | 0.02

1 ﬁrl'ar;g* 210+0.13 0.06 195+ 0.06 0.03 0.0152+0.00002 0.01 | 0.0159+0.00002 | 0.01

2?”21; 215+0.14 0.06 195+ 006 | 003 | 0.0043t0.00001 | 0.02 | 0.0054+0.00001 | 0.02

Note "not US-assisted at the moment of sodium chloride crystallization
Table5
Analytical results for sodium chloride PG (n = 6; P = 0.95)
Sodium chloride parameters according to the Sodium chloride PG prepared by Sodium chloride PG of research-
requirements of PS 42-2572-88 traditional technology experimental UkrNDIsol plant

Sodium chloride: not lessthan 99.5 % 99.8 99.7
Sulfateions: 0.005% 0.0014 0.0023
Calcium: 0.006% 0.0043 0.0046
Ammonium: 0.004% 0.0022 0.0029
Iron: 0.003% 0.0012 0.0010
Heavy metals. 0.0005% lessthan 0.0005 lessthan 0.0005
Arsenic: 0.00005 % lessthan 0.00005 lessthan 0.00005
Absence of barium, potassium, magnesium Absence Absence
Absence of barium, % 0.0000052 lessthan 1.0-10°
Loss on drying: 0.5% 0.2 0.2

Note: * determination of sulfate ions were carried out by turbidimetry. Determination of iron, calcium and barium were
carried out by atomic absorption method [1] and other parameters were determinated at PS 42-2572-88.
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Measurement results of major component obtained
by both automatic and usual sonoluminescent spectroscopy
method were different. This processis influenced by cydlic
aperiodic changes of the brine composition and the pressure
change of the brine during sampling (Table 4) [3, 5]. The
data in Table 4 demonstrated that sulfate ions content at
using the automatic determination of the basic component
and automatic setup of vacuum evaporator is much lower
that at manual setup. This is caused by the influence of the
basic brine component concentration on its crystallization
conditions [3, 5]. It should aso be noted that the impact by
US with the frequency of 550 kHz—1 MHz and intensity of
0.05-0.10 W/cn¥ at crystallization time allows reducing the
sulfate ions content both at manual and automatic setup of
vacuum evaporator (Table 4). However, lesser
concentration of sulfate ions meeting the requirements of
PS 42-2572-88 was reached only by automatic
sonoluminescent spectroscopy and US impact at sodium
chloride crystallization moment (Tables4 and 5).

4. Conclusions

It was experimentally determined that it is possible
to obtain the sodium chloride PG by sampling during
manufacturing of the table sat using US at sodium
chloride crystallization and using automatic method
“sonoluminescent spectroscopy” for determination of the
major component content. This technology allows to
obtain sodium chloride PG satisfying the requirements of
PS 42-2572-88 and the high class table salt.

The advantages of the proposed technology are: 1)
the opportunity to obtain the product without using the
Barium salt, which reduces the costs and excludes the
presence of barium impurities in the sodium chloride PG;
2) the opportunity to using the equipment after some
technology correction for production of the table salt
"Extra’ class and as aresult to increase the quantity of the
sodium chloride PG without significant cost.
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Resktsi i

BUKOPUCTAHHA YJIBTPA3BYKY ITPA
OTPUMAHHI XJIOPUIY HATPIIO
®APMAKOINENHOI YACTOTH

Anomauin. [locniosxceno suxopucmanns yiompaszeyky (V3)
npu  00epXCaHHi  XAopudy Hampilo gapmakoneiiHoi uucmomu
6HACTIOOK BI0DOPY YACMUHU 20MO6020 NPOOYKMY 3 6AKVYM-
BUNAPHOZO anapamy 8 Npoyeci 00epHCanHs KYXOHHOL coni copmy
«Exempa» na cmaodii  kpucmanizayii xnopudy Hampio. V3
suxopucmogyeascsi. 1)ons konmponto emicmy ocHoHOI pewosuu —
X0pUOYy HAMPItO 8 CUPOGUHI — NPUPOOHOMY PO3COTi (Memoo coHo-
JHOMIHICYEHMHOL CREeKMPOCKONIL), W0 HeoOXiOHO Onsl CMEOpPeHHs.
GIONOGIOHUX YMO8 Kpucmanizayii — GHACHIOOK pe2yio8aHHs
napamempie 6aKyyM-6UNnapHo20 anapamy — memnepamypu ma
mucky, 2Ha cmaodii Kpucmanizayii Xiopudy Hampio O
3MEHUIEHHSL NPOYECi8 COKPUCMANI3aYii X10pudy Hampiio 3 cyibgham-
tionamu. Iloxazano, wo euxopucmanms Y3 0oseonaec smenuumu
emicm Cynbgham-iionie 6 KiHYe8oMy npOOYKmi ma Ompumamu
XI0pUO Hampito  PapmakoneiHol yucmomu, AKuli 3a0080bHAE
sumozam papmaronetinozo cmandapmy (OC) 42-2572-88.

Knrowoei  cnosa:.  xuopuo  mampino  gapmaxonetinoi
YUCOMU, YIbMPA38YK, KYXOHHA CLlb, MEMOO COHONOMIHICYEHMHOT
CNEeKmpOoCKonii.






