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1. Introduction

Sunflower is one of the main oil crops in the world. 
Compared to other oil crops, sunflower gives the highest 

oil yield per unit area. The oil and fat industry is one of the 
most developed, as oils, fats and fat-containing products 
are widely used in various areas [1, 2]. According to [3], the 
profitability level of sunflower seed production in agricul-
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Soapstock is a large-tonnage waste 
of the oil and fat industry, the disposal 
of which is environmentally hazardous. 
Processing of soapstock into industrially 
valuable products, in particular, fatty 
acids, is promising.

The method for producing fatty 
acids, which consists in sequential 
saponification of soapstock with sodium 
hydroxide solution, salting out with 
sodium chloride and decomposition 
with sulfuric acid solution has been 
investigated.

The feature of this work is the study 
of the effect of salting out conditions of 
saponified soapstock on the yield and 
neutralization number of fatty acids.

As an experimental sample, 
sunflower soapstock was used, the 
indicators of which correspond to 
DSTU 5033 (CAS 68952-95-4): mass 
fraction of total fat – 67.3 %, fatty 
acids – 61.8 %, neutral fat – 5.5 %. 

Soapstock was subjected to 
preliminary saponification under the 
following conditions: duration 85 min., 
concentration of sodium hydroxide 
solution 45 %. After that, the saponified 
mass was subjected to salting out. The 
obtained core soap was decomposed 
with the sulfuric acid solution under the 
following conditions: temperature 90 °C, 
duration 40 min.

Rational salting out conditions were 
determined: duration (80 min.) and 
sodium chloride concentration (16 %). 
Under these conditions, the fatty acid 
yield is 95.0 %, the neutralization 
number is 194.8 mg KOH/g. The resulting 
fatty acids comply with DSTU 4860 
(CAS 61788-66-7): the mass fraction of 
moisture and volatiles is 0.85 %, the 
mass fraction of total fat is 98.9 %, 
cleavage depth is 94.2 % oleic acid.

This method of soapstock processing 
increases the fatty acid yield by 
3.5 % compared to the method with 
saponification and decomposition, 
by 20.3 % compared to the method of 
soapstock decomposition with sulfuric 
acid. At the same time, the neutralization 
number increases by 4.1 % and 8.2 %, 
respectively.

The improved method for fatty acids 
producing from soapstock provides high-
quality fatty acids with increased yield
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the effect of soapstock treatment conditions on the quality 
and amount of fatty acids released, as well as the indicators 
of the obtained biodiesel fuel, is not shown. 

According to [12], the technology of soapstock process-
ing into biodiesel by methanolysis has been developed. It was 
found that the addition of tert-alcohol increases the yield of 
fatty acid methyl esters from 42.8 % to 76.4 %. The yield 
of fatty acid methyl esters was further increased to 95.2 % 
by optimizing the methanol/oil molar ratio, the amount of 
lipase and water-absorbing agent. The disadvantage of the 
study is the lack of data on methods for the effective sepa-
ration of fatty acids from soapstock. After all, the yield and 
quality of esters depend on the quality and amount of fatty 
acids.

In [13], recommendations were developed for the alloca-
tion of soap raw material emulsion to restore the fat compo-
nent from the waste of vegetable oil production. Extraction 
modes of the fat component during heating and introduction 
of various nonionic surfactants and electrolytes have been 
studied. The disadvantage of the study is the lack of data on 
the subsequent isolation of fatty acids from the fatty compo-
nent of soapstock.

The authors of [14] note that an effective way to obtain 
fatty acids from soapstock is treatment with sulfuric acid. 
Rational conditions of soapstock treatment are determined: 
temperature 90–95 °С, duration 40 min. Under these con-
ditions, the fatty acid yield is 79.0 %, the neutralization 
number is 180.0 mg KOH/g. Quality indicators of the 
obtained fatty acids: mass fraction of moisture and vola-
tile substances – 1.8 %, mass fraction of total fat – 97.0 %, 
cleavage depth – 64.5 % oleic acid, mineral acids – absent. 
This method of fatty acid isolation is effective, but research 
on increasing the fatty acid yield and development of new 
soapstock treatment methods are also advisable. There 
are no data on modern innovative methods for producing 
high-quality fatty acids.

In [15], the results of soap production from soapstocks 
are given. It is determined that dehydration of soapstocks is 
necessary to improve the quality of finished products. The 
number of cleaning stages by salting out increases the vol-
ume of soapy alkali formation. But there is no information 
on the possibility and effectiveness of further production of 
fatty acids.

In [16], the fatty acid production from soapstock by hy-
drolysis was investigated. The enzymatic catalysts achieved 
a maximum conversion of 70 %. The disadvantage of the 
study is the lack of the effect of hydrolysis conditions on the 
quality of the obtained fatty acids.

The authors [17] proposed a method of soapstock concen-
tration by salting out. Due to the separation of the aqueous 
layer, the concentration of the target substance is doubled. 
Sulfuric acid treatment of soapstock allows isolating a con-
centrate of fats and higher fatty acids, which can be used as 
an effective feed additive. The disadvantage of the study is 
the lack of information on the effect of salting out conditions 
on the efficiency of fatty acid extraction (yield and quality).

A promising technology is the processing of soapstock 
into fatty acids by saponification and subsequent salting out 
to increase the efficiency of fatty acid extraction. According 
to the literature data [9, 12–17], there is little information 
on the relationship between the salting out conditions of 
saponified soapstock and the yield and quality of fatty acids. 
Thus, research to determine rational conditions for fatty acid 
production from soapstock, including the stages of saponifi-

tural enterprises in 2020 was 39.4 %, the highest among the 
main products.

The production of vegetable oil from sunflower seeds 
involves a number of by-products, namely: husk, cake, meal, 
phosphatide concentrate, soapstock, bleaching clays and 
others [4]. The main cause of environmental pollution is 
the openness of the resource cycle, which leads to the ac-
cumulation of waste [5]. Efficient processing of production 
waste is the key to production greening, provided by the 
introduction of the latest scientific research, energy-efficient 
resource-saving technologies, low-waste, waste-free tech-
nological processes. At the legislative level, these provisions 
are enshrined in international conventions, in particular the 
Stockholm Convention [6].

One of the large-tonnage wastes of vegetable oil produc-
tion is soapstock – waste of the alkaline refining stage. The 
rate of soapstock formation is 0.1718 tons per ton of pro-
cessed oil (according to Alfa Laval, Sweden) [7]. Soapstock 
is a valuable source of individual components (fats, fatty 
acids, soaps, phospholipids and other substances). Soapstock 
makes the largest share in the return waste of oil refining 
plants. The extraction of individual components during 
waste processing and the release of their commodity forms 
will provide additional resources of raw materials, reduce 
emissions into the environment and efficient use of natural 
resources [8]. An important area is the use of by-products 
and waste of fat production for the production of alternative 
diesel fuel [9]. Therefore, the improvement of soapstock 
processing technologies, the rational use of its composition 
and properties are one of the most relevant problems of the 
industry. The development of new solutions will increase 
the economic and environmental efficiency of production, 
reduce the anthropogenic burden on the environment.

2. Literature review and problem statement

Soapstock is a by-product of the neutralization stage 
of vegetable oils, which is a mixture of different valuable 
components that have limited use in combination [10]. Of 
particular value are fatty acids present in it, which are used 
in the production of soap, surfactants, biodiesel, etc. [11]. 
Depending on the characteristics of raw materials and con-
centration of alkali solution at the neutralization stage, the 
composition and properties of soapstock change. Soapstock 
treatment may include the separation of soap and fat by de-
mulsification, followed by phase separation into fat and soap; 
conversion of triacylglycerols into fatty acids and salts. Var-
ious technologies have been developed to isolate fatty acids, 
in particular, soapstock decomposition with sulfuric acid; 
saponification and decomposition of the mixture, etc. The 
efficiency of the process lies in the percentage of extracted 
fatty acids and product quality.

In [9], data on the use of by-products and waste of fat 
production, in particular soapstock, for the production of 
alternative diesel fuel are presented. Various methods of 
soapstock pre-treatment for the separation of fatty acids 
are considered. One of the most effective was the method in 
which the soapstock sample was saponified, washed with salt 
solution and treated with acid. Further production of fatty 
acid esters, which are biodiesel, was investigated. Heteroge-
neous catalysts of iron sulfate and aluminum hydrogen phos-
phate cause a significant reduction in the final acid number 
and reduce the reaction time from 10 to 8 hours. However, 
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cation, salting out and decomposition with sulfuric acid, is 
an urgent scientific task.

3. The aim and objectives of the study

The aim of the study is to improve the technology of 
fatty acid production from soapstock. This will provide fatty 
acids with improved quality and yield using the soapstock 
treatment method involving pre-saponification, salting out 
and decomposition with sulfuric acid solution.

To achieve the aim, the following objectives were accom-
plished:

– to determine the quality of the experimental sunflower 
soapstock sample;

– to determine the relationship between the salting out 
conditions of saponified soapstock and the yield and neutral-
ization number of fatty acids and determine rational salting 
out conditions;

– to determine organoleptic, physicochemical parame-
ters and composition of the obtained fatty acids and compare 
with the corresponding indicators of fatty acids obtained by 
different methods.

4. Research materials and methods

4. 1. Examined materials and equipment used in the 
experiment

The following reagents and materials were used:
– sodium hydroxide, analytical grade, according to act-

ing regulatory documentation;
– sulfuric acid, analytical grade, according to 

GOST 4204 (CAS 7664-93-9);
– sodium chloride, analytical grade, according to acting 

regulatory documentation.

4. 2. Procedure for determining the quality indicators 
of the experimental sunflower soapstock sample

Organoleptic indicators of soapstock are determined 
by standard methods according to DSTU 5033:2008 (Meth-
od for determining color, consistency and odor). Interna-
tional regulatory documents for determining organoleptic 
parameters: color – ISO 15305, consistency – AOCS Meth-
od Cc 16-60, odor – AOCS Cg 2-83. The mass fraction of 
moisture is determined by the standard method according 
to DSTU 4603:2006 (ISO 662). The mass fraction of total 
fat and fatty acids is determined by the standard method 
according to DSTU 5033:2008 (ISO 17189, IDF 194).

4. 3. Soapstock treatment procedure
Preliminary soapstock saponification was performed 

according to [18]. A portion of saponified soapstock was 
placed in a heat-resistant flask mounted on an electric stove. 
Dry sodium chloride was added in the amount provided 
in the experimental plan. The resulting viscous mass was 
mixed thoroughly, then water with a temperature of 60 °C 
was added in an amount of 50 % by weight of soapstock. 
The salting out was carried out for the time provided in the 
experimental plan, under conditions of boiling and stirring. 
The resulting mass was settled for 2 hours. The mass was 
divided into three layers – lower (soapy alkali), middle (glue 
soap), upper – core soap. The core soap was further treated 
with sulfuric acid according to [16].

4. 4. Procedure for determining the quality and com-
position of fatty acids

The neutralization number of fatty acids is determined as 
follows. A portion of fatty acids of about 2.0 g is dissolved in 
40–60 cm3 of ethyl alcohol. Add 0.5 cm3 of phenolphthalein 
solution and titrate with 0.5 N aqueous or alcoholic solution 
of potassium hydroxide to a pink color that does not disap-
pear within 30 seconds. The neutralization number (NN) is 
calculated:

28.05
,

V K
NN

P
⋅ ⋅

= 			   (1)

where V is the amount, cm3, of 0.5 N potassium hydroxide 
solution used for titration; 28.05 – titer of exactly 0.5 N po-
tassium hydroxide solution multiplied by 1000;

K – correction to a titer of 0.5 N potassium hydroxide 
solution;

P – weight of fatty acids, g. Organoleptic indicators, 
mass fraction of total fat, cleavage depth, presence of min-
eral acids are determined by standard methods according to 
DSTU 4860: 2007, mass fraction of moisture – according to 
DSTU 4603: 2006. Fatty acid composition is determined by 
standard methods according to DSTU ISO 5508-2001 and 
DSTU ISO 5509-2002. 

4. 5. Research planning and results processing 
The second-order full factorial experiment was used 

for research planning and mathematical data processing. 
Processing of scientific results, construction of graphical 
dependences were performed in the Stat Soft Statisti-
ca v6.0 (USA) environment. Each experiment was per-
formed twice.

5. Results of studying the effect of saponified soapstock 
salting out conditions on the yield and neutralization 

number of fatty acids

5. 1. Determination of quality indicators of the exper-
imental sample of sunflower soapstock 

The determined organoleptic and physicochemical indi-
cators of the experimental sample of sunflower soapstock are 
given in Table 1.

Table 1

Quality indicators of soapstock

Indicator Characteristic

Organoleptic indicators

Color Light brown

Consistency at 20 °C Oily

Odor
Characteristic of sunflower oil 

soapstock

Physicochemical indicators

Mass fraction of moisture and 
volatile substances, %

15.9

Mass fraction of total fat, % 67.3

Mass fraction of fatty acids, % 61.8

Mass fraction of neutral fat, % 5.5

In terms of quality indicators, the experimental sam-
ple of sunflower soapstock corresponds to DSTU 5033 
(CAS 68952-95-4).
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5. 2. Determining the relationship between salting 
out conditions and the yield and neutralization number 
of fatty acids

The method of soapstock treatment involving pre-sapon-
ification, salting out (to obtain core soap) and decomposition 
with sulfuric acid solution was investigated. Preliminary 
soapstock saponification was performed according to [18]: 
duration 85 minutes, concentration of sodium hydroxide 
solution 45 %. Decomposition of core soap with sulfuric acid 
was performed according to [14]: temperature 90–95 °С, 
duration 40 min. The effect of salting out conditions on 
the yield and neutralization number of fatty acids was de-
termined. Experimental conditions: number of factors – 2, 
number of variation levels of factors – 5, number of experi-
ments – 25. Factors and intervals of variation: 

х1 – concentration of dry sodium chloride: from 6 to 
18 % (6, 9, 12, 15, 18 %);

х2 – duration of salting out: from 30 to 90 min. (30, 45, 
60, 75, 90 min.).

The response functions are the yield ( % of the available 
fatty acid content in soapstock) and the neutralization num-
ber of fatty acids obtained by the improved technology (sa-
ponification, salting out and decomposition with sulfuric 
acid). Table 2 shows the experiment planning matrix, exper-
imental and calculated values of response functions.

In the Stat Soft Statistica v6.0 package (USA), mathemat-
ical models (second-order regression equations) were obtained, 
which are dependences of response functions on salting out 
conditions. The response functions are marked as follows:

– у1 – yield, %;
– у2 – neutralization number of fatty acids, mg KOH/g.
The regression dependence of the fatty acid yield on salt-

ing out conditions in real variables has the form:

1 1 2

2 2
1 1 2 2

47.88 0.02 0.07

0.17 0.04 0.01 .

y x x

x x x x

= − ⋅ + ⋅ +

+ ⋅ − ⋅ ⋅ + ⋅ 		  (2)

The regression dependence of the neutralization number 
of fatty acids on salting out conditions in real variables has 
the form:

1 1 2

2 2
1 1 2 2

60.09 0.63 1.26

0.24 0.02 0.004 .

y x x

x x x x

= + ⋅ + ⋅ +

+ ⋅ − ⋅ ⋅ − ⋅ 		  (3)

The adequacy of the mathematical models was confirmed 
by the level of significance of the equation coefficients (p>0.05) 
and the values of the determination coefficients (0.925280 and 
0.966926 for yield and neutralization number, respectively). 
The graphical dependences of the response functions on salting 
out conditions (response surface) are shown in Fig. 1, 2.

Fig. 1. Dependence of fatty acid yield on salting out duration 
and sodium chloride concentration

Analysis of Table 2, equation (2) and Fig. 1 found that 
salting out duration has a greater effect on fatty acid 
yield than sodium chloride concentration. The highest acid 
yields are observed starting from the salting out duration 
of 80 min. and sodium chloride concentration of 16 %. A 
further increase in the values of the factors does not signifi-
cantly increase the values of the response functions. In this 
case, the fatty acid yield is 95.0 %.

According to Table 2, equation (3) and Fig. 2, an increase 
in sodium chloride concentration has a greater effect on the 
neutralization number of fatty acids than an increase in salt-
ing out duration. The highest values and a gradual decrease 
in the increase of the neutralization number are observed 
starting from the salting out duration of 75–80 min. and so-
dium chloride concentration of 16–17 %. Therefore, the fol-
lowing salting out conditions are rational: duration 80 min, 

Table 2

Planning matrix, experimental and calculated values of 
response functions

Exper-
iment 
num-
ber 

Factors of vari-
ation

Experimental values 
of response functions 

Calculated values of 
response functions

Sodium 
chloride 

con-
centra-
tion, %

Salting 
out du-
ration, 

min 

Yield, %

Neutral-
ization 

number, 
mg KOH/g 

Yield, %

Neutral-
ization 

number, 
mg KOH/g

1 6 30 56.1 105.1 61.7 106.5

2 6 45 57.8 119.5 63.1 117.4

3 6 60 63.1 131.0 67.4 126.3

4 6 75 77.5 135.1 74.6 133.3

5 6 90 92.7 136.8 84.7 138.3

6 9 30 60.0 107.1 62.3 116.0

7 9 45 59.8 122.8 63.6 126.9

8 9 60 65.4 136.7 67.9 135.8

9 9 75 81.0 135.4 75.1 142.8

10 9 90 94,1 141.8 85.3 147.8

11 12 30 70.9 134.1 65.9 129.9

12 12 45 71.5 145.9 67.2 140.8

13 12 60 72.4 155.8 71.5 149.7

14 12 75 78.9 167.1 78.7 156.7

15 12 90 85.5 177.5 88.8 161.7

16 15 30 71.8 141.1 72.5 148.1

17 15 45 75.2 150.0 73.8 159.0

18 15 60 75.8 160.1 78.1 167.9

19 15 75 79.9 168.5 85.3 174.9

20 15 90 87.1 180.0 95.5 179.9

21 18 30 85.5 183.2 82.1 170.7

22 18 45 88.7 187.5 83.5 181.5

23 18 60 91.4 190.0 87.5 190.4

24 18 75 95.9 194.1 95.0 197.4

25 18 90 98.5 195.8 105.1 202.4
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sodium chloride concentration 16 %. Under these conditions, 
the neutralization number was 194.8 mg KOH/g. 

5. 3. Comparative analysis of quality in-
dicators of fatty acids obtained by different 
methods 

In [14], the first method of fatty acids obtain-
ing was investigated – only by soapstock treat-
ment with sulfuric acid. Under rational condi-
tions (temperature 90 °C, duration 40 min.), the 
fatty acid yield was 79.0 %, the neutralization 
number – 180.0 mg KOH/g. In [18], the second 
method of fatty acids obtaining from soapstock 
was investigated – by saponification and de-
composition with sulfuric acid. Under rational 
conditions (duration 85 min., concentration of 
sodium hydroxide solution 45 %), the yield of 
fatty acids was 91.8 %, the neutralization num-
ber – 187.1 mg KOH/g.

The method of soapstock treatment with 
salting out allows increasing the fatty acid yield 
by 3.5 % compared to the second method (sapon-
ification and decomposition). The yield increases 
by 20.3 % compared to the first method (soap-

stock decomposition with sulfuric acid). The neutralization 
number increased by 4.1 % and 8.2 %, respectively. Fig. 3 shows 
comparative data on fatty acids obtained by different methods. 
The characteristics of fatty acids obtained by the first and sec-
ond methods are given in accordance with [14, 18].

The fatty acids obtained by all three methods have a 
brown color at a temperature of 20 °C, the odor is specific for 
fatty acids. No mineral acids are present in all the samples.

According to Fig. 3, with the inclusion of the salting 
out step, fatty acids, corresponding to the characteristics 
of fatty acids of light oils and modified fats obtained with 
saponification, of the first grade according to DSTU 4860 
(CAS 61788-66-7) were obtained. The acids obtained with 
salting out have a much lower mass fraction of moisture 
and volatile substances. The method with saponification 
and decomposition with sulfuric acid allowed increasing 
the cleavage depth by only 7.3 %. The salting out method 
increased this indicator by 46.0 % compared to the first 
method and by 36.1 % compared to the second method.

Table 3 shows the composition of fatty acids obtained by 
different methods. The composition of fatty acids obtained by 
the first and second methods and sunflower oil is presented 
according to [14, 18].

Fig. 2. Dependence of neutralization number of fatty acids on 
salting out duration and sodium chloride concentration

 
Neutralization number

of fatty acids, mg КОН/g
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Fig. 3. Physicochemical indicators of fatty acids obtained by different methods: 
1 – fatty acids obtained by decomposition with sulfuric acid; 2 – fatty acids 

obtained by saponification and decomposition with sulfuric acid; 3 – fatty acids 
obtained by saponification, salting out and decomposition with sulfuric acid

Table 3

Composition of fatty acids and fatty acid composition of sunflower oil

No. Fatty acid

Mass fraction of fatty acid, %

Sunflow-
er oil

Fatty acids obtained by de-
composition with sulfuric acid 

Fatty acids obtained by saponi-
fication and decomposition with 

sulfuric acid

Fatty acids obtained by saponification, 
salting out and decomposition with 

sulfuric acid
1 Palmitic С16:0 1.7 0 1.0 1.2
2 Palmitoleic С16:1 0.2 0.7 0.4 0.4
3 Stearic С18:0 3.6 6.9 6.0 5.5
4 Oleic С18:1 30.9 37.4 35.4 33.5
5 Linoleic С18:2 62.3 51.2 54.8 57
6 Linolenic С18:3 0.1 0 0 0
7 Arachinic С20:0 0.2 0.4 0.4 0.4
8 Gadoleic С20:1 0.1 0.8 0.3 0.3
9 Behenic С22:0 0.7 1.2 0.9 0.9

10 Lignoceric С24:0 0.2 0.4 0.3 0.3
11 Myristic С14:0 0 1.0 0.5 0.5

Total 100.0 100.0 100.0 100.0
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Analysis of Table 3 indicates that in terms of the concen-
tration of basic fatty acids (stearic, oleic, linoleic), the acids 
obtained by salting out correspond more to sunflower oil 
acids than those obtained by other methods.

6. Discussion of the results of studying the relationship 
between salting out conditions and the yield and 

neutralizations number of fatty acids

The improved technology for fatty acids obtaining from 
soapstock, including the stages of saponification, salting 
out and decomposition with sulfuric acid, has been studied. 
The inclusion of the salting out stage increases the yield and 
neutralization number of fatty acids. This is due to the fact 
that the salting out process maximizes the concentration of 
the soap component of soapstock, obtained after pre-sapon-
ification. The purified and concentrated core soap is then 
subjected to decomposition with sulfuric acid, resulting in 
the formation of high-quality fatty acids. 

The effect of salting out conditions of saponified soapstock 
on the yield and neutralization number of fatty acids is deter-
mined. The work is a continuation of the studies [14, 18] consid-
ering the extraction of fatty acids in one stage (decomposi-
tion with sulfuric acid) and in two stages (saponification and 
decomposition), respectively. In the first case, under rational 
conditions, the yield of fatty acids was 79.0 %, the neutraliza-
tion number was 180.0 mg KOH/g [14]. In the second case, 
under rational conditions, the yield of fatty acids was 91.8 %, 
the neutralization number was 187.1 mg KOH/g [18]. The 
method of soapstock treatment involving the salting out 
stage increases the yield of fatty acids by 3.5 % compared to 
the second method (with saponification and decomposition). 
At the same time, the yield increases by 20.3 % compared 
to the first method (decomposition with sulfuric acid). The 
neutralization number increases by 4.1 % and 8.2 %, respec-
tively.

Analysis of quality indicators of fatty acids obtained by 
different methods shows that the salting out stage improves 
the quality of fatty acids. The acids have a much lower mass 
fraction of moisture and volatile substances, as well as an 
increased cleavage depth. The method with saponification 
and decomposition with sulfuric acid increased the cleavage 
depth by only 7.3 %. The salting out process increased this 
indicator by 46.0 % compared to the first method (sulfuric 
acid decomposition) and by 36.1 % compared to the second 
method (saponification and decomposition). The corre-
sponding data are shown in Fig. 3. 

The work differs from existing [9, 12–17] scientific 
research by the development of the improved technology, 
which provides fatty acids with the maximum yield and neu-
tralization number. Such acids have improved quality.

Salting out is widely used in the production of soap, 
which is sodium or potassium salts of fatty acids. For exam-
ple, the main component of soap is sodium stearate, and its 
salting out is carried out with sodium chloride. This results 
in the product of stearate ion and sodium ion concentrations 
being greater than the solubility product of sodium stearate. 
In this case, salting out is due to the effect of the total ion, 
the role of which is played by the sodium ion Na+. Electro-
lytes, in particular sodium chloride, when dissolved in water, 
reduce the solubility of soap. The homogeneity of soap glue 
is disturbed. The difference between the proportion of soap 
and sodium chloride solution causes the soap, as lighter, to 

separate and float, forming a layer of concentrated, so-called 
core soap. Salting out is promising in terms of use in the 
separation of fatty acids from soapstocks.

Increasing the process duration and concentration of 
dry sodium chloride increases the yield and neutralization 
number of acids by intensifying the salting out process 
and increasing the solution density (Table 2, Fig. 1, 2). For 
the process duration of 30 min. with an increase in sodium 
chloride concentration from 6 to 18 %, the yield increases 
1.5 times, the neutralization number – 1.7 times. With a 
sodium chloride concentration of 6 %, as a result of increas-
ing the duration from 30 to 90 min., the acid yield increases 
1.7 times, the neutralization number – 1.3 times. Increasing 
sodium chloride concentration has a greater effect on the 
neutralization number, and increasing the salting out dura-
tion – on the yield of fatty acids. The highest acid yields are 
observed starting from the salting out duration of 80 min. 
and sodium chloride concentration of 16 % (Table 2, equa-
tion (2), Fig. 1). The highest values and a gradual decrease 
in the increase of the neutralization number are observed 
starting from the salting out duration of 75–80 min. and 
sodium chloride concentration of 16–17 % (Table 2, equa-
tion (3), Fig. 2). Therefore, the following salting out condi-
tions are rational: duration 80 min., sodium chloride concen-
tration 16 %. Under these conditions, the yield of fatty acids 
is 95.0 %, the neutralization number – 194.8 mg KOH/g. 
Thus, pre-saponification of soapstock allows more complete 
conversion of the fat component into soap, salting out allows 
maximum concentration and isolation of the soap compo-
nent, which is subjected to decomposition with sulfuric acid. 
The obtained data significantly expand the possibilities of 
using soapstock to obtain fatty acids and determine the rela-
tionship between the conditions of soapstock salting out and 
efficiency of acid extraction. The results of the work are a 
scientific basis for solving the problem of waste disposal and 
intensifying the process of obtaining fatty acids from soap-
stocks. The use of the obtained results in production requires 
observance of rational conditions of soapstock treatment 
and purity of reagents. An additional stage of soapstock 
treatment (salting out) can lead to additional loss of the fat 
component of the soapstock. To reduce and avoid losses, it is 
necessary to ensure necessary settling duration and phase 
separation efficiency after salting out and washing of the 
final fatty acids from sulfuric acid residues. 

The disadvantage of the study is that it determined 
the effect of soapstock treatment conditions only on the 
quality and yield of fatty acids. It is also advisable to show 
how soapstock treatment conditions affect the quality of 
biodiesel fuel derived from fatty acids. Promising areas of 
research are to determine a wider range of fatty acids indica-
tors (saponification number, ether number, phase transition 
parameters, etc.). This will allow a more detailed analysis of 
the effect of different methods of soapstock treatment on the 
composition, quality and amount of fatty acids, as well as the 
possibility of their use in different directions.

7. Conclusions

1. Quality indicators of experimental sunflower soapstock 
are determined: mass fraction of total fat – 67.3 %, fatty ac-
ids – 61.8 %, neutral fat – 5.5 %. The compliance of soapstock 
with the requirements of DSTU 5033 (CAS 68952-95-4) has 
been found.
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2. The relationship between the salting out conditions 
of saponified soapstock and the yield and neutralization 
number of fatty acids was determined. By the corresponding 
regression dependences, rational salting out conditions were 
determined: duration (80 min.) and sodium chloride concen-
tration (16 %). Under these conditions, the yield of fatty ac-
ids is 95.0 %, the neutralization number – 194.8 mg KOH/g.

3. The comparative analysis of the composition and 
quality of fatty acids obtained by different methods was 
performed. The method of soapstock treatment involving 
salting out increases the yield of fatty acids by 20.3 % com-
pared to the first method (soapstock decomposition with 
sulfuric acid). The yield increases by 3.5 % compared to the 

second method (with saponification and decomposition). 
The neutralization number increases by 8.2 % and 4.1 %, re-
spectively. The acids obtained with salting out have a much 
lower mass fraction of moisture and volatile substances, as 
well as a significantly increased cleavage depth. The method 
with saponification and decomposition with sulfuric acid 
allowed increasing the depth of acid cleavage by only 7.3 %. 
The salting out method increased this indicator by 46.0 % 
compared to the first method and by 36.1 % compared to 
the second method. In terms of the concentration of basic 
fatty acids (stearic, oleic, linoleic), the acids obtained with 
salting out correspond more to sunflower oil acids than those 
obtained by other methods.
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