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INFLUENCE OF THE COMPOSITION ON THE RHEOLOGICAL 
AND FUNCTIONAL PROPERTIES OF THE COMPOSITION 

OF LIQUID SYNTHETIC DETERGENTS

Abstract. The optimal conditions for production of synthetic detergents. On the basis of products 
and local raw materials recommended different formulations of synthetic cleansers.
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The problem of cleaning arises in the most vari-

ous branches of a national economy that testifies to 
relevance of this problem.

Efficiency of detergent and quality of cleaning of 
a metal surface considerably depends on properties 
of the processed surface – its roughness, sensitivity 
to corrosive attack of detergent, existence to surfaces 
of oxides, its uniformity.

The accelerated development of chemical indus-
try allowed to expand in recent years considerably 
the range of domestic synthetic detergents (SD) and 
to increase their production.

The analysis of the let-out SD shows that water 
solutions of the surface-active substances (SAS) and 
their composition with active additives are more 

and more applied to degreasing of various surfaces 
instead of alkalis. Preparations like emulsions and 
other two-phase systems are practically absent.

Development of production of SD in us in the 
country has to be directed on creation of alkaline 
detergents which allow to exclude use of flammable 
and toxic solvents.

When studying the dependence of the rheological 
properties of SD, mixtures were prepared that included 
potassium carbonate, sodium hydroxide, sodium car-
boxymethyl cellulose (SCC), Trilon B, liquid glass, 
monoammonium phosphate (MAP), sodium laureth 
sulfate (SLES), linear alkyl benzene sulfate (LABSA) 
and water. The initial components were displaced at a 
temperature of 60 °C and various mass ratios (Table 1).
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Table 1. – Mass ratios of the reacting components used for the preparation of SD*

№ K2CO3 NaOH Trilon B,% Liquid glass MAP,% SLES,% LABSA,%
1 1.896 0.481 2.0 0.856 2.0 10.0 4.0
2 1.871 0.484 2.0 0.846 2.0 5.0 2.0
3 1.870 0.484 2.0 0.846 – 5.0 2.0
4 1.851 0.478 – 0.837 2.0 5.0 2.0
5 1.860 0.479 – 1.178 – 5.0 2.0
6 1.871 0.481 – 1.184 – 10.0 4.0
7 3.450 2.550 1.0 0.836 1.0 5.0 2.0
8 3.460 2.560 – 1.207 – 5.0 2.0

* When receiving the first batch of samples, SLES was used, and the second batch was LABSA

Samples of the samples belonging to the first 
batch were synthesized in the presence of SLES, 
and those of the second batch were synthesized in 
the presence of LABSA. The composition of samples 
from batch 1 is significantly different from the com-
position of the original components. For example, 
samples 1 and 6 contain twice as much SLES. Sam-
ple 3, compared to sample 1, contains less SLES and 
is characterized by the complete absence of MAP. 
Samples No. 4–6 contain a relatively large amount 
of liquid glass, while Trilon B and MAP are absent 
at all. Samples 7 and 8 contain more and less potas-
sium carbonate and sodium hydroxide, respectively.

Sample samples from Lot 2 differ from Lot 1 in 
the absence of sodium laureth sulfate. The content 
of potassium carbonate and sodium hydroxide is in 
the range of 10.00–18.65% and 8–15%. The content 
of SD is 1%, which remains unchanged. Similarly, 
to the sample of batch 1 in batch 2, the amount of 
liquid glass and MAP varies in the range of 10–12 
and 1–2%, respectively.

Experimental data (Table 2) dependence of 
the density of the samples on the mass ratio of the 
initial components showed that at a synthesis tem-
perature of 20%, sample 1 has the maximum density 
when containing a relatively large amount of sodium 
laureth sulfate. Sample 5, unlike sample 4, does not 
contain Trilon B and MAP. In contrast to the sample 
and with a density of 1.2705 g/cm3, in sample 5, in 
the absence of Trilon B, the density of the suspen-
sion increases to 1.2847 g/cm3. In this case, it is also 
necessary to take into account the presence of liquid 
glass, which contributes to an increase in the density 
of the sample. Despite the fact that sample 6 contains 
more water glass than sample 7, its density increases 
to a value of 1.2900 g/cm3. Although Trilon B and 
monoammonium phosphate are absent in sample 
compared to sample 7, their densities practically do 
not differ from each other.

The data of Table 2 show that the presence of 
LABSA in synthetic detergents leads to a decrease in 
the density of the samples to 1.281 g/cm3 (Table 2).

Table 2. – The dependence of the density of the synthesized SD on the 
mass ratio of the initial components and temperature

№ 
Temperature, оС (batch 1) Temperature, оС (batch 1)

20 40 60 20 40 60
1 2 3 4 5 6 7
1 1.305 1.192 1.160 1.281 1.270 1.263
2 1.290 1.233 1.240 1.284 1.270 1.265
3 1.290 1.278 1.266 1.274 1.266 1.256
4 1.271 1.272 1.258 1.280 1.272 1.265
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1 2 3 4 5 6 7
5 1.285 1.265 1.213 1.280 1.278 1.270
6 1.290 1.264 1.267 1.287 1.276 1.266
7 1.275 1.248 1.271 1.256 1.248 1.236
8 1.280 1.270 1.256 1.286 1.262 1.259

Experimental data show that the content of so-
dium laureth sulfate has the greatest effect on the 
density of the synthesized SD.

It was also found that with an increase in tem-
perature from 20 °C to 60 °C, the density values 
of SD samples decrease. For example, the den-
sity of sample No. 2 at a temperature of 20 °C is 
1.290 g/cm3, and with an increase in temperature to 
60 °C, the density of the sample decreases sharply 

to a value of 1.160 g/cm3. A similar pattern is ob-
served for other samples.

An increase in temperature also lowered the values 
of the viscosity of the SD in the temperature range of 
20–60 °C (Table 3). The table shows that, for example, 
sample No. 2 from the first batch at a temperature of 
20 °C has a viscosity of 157.61 cPs. A similar pattern 
is observed for the SD samples from the second batch, 
where at 20 °C sample No. 2 shows a viscosity value 
of 162.65 cPs, and at 60 °C12.04 cPs.

Table 3. – The dependence of the viscosity of the obtained SD on 
the composition of the initial mixture and temperature

№ Temperature, оС (batch 1) Temperature, оС (batch 1)
20 40 60 20 40 60

1 95.63 32.87 11.90 140.63 37.75 11.93
2 157.61 63.14 16.11 162.65 43.85 12.04
3 159.66 48.82 15.58 132.45 35.72 13.50
4 157.24 51.09 14.04 169.88 49.47 13.47
5 268.20 42.31 17.54 141.25 35.39 10.57
6 110.11 37.42 10.00 163.27 42.87 19.93
7 283.29 87.87 35.76 180.73 53.04 20.80
8 190.49 61.18 20.72 117.03 41.00 12.64

The composition of the original components 
also has a significant impact on the viscosity val-
ues. According to the chemical analysis in sample 
1, compared to sample 2, it contains a relatively 
large amount of sodium laureth sulfate, as a result 
of which the viscosity value of this sample decreas-
es. This proves that sodium laureth sulfate reduces 
the viscosity of the obtained SD. Unlike the others, 
sample 5 contains a relatively large amount of liq-
uid glass, and the viscosity of this sample at 20 °C 
is 268.20 cPs, which is significantly higher than in 
plugs 1–4. Sample 7 is high in potassium carbonate 
and therefore has a higher viscosity than samples 
1–6.

And in sample 6 there is less potassium carbonate 
and more alkali than in sample 8, i. e. according to the 
viscosity values, the alkali increases the viscosity of 
the SD samples.

When analyzing the viscosity values of samples 
of batch 2, it was revealed that these indicators at 
20 °C change in the range from 117.03 to 180.74 
cPs. The minimum viscosity value of 117.032 cPs 
is typical for sample 8, which contains the lowest 
alkali content and lacks Trilon B. With a decrease 
in temperature in the SD samples of lot 2, the vis-
cosity value also sharply decreased with decreasing 
temperature. For example, at a temperature of 20 °C, 
the viscosity of sample 1 is 140.63 cPs, and with an 
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increase in temperature to 40 °C, this value decreases 
by a factor of 3.72.

To study the dependence of the rheological prop-
erties of SD samples on temperature and concentra-

tion in the laboratory, various concentrations were 
prepared in the laboratory conditions, solutions of 
the obtained SD were prepared at different concen-
trations (Tables 4 and 5).

Table 4. – Dependence of SD density on temperature and concentration

№ Solution, С% Temperature, оС (batch 1) Temperature, оС (batch 1)
20 40 60 20 40 60

1.1 0.5 1.001 0.994 0.98 1.00 0.99 0.98
1.2 1.0 1.004 0.997 0.99 1.00 0.99 0.99
1.3 2.0 1.007 1.000 0.99 1.00 0.99 0.99
1.4 5.0 1.015 1.010 1.00 1.01 1.00 0.99
1.5 10.0 1.027 1.022 1.01 1.02 1.01 1.00
2.1 0.5 1.001 0.994 0.98 1.00 0.99 0.98

Table data 4 show that at 20 °C a 0.5% solution 
has a density value of 1.001g/cm3. With an increase 
in temperature to 60 °C, the density value decreases 
to 0.99 g/cm3. Increasing the concentration of solu-
tion 1 to 10% increases the density of the sample 
to 1.0272 g/cm3. An increase in the concentration 

of the solution leads to an increase in the density 
values. A similar pattern is typical for all SD sam-
ples. With an increase in the 0.5% concentration of 
sample 6 at a temperature of 20 °C to 10%, the den-
sity of the solution from 1.06 increases to a value 
of 1.037 g/cm3.

Table 5. – Dependence of SD viscosity on concentration and temperature

№ Solution,% Temperature, оС (batch 1) Temperature, оС (batch 1)
20 40 60 20 40 60

1 0.5 13.90 5.77 2.39 13.20 6.18 2.47
2 1.0 14.63 6.10 2.57 13.84 6.43 2.54
3 2.0 15.42 6.43 2.70 15.26 6.83 2.86
4 5.0 16.04 6.75 2.86 16.21 6.92 2.93
5 10.0 17.30 6.83 2.90 17.30 7.57 3.18

With an increase in the concentration of the solu-
tion, its viscosity increases, and this creates difficul-
ties in pumping the solution within the workshop or 
enterprise. As an example, we can cite the fact of an 
increase to 17.31 cPs in the viscosity of a solution of 
13.9 cPs at a concentration and temperature of 10% 
and 20 °C, respectively. This is a pattern character-

istic of other SD samples. The experimental data of 
Table 5 show that the samples are practically charac-
terized by the same temperature and concentration, 
identical viscosity.

To study the effect of SD concentration on pH, 
solutions of various SD concentrations from the first 
batch were prepared.

Table 6. – The dependence of pH SD on the concentration of the solution

Solution,% SD sample numbers from the first batch
1 2 3 4 5 6 7 8

1 2 3 4 5 6 7 8 9
0.5 10.50 10.51 10.61 10.70 10.50 10.71 10.20 10.70
1 10.65 10.61 10.70 10.81 10.61 10.80 10.40 10.80
2 10.70 10.72 10.81 10.91 10.71 10.92 10.71 10.91
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1 2 3 4 5 6 7 8 9
5 10.81 10.80 10.90 11.10 10.80 10.41 10.71 11.22

10 10.90 10.91 11.01 11.10 10.90 11.10 10.70 11.30

The data obtained allow us to state that with an 
increase in the concentration of SD, the pH index 
increases, which ranges from 10.2 to 11.3. The maxi-
mum pH value of the solution is observed in sample 
8 with a concentration of 10%. This sample contains 
an increased amount of potassium carbonate, sodi-
um laureth sulfate and less alkali. Although sample 
1 contains an increased amount of sodium laureth 

sulfate, sample 3 does not contain MAP, and samples 
1–3 contain identical amounts of alkali and potas-
sium carbonate, the pH value of the solution varies 
in the range of 10.5–10.9. Increasing the amount of 
liquid in sample 5 lowered the pH value.

Next, laboratory experiments were performed to 
study the foaming ability of SD depending on the 
ratio of the initial components (Fig. 1 and 2).

Figure 1. Effect of SD concentration on foaming (1 batch, 1 sample)

Figure 2. Effect of SD concentration on foaming (1 batch, 5 sample)
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As the data in Fig. 1 show, solutions with different 
ratios of reagents have different foaming abilities. For 
example, sample 1, which has sodium laureth sulfate 
in its composition than sample 2, has a greater foam-
ing ability. A solution of this sample at a concentra-
tion of 0.5% in the initial period of time forms a foam 
25 cm high, while sample 2 at the same concentra-
tion forms a foam 9 cm high.

Sample 1 showed high foam resistance, a foam 5 cm 
high was recorded for 2 days. Sample 2 foam was less 
stable, since even at a high solution concentration of 
5–10%, the foam height was 5 and 10 cm, respectively.

Sample 6 also contains a large amount of sodium 
laureth sulfate, which forms the maximum foam 
height in the initial period. The absence of MAP in the 
samples contributed to an increase in foaming ability.

Figure 3. Effect of SD concentration on foaming (batch 2, sample‑1)

Figure 4. Effect of SD concentration on foaming (batch 2, sample‑5)

Experimental data showed that the maximum 
foam height at the beginning of the process occurs 
in solutions with a concentration of 1.2% and is 
25 cm. In this sample, at the beginning of the pro-
cess, a foam 25 cm high is formed. Containing in 
its composition the largest amount of LABSA and 
liquid glass 0.5; 1; 2; 5% concentration of sample 
6 in the initial period of the process formed a large 
height of stable foam (25 cm).

Due to the above, the technological process of 
production is simplified and makes it possible to sig-
nificantly reduce material and energy costs.

Subsequently, solutions of all samples were pre-
pared with a concentration of 0.5; 1 and 2% to study 
their washing ability.

The results of the research showed that the 2% 
solution of sample 1 (sample 1.3) had the highest 
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washing power (48%), and sample 1 of 0.5% con-
centration had the lowest washing power (20%).

It was found that with an increase in the con-
centration of the drug from 0.5% to 0.2%, the 
washing ability increases. For example, sample 2 
with a solution concentration of 0.5% has a wash-
ing power of 34%. With an increase in concentra-

tion to 2%, the washing ability increases to 38% 
(sample 2.3).

It should be noted that in sample 4.1, the washing 
power is 24%. At a solution concentration of 2%, a 
sharp increase in washing power up to 38% is ob-
served (Tables 7 and 8).

Table 7. – The dependence of the washing power of SD concentration (samples from lot 1)*

Sample no. 1.1 1.2 1.3 2.1 2.2 2.3
Washing capacity,% 54 60 62 54 56 58
Sample no. 3.1 3.2 3.3 4.1 4.2 4.3
Washing capacity,% 58 58 68 44 46 58
Sample no. 5.1 5.2 5.3 6.1 6.2 6.3
Washing capacity,% 42 44 44 44 46 48
Sample no. 7.1 7.2 7.3 8.1 8.2 8.3
Washing capacity,% 40 41 54 56 58 60

* – numbers of samples correspond to the numbers of samples in Table 6

The results of the studies (Table 7) indicate that 
prepared in the presence of LABSA in SD have a 
greater detergency than samples of SD obtained in 
the presence of sodium laureth sulfate. The maxi-
mum washing power in these samples was 90%.

Solutions with a concentration of 5% had the 
best washing ability. For example, a 0.5% solution 
of the first sample had a washing power of 60%, while 

in a 5% solution it was 74%. In the absence of Trilon 
B in sample 4, depending on the concentration, a 
different change in washing ability was obtained. 
This sample at a 0.5% solution concentration has a 
detergency of 58%, and at a concentration of 2%, the 
detergency reached 72%, which is 14% higher than 
the detergency value of a 0.5% solution.

Table 8. – The dependence of the cleaning power of SD on the concentration (samples from batch 2) *

Sample no. 1.1 1.2 1.3 2.1 2.2 2.3
Washing capacity,% 60 74 74 70 64 76
Sample no. 3.1 3.2 3.3 4.1 4.2 4.3
Washing capacity,% 60 64 74 58 78 72
Sample no. 5.1 5.2 5.3 6.1 6.2 6.3
Washing capacity,% 80 82 80 84 88 90
Sample no. 7.1 7.2 7.3 8.1 8.2 8.3
Washing capacity,% 52 54 56 58 60 72

* – numbers of samples correspond to the numbers of samples in Table 4

According to Table 8, sample 6 with a concentra-
tion of 2% has the highest detergency. This sample 
contains a small amount of LABSA in the absence of 
Trilon B and MAP.

The results of the conducted studies allow us to 
conclude that with a change in temperature and mass 
ratios of compounds, it has a significant effect on the 
density of SD.
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A study of the dependence of the foaming ability 
of SD on the mass ratio of the reacting components 
showed this solution to have a significant effect on 
foaming, and the samples differ significantly in this 
feature.

In the sample containing the largest amount of 
sodium laureth sulfate, the maximum detergency is 
observed. In addition, it was found that the samples 
in the absence of MAP and Trilon B additives also 
have the best washing ability.
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