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ABSTRACT: The results of studies of dispersing, surfactant, rheological and conductometric properties of
aqueous solutions of polyalkylene glycols (PAG), sodium dodecyl sulfate (DDSNa) and aqueous binary
solutions (WBS) PAG - DDSNa are presented. The synergism of the dispersing properties of the FBG
components was found, the value of which is determined by the molecular weight (Mwt.) of the polymer, the
concentration of the surfactant, and the nature of the alloys. The symbaticity of changes in dispersive, surface-
active, rheological properties and electrical conductivity of WBS was established, which is explained by the
formation of intermolecular complexes IMC PAG - DDSNa.

The lack of synergism in the dispersing action of PAG20 - DDSNa WBS components is explained by a change in
the conformation of PAG20 macromolecules during the formation of IMC with DDSNa, which complicates
optimal contact with metal surface cations. The weak synergism of the dispersing properties of the WBS
components during the dispersion of an aluminum alloy is explained by the competitive adsorption of lauryl
sulfate ion on a freshly formed positively charged surface.

KEYWORDS: abrasive processing, metal, dispersion medium, polymer, surfactant, intermolecular complex,
synergism.
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l. INTRODUCTION
The efficiency of using in the processes of abrasive processing of metals of aqueous solutions of binary
compositions polymer - surfactant and oligomer - surfactant is shown in [1-3]. It is of interest to carry out
complex studies of dispersion media based on aqueous binary solutions of PAG - DDSNa, in which both
components belong to the class of surfactants: PAG is a high molecular weight nonionic surfactant, and DDSNa
is an anionic surfactant [4-5]. The used chemical compounds have the following structure: PAG (1) and DDSNa
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1. MATERIALS AND RESEARCH METHODS

The dispersing properties of aqueous solutions of PAG35 (Mwt. = 35-10%), PAG20 (Mwt. = 20-10%),
PAGS (Mm = 8-10%, DDSNa and WBS PAG - DDSNa were studied by the gravimetric method with abrasive
dispersion of discs made of iron alloys (St. 45), copper (bronze BrAZh9, brass L59) and aluminum alloy (D16T)
on a friction machine [6] at a load of 0,1 mPa and a linear velocity of 0,12 m/s. Gray cast iron was used as a lap
and silicon carbide (KZM20) was used as an abrasive. The dispersing effect of the components of the dispersion
medium was determined by the increase in the removal AQS, i.e. by the difference between the amount of metal
removal in solution (Q®) and in water (Q%): AQ® = Q° - Q" [2]. Visual inspection of the samples shows that
after the experiments, the surface of the discs becomes dull, of the corresponding color, and the absence of
scratches and burns on it indicates the normal course of the microcutting process.

The rheological properties of the solutions were investigated by the falling ball method (viscometer
Lovis 2000M Anton PAAR, Austria) at a temperature of 20 °C.

The surface tension of the solutions was determined by the modified Wilhelmy method (platinum
plate) [7] at T =20 °C.

Investigation of the specific electrical conductivity of aqueous solutions of PAG, DDSNa and their
binary solutions carried out by conductometry (MPC227, METTLER TOLEDO).

I, RESEARCH RESULTS AND DISCUSSION
3.1. DISPERSING PROPERTIES
The results of studying the concentration dependence of the dispersing properties of PAG20 and
PAG35 polyalkylene glycols during abrasive grinding of metal alloys are shown in Fig. 1 and Fig. 2.
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Fig. 1. Dependence of the increase in removal AQ during abrasive processing of bronze BrAZh9 (1),
aluminum alloy D16T (2), brass L59 (3) and St. 45 (4) on the concentration of the polymer PAG20
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Fig. 2. Dependence of the increase in removal AQ during abrasive processing of bronze BrAZh9 (1),
aluminum alloy D16T (2), brass L59 (3) and St. 45 (4) on the concentration of the polymer PAG35

Comparative analysis of those shown in Fig. 1 and Fig. 2 of the results shows significant differences in
the concentration dependences of the dispersing action (AQ®) of PAG20 and PAG35, which are significantly
influenced by both the nature of the alloy and the Mwt. of the polymers. The nature of the concentration curves
of the AQ dependence can be explained by counter processes that occur in the microcutting zone in accordance
with the Rebinder effect [6, 8]. In the range of concentrations 0.2-0.5%wt. clear maxima of AQ values are
observed, which indicates the classical version of the Rebinder effect in aqueous solutions of PAG, which are
nonionic surfactants [4]. The differences in the character of the AQ concentration curves are largely due to the
rheological properties of the solutions, which are determined by the Mwt. of the polymers.
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Fig. 3. Dependence of the increase in removal AQ on the concentration of DDSNa during abrasive
processing of bronze BrAZh9 (1), aluminum alloy D16T (2), brass L59 (3) and St. 45 (4)

From the analysis of the concentration dependences of the dispersing properties of aqueous solutions of
DDSNa, shown in Fig. 3, it follows that the values of AQ are significantly affected by the surfactant
concentration and the nature of the alloy. For iron and copper alloys, an extreme dependence of the AQ values
on the surfactant content is observed, and the maxima lie in the range of 0.1-0.2 %wt., which is optimal for the
implementation of the Rebinder effect. When the D16T aluminum alloy is dispersed, high values of AQ are
observed even at a DDSNa concentration of 0.05 %wt.

The results of studying the concentration dependences of the dispersing properties of WBS PAG20 -
DDSNa and PAG35 - DDSNa are shown in Fig. 4-7. The concentration of PAG in BS is 2%wt. and was
selected taking into account the results on the increase in the removal of AQ™® in aqueous solutions of PAG20
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and PAG35, which makes it possible to determine the values of AQ®® and compare them with the additive sum
of AQ® values of AQ® in solutions of DDSNa and PAG, i.e. to establish the presence of synergism or
antagonism of the dispersing action of WBS components [1-3].
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Fig. 4. Dependence of the increase in removal AQ of St. 45 on the concentration of DDSNa in WBS
PAG20 - DDSNa (1), PAG35 - DDSNa (2) and calculated values of the additive sum XAQ° for solutions of
PAG20 (3) and PAG35 (4)
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Fig. 5. Dependence of the increase in removal AQ of brass L59 on the concentration of DDSNa in WBS
PAG20 - DDSNa (1), PAG35 - DDSNa (2) and calculated values of the additive sum £AQ® for solutions of
PAG20 (3) and PAG35 (4)
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Fig. 6. Dependence of the increase in removal AQ of bronze BrAZh9 on the concentration of DDSNa in
WBS PAG20 - DDSNa (1), PAG35 - DDSNa (2) and calculated values of the additive sum ZAQ€ for
solutions of PAG20 (3) and PAG35 (4)
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Fig. 7. Dependence of the increase in removal AQ of the D16T aluminum alloy on the concentration of
DDSNa in WBS PAG20 - DDSNa (1), PAG35 - DDSNa (2) and calculated values of the additive sum
TAQC for solutions of PAG20 (3) and PAG35 (4)

As shown in Fig. 4-7 results, depending on the nature of the alloys, Mwt. PAG and surfactant
concentration, synergism is observed, i.e. mutual reinforcement of the dispersing action of the WBS components
(AQ®® > £AQC) or antagonism (AQ®® < ZTAQC).

Analysis of the data shown in Fig. 4 of the results shows that during abrasive treatment of St. 45 in
WBS PAG20 - DDSNa, there is a slight synergism in the dispersing action of the components. However, when
St.45 is dispersed in WBS PAG35 - DDSNa, the increase in AQ®® is almost 3 times higher than the values of
AQ°® (Fig. 4, curves 3 and 4), which indicates an abnormally high synergism of the action of the components,
which can be explained by the formation of IMC PAG35 - DDSNa.

Comparison of the concentration dependences of the dispersing properties of WBS PAG20 - DDSNa
and PAG35 - DDSNa during abrasive processing of copper alloys shows (Fig. 5 and Fig. 6) that in the range of
DDSNa concentrations 0.1-0.2 %wt. the increase in AQP® is 2-3 times higher than the values of ZAQ°.
Considering that bronze and brass differ not only in microhardness, but also in a package of alloying impurities,
it can be argued that the synergism of the dispersing action of WBS components is the result of the interaction
of IMC PAG - DDSNa with copper cations Cu®*.

During abrasive processing of aluminum alloy D16T in BS PAG - DDSNa in the range of
concentrations of 0.1-0.2%wt. the AQ®® values are 15-20% higher than the AQC values, which indicates a
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noticeable synergism of the dispersing action of the WBS components (Fig. 7). However, when the surfactant
concentration is higher than 0.35%wt. the curves AQ® and AQC practically converge, which indicates the
absence of synergism in the action of the components. It is important to note that on the curve of the dependence
of AQ®® on the surfactant concentration during the dispersion of D16T (Fig. 7, curve 1) there is no maximum in
the range of 0.1-0.2 %wit, in which the Rebinder effect is realized [8]. Considering that the values of AQPPS™
for D16T exceed the values of AQP™ for copper and iron alloys by 5-10 times (Fig. 4-6), the strong dispersing
effect of surfactants is probably due to the high penetrating properties of DDSNa molecules into the
microcutting zone of the D16T alloy. Apparently, in this case, the main role is played by the electrostatic
interaction of the freshly formed surface of the aluminum alloy and lauryl sulfate ion, since the aluminum
surface is positively charged [10]. In this case, it can be assumed that the nature of the concentration
dependences of the dispersing action of WBS PAG - DDSNa during the dispersion of the D16T alloy is the
result of competitive adsorption on the freshly formed surface of DDSNa molecules, DDSNa micelles, and IMC
PAG-DDSNa.

Summarizing the results obtained, it can be assumed that the dispersing effect of WBS PAG - DDSNa
is determined by the possibility of formation of IMC PAG - DDSNa, the stereochemistry of which causes strong
synergism during abrasive processing of iron and copper alloys, and weak synergism during the dispersion of
D16T indicates the prevailing role of competitive adsorption of components on freshly formed aluminum alloy
surface.

3.2. SURFACTANT AND RYEOLOGICAL PROPERTIES

As is known [9], the maximum dispersing effect of technological compositions is realized with an
optimal combination of wetting and penetrating properties, which are determined by surface tension and
viscosity. The results of measuring the surface tension y, of WBS PAG - DDSNa and PEG - DDSNa depending
on the concentration of the components, i.e. isotherms of surface tension are shown in Fig. 8.
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Fig. 8. Dependence of the surface tension y of WBS PAG35 - DDSNa (1), PAG20 - DDSNa (2), PAGS -
DDSNa (3), PAG1.65 - DDSNa (4), PEG6000 - DDSNa (5) on Mwt. PAG and surfactant concentration

The character of isotherms is significantly influenced by WBS (Fig. 8, curves 1-5) Mwt. PAG, which
indicates the possibility of the formation of IMC PAG - DDSNa, the stereochemistry and strength of which is
determined by the interaction of PAG macromolecules of different Mwt. with DDSNa. This is evidenced by the
presence of a small minimum on the WBS isotherms in the region of 0.03-0.04 %wt, the depth of which
decreases to zero with a decrease in Mwt. PAG from 35 - 103 to 1.65 - 103. The possibility of the formation of
IMC was shown in binary solutions of lysine-DDSNa [11], on the isotherms of which there is a small minimum
in the concentration range, which is 3 times less than the CMC of DDSNa itself. By analogy with binary
solutions of Triton-DDSNa [12], the formation of IMC PAG - DDSNa is possible by the mechanism of
coordination of methylene oxide blocks of PAG around sodium lauryl sulfate cations. Comparative analysis of
the effect of polyethyleneglycol (PEG6000) on the decrease in yq values in the micellar concentration range
(Fig. 8, curve 5) shows that DDSNa in WBS forms IMC mainly with ethyleneoxide PAG blocks.

The possibility of the formation of IMC in the WBS polymer - surfactant is confirmed by studies in
which a nonmonotonic and synergistic change in viscosity was found with an increase in the concentration of
surfactants, including anionic ones [1-3]. Taking these results into account, we studied the dependence of the
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dynamic viscosity of WBS PAG - DDSNa on the surfactant concentration and Mwt. of the polymer, the results
of which are shown in Fig. 9.
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Fig. 9. Dependence of the dynamic viscosity I]p on the concentration of DDSNa in 2% solutions of PAG35
(1), PAG20 (2), PAGS8 (3) and DDSNa (4) in water

The presence of a noticeable minimax fragment (Fig. 8, curve 1) in the region of 0.1 %wt. The
surfactant can be explained by the formation of IMC PAG35 - DDSNa, since in this range, there is a symbaticity
between changes in dispersant properties (Fig. 4-6) and surface activity (Fig. 8). A detailed analysis of the
rheological properties of WBS PAG35 - DDSNa (Fig. 9, curve 1) shows that the increase in the dynamic
viscosity of WBS PAG35 - DDSNa at a surfactant concentration of 1%wt. reaches 0.118 mPa-s, which is almost
2 times higher than the increase in viscosity with an increase in the concentration of DDSNa in water up to
1%wt. This effect can be explained by the influence of immobilized molecules of anionic surfactant on the
conformation of PAG35 macromolecules, which is accompanied by an increase in the radius Re of the Einstein
sphere [13]. A similar effect - elongation of macromolecules with adsorbed surfactant molecules - was found in
WBS ethyloxyethyl cellulose - DDSNa [14]. It is characteristic that in WBS PAG20 - DDSNa and PAGS -
DDSNa a significant decrease in the increase in viscosity is observed: AIlp"®® (PAG20) = 0.039 mPa-s and
Allp"®° (PAGS) = 0.023 mPa-s, which is one and a half and three times less than the increase in Allp (DDSNa)
= 0.065 mPa-s. Such differences can be explained by the fact that the interaction of PAG20 and PAGS8
macromolecules with DDSNa molecules, i.e. the formation of IMC is accompanied by a change in their
conformation, which results in a decrease in the radius Re of the Einstein sphere, and, hence, in the dynamic
viscosity of the WBS. A change in the conformation of macromolecules in PAG20 - DDSNa IMC adsorbed on
the freshly formed surface of alloys can strongly affect the density of adsorption layers and CPD, as a result of
which the distribution of electron density in surface cations and, as a consequence, the mobility of dislocations
change [15].

3.3. ELECTROCONDUCTIVITY PROPERTIES

It is known that additives of anionic surfactants strongly affect both surfactant, rheological, and
electrically conductive properties [15-17]. In fig. 10-13 show the results of studying the specific electrical
conductivity y of aqueous solutions of DDSNa (Fig. 10) and WBS PAG - DDSNa (Fig. 11-13) on the
concentration of surfactant and Mwt. PAG.

The CMC of DDSNa and WBS PAG - DDSNa were determined from the graphical dependence of the
electrical conductivity y of solutions on the surfactant concentration by the Williams method [18].
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Fig. 10. Dependence of specific electrical conductivity y on the concentration of aqueous solutions of
DDSNa (T = 20 °C)
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Fig. 11. Dependence of the specific electrical conductivity y of WBS 2%wt. PAG8 - DDSNa on the DDSNa
concentration of DDSNa (T = 20 °C)
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Fig. 12. Dependence of the specific electrical conductivity y of WBS 2%wt. PAG20 - DDSNa on the
concentration of DDSNa (T = 20 °C)
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Fig. 13. Dependence of the specific electrical conductivity y of WBS 2%wt. PAG35 - DDSNa on the
concentration of DDSNa (T = 20 °C)
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The results are presented in Table 1.

Table 1
Solutions DDSNa ITAT'8 — DDSNa ITAT'20 — DDSNa TTAT'35 — DDSNa
CMC, % 0,196 0,143 0,134 0,109

As can be seen from the results presented in the table, the CMC values of WBS gradually decrease with
an increase in Mwt. PAG, which is consistent with the results of the study of surface tension isotherms (Fig. 8).
As is known [10, 12-15], anionic DDSNa has unique properties to donate its Na* cation into the composition of
mixed micelles in aqueous solutions of nonionic surfactants or to admit ethyl or oxyethyl chains into its
micelles, and the interaction energy in such mixed micelles increases with an increase in the number of such
chains. The results obtained make it possible to explain the mechanism of immaobilization of both individual
DDSNa molecules and its micelles in PAG solutions with the formation of IMC, as well as the effect of anionic
surfactants on surface-active, rheological, conductometric, and, ultimately, on the dispersing properties of WBS
PAG - DDSNa.

1V. CONCLUSION

The concentration dependences of dispersive, surfactant, rheological and conductometric properties of
aqueous solutions of PAG, DDSNa and binary solutions of PAG-DDSNa have been studied. The synergism of
the dispersing action of the WBS components is found, the value of which is determined by the Mwt. PAG, the
DDSNa concentration, and the nature of the alloys. The symbatism of changes in dispersant, surface-active,
rheological and conductometric properties is explained by the formation of intermolecular complexes (IMC)
PAG35 - DDSNa. The absence or weak synergism of the dispersing action of WBS PAG20 - DDSNa is
explained by the change in the conformation of PAG20 macromolecules during the formation of IMC and the
competitive adsorption of lauryl sulfate ion on the freshly formed surface of the aluminum alloy.

REFERENCES

[1]. Logvinenko P.N., Riabov S.V., Shevchenko V.V., Dmitrieva T.V., "Polymer-oligomer-containing dispersion media based on water
in the processes of abrasive metal processing", Friction and wear, Vol. 20. 4. 439-445. 1999.

[2]. Logvinenko P.N., Riabov S.V., Karsim L.O., Glieva G.E., "Dispersion Media Based on Water Soluble Binary Compositions of
PEG—Nonionic Surface Active Substances for Abrasive Metalworking", Journal of Friction and Wear, Vol. 36, No.2. 144-148.
2015.

[3]. Logvinenko P.N., Boyko V.V., Riabov S.V., "Obtaining amino-containing oligomers by modifying polyethylene glycols and
studying the properties of their aqueous solutions", Abstracts. IX International Conference on Chemistry and Physical Chemistry of
Oligomers "Oligomers-2005", Odessa, 161. September 13-16. 2005.

[4]. Polat G. H., Chander S. Adsorption of PEO: PPO triblock copolymers and wetting of coal / Colloids and Surfaces A:Physicochem.
Eng. Aspects. -1999. V. 146. N 1-3.-p. 199-212.




American Journal of Engineering Research (AJER) 2021

[5]- Bilalov A.V., Babaev A.A., Tret'yakova A.Ya., Myagchenkov V.A., and Baranov V.P. Interaction of Sodium Dodecyl Sulfate with
Polyacrylamige lonogenic Derivatives in Aqueous Solutions. High molecular weight compounds. Series A, VVol.47, No.11, p. 1942-
1958.

[6]. Gorokhovsky G.A., Polymers in metal processing technology, Publishing House "NaukovaDumka", Kiev, 1975, 224 p.

[7]. Faynerman A.E., LipatovYu.S., Kulik L.N., Vologina L.I., "A simple method for determining the surface tension and contact angles
of wetting of liquids", Colloid Journal, T. 32. Number 4. 620-623. 1970

[8]. Rebinder P.A., Shchukin E.V. Fav. Tr .: Surface phenomena in dispersed systems // Pod. Ed. P.A. Rebinder.-M.: Nauka, 1989.-411

p.

[9]. Malinovsky G.T., Oil cutting fluids for metal cutting, Publishing house Chemistry, Moscow, 160. 1993

[10]. Rosenfeld I.L., Loskutov A.l., Alekseev V.N. Adsorption of sodium oleate and water on an oxidized aluminum surface. News of the
USSR Academy of Sciences. Chemistry Series. 1982, No. 2, pp. 254-259.

[11]. Germasheva l.I., Glukharev N.A., Prokhorova G.V. Interaction of L-lysine with sodium dodecyl sulfate. Scientific statements.
Series Natural Sciences. 2011. No. 3 (98). Issue 14.-p. 174-178.

[12]. Bogdanova Yu.G., Dolzhikova V.D., Summ B.D. Influence of the chemical nature of the components on the wetting effect of
solutions of mixtures of surfactants. Moscow University Bulletin. Series 2. Chemistry. 2004.T.43.No.3.-p.186-194.

[13].  Tager A.A. Physicochemistry of polymers. M .: Goskhimizdat, 1963 .-- 530s.

[14]. Demchenko V.S., Markov A.A., Belyakov V.I.-Chemistry and technology of fuels and oils, 1980, No. 2, pp. 43-45.

[15].  Carlsson A., Karlstrom G., Lindman B. Synergistic surfactant-electrolyte effect in polymer solutions. “Langmuir”, 1986, 2, No.4,
p.536-537

[16].  Pletnev M.Yu., Trapeznikov AA .. Interaction of polypropylene glycols with anionic surfactants in aqueous solutions. Colloid
journal, -1978, -T.XL, No. 6, pp. 1126-1131.

[17]. Baranovskiy V.Yu., Kaleva V., Shenkov S., Doseva V. Complexation between polyacrylic acid and a surfactant based on
polyethylene glycol. Colloid journal.-1994.-T.56, No. 1, -20-26.

[18].  Williams R.J., Phillips J.N., Mysels K..J. The Critical Micelle Concentration of Sodium Lauryl Sulphate at 25° C. Trans Faraday
Soc. 1995. 51: 728-737.

. LogvinenkoP.N, et. al. "Abrasive processing of iron, copper and aluminum alloys in aqueous :
. binary solutions of polyalkylene glycol-sodium alkyl sulfate” American Journal of Engineering :

|
. Research (AJER), vol. 10(05), 2021, pp. 356-365. !
|




