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Abstract: in systems based on bituminous film-forming agents, the adsorption of a surfactant AC-1
at the interface with air and aluminum powder has been studied. The effect of temperature, quantitative
contents of the film-forming and initial surfactant concentration on the parameters and mechanism of AC-
1 concentration on the interface has been established. The equilibrium indicators of the adsorption of
surfactant AC-1 at the interface between the film-forming agent and air were determined (limiting
adsorption I'», thickness of the adsorption layer & of the surfactant AC-1 group, landing area S of the
functional group of AC-1 surfactants). A decrease in I'xin 1.5-2.0 times (0.91- 10mol/m? with Cs = 1.78)
and & (2.80-10"°+3.00-10° m) with an increase in temperature from 280 to 310K and solvent concentration
up to Cs=1.78. The area S of the occupied amino group in the adsorption layer was 8.50 - 102°+10.00
102 m2 The value of the resulting thermal effect (AH) for bituminous compositions with
Cs = 1.17+1.78, regardless of the surfactant content, is plus 38-40 kl/mol;for compositions with a solvent
content of 1.78 (Csaa = 0.06) with an increase in temperature from 300 to 313 K, there was a decrease in
the resulting adsorption index by 1.0 - 10°mol/m? and AH to a level of 20+1.5 kJ/mol?A proportional
increase in the adsorption of AC-1 on aluminum powder from the initial concentration of surfactants and
an insignificant decrease in the adsorption index in systems more concentrated in bitumen were
established.
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1.Introduction

The study of the surface-active properties of low-molecular surfactants in
combination with oligomers (polymers) belongs to the modern, new direction of
colloidal chemistry, which has been formed in recent years [1-3]. Hence, the
information in the scientific literature is largely contradictory and applies mainly
to aqueous solutions.

Meanwhile, it is known that the adsorption processes for surfactants in non-
polar hydrocarbon media are in many respects the opposite, in comparison with
aqueous media. This is evidenced by a decrease in the surface activity of
amphiphilic compounds with an increase in the length of the hydrocarbon radical
(inversion of the Duclos-Traube rule).

Undoubtedly, the determination of the processes of adsorption of surfactants
introduced into paint and varnish compositions is not only of theoretical interest,
but also practical, since it is the basis for optimizing the composition of paintwork
materials and the subsequent improvement of the quality of coatings based on
them. In this regard, it seemed appropriate to investigate the effect of the nature of
film-forming on the surface activity of the low-molecular-weight amino
derivative AC-1, synthesized in the laboratory of the PChRMNKSU [4], at the
interface with air.

2.Experimental part

When studying the adsorption of AC-1 (TU 655-RK 05606434-001-2000),
bitumen (ORB 90/130) was used as a film-forming agent, and white spirit was
used as a solvent (GOST 3134-78).

The effect of the concentration of AC-1 (C, mol/dm31.2-:103-1.0 - 10,
temperature (T, K: 283+313) and bitumen content (Cgit,% 20+30) for bitumen
compositions based on white spirit solvent. The development of the adsorption
process was monitored by measuring the surface tension of the liquid phase using
a Rebinder device.

The development of adsorption processes was established in suspensions at a
fixed pigment content (0.2 g). The duration of the experiments was limited to 40
minutes, which was sufficient to achieve adsorption equilibrium. Upon
completion of the experiments, the suspensions were separated by centrifugation
(in a thermostatted mode) and the surface tension in the liquid phase was
measured by the method of the highest pressure of air bubbles [5]. The amount of
adsorbed surfactant (I', mol/m?) was determined from the previously obtained
calibration dependences o = f (Csaa).
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3. Results
The results of the AC-1 adsorption study are presented systematically.

1. System «bitumen-white-spirit-AC-1»
In the initial sections of the isotherms (Figure 1) at 293 K, the adsorption of
the AC-1 surfactant (I'.g) is satisfactorily described by the dependence

g = (Csan(40 + 15-(Cs-0.94)?) (1)

For systems with a solvent content of not more than 60%, the
AT'/ACsaaindex remains practically unchanged and amounts to 3.7-10mol/m?; at
the same time, with a further increase in the solvent content, this indicator
significantly increases and amounts to 4.3-:10°mol/m?.

At low (not more than 293 K) temperatures (Figure 1), an increase in Cs to
1.17 practically does not affect the adsorption indicators (I'ig), the values of
which stabilize at Csaa=0.03 and Csaa=0.06 at the level of 1.25:10° and
2.42:10%mol/m? and characterize exclusively the adsorption of AC-1. The
development at T~ 293 K for dilute bitumen systems (C, > 1.17) destructuring
processes is accompanied by an increase in the adsorption value by the amount of
surfactants delocalized from bitumen. Thus, the increase in AI'igat T =293 K and
Cs=1.78 due to surfactants released from bitumen, at Csaa = 0.03 and
SAA =0.06, was 0.28:10% and 0.45-10-*mol/m?2.

With an increase in temperature to 300+313 K, a similar effect manifested
itself only at Cs less than 1.17. The degree of concentration of surfactants that
make up the bitumen at the interface in this case is much higher (approximately 2-
2.5 times), which is explained by more guantitative destructuring and destruction
of intra- and intermolecular associates, and as a consequence - an increase in the
equilibrium concentrations of unbound surfactants in near-surface films.

Thus, it can be concluded that the presented indicators of adsorption of I'ig
are an integral value that takes into account the contribution of two active
components — the introduced AC-1 and surfactants, released in the process of
destructuring bituminous systems. The above-mentioned regularities are also
typical for compositions concentrated in bitumen (Cs = 0.54), which is confirmed
by the curves shown in Figure 2.

A decrease in I with increasing temperature indicates that the fixation of
AC-1 at the interface with air is carried out by physical forces. As bitumen is
diluted with white spirit, up to a concentration of the latter of 70 %, with an
increase in temperature to 300 K, the surfactant content in the adsorption layer
increases. An increase in adsorption in this area is achieved due to surfactants that
are part of the bitumen, as indicated above. So, with Cs=1.17 and the
contentCsaa = 0.06, with an increase in temperature from 283 to 300 K, the
increase in the adsorption index was 1.25-10° mol/m?, which is 2 times higher
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than at T = 283 K. A further increase in temperature at a given solvent content has
practically no effect on the G4 value. Based on this, it can be concluded that for
this bitumen composition, the limiting temperature that ensures complete
destructuring is 299-301 K.

Ty, 108 mol /m?
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1—Csan= 0.06, T = 293K; 2 — Csan= 0.06, T = 313 K;
3-Csaa=0.03, T =293 K;4 - Csan=0.03, T =313 K.
Figure 1 — Influence of solvent concentration on the surfactant adsorption

The limiting role of the destructuring processes of bituminous compositions,
characterized by additional energy consumption (endothermic effect), on the
adsorption index is also evidenced by the values of the calculated heats of
adsorption AH, which for bitumen compositions with Cs = 1.17+1.78, regardless
of the surfactant content, are plus 38-40 kJ/mol.

At the same time, for compositions with a solvent content of 1.78
(Csaa = 0.06) with an increase in temperature from 300 to 313 K, a decrease in
the resulting adsorption index by 1.0 - 10°mol/m? was noted. Obviously, this
value of the decrease in the adsorption index corresponds to the amount of
desorbed AS-1 from the interface, bound by the forces of physical adsorption (AH
= (20+1.5) kJ/mol?).
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1 - Cp=054, Csan=0.03; 2 — C,=0.54, Csan =0.06; 3 — C,=1.17,
Csaa =0.01;
4 — C,=1.17, Csan=0.03; 5 — C,=1.17, Csaa=0.06; 6 — C,=1.78,
CSAAZ 0.03;
7-Cp=1.78, Csaa = 0.06.
Figure 2 — Influence of solvent concentration on the surfactant adsorption

It has been established (Table 1) that an increase in temperature and solvent
concentration in bitumen compositions leads to an intensification of the
vibrational component of surfactant molecules, concentrated in the adsorption
layer, and, as a consequence, to a decrease in their distribution density and a
decrease in the values of T.

Table 1 — Equilibrium characteristics of the adsorption of surfactant AC-1 depending on the
temperature and composition of bitumen mixtures

T,K 283 293 300 313
Cp 1.78 | 1.17 | 054 | 1.78 | 1.17 | 054 | 1.78 | 1.17 | 054 | 1.78 | 1.17 | 0.54
T'»-10%,mol/

m2 213|225 | 3.08 | 1.75 | 1.95 | 2.77 | 1.34 | 1.66 | 2.79 | 0.91 | 1.29 | 1.95

§$102°m?2|7.79 | 7.40 | 539 | 943 | 851 | 5.99 | 124 | 100 | 5.95 | 182 | 129 | 851
5-10°m |3.87 | 409 | 560 |3.18 | 3.55 | 5.04 | 2.44 | 3.02 | 5.07 | 1.65 | 2.35 | 3.55

With an increase in temperature from 280 to 310 K, the limiting adsorption
index decreased 1.5-2.0 times and at Cs 1.78 and 0.74, respectively, 0.91-10"° and
1.95-10° mol/m?. A similar effect was noted for compositions with a high
bitumen content. As the specific content of white spirit increases from 0.54 to
1.78 (300 K), accompanied, as a result, by a decrease in the viscosity of the
system, the limiting adsorption index I',, decreases approximately 2 times and
does not exceed 1.35-10"° mol/m?
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The values of the areas (landing area according to [6]) attributable to active
functional groups of surfactants (amino groups), equal to 8.5-10%-13.0-102° m?,
coincide with the values calculated by the geometric model of Stuart-Brigleb , and
taking into account the molecular-kinetic features with the experimental data
presented in the literature [7-17].

As the temperature of the compositions decreased and the content of bitumen
in them increased (Table 1), in the region of maximum adsorption, a decrease in
the area attributable to the polar groups of surfactants was noted, which is due to
the predominance of structured complexes in the surface films and the lack of
kinetic activity of surfactant molecules.

So, for example, with an increase in temperature from 293 K to 313 K, at
Cs=1.17, the S values increase from 8.51-10% to 12.90-10%° m? the same
indicator at Cs = 0.54 and other things being equal, varies from 5.99-10% to
8.51:10% m?.

According to the data presented (Table 1), the thickness of the adsorption
layer naturally decreases with increasing temperature and solvent content in the
bitumen composition. The nature of the change in the thickness of the adsorption
layer & (1.5-10-5.6-10° m) from the temperature and concentration of bitumen is
also consistent with the change in the physical properties of the system; as the
viscosity and density of the compositions used decrease, 6 regularly decreases.

Taking into account the presented physicochemical regularities and
characteristics, it can be concluded that the main provisions of the theory of
monomolecular adsorption are applicable to the processes developing at the
“bitumen composition-air” interface with the participation of the AC-1 surfactant.

2. System «bitumen-white-spirit-pigment-surfactant-AC-1»

An experimental study on the adsorption of AC-1 on aluminum powder was
carried out in bitumen compositions with different bitumen content (Figure 3): 20
and 30 %.

For bitumino us compositions, a proportional increase in the adsorption
index of AC-1 was not ed with an increasein the concentration of surfactants.

The generalized equation reflecting the combined effect of the initial
concentrations of surfactant and bitumen in the studied compositions on the
adsorption rate of AC-1 has the form:

T4=[4.76 — 0.05+(Coit— 20)]-Csan @)

where, Cgit - bitumen concentration,%;

Csaa—AC-1 surfactant concentration, mol/dm?.

As the temperature rises to 295 K, the adsorption index on the aluminum
powder decreases, however, with a further increase in temperature, this index
stabilizes at 6.49 - 10°mol/g.
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Figure 3 — Partial dependences of the adsorption of surfactant AC-1 from
the solvent on the surface of aluminum powder on the initial concentration (a) and
temperature (b)

I2=7.69-10°-T2 — 4.28-10*-T + 0.012 ©)

The resulting thermal effect was AH =-18 kJ/mol, which confirms the
preference of fixing the amino-containing surfactant on the aluminum powder in
this film-forming agent.

4. Conclusions

Generalized correlation equations G = f(c) have been obtained, which make
it possible to establish a mutual relationship between the surface tension
indicators and the nature of the distribution of AC-1 surfactants in the bulk and
surface phases, as well as with operating parameters (temperature, surfactant
concentration, composition of the bitumen composition). For the first time, the
equilibrium indicators of the adsorption of surfactant AC-1 at the interfaces
between the phases of the film-forming agent and air were determined (maximum
adsorption I's, thickness of the adsorption layer 8, landing area S of the functional
group of surfactant AC-1, The area S occupied by the amino group in the
adsorption layer was 8.50-10%°+10.00-10%° m2,

The limiting role of the processes of destructuring of bituminous
compositions, characterized by additional energy consumption (endothermic
effect), on the adsorption rate has been established. The calculated heat effects of
adsorption AH for bitumen compositions with Cs = 1.17+1.78, regardless of the
surfactant content, are plus 38-40 kJ/mol. For compositions with a solvent content
of 1.78 (Csaa = 0,06) with an increase in temperature from 300 to 313 K, there
was a decrease in the resulting adsorption index by 1.0-10°mol/m? and AH to a
level of 20+1.5 kJ/mol2.

A proportional increase in the adsorption of AC-1 on aluminum powder from
the initial concentration of surfactants and an insignificant decrease in the
adsorption index in systems more concentrated in bitumen were established.
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INUIMEHTIEH )KoHE AYA MEH UHTEP®A3AJIbBIK IHIEKAPAJIAPJA OPI"AHUKAJIBIK
AMMH TYbIHABICBIHBIH AJCOPBLIUACBIH 3EPTTEY

Jlopazuna A.H.", Kosuxk JI.1O., /lezepm A.H., /lexcneea M.IO.

Kozybayev University kommepyusnoix emec axyuonepnix kosamet, Ilemponaen, Kazaxcman
E-mail: adyuryagina@inbox.ru

Tyiiingeme. butymael 1ieHKa Ty3ymn oKyileqepae ayaMeH allOMUHHNA YHTarbIMEeH (asza apaibiK
mekapanapaa AC-1 6errik-6encenni 3arteiH (BB3) ancopouumsics! 3eprrenai. berrik-0encenai 3artapapix
TEMIIepPaTypachlH, IUICHKAHbl KYPAaHTBIH CaHIBIK KYpaMbIH JKOHE OacTamnkbl KOHLEHTpaLMschiH (aza
apanblK O0etke AC-1 KOHIEHTPAIMACHIHBIH KOPCETKIMTEPIMEH MEXaHH3MIHE dcepl aHBIKTAIIbl. YJIIIp
Ty3rimTiH ayameH OeminymiekapacsiHza AC-1 IIB3 amcopOnuschIHBIH Tere-TeHIIK KepceTKimTepi
aHbIKTaNAB!l (MIekTi agcopouus ['w, ancopOnusubiK KabaTThIH KaibHabFEl dac-1 BB3 To6b1, AC-1 BB3
(yHKIHOHATABIK TOOBIHBIH S KoHyamaHsl). ['» 1,5-2,0 ece (0,91-10-moms/M? Cy=1,78 kesinme) xoHe &
(2,80-10°+3,00-10° M) Temmepatypansie 280-men 310 K-re meifin skorapblmaybIMeH KOHE €piTKIIITiH
koHueHTpanuscsl Cp=1,78 neiin. AncopOUMsUIBIK KabaTTarbl aMUH TOOBIANATBIH S ayJaHIapbIHBIH MOHI
8,50-10%°+10,00-10° m? kypamsl. BB3 kypambina kapamactan, ¢ Cp, = 1,17+1,78 OGUTYM/BIK
KOMITO3MIIMSIIAp YIIiH ajblHFaH Xbuty ocepiniy MoHi (JIH) rutroc 38-40 k/x/Monb Kypaiiapl; KypaMbIHaa
1,78 (Cras = 0,06) epitkimmi 6ap kypamaapymin temneparypanbie 300-neH 313 K-re meiiin xorapbuiaysl
Ke3iHIeHoTIKeCiHIe a/copOMsaHbH  kopceTkiminie 1,0-10°moms/M? sone AH 20+1,5 xJlx/Moib?
JleHreiline Jeitin TeMeHmeyl Oaiikanapl. AmromuHuil yHTareiHmarel AC-1  amcopOuwsiceiabiy Bb3
0acTanKpl KOHUECHTPALMACHIHAH MNPONOPILMOHANIBI YJIFAIOBl JKOHE OMTYM OOMBIHIIA HEFYPIIbIM
LIOFBIPJIAHFAH XyHesepieri aacopOLus KepCeTKilliHiH 1aMalbl TOMEH/EYi aHbIKTaI bl

Tyiiinai ce3mep: aacopOLus, MUTMEHT, ATIOMHHUN YHTAarbl, OMTYyM, OMTYM KOMITO3MIMSIAPBIH OY3y,
MOJIETBICY, aacopOLHs KaOATHIHBIH KaTbIHIBIFBL.
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HU3YYEHUE AICOPBLIMU OPTAHUYECKOI'O AMUHOIIPOU3BO/JHOI'O HA
MEX®A3ZHBIX TPAHUIIAX C IMT'MEHTOM U BO31YXOM

Jliopazuna A.H.", Kosux JI.1O., /lezepm A.H., Jlexcnesa M.IO.

HAO Cegepo-Kazaxcranckuit yausepcurer uM. M. Kosbibaesa, r. [lerponasnosck, Kazaxcran
*E-mail: adyuryagina@inbox.ru

Pe3ome. B cuctemMax Ha OCHOBE OMTYMHBIX IJICHKOOOPA3YHOIMX HM3ydeHa aICcopOLMsl MOBEPXHOCTHO-
aktuBHoro BeuiecTBa (ITAB) AC-1 Ha MexdasHbIX rpaHHIIAX C BO3IYyXOM H aJIOMHUHHEBOW IMyJIpOH.
VCTaHOBJICHO BIMSHUE TEMIICPATYPBI, KOINYCCTBCHHBIX CONCPKAHUN INICHKOOOPA3yIOIEro H UCXOXHON
xoHueHTparuu ITAB Ha nmokasaTenu 1 MexaHHu3M KoHIeHTpupoBaHus AC-1 Ha Mexda3HOil HOBEPXHOCTH.
Onpenenenbl  paBHOBecHble — mokaszatenu — aacop6bumm [IAB AC-1  wa rpanumie paszgena
IJIEHKOOOpa30BaTelsi ¢ BO3AyXoM (TpeaenbHas aacopouus ['«, TonmmHa agcopOIHOHHOTO CIIOS & TPYIIIBI
ITAB AC-1, nocamouHas miomans S pyHkuoHansHoi rpynmsl [IAB AC-1). Beisieno ymenbienue '
B 1,5-2,0 pasa (0,91-10° moms/m?® mpu Cp = 1,78) m § (2,80-10°+3,00-10° m) ¢ yBenuueHnem
temneparypsl oT 280 no 310 K u xoHuentpanus pacrBopurens no Cp=1,78. 3HaueHue ruiomaznei S
3aHMMAEMOl AMUHOTPYIIIOH B aJICOPOIIHOHHOM ciioe cocTaBmih 8,50-102°+10,00-10720 M2,

3navenue pe3ynbrupyomuiero Temiosoro 3¢ dexra (AH) ans 6urymusix komnosuimii ¢ Cp = 1,17+1,78,
He3aBHCUMO OT cozeprkanus [1IAB, cocraisror wmoc 38-40 kxJ[x/MONb; Ui COCTaBOB C COIEPIKaHHEM
pactBopurens 1,78 (Cras = 0,06) npu yBenmmuennu temnepatypst ot 300 go 313 K, ormMedanoch CHHXEHUE
Ppe3yJIBTHPYIONIEro MoKas3aTens agcopduuu Ha 1,0-10° mons/M? u AH 10 yposHs 20+1,5 xJ[x/Moms?,
YcTaHoBI€HO MPONOPLHOHAIbHOE yBenndeHue ancopounn AC-1 Ha allOMHHHEBOH MyApe OT HCXOAHON
koHUeHTpalmu [TAB 1 He3HaYnTeNbHOE CHIDKEHHUE TTOKa3aTeNsl afacopouuu B 6ojiee KOHIICHTPUPOBAHHEIX
1o OUTYyMy cHUCTeMax.

KiroueBsle ciioBa: aacopOuus, MUrMEHT, ATIOMUHUEBAs My/ipa, OUTYM, JECTPYKTYPHPOBaHHE OUTYMHBIX
KOMITO3HIIUH, MOJICIIMPOBAHUE, TOJIINHA a/ICOPOIIMOHHOTO CIIOSL.
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