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Abstract. Results of comparative research of non-volatile additives influence on surface tension of hydrocarbons
(stalagmometric method) and on saturated pressure vapor are provided. It was shown that in hydrocarbon media with
included surfactant addition weakening of surface tension on the border of liquid and gas phases and increasing of
saturated vapor pressure may occur. Which allows for increase of light oil products yield in primary oil refining.
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1. Introduction

Existing processes of primary oil refining do not
provide a deep separation of fuel fractions and do
not use the natural potential of crude oil, reducing
technical and economic indicators of production.

Up to 8-10 % of light oil products commonly
remain in black oil [4, 5, 11, 12, 16, 17].

Increasing of light oil extraction can be
performed by vacuum distillation technology and
secondary processes that can provide about 30-35 %
capture of fuel fractions additionally.

But they are energy-consuming and require
expensive equipment [4].

2. Research analysis

Modification of oil systems with surfactant additives
and their exposure to physical factors such as
electromagnetic and other fields can significantly
affect their physical and chemical properties and
phase transitions.

Thus, there is an extreme character of dependence of
black oil’s dielectric permittivity and conductivity upon
the content of modifying surfactants [7].

Activating additives affect the hydrocarbon
media structural and dynamic viscosity in similar
way [1, 9, 16].

Formation of colloidal dispersions of micellar
structure in surfactant hydrocarbon solutions was
researched by X-ray [9] and light scattering
techniques [9].

It was shown that insertion of modified additives
in oil activates it and increases the yield of vacuum
distillation up to 6-10 % [2, 3, 6, 8, 9, 15, 18].

Additives enable dispersing crude oil and
improve the performance of catalytic cracking
processes by reducing coke producing and
increasing the yield of target products [15, 19], to
improve the quality and yield of process carbon and
electrode coke in the process of their obtaining [15].

We have previously shown that adding
surfactants to hydrocarbon media significantly
affects such an important parameter as saturated
vapor pressure Pg,.

Including surfactants to hydrocarbon media can
cause both increasing and decreasing of Pg
compared to initial state.

Positive effect of Py, increasing is accompanied
by corresponding decrease of boiling points Ty
and hydrocarbons distillation facilitation, which
include complex of natural compounds (the most
important among them is oil).

Dependences of surfactants concentration in
hydrocarbon solutions upon Py, and Ty belong to
extreme type with slope opposition of curves.

The positive effect of additives is shown with
such distillation parameters as reduced initial and
terminal boiling points, accelerating of distillation
process under the same conditions.

Separation of light fractions in primary refining
processes increases up to 10% due to surfactant
including [10, 13, 14].

3. Purpose of work

For directional creation activating additives for the
previous modifying oils it is important to
determining essence of physical and chemical
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phenomena that are observed in hydrocarbon
solutions of non-volatile substances and causing an
increase in selection of light fuel fractions in
primary oil refining.

This work is devoted to research of intermolecular
interactions in the systems: activating additive —
hydrocarbon media the mechanism their action and
effectiveness in primary processes of refining oil.

4. Results and Discussion

We assumed that the surfactants’ effect is caused by
their sorption on the border of liquid and gas phases
and by weakening of interaction forces between
molecules of hydrocarbon media due to dispersing
effect, it may lead to decrease of surface tension and
to increase of volatility.

For the purpose of this paper, as a model
hydrocarbon which is contained in the light oil
products and reflects their basic properties n-hexane
was used -95.3 °C, Ty = 68.7 ° C, surface tension
6=1.842-10"N/mat20°C.

Anionic alkyl aryl sulfonate surfactant was as a
non-volatile surfactant additive.

Apparatus (Fig. 1) for studying additives’
influence on Py of hydrocarbon media was
assembled [10, 13, 14].

Cells with pure hydrocarbon and hydrocarbon
containing surfactants were kept in an air thermostat
until constant value of the water column in the
differential manometer had been reached, indicating a
balance between hydrocarbon and its saturated vapor.
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Fig. 1. Scheme of appliance for measuring difference
between a saturated vapor pressure of the hydrocarbon
with the additive and without:

1, 8 — cells with pure hydrocarbon and in presence of
surfactant, respectively;

2, 7 — glass faucets;

3, 5 — thick rubber vacuum tubes;

4 — a water differential manometer made of glass;

6 — air thermostat with automatic support the set temperature
and ventilator

Difference of fluid columns heights as a
parameter to estimate influence of target surfactant
characterizes the difference between a saturated
vapor pressure of the hydrocarbon, containing
certain amount of surfactant, and pure solvent in
equilibrium state of both systems under the same
conditions:

AP:P2—P1,

where P,, P, — saturated vapor pressures of
hydrocarbon with surfactant and pure hydrocarbon
respectively of millimeters of water column (the
values AP were converted into Pascals).

To analyze the effect of additive on surface
tension of the hydrocarbon stalagmometric method
was applied.

Standard liquid with precisely known value of
surface tension was wused to calibrate a
stalagmometer.

Drop forming time was at least 4 s.

Measurement was duplicated many times and
results were averaged.

Graphical dependences of surfactant volume
concentration on saturated vapor pressure of n-
hexane and its surface tension are shown in Fig. 2.

Including of surfactants in certain concentrations can
cause positive deviation of hydrocarbon liquids from
Raoult's law and increase in saturated vapor pressure.
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Fig. 2. Dependence of saturated vapor pressure (a)
and of surface tension (b) of hexane volume
concentration of surfactant
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This phenomenon is typical for cases where the
energy of intermolecular interactions between
additive and hydrocarbon medium is less than the
energy of interaction between molecules of
hydrocarbon and between molecules of additives
themselves and surfactants dissolving going as an
endothermic process.

Dependence of additive concentration on
saturated vapor pressure (AP) of the hydrocarbon
belongs to extreme type (Fig. 2, a).

By increasing concentration of the solution its
positive deviation from Raoult's law occurs and
saturated vapor pressure increases, then effect reduces
and continuously proceeds in reverse direction.

We can assume that saturated vapor pressure
increase during the increasing of solution concentration
occurs due to the increase of surfactant surface
concentration and due to promotion of its dispersing
effect on the surface layer of liquid.

That enhances dissociation of hydrocarbon
molecules, associated with each other by dispersion
interaction, and leads to increasing of its volatility.

On the contrary, after passing a maximum and
further surfactant concentration increase, this effect
is being continuously eliminated due to surfactant
aggregation and micellar structures formation, as a
result dispersing ability of additive reduces, which in
turn reduces saturated vapor pressure.

Increasing of saturated vapor pressure of
hydrocarbon in combination with non-volatile
additive is accompanied by weakening of surface
tension on the border of liquid and gas phases.

Dependence of dilution concentration on surface
tension also belongs to extreme type.

There is a mirror similarity between dependences
of surfactant concentration on surface tension and on
saturated vapor pressure under the same conditions
(Fig. 2, b).

Boiling point of hydrocarbon decreases due to
increasing of Py, [10, 13, 14].

Curves that illustrate slope opposed type of surfactant
additives influence on saturated vapor pressure and
boiling point of hydrocarbon are shown on Fig. 3.

Hydrocarbon media dispersing with surfactants
gives possibilities to decrease its temperature points
of beginning and ending of boiling, to accelerate
distillation and to increase yield of light oil products
(up to 10%) in primary oil refining [10, 13, 14].

Hydrocarbon media dispersing with surfactants
gives possibilities to decrease its temperature points
of beginning and ending of boiling, to accelerate
distillation and to increase yield of light oil products
(up to 10%) in primary oil refining [10, 13, 14].
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Fig. 3. Effect of surfactant concentration on the

saturated vapor pressure (a) and boiling point (b) of
n-hexane

The results provided in Fig. 4 can illustrate the
above. Significant lowering of initial and terminal
boiling points can be clearly observed there. In
absence of additive, oil distillation almost stops after
having risen up to 311°C.

This can be explained by a significant
intermolecular attraction between the remained
higher hydrocarbons and with increased surface
tension of liquid phase.

It leads to saturated vapor pressure decrease.

It is required to increase temperature above
320°C to increase saturated vapor pressure up to the
value, which is sufficient to continue distillation.
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Fig. 4. Crude oil distillation curves both with
inclusion and non-inclusion of surfactants
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But such temperature increasing can cause
hydrocarbons thermal cracking that is unacceptable
for primary oil refining. But with surfactant additive
included, distillation may still go on allowing
additional amount of light fuel fractions to be
extracted.

5. Conclusions

Small amounts of surfactants, included into
hydrocarbon medium can significantly affect their
surface tension and saturated vapor pressure.

Dependences of surfactant concentration on these
parameters belong to extreme type and appear to be
mirror-opposite to each other.

Positive deviation from Raoult's law indicates
dispersing effect of additive that promotes
dissociation of associated hydrocarbon molecules
and as a result increases their saturated vapor
pressure and lowers boiling point.

These facts make for application of surfactant to
increase light oil products yield in primary oil
refining.

Measurements of hydrocarbons saturated vapor
pressure and surface tension (Fig. 1, 2,a) can be used
for a purposeful selection of surfactants and finding
their optimal concentrations with purposes to control
phase transitions in hydrocarbon medium to increase
productivity of primary oil refining and yield of light
oil products.
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Po3rnsiHyTO pe3ynpTaTd MOPIBHIBHOTO AOCIHIIKEHHS BIUIMBY HEJETKHX M00aBOK Ha TIOBEPXHEBHI HATAT BYTJICBOIHIB
(cTamarMoOMeTpUYHUI METON) 1 TUCKY iX HacuueHoi mapu. [lokazaHo, M0 y IPUCYTHOCTI T00aBOK MOYKE CIIOCTEPITaTUCs
3MEHIICHHS TIOBEPXHEBOT'O HATATY BYTJIEBOAHEBOI PIAMHU HAa MEX1 PO3ILTY 3 OBITPSM 1 BiIIOBiAHE 301TBIICHHS THCKY
i Hacwm4ueHOi mapu (NIO3UTHBHE BiIXWJICHHA BiJ 3akoHy Payms). 3a3HaueHo, MO 3aJIeKHICTh IUX ITOKA3HHKIB Bij
KOHIIEHTpAIii J00aBKH Ma€ eKCTpeMaJbHUN aHTHOATHWUH XapakTep, IO CBiAYMTH MPO 3MEHIICHHSI CHJI TSDKIHHA MiX
MOJICKYyJIaMH BYTJICBOIHIB YHACIIIOK TX TUCIIEPTyBaHHS i €10 JOOABKH Ta 3POCTAHHI TUCOIAIlii aCOMiHOBAHUX MiXkK
c000¥0 32 PaxyHOK JUCIEPCIHHOT B3aEMOIl MOJIEKYJT BYTJIeBOIHEBOI (ha3u. OnucaHo, o 30UIBIICHHS THCKY HACHYCHOT
Mapy BYTJICBOJHEBOI PIAMHU 1 BiIMOBIIHE 3HWKCHHS ii TEMIIEPATypPH KUMIHHS JAI0Th MOMJIUBICTh IiABHUIYBATH BHUXIi]
cBiTIMX (pakuiii HAGTONPOAYKTIB y IpoLEcax MEPBUHHOI NepepoOKH HaTH.
Kuaro4oBi ciioBa: MiKMOJNEKYJISIpHA B3a€MOJIisl; TICPErOHKA;, ITOBEPXHEBHU HATAT, ITOBCPXHEBO-aKTUBHI PEUYOBHHU;
TUCK HACHYEHOI MTapy BYTJICBOIHIB.
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PaccMoTpeHBI pe3ynbTaThl CPaBHHUTENBHOTO HCCIICAOBAHUS BIMSHUS HENETYYHX J00aBOK Ha TOBEPXHOCTHOE
HATSDKEHHE YTIIEBOJOPOJOB (CTalarMOMETPHYSCKHA METO) W NABJICHUS WX HaCBIIIeHHOro mapa. [lokaszaHo, 4TO B
MIPUCYTCTBUH JT00aBOK MOXKET HAOIIFOJaThCsl YMEHBIIIEHNE TIOBEPXHOCTHOTO HATSHKEHHS YTICBOIOPOIHON KUAKOCTH Ha
TpaHUIIE pa3lieNa C BO3AYXOM M COOTBETCTBYIOIIEEC YBEIMYEHHE NABJICHHUS €€ HACBHIIICHHOTO mapa (TON0KUTETBFHOEe
OTKJIOHEHHE OT 3akoHa Paymsa). OTmedeHo, 4TO 3aBHCHMOCTBH 3THX IOKa3aTeleld OT KOHIEHTPAIMH JOOaBKH HMEEeT
9KCTPEMAIIbHBIN aHTHOATHBIA XapaKTep, YTO CBUICTEIHCTBYET 00 YMEHBIICHUU CHII IPUTHKCHUS MEXITY MOJIEKYIaMu
YIJICBOAOPOAOB BCICACTBUE WX JTUCIICPTUPOBAHUS TIOJ JCHCTBHEM [O00AaBKM M BO3PACTAHMU JUCCOIUAIINN
ACCOLIMMPOBAHHBIX MEXAy COOOW 3a CYeT JAUCIIEPCMOHHOTO B3aMMOJCWCTBHS MOJIEKYJ YIIIEBOJOPOIHON (ha3bl.
OmnucaHo, YTO YBEIMYEHHE AABJICHHUS HACBIIIEHHOTO Mapa yriIeBOAOPOAHON KUAKOCTH U COOTBETCTBYIOIIEE CHU)KEHUE
€ TeMITepaTyphl KUIICHUS Jaf0T BO3MOXKHOCTB IOBBINIATH BBIXOJI CBETIBIX (DpaKimii HEQTEIPOIYKTOB B MPOIECCAX
MIEPBUYHOM 1epepabOTKH HEQTH.
KuiioueBble c10Ba: JaBlieHWE HACBILIEHHOIO Mapa YIJIeBOJOPOJIOB; MEXMOJIEKYJIIPHOE B3aUMOJIEHCTBHUE; NIEPErOHKa;
TIOBEPXHOCTHO-AaKTUBHBIE BELLECTBA; IOBEPXHOCTHOE HATSHKEHUE.
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