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The adhesive properties of brand BND 60/90 road bitumen with the oxidized phosphatide
concentrate additive were studied. It was shown that the oxidized phosphatide increases
the adhesive properties of bitumen brand BND 60/90. Oxidized phosphatide concentrate
can be recommended as cost-effective alternative to expensive synthetic cationic surfactants,
which are now widely used as adhesives for road bitumen. Based on the results of laboratory
tests, the mathematical analysis of the obtained data was performed. Comparative graphs
were plotted, and Pearson’s correlation coefficients and the approximation reliability
values were calculated. It was found that the optimal composition for creating effective
bituminous compositions with an increased thermo-physical and adhesive characteristics
is 0.6 wt.% of oxidized phosphatide concentrate.
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Introduction
Bitumen is one of the most important materials

in road construction. The use of bitumen as a binder,
combining the mineral components of mixtures into
a single monolith, is possible due to its adhesive
properties and thermoplasticity (the ability to become
liquid when heated and solidify on cooling). This
allows mixing bitumen with mineral materials at the
temperature of 120–1700C; and when the mixture
hardens up to ambient temperature it turns into a
solid material–asphalt concrete.

At the same time, these properties of bitumen
can raise problems in the coatings operation. At high
summer temperatures, bitumen softens, which under
the action of transport leads to the ruts formation on
the road coating. At low winter temperatures, asphalt
concrete is compressed and the lack of plastic properties
and bitumen brittleness causes low-temperature cracks.
Bitumen has low strength and is not capable of elastic
deformation, therefore there are fatigue cracks with
long transport loads on the road coatings. Bitumen
ages under the action of technological temperatures,
oxygen and weather conditions. Its composition and
structure change, it becomes brittle and loses its

adhesive ability. As a result, the bearing capacity of
the coating is reduced, whereas the cracking and
destruction processes are accelerated. Bitumen has a
selective adhesive ability (adhesion). It adheres well
to alkaline rocks and bad to acidic ones. As a result,
there are pits under the water action due to the bitumen
film peeling from the mineral grains on the coatings.
Thus, of all the asphalt concrete components, bitumen
is the most sensitive to transport, technological and
weather-climatic factors. Given small bitumen content
in asphalt concrete (5–7%), it decisively affects the
coatings durability [1,2].

The relevance of this work is related to the need
to find effective and cost-effective additives to road
bitumens, which will increase their adhesive properties,
especially in acidic medium [3,4]. This work is a
continuation of several studies on the petroleum road
bitumens modification by natural and synthetic
substances [5–7].

The aim of this work is to determine the
possibility of using the phosphatide concentrate, a
by-product of oil extraction production, as an additive
for petroleum road bitumen to increase its adhesive
properties.
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Experimental
The raw material is BND 60/90 – petroleum

bitumen with the flash point in an open crucible of
2600Ñ, and the softening temperature (determined by
the ring and ball method) of 480Ñ.

The following adhesive additives were
investigated:

1. Phosphatide technical concentrate with the
following characteristics: humidity of not more than
3%; mass fraction of phosphatides of not less than
40%; mass fraction of oil of not more than 60%; and
substances insoluble in ethyl ether of 5%.

2. Cationic surfactants based on polyamidoamines
and imidazolines of fatty acids «DAD-K Premium»,
«DAD-K», «DAD-C», having the following
characteristics: the yield of volatile substances and
moisture of not more than 0.5%; and the flash point
in an open crucible of 2320Ñ.

Bitumen softening temperature was determined
according to the state standard GOST 11506 by the
«ring and ball» method.

The adhesive properties of bituminous composites
were determined by two methods as follows:

1. Method of determining the binder adhesion

to the mineral material surface. The adhesion level is
assessed visually by the degree of bituminous binder
film preservation on the grains of crushed stone after
boiling in distilled water.

2. Adhesion properties of bitumen by the wetting
angle method. In fact, adhesion and wetting are two
sides of the same phenomenon. Adhesion causes the
interaction between the solid phase and the adhesive,
and wetting is a phenomenon that occurs due to this
interaction. The edge angle is a measure of surface
wetting [9]. Depending on the equilibrium wetting
angle, there are three main cases:

1) the edge angle is obtuse (1800>Θ>900), the
liquid phase does not wet the solid;

2) sharp edge angle (00<Θ<900), wetting or
limited wetting;

3) the equilibrium edge angle is not set, the
drop spreads into a thin film (complete wetting) [10].

Results and discussion
When studying the bitumens adhesive properties,

experiments were carried out with 7 different samples,
including the raw material bitumen brand
BND 60/90 (Figs. 1–4). The quantitative results of
experiments are shown in Fig. 5.

Fig. 1. Samples No. 1, 2 and 3 without phospholipids

Fig. 2. Samples No. 1, 2 and 3 with the addition of 0.5% phospholipids
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Fig. 3. Samples No. 1, 2 and 3 with the addition of 0.7% phospholipids

Fig. 4. Samples No. 1, 2 and 3 with the addition of 1.5% phospholipids

Fig. 5. The ratio between the content of oxidized phospholipid in the composite and the surface area of bitumen.

The calculated Pearson correlation coefficient is equal to 0.7697

It can be seen from Fig. 5 that an increase in
the content of oxidized phospholipid in bitumen results
in an increase in the surface area covered by bitumen,
which reaches a value of 99% when the content of
oxidized phospholipid is 1.5 wt.%. It was shown that
the Pearson correlation coefficients of laboratory

experiments can be reproduced in further studies, and
the value of the approximation reliability is close to
1, which shows a minimal discrepancy in laboratory
experiments [8]. The laboratory study results proved
the prospects of using phosphatide concentrate for
road bitumen modification in order to achieve the
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maximum surface coverage value on crushed stone
grains, so its value reaches 99% for red granite and
for bitumen modified with phosphatide concentrate.

Experiments were carried out to determine the
wetting angle of bitumen with phosphatide (0.75 wt.%)
concentrate and with well-known adhesives on black
granite, red granite and glass (Figs. 6–8). Here, the
sample No. 1 is a bitumen brand BND 60/90 with
phosphatide concentrate addition, the sample No. 2
is a bitumen brand BND 60/90 with oxidized
phosphatide concentrate addition, the sample No. 3
is a bitumen brand BND 60/90 90 with oxidized
phosphatide concentrate with calcium oxide addition,
the sample No. 4 is a bitumen brand BND 60/90 90
with oxidized phosphatide concentrate with
diethylenetriamine addition, the sample No. 5 is a
bitumen brand BND 60/90 90 with oxidized
phosphatide concentrate with chlorinated lime
addition, and the sample No. 6 is a pure bitumen
brand BND 60/90.

The results of determining the wetting angle for
bitumen with adhesive additives on red granite and
glass are given in Table 1.

Fig. 6. Drops of researched bitumen mix on red polished

granite No. 1

Fig. 7. Drops of researched bitumen mix on red polished

granite No. 2

Fig. 8. Drops of researched bitumen mix on glass

Taking into account financial and economic
aspects, the sample No. 2 was selected for further
experiments. This adhesive additive was studied at the
concentrations of 0.3%, 0.4%, 0.5%, 0.6% with respect
to the total bitumen weight and the wetting angle was
determined on red granite and glass (Figs. 9 and 10).

Fig. 10. Drops of the studied bitumen mix on glass:

1 – additive concentration is 0.6%; 2 – additive concentration

is 0.5%; 3 – additive concentration is 0.4%;

4 – additive concentration is 0.3%; and

5 – pure bitumen BND 60/90 brand

Fig. 9. Drops of the studied bitumen mix on red polished

granite: 1 – additive concentration is 0.6%;

2 – additive concentration is 0.5%;

3 – additive concentration is 0.4%;

4 – additive concentration is 0.3%;

and 5 – pure bitumen BND 60/90 brand
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Table 1
The results of determining the wetting angle

Table 2
The results of determining the wetting angle

Wetting angle 

concentration Experiment 

0.3% 0.4% 0.5% 0.6% pure bitumen

red granite 19043' 2009' 20018' 19035' 24031' 

glass 24037' 21047' 20046' 15031' 28037' 

The results of determining the wetting angle for
bitumen with adhesive additives at different concentrations
on red granite and glass are given in Table 2.

It can be seen from Table 2 that an increase in
the content of oxidized phospholipid in bitumen results
in a decrease in the wetting angle, which reaches
19035' and 15031' when the content of oxidized
phospholipid in bitumen is 0.6 wt.% for red granite
and glass, respectively. The results of laboratory studies
proved the prospects of using phosphatide concentrate
for the modification of road bitumens in order to
achieve the smallest possible value of the wetting angle.

To determine the correlation of this method,

Fig. 11. Drops of the studied bitumen mix on red polished

granite: 1 – bitumen with the addition of DAD-K premium;

2 – bitumen with the addition of DAD-K; 3 – bitumen with

the addition of DAD-K; 4 – bitumen with the addition of

DAD-C; and 5 – pure bitumen

Fig. 12. Drops of the studied bitumen mix on glass:

1 – bitumen with the addition of DAD-K premium;

2 – bitumen with the addition of DAD-K; 3 – bitumen with

the addition of DAD-K; 4 – bitumen with the addition of

DAD-C; and 5 – pure bitumen

the wetting angles of the additives with the already
known adhesion value on red granite and glass were
measured (Figs. 11 and 12).

Cationic surfactants based on polyamidoamines
and imidazolines of fatty acids were used as known
additives. This type of surfactant is widely used in
asphalt-concrete production, providing a high degree
of bitumen adhesion to various mineral materials that
have high acidic properties.

The results of determining the wetting angle for
bitumen with adhesive additives at different
concentrations on red granite and glass are given in
Table 3.
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Table 3
 The results of determining the wetting angle

Wetting angle 

sample 
Experiment 

DAD-K 

premium 
DAD-K DAD-KT DAD-C bitumen

red granite 2304' 20015' 21034' 23046' 22037' 

glass 15056' 18010' 2208' 19019' 21046' 

Table 4
Adhesion value

Sample Adhesion, %
DAD-K premium 92 

DAD-K 82
DAD-KT 92
DAD-C 78
bitumen 30

Fig. 13. Dependence of wetting angle on the adhesive additive

concentration (glass as a substrate).

Pearson’s correlation coefficient is equal to 0.96031

Comparing the results given in Tables 2 and 3,
we can conclude that regarding the reduction of wetting
angle, the studied oxidized phospholipid significantly
exceeds known surfactants, for which the wetting angle
lies in the ranges of 20015'–23046' and 15056'–2208'
for red granite and glass, respectively.

As the adhesion of bitumen is known from the
literature (Table 4), further studies were conducted to
determine the effect of the modification of bitumen
with oxidized phospholipid on adhesion. Figure 13
shows the effect of the adhesive concentration on the
wetting angle (glass as a substrate). Figure 14 shows
the same dependence for red granite as a substrate.

Next, the correlation between the change in
wetting angle and adhesion for the case of modification
of bitumen with oxidized phospholipid was investigated.
Figures 15 and 16 show the correlation between wetting
angle and adhesion determined on glass and red granite,
respectively.

Fig. 14. Dependence of wetting angle on the adhesive additive

concentration (red granite as a substrate).

Pearson’s correlation coefficient is equal to 0.85746

Fig. 15. Correlation between wetting angle and adhesion

determined on glass as a substrate.

Pearson’s correlation coefficient is equal to 0.99814

Fig. 16. Correlation between wetting angle and adhesion

determined on red granite as a substrate.

Pearson’s correlation coefficient is equal to 0.60126
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It follows from Figs. 15 and 16 that modification
of bitumens with oxidized phospholipid allows
significantly increasing adhesion from 30% to 92%
due to the reduction of wetting angle. In addition,
modification of bitumens with oxidized phospholipid
allows significantly increasing their softening
temperature from 480Ñ to 530Ñ, as evidenced by the
«ring and ball» method. Thus, this new bitumen–
rubber composition with significantly improved basic
physical and mechanical properties can be
recommended for use in construction.

Conclusions
Based on analysis of the literature and results of

experimental research, we developed a new additive
based on oxidized phosphatide concentrate, which
can reduce the cost of road bitumen while maintaining
efficiency as compared with known additives based
on cationic surfactants. The bitumen–polymer
composition modified by adding 0.6% of oxidized
phosphatide concentrate proved to be optimal; its
adhesion is 92% and 96% on red granite and n glass,
respectively. According to the results of laboratory
tests, mathematical analysis was performed.
Comparative graphs were plotted, and Pearson’s
correlation coefficients and the approximation reliability
value were calculated.
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ÏÎÐ²ÂÍßËÜÍÈÉ ÀÍÀË²Ç ÂÏËÈÂÓ ÑÈÍÒÅÒÈ×ÍÈÕ
ÄÎÁÀÂÎÊ ² ÔÎÑÔÀÒÈÄÍÎÃÎ ÊÎÍÖÅÍÒÐÀÒÓ ÍÀ
ÀÄÃÅÇ²ÉÍ² ÂËÀÑÒÈÂÎÑÒ² ÄÎÐÎÆÍ²Õ ÍÀÔÒÎÂÈÕ
Á²ÒÓÌ²Â

Ëàâðîâà ².Î., Äåìèäîâ ².Ì., ×åðêàøèíà Ã.Ì.,
Ëåáåäºâ Â.Â., Çàá³ÿêà Í.À.

Çä³éñíåíî äîñë³äæåííÿ àäãåç³éíèõ âëàñòèâîñòåé äî-
ðîæíüîãî á³òóìó ìàðêè ÁÍÄ 60/90 ç äîáàâêîþ îêèñíåíîãî
ôîñôàòèäíîãî êîíöåíòðàòó. Ïîêàçàíî, ùî îêèñëåíèé ôîñ-
ôàòèä ï³äâèùóº àäãåç³éí³ âëàñòèâîñò³ á³òóìó ìàðêè ÁÍÄ
60/90. Îêèñëåíèé ôîñôàòèäíèé êîíöåíòðàò ìîæíà ðåêî-
ìåíäóâàòè ÿê åêîíîì³÷íó àëüòåðíàòèâó äîðîãèì ñèíòåòè-
÷íèì êàò³îííèì ïîâåðõíåâî-àêòèâíèì ðå÷îâèíàì, ÿê³ çà-
ðàç øèðîêî âèêîðèñòîâóþòüñÿ ÿê àäãåçèâè äëÿ äîðîæí³õ
á³òóì³â. Çà ðåçóëüòàòàìè ëàáîðàòîðíèõ äîñë³äæåíü âèêîíà-
íî ìàòåìàòè÷íèé àíàë³ç îòðèìàíèõ äàíèõ. Ïîáóäîâàíî ïî-
ð³âíÿëüí³ ãðàô³êè, âèçíà÷åíî êîåô³ö³ºíòè êîðåëÿö³¿ Ï³ðñîíà
³ çíà÷åííÿ äîñòîâ³ðíîñò³ àïðîêñèìàö³¿. Âñòàíîâëåíî, ùî îï-
òèìàëüíèì ñêëàäîì äëÿ ñòâîðåííÿ åôåêòèâíèõ á³òóìíèõ
êîìïîçèö³é ç ï³äâèùåíèì òåïëîô³çè÷íèì êîìïëåêñîì ³
àäãåç³éíèìè õàðàêòåðèñòèêàìè º 0,6 ìàñ.% îêèñëåíîãî ôîñ-
ôàòèäíîãî êîíöåíòðàòó.

Êëþ÷îâ³ ñëîâà: á³òóì, àäãåç³ÿ, ïîâåðõíåâî-àêòèâí³
ðå÷îâèíè, ôîñôàòèäíèé êîíöåíòðàò, êóò çìî÷óâàííÿ.
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The adhesive properties of brand BND 60/90 road bitumen
with the oxidized phosphatide concentrate additive were studied.
It was shown that the oxidized phosphatide increases the adhesive
properties of bitumen brand BND 60/90. Oxidized phosphatide
concentrate can be recommended as cost-effective alternative to
expensive synthetic cationic surfactants, which are now widely
used as adhesives for road bitumen. Based on the results of
laboratory tests, the mathematical analysis of the obtained data
was performed. Comparative graphs were plotted, and Pearson’s
correlation coefficients and the approximation reliability values
were calculated. It was found that the optimal composition for
creating effective bituminous compositions with an increased
thermo-physical and adhesive characteristics is 0.6 wt.% of oxidized
phosphatide concentrate.

Keywords: bitumen; adhesion; surfactant; phosphatide
concentrate; wetting angle.
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