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Abstract

This paper presents experimental data on the physicochemical properties of oxidized bitumen produced by the 
oil refinery plants OJSC TAIF-NK and OJSC Syzran Oil Refinery before and after aging in a thin film in the 
presence of the developed additive Adgezolin, as well as in the composition with polymer-bituminous binders 
obtained on the basis of these bitumens. The domestic adhesive additives BP-KSP, Adgezol-6 and imported ad-
ditive Wetfix (Sweden) were used for comparison. The most significant change (∆T) in brittleness temperature 
(5.1 °С) was found in bitumen samples modified with 0.35 mass % Adgezol-6 and 0.5 mass % Wetfix additives, 
which does not correspond to the methodological document of the road construction industry (ODM 218.2.004–
2006). In addition, the study of the qualitative properties of polymer-bitumen binders in comparison with the 
original bitumen shows that the addition of polymers to the studied bitumen has a positive effect on ∆T of soft-
ening after heating; this indicator is within the state standard GOST (not more than 5 °C). The introduction of 
additives also improves the aging stability of the bitumen: introduction of Adgezolin additive in an amount of 
0.8 % causes a significant decrease in ∆T of softening. Comparative analysis of the efficiency with respect to in-
dustrially developed domestic and foreign additives allows us to emphasize the high quality of modified bitumen 
based on Adgezolin additive. Malacometric indicators for evaluating the quality of bitumen modified with the 
developed Adgezolin additive characterize less severe aging of bitumen binders in comparison with the considered 
additives, which allows us to recommend it for industrial approval.
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INTRODUCTION

It is known that the quality of bituminous 
binders has a direct effect on the properties of 
asphalt concrete, especially on low-temperature 
characteristics, performance lifetime, corrosion 
resistance, adhesion, and to a lower extent on the 
high-temperature characteristics. Understanding 
of the properties of bitumen and their influence 
on the qualitative characteristics of asphalt con-

crete is crucial for the selection of materials for 
making the layers of asphalt concrete with a long 
service durability.

In the majority of cases, the durability of as-
phalt concrete pavement is shorter than the 
standard value. A decrease in longevity is due to 
various deformations and destruction: chipping, 
waving, longitudinal and cross fractures, corruga-
tion, shifts, scaling, potholes, etc. All these defects 
appear as a consequence of weather, climatic and 
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mechanical factors. However, the major factor re-
sponsible for the destruction of asphaltic concrete 
pavement during the performance is bitumen ag-
ing. 

Asphalt concrete is manufactured by mixing 
bitumen with stone material at high temperatures 
(160–170 °C). As a rule, during this process, bitumen 
interacts with atmospheric oxygen, which causes an 
increase in fragility and intense aging [1, 2].

Bitumen aging includes all reversible and irre-
versible changes in its chemical composition and 
structure, that occur during storage, technologi-
cal processing, and performance [3–6]. This usu-
ally occurs in two phases: technological (mainly) 
and operational. At the first phase, the scale of 
changes in bitumen properties depends on three 
main factors:

1) temperature and duration of heating;
2) the ratio of the volume of heated bitumen 

mass to its free surface;
3) bitumen kind (its viscosity, initial raw mate-

rial, and method of preparation).
The second phase includes bitumen aging 

during the operation of the Asphalt concrete 
pavement [3]. The major factors that cause bitu-
men aging during operation are:

1) interaction of bitumen components with at-
mospheric oxygen and water;

2) temperature effect;
3) the effect of the surfaces of mineral materi-

als, the salts of metals with variable valence and 
organometallic compounds in bitumen;

4) effect of infrared and ultraviolet radiation;
5) mechanical load.
Bitumen aging also includes evaporation. In this 

process, bitumen loses readily volatile components, 
chemical transformations of bitumen components 
take place, which is accompanied by the formation 
of free radicals and dehydropolycondensation pro-
cesses [7, 8].

It was revealed that the result of bitumen ag-
ing is a change of its composition, which is ac-
companied by an increase in viscosity, a decrease 
in plasticity and an increase in fragility [8].

The most intense change of bitumen proper-
ties occurs at the phase of technological aging. 
Long-term heating of bitumen to high tempera-
tures during the preparation of asphalt concrete 
mixture leads to significant changes in its compo-
sition and is accompanied by the loss of binding 
properties of bitumen and a significant deteriora-
tion of these properties [9].

The actual standards GOST 22245–90 and 
GOST R 52056–2003 for road bitumen and 

polymeric bitumen binders (PBB) contain, 
among the recorded parameters, only one provid-
ing indirect characterization of the longevity of 
bitumen binder: change of the temperature (∆Т) 
of softening after heating for 5 h at a tempera-
ture of 163 °C. Thermal aging of bitumen may be 
represented as two components: 1) thermal distil-
lation – evaporation of light fractions from bitu-
men under the action of high temperature, which 
leads to an increase in the concentration of heavy 
components and to increase in fragility; 2) ther-
mal oxidation, proceeding mainly according to 
the radical mechanism. It is known that a disad-
vantage of some types of surface-active sub-
stances used as adhesive additives is their low 
thermal stability [10, 11].

The goal of the work was to study the effect of 
adhesive additives on the aging resistance of bitu-
men and to make a comparative evaluation of the 
effect of commercially available adhesion addi-
tives on the temperature-induced degradation of 
the modified binder. 

EXPERIMENTAL

Materials used in the investigation included: 
– crushed stone from the Pervouralsk deposit 

(diorite, the Sverdlovsk Region) and the Biyanka 
Crushed Stone Plant (carbonate, the Chelyabinsk 
Region), fraction 20–40 mm;

– oxidized bitumen of BND 60/90 grades, 
produced at the oil refinery plants (ORP) OJSC 
TAIF-NK (the Republic of Tatarstan) and OJSC 
Syzran Oil Refinery;

– additives: Adgezolin (Kazan, Russia), 
Adgezol-6 (Kazan, Russia), BP-KSP (Ufa, Russia) 
and Wetfix (Sweden) [12–14];

– polymeric bitumen binders (PBB) based on 
bitumen BND 60/90 from OJSC TAIF-NK and 
OJSC Syzran Oil Refinery, and synthetic eth-
ylene propylene dienic caoutchouc (SCEPD) 
SCEPD with dicyclopentadiene (DCPD) [15].

The additives were introduced into bitumen 
in optimal doses recommended by the develop-
ers, mass %: BP-KSP 0.8, Wetfix 0.5, Adgezolin 
0.8, Adgezol-6 0.35.

Evaluation of the adhesion of bitumen binder 
to the mineral material was carried out accord-
ing to GOST 11508–76 using method A (so-called 
passive adhesion), the essence of which is deter-
mining the ability of viscous bitumen to stay on 
the surface of mineral material under the action 
of water [16].
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Visual examination of the surface of crushed 
stones to determine the degree of bitumen film 
conservation was used to evaluate its adhesion to 
the surface of the mineral material. A five-score 
system was used to evaluate the quality of adhe-
sion of the bitumen binder [17]. Bitumen is consid-
ered to pass the test for passive adhesion if after 
the test its adhesion to the mineral material corre-
sponds to the reference sample No. 1 (or the score 
of 5), that is, a continuous coating of the surface of 
stone material with bitumen is observed.

According to the standard test method ASTM 
D2872–2004 (the RTFOT method) [18], the sam-
ples of oxidized bitumen produced by OJSC TAIF-
NK, modified with different additives, were tested 
for aging in thin film using Matest instrument (It-
aly). The instrument is a furnace for bitumen ag-
ing with electric heating. The furnace should be 
equipped with a rotating cylinder 300±10 mm in 
diameter, composed of three aluminium discs fixed 
on a common axis and connected with each other 
through screw bolts and disjunctive plugs (front 
and rear). The discs separated by the front plugs 
should have eight orifices each for glass containers 
that are filled with bitumen. During the test, the 
furnace should have an internal temperature of 
163±1 °C inside. The test temperature is reached 
within less than 15 minutes after the samples are 
mounted. The empty glass containers that are 
used to determine the changes in sample mass 
should be marked and weighted with the accuracy 
of 1 mg. Each glass container is filled with 
35.0±0.5 g of the sample. Immediately after pour-
ing the bitumen samples, the bitumen must be 
distributed on the inner side surface of the con-
tainer by rotating the glass container. Then the 
containers with bitumen must be cooled for not 
less than 1 hour at a temperature of 21±4 °C. 
After that, they are weighted with an accuracy 
of up to 1 mg. Then it is necessary to switch on 
the rotation of the cylinder, at a frequency of 
15.0±0.2 min–1, to supply air flow at a rate of 
4.0±0.2 L/min through a pulverizer, and to start 
test timing. The glass containers with the samples 
are to be kept under these conditions in the fur-
nace for the time necessary for the test (85±1 min). 
After that time, the containers are to be taken 
out of the furnace and to be placed for cooling at 
a temperature of 21±4 °C for not less than 1 hour. 
Then the glass containers are weighted with an 
accuracy of up to 1 mg. Taking all containers out 
in turn, it is necessary to collect bitumen from 
the containers into one vessel, transferring not 
less than 90 % of bitumen from each container 

into this vessel [19]. Then the required tests are 
carried out.

According to the methodological document of 
the road construction industry ODM 218.2.004–
2006 Recommendations for the determination 
of stability against aging and viscosity of bitu-
men [20], it is recommended to determine the 
stability of bitumen samples against aging on the 
basis of: ∆Т of softening, residual penetration at 
25 °C (RP, %), changes of the absolute values of 
fragility temperature and the change of penetra-
tion index (PI).

It is considered unreasonable to determine 
some parameters of bitumen after heating: 
penetration at 0 °C, and ductility at 25 and 0 °C. 
For bitumen, ductility at 25 °C is often higher 
than 100 cm, while at 0 °C fragile rupture oc-
curs (a sample is cleaved under a minimal 
stretching force). The change of penetration 
parameter at 0 °C after bitumen heating gives 
valuable information to evaluate the stability of 
bitumen to aging, but the inclusion of this pa-
rameter into evaluation would cause a substan-
tial increase in labour intensity of the entire set 
of tests because it would be necessary to use 
much more glass vessels with bitumen [20].

Residual penetration (RP, %) at 25 °C was cal-
culated using the equation:

RP =
P

1 •100 %
P

where P and P
1
 are penetrations of bitumen 

(0.1 mm) before and after heating, respectively.
The change of bitumen fragility temperature 

after heating was determined as the difference of 
the absolute values of fragility temperature be-
fore and after the heating test. The change of PI 
of bitumen after heating is calculated as the dif-
ference of the absolute values of PI before and 
after the bitumen heating test.

RESULTS AND DISCUSSION

 It can be seen from the data presented in  
Table 1 that the additive Adgezolin has a positive 
effect on the softening temperature, compared to 
the commercial additives with comparable values 
and complies with the requirements of GOST. 
The worst DT of softening is observed for initial 
bitumen and corresponds to 9.1 °C. It should also 
be emphasized that the highest DT of fragility 
(5.1 °C) is observed for bitumen modified by ad-
ditives: 0.35 mass % Adgezol-6 and 0.5 mass % 
Wetfix (Fig. 1). 
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For all bitumen samples, RP corresponds to 
ODM 218.2.004–2006, except bitumen sample mod-
ified by 0.5 mass % Wetfix (RP 28 %). With re-
spect to PI change, the samples of initial bi-
tumen and bitumen samples modified with 
BP-KSP and Wetfix additives did not corre-
spond to the requirements of the standard 
ODM 218.2.004–2006 (the changes of PI were 1.0 
and 0.9, while the required value was not more 
than 0.7, see Table 1). 

The trend to develop PBB compositions and to 
apply them in road pavement is observed world-
wide, so we considered the efficiency of the addi-
tive within PBB. We used PBB obtained by us un-
der laboratory conditions on the basis of initial oxi-
dized bitumen samples from OJSC TAIF-NK and 
OJSC Syzran Oil Refinery (Table 2). We also stud-
ied PBB with adhesive additives: with the addition 
of 0.8 mass % Adgezolin and 0.35 mass % Adgezol-6. 
Results of the investigation of the qualitative char-
acteristics of PBB are presented in Table 3.

Comparative analysis of the qualitative char-
acteristics of PBB and initial bitumen revealed 
the following: the addition of polymers into the 
bitumen samples under investigation had a posi-
tive effect on ∆Т of softening after heating; that 
is, this parameter is within the GOST require-
ment (not more than 5 °C). The introduction of 
additives also causes an increase in the stability of 
bitumen against aging: the introduction of 0.8 % 
of Adgezolin additive causes a noticeable de-
crease in DT of softening. The addition of 0.35 % 
of Adgezol-6 causes a definite increase in this pa-
rameter, which has a negative effect on the prop-
erties of the binder and, consequently leads to 
increased brittleness, with premature wear of the 
road pavement (Fig. 2).

Residual penetration and the change of PI 
for all bitumen samples correspond to ODM 
218.2.004–2006, except for the sample of initial 
bitumen produced at OJSC Syzran Oil Refinery 
(PI changes by 1.2). In general, all other samples 
correspond to ODM 218.2.004–2006.

CONCLUSION

Thus, the reported results show that the devel-
oped additive Adgezolin has an increased adhesion 
to the surface of mineral materials. A distinctive 
feature of Adgezolin additive in comparison with 
some local and foreign analogues is the technolog-
ical expediendcy of its application (compatibility 
with bitumen at relatively low temperature, 120–
130 °C), high thermal stability, the absence of spe-
cific odour, the relative cheapness of the product. 

As a result of the studies of the effect of 
Adgezolin additive on the properties of a 
number of bitumen samples and comparative 
analysis of its effectiveness with involving 
commercially available local and foreign ad-
ditives, it is necessary to stress the high qual-
ity of bitumen modified with the developed 
adhesive additive. The considered parameters 
of bitumen quality (changes of softening and 
fragility temperatures, change of penetration 
index and residual penetration), which in 
many respects characterize the degree of bi-
tumen aging, allow us to evaluate the devel-
oped additive Adgezolin as a modifier that 
promotes less intensive aging of bitumen 
binders in comparison with other considered 
additives, which enables us to recommend it 
for industrial approval.

Fig. 1. Changes of the temperature (∆Т) of softening and fragility after heating the samples 
of initial bitumen (OJSC TAIF-NK) and bitumen modified with additives. 



670	 I. I. MUKHAMATDINOV et al.
T
A

B
L
E
 2

P
h
y
si

co
ch

em
ic

al
 c

h
ar

ac
te

ri
st

ic
s 

of
 o

x
id

iz
ed

 b
it
u
m

en
 p

ro
d
u
ce

d
 a

t 
O

JS
C
 T

A
IF

-N
K

 a
n
d
 O

JS
C
 S

y
zr

an
 O

il
 R

ef
in

er
y
, 
an

d
 P

B
B

 b
as

ed
 o

n
 t

h
es

e 
b
it
u
m

en
 s

am
p
le

s

P
ar

am
et

er
G

O
S
T

22
24

5–
90

B
it
u
m

en
 s

am
p
le

s

B
ef

or
e 

ag
in

g
A

ft
er

 a
g
in

g

T
A

IF
-N

K
S
y
zr

an
 O

il
 

R
ef

in
er

y
P
B

B
 

T
A

IF
-N

K
P
B

B
 S

y
zr

an
 O

il
 

R
ef

in
er

y
T
A

IF
-N

K
S
y
zr

an
 O

il
 

R
ef

in
er

y
P
B

B
 

T
A

IF
-N

K
P
B

B
 S

y
zr

an
 O

il
 

R
ef

in
er

y

P
en

et
ra

ti
on

, 
0.
1 

m
m

: 
at

 2
5 
°C

N
ot

 l
es

s 
th

an
 

61
–
90

58
47

66
69

27
38

51
57

S
of

te
n
in

g
 t

em
p
er

at
u
re

, 
R

&
B

, 
°C

N
ot

 l
ow

er
 t

h
an

 
47

47
.5

49
.6

69
.2

69
.2

58
.6

57
.2

74
.1

72
.9

A
d
h
es

io
n
 o

n
 c

ru
sh

ed
 s

to
n
e,

 
sc

or
e:

N
ot

 
st

an
d
ar

d
iz

ed

P
er

v
ou

ra
ls

k
2

2
2

2
2

2
2

2

B
iy

an
k
a

3
3

3
3

2
3

3
3

P
en

et
ra

ti
on

 i
n
d
ex

F
ro

m
 –

1 
to

 +
1

–
1.

5
–
1.

4
3.

5
3.

6
–
0.

6
–
0.

2
3.

5
3.

7

F
ra

g
il
it
y
 t

em
p
er

at
u
re

, 
°C

N
ot

 h
ig

h
er

 
th

an
 –

15
–
20

.2
–
22

.6
–
42

.0
–
34

.3
–
16

.2
–
19

.3
–
28

.6
–
27

.8

C
h
an

g
e 

of
 s

of
te

n
in

g
 

te
m

p
er

at
u
re

 a
ft

er
 h

ea
ti
n
g
, 

°C

N
ot

 m
or

e 
 

th
an

 5
–

–
–

–
9.

1
7.

6
4.

9
3.

7

R
es

id
u
al

 p
en

et
ra

ti
on

  
at

 2
5 
°C

, 
%

N
ot

 l
es

s 
th

an
 

46
–

–
–

–
47

81
77

83

C
h
an

g
e 

of
 f

ra
g
il
it
y
 

te
m

p
er

at
u
re

, 
°С

N
ot

 m
or

e 
th

an
 

3
–

–
–

–
3.

5
5.

3
8.

4
6.

5

C
h
an

g
e 

of
 p

en
et

ra
ti
on

 i
n
d
ex

N
ot

 m
or

e 
th

an
 

0.
7

–
–

–
–

0.
9

1.
2

0
0.

1

N
ot

e.
 H

er
e 

an
d
 i
n
 T

ab
le

 3
: 
1.

 P
B

B
 –

 p
ol

y
m

er
 b

it
u
m

en
 b

in
d
er

. 2
. R

es
id

u
al

 p
en

et
ra

ti
on

 a
t 

25
 °

C
, 
ch

an
g
e 

of
 f

ra
g
il
it
y
 t

em
p
er

at
u
re

, 
an

d
 c

h
an

g
e 

of
 p

en
et

ra
ti
on

 i
n
d
ex

 w
er

e 
ev

al
u
at

ed
 

fo
r 

ag
re

em
en

t 
w

it
h
 O

D
M

 2
18

.2
.0

04
–
20

06
. 3

. D
as

h
 m

ea
n
s 

th
e 

ab
se

n
ce

 o
f 

d
at

a.



	 INFLUENCE OF ADHESIVE ADDITIVES ON THE AGING OF BITUMEN� 671
T
A

B
L
E
 3

P
h
y
si

co
ch

em
ic

al
 c

h
ar

ac
te

ri
st

ic
s 

of
 P

B
B

 w
it
h
 a

d
h
es

iv
e 

ad
d
it
iv

es

P
ar

am
et

er
G

O
S
T
  

22
24

5–
90

P
B

B
 s

am
p
le

 w
it
h
 a

d
d
it
iv

e

B
ef

or
e 

ag
in

g
A

ft
er

 a
g
in

g

T
A

IF
-N

K
 +

 
0.

8 
%

 
A

d
g
ez

ol
in

S
y
zr

an
 O

il
 

R
ef

in
er

y
 +

 0
.8

 
%

 A
d
g
ez

ol
in

T
A

IF
-N

K
 +

 
0.

35
 %

 
A

d
g
ez

ol
-6

S
y
zr

an
 O

il
 

R
ef

in
er

y
 +

 
0.

35
 %

 
A

d
g
ez

ol
-6

T
A

IF
-N

K
 +

 
0.

8 
%

 
A

d
g
ez

ol
in

S
y
zr

an
 O

il
 

R
ef

in
er

y
 +

 0
.8

 
%

 A
d
g
ez

ol
in

T
A

IF
-N

K
 +

 
0.

35
 %

 
A

d
g
ez

ol
-6

S
y
zr

an
 O

il
 

R
ef

in
er

y
 +

 
0.

35
 %

 
A

d
g
ez

ol
-6

P
en

et
ra

ti
on

, 
0.

1 
m

m
: 
at

 2
5 
°С

N
ot

 l
es

s 
th

an
 

61
–
90

58
64

53
62

43
48

41
46

S
of

te
n
in

g
 t

em
p
er

at
u
re

, 
R

&
B

, 
°С

N
ot

 l
ow

er
 

th
an

 4
7

67
.4

63
.3

66
.5

67
.1

71
.3

66
.7

74
.9

73
.3

A
d
h
es

io
n
 t

o 
cr

u
sh

ed
 s

to
n
e,

 s
co

re
N

ot
 

st
an

d
ar

d
iz

ed
P
er

v
ou

ra
ls

k
5

5
5

4
5

4
5

3

B
iy

an
k
a

5
5

5
5

5
5

5
4

P
en

et
ra

ti
on

 i
n
d
ex

F
ro

m
 –

1 
to

 +
1

2.
8

2.
3

2.
4

2.
7

2.
7

2.
2

3.
1

3.
1

F
ra

g
il
it
y
 t

em
p
er

at
u
re

, 
°С

N
ot

 h
ig

h
er

 
th

an
 –

15
–
38

.5
–
46

.0
–
38

.4
–
45

.0
–
33

.3
–
30

.8
–
31

.4
–
24

.0

C
h
an

g
e 

of
 s

of
te

n
in

g
 t

em
p
er

at
u
re

 
af

te
r 

h
ea

ti
n
g
, 
°C

N
ot

 m
or

e 
th

an
 5

–
–

–
–

3.
5

3.
4

8.
4

6.
2

R
es

id
u
al

 p
en

et
ra

ti
on

 a
t 

25
 °

С
, 
%

N
ot

 le
ss
 th

an
 4
6

–
–

–
–

74
75

77
74

C
h
an

g
e 

of
 f

ra
g
il
it
y
 t

em
p
er

at
u
re

, 
°C

3
–

–
–

–
5.

2
6.

2
7.

0
8.

0

C
h
an

g
e 

of
 p

en
et

ra
ti
on

 i
n
d
ex

N
ot

 m
or

e 
th

an
 0

.7
–

–
–

–
0.

1
0.

1
0.

7
0.

4

N
ot

e.
 F

or
 d

es
ig

n
at

io
n
s,
 s

ee
 T

ab
le

 2
.



672	 I. I. MUKHAMATDINOV et al.

Acknowledgements

The work was carried out with the support of the 
Strategic Academic Leadership Programme of the 
Kazan Federal University.

REFERENCES

1 Kolbanovskaya A. S., Mikhailov V. V., Road Bitumen, Trans-
port, Moscow, 1973. (In Russ.). 

2 Becker Y., Muller A. J., Rodriguez Y., Use of rheological 
compatibility criteria to study SBS modified asphalts,  
J. Appl. Polym. Sci., 2003, Vol. 90, No. 7, P. 1772–1782.

3 Grushko I. M., Korolev I. V., Road Construction Materials. 
Manual for Higher Edicational Establishments, 2nd edition, 
Transport, Moscow, 1991. (In Russ.).

4 Korolev I. V., Finashin V. N., Fender V. A., Road Construc-
tion Materials. Manual for Motor Road Technical Colleges, 
Transport, Moscow, 1988. (In Russ.).

5 Rudenskaya I. M., Rudenskiy A. V., Rheological Properties 
of Bitumen, Vysshaya Shkola, Moscow, 1967. (In Russ.).

6 Maziev V. A., Processes of Asphalt Concrete Aging, Its Lon-
gevity. Fatigue Properties of Asphalt Concrete. Provision of 
the Correspondence of Structure and Properties of Asphalt 
Concrete to Actual Performance Conditions, MADI-GTU, 
Moscow, 2008. (In Russ.).

7 Rozental’ D. A., Syroezhko A. M., Ralis R. V., Manufacture of acphalts 
of different brandes by compounding vacuum residue with natural 
asphaltite, Petrol. Chem., 2007, Vol. 47, No. 4, P. 299–300. 

8 Aminov Sh. Kh., Strugovets I. B., Telyashev E. G., Kutyin Yu. A., 
Non-oxidized road bitumen and asphalt concrete on this ba-
sis, Stroitelnye Materialy, 2003, No. 10, P. 30–31. (In Russ.).

9 Rybachuk N. A., Aging of asphalt binder, Vestnik IrGTU, 
2015, Vol. 97, No. 2, P. 120–125. (In Russ.).

10 Mukhamatdinov I. I., Kemalov A. F., Fakhretdinov P. S.,  
A study of the rheological properties of road asphalts modi-
fied by the adhesive additive, Chemistry and Technology of 
Fuels and Oils, 2017, Vol. 53, No. 5, P. 683–691. 

11 Mukhamatdinov I. I., Fakhretdinov P. S., Kemalov A. F., 
Mukhamatdinova R. E., Investigation of the effect of 
adhesive additive on the plasticity of road bitumen and 
physical-mechanical properties of the road concrete mix, 
Chemistry for Sustainable Development, 2021, Vol. 29, 
No. 1, P. 86–97. 

12 Mukhamatdinov I. I., Gafurov M. R., Kemalov A. F., Rodi-
onov A. A., Mamin G. V, Fakhretdinov P. S., Study of the 
oxidized and non-oxidized bitumen modified with additive 
“Adgezolin” by using electron paramagnetic resonance,  IOP  
Conference Series: Earth and Environmental Science, 2017, 
Vol. 155, Art. 012004.

13 TU 0257-001-26813195–2002. Technical Specifications. 
Adhesive additive for road bitumen BP-KSP, Izd-vo Stan-
dartov, Ufa, 2002. (In Russ.).

14 Emulsion bitumen technologies. Wetfix ВЕ [Electronic re-
source]. URL: http://emulbittech.ru/wetfix_be (accessed 
20.12.2020). (In Russ.).

15 Technical specification. Synthetic ethylene propylene di-
enic caoutchouc SCEPD with DCPD [Electronic resource]. 
URL: http://www.cbp-ekb.ru/upload/iblock/1fb/1fb-
65de9065802c822e7d907be9a713e.pdf (accessed 20.12.2020).  
(In Russ.).

16 GOST 11508–76. Oil Bitumen. Method to determine bitumen 
adhesion to marble and sand. Gosstandart, Moscow, 1976. 
(In Russ.).

17 GOST 12801–98. Materials based on organic binders for 
road and aerodrome construction. Gosstandart, Moscow, 
1998. (In Russ.).

18 ASTM D2872–04. Standard test method for effect of heat 
and air on a moving film of asphalt (Rolling Thin-Film Oven 
Test), 2004 [Electronic resource]. URL: https://www.astm.
org/d2872-04.html (accessed 20.12.2020).

19 GOST 33140–2014. Automobile roads for public use. Road 
viscous oil bitumen. Method to determine aging under the 
action of high temperature and air (RTFOT method), Stan-
dartinform, Moscow, 2019. (In Russ.).

20 ODM 218.2.004–2006 Recommendations for the determina-
tion of stability against aging and viscosity of bitumen, 
Rosavtodor, Moscow, 2007. (In Russ.).

Fig. 2. Changes of the temperature (∆Т) of softening and fragility after heating the samples of initial bitumen and polymer 
bitumen binders (PBB) with additives. 


