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Abstract: Nowadays, the increase in the quality and service period of bituminous insulating materials (BIM)
operated under atmospheric or subsurface conditions becomes especially topical in Russia and all over the
world due to increase in the power, material and labor consumption, especially for the construction and
maintenance of bridgeworks, pipeline service and insulation of industrial and civil facilities. According to the
data of RF State Committee for Supervision of Industrial and Mining Practices (Gostekhnadzor), the total length
of pipelines (thousand km) by 2012 is 215 (main pipelines), 300 (field pipelines,) 385 (gas distribution pipelines)
and 280 (heat supply networks). Thus, development of processes for modification of bitumens, taking into
account more stringent requirements to the quality of bitumen composite materials for various purposes, in
order to prepare primers and ground coatings with specified properties is a topical task for national economy.

Key words: Durability of structures  Bituminous insulating materials  Component composition  Structural
group composition

INTRODUCTION material, these surfaces are treated with bitumen-based

The insulating materials meant for both design of impregnation, film formation and paint priming in the cold
upper structural parts of coatings and elimination of the state.
effect of porosity and increase in the adhesive strength A primer is a concentrated dispersion of oil asphalts
between the base surface and the water-proof material, (in particular, those modified with polymeric additives)
primers, protect the oil and gas facilities from penetration with a softening point not lower than 80°C in an
of atmospheric precipitation. During operation, oil and gas appropriate organic solvent. Successive deposition of
equipment is subjected to repeated moistening and several primer layers is allowed. In this case, the primer is
drying, freezing and thawing in the water-saturated state, wiped into the reinforced concrete and all the non-bonded
temperature-induced deformations, wind loads and the particles are enveloped by bitumen. This increases the
action of direct solar radiation and air oxygen and ozone, base adhesion to the overlaid material. The primer is
which are corrosive with respect to some composite manufactured from construction bitumens and organic
materials, which are destroyed faster than other structural solvents; hence, it has high thermal stability and
parts [1-9]. penetration capability, short time of drying and lack of

The materials used to manufacture the oil and gas stickiness. The material is manufactured as a concentrate;
equipment bases can have numerous pores or do not this allows considerable savings on the transportation
ensure sufficiently strong adhesion to the insulating and storage and makes this product more readily
material.  If  these  pores remain unfilled, they would accessible.
absorb  water,  which  may  repeatedly  freeze  and  thaw Deposition of the primer on the junctions of
out to form fractures on the base surface and induce insulating material with a vertical wall and on the
peeling off and destruction of the roof cladding. To horizontal section provides additional water proofing and
eliminate the effect of the porosity and increase the reduces the probability of the reinforced concrete base
adhesion between the base surface and the insulating erosion.

liquid ground coatings (primers), thus providing their
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Table 1: Composition and application of insulating primers 
Name Composition, wt % Application
Bituminous: in highly volatile diluents Bitumen BN70/30 or BN90/30 Priming of bases using bituminous materials

40: diluent (gasoline; white spirit) 60
In medium-volatile diluents Bitumen BN70/30 or BN90/30 The same, using bituminous and tar-based materials

40: diluent (kerosene; naphtha, coal-tar solvent) 60
In non-volatile diluents Bitumen BN70/30 or BN90/30 The same for priming non-hardened bases made of

40: diluent (solar oil) 60 cement-sand grouts and ready-mix concrete
Bioresistant Bitumen BN70/30 or BN90/30 The same, using tar-based bituminous materials

40: diluent (anthracene oil) 60
Tar-based coal-tar asphalt – 45, anthracene oil The same, using tar-based and tar-bituminous materials

glued by pitch mastics

Table 1 summarizes the compositions and application Structural group analysis of oil products according to
areas of primers. The primers are applied cold onto the the n-d-m method is based on the existing linear
base either with a brush or by spraying at a temperature correlation between the composition of an oil product and
not less than 10°C. The primers should be thermally stable the refractive index, density and molecular weight of this
at a 45° slope at 50-70°C. For cold primers, non-volatile product. The carbon content in the paraffin, naphthene
solvents are used most often. The drying time of the and aromatic fragments and the number of rings are
primers deposited on dry bases and hardened cement calculated by empirical formulas from known molecular
linings is not more than 10 hours; the drying time of the weight, refractive index and density determined at 20°C.
primers deposited on non-hardened bases is 12 to 48 The results of structural group analysis of the distillates
hours. are summarized in Table 5.

High-quality construction bitumens should be Thus, according to the data of Tables 4 and 5, the
produced from residues of resinous crude oils [6, 7, 8, 9]. distillate fractions studied are mainly naphthene and
The crude oil used is high-sulfur (4.0%), paraffin base paraffin base hydrocarbons. In view of the refraction
(4.2%), highly resinous (asphaltenes, 7.5 %; silica-gel intercepts RI (the difference between the refractive indices
resins, 17.0%), heavy and viscous oil. According to and half the substance density; this value is constant for
classification  of  Bashkir Research Institute for Petroleum hydrocarbons of the same homologous series), the
Refining (BashNIINP), this oil refers to the group most fraction with IBP 200°C is a mixture of saturated alkane
suitable for bitumen production. The physicochemical hydrocarbons (HC), RI=1.047. The fraction 200-330°C is a
properties of bitumen BN90/10 as per GOST 6617-76 are mixture of cycloalkanes, RI=1.040. The black solar oil
summarized in Table 2. (BSO) is also a mixture of cycloalkanes, RI=1.041.

The following by-products of distillation of crude oil The primary task in the primer production is to
of the refinery JSC "Tatnefteprom - Zyuzeevneft" were establish the working viscosity, to attain complete
tested as solvents: dissolution of components of the mixture and create a

Straight-run oil distillate, a fraction with IBP 200°C properties.
Sour oil distillate, a 200-330°C fraction; The relative viscosity was measured according to
A fuel oil component (black solar oil), a fraction with GOST 8420-74 on a VZ-4 viscometer.
IBP 350°C. It was found experimentally that complete dissolution

The physicochemical properties of the distillates are 20:80 ratio (bitumen:  IBP 200°C); the viscosity was found
summarized in Table 3. to be 15 sec.

In order to elucidate the nature of interaction of the The use of SROD as the solvent has some
chosen distillates with the diversified hydrocarbons drawbacks:
composing the bitumen, we performed the structural
group analysis of the distillates by the n-d-m method and Since the distillate mainly contains saturated HC,
determined the total amount of arene hydrocarbons which do not dissolve the asphaltenes present in
according to GOST 12329-77 by removing arenes with bitumen, this brings about agglomeration of bitumen
sulfuric acid. The results of investigations are presented and finally this affects the protective properties of
in Tables 4 and 5. the coating.

coating with high physico-mechanical and protective

of the bitumen in the fraction with IBP 200°C requires the
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Table 2: Physicochemical characteristics of the bitumen brand BN 90/10

No Characteristics Standard value, GOST 6617-76 Actual value

1 Depth of 0.1 mm needle penetration, not less than
- at 25°C 5-20 24
- at 0°C - -

2 Ring-and-ball softening point, °C, not lower than 90-105 89
3 Elongation, cm, not less than

- at 25°C 1 2.4
- at 0°C - -

4 Brittle point, °C, not higher than - -25
5 Flash point, °C, not lower than 240 240
6 Softening point change after heat exposure, °C, not more than - -
7 Penetration index - -
8 Solubility, %, not less than 99.5 99.5
9 Change in the weight after heat exposure, %, not more than 0.5 0.4
10 Weight fraction of water Trace None

Table 3: Physicochemical properties of the distillates

Straight-run oil distillate (SROD) Sour oil distillate (SOD) Black solar oil (BSO)

Characteristics Fraction with IBP 200°C Fraction 200 - 330°C Fraction with IBP 350°C

Distillation characteristics, wt %:
- initial boiling point, °C, not lower than 38.6 248 160
10 % distilled at temperature, °C 70.6 260 -
20 % distilled at temperature, °C 117.0 272 -
30 % distilled at temperature, °C 156,8 288 -
50 % distilled at temperature, °C, not lower than 179.6 299 -
60 % distilled at temperature, °C - 314 -
70 % distilled at temperature, °C - 320 350
80 % distilled at temperature, °C - 347 -
90 % distilled at temperature, °C - 355 -
96 % distilled at temperature (end boiling point),
°C, not higher than - - -
Pour point, °C, not higher than - - 34 -
Weight fraction of sulfur, %, not more than 0.25 2.15 2.5
Flash point, °C, not lower than - + 40 + 47
Content of particulate impurities and water, wt % None None None
Density at 20°C, kg/m , not more than 693 844 9003

Saturated vapor pressure of distillate, kPa (mm Hg):
in summer, not more than 66.7 (500) - -
in winter, not more than 93.3 (700) - -
Acidity, mg KOK/1 g 1.9 - -
Color Light yellow

Table 4: Total content of arene hydrocarbons in the distillates

No. Characteristics Fraction IBP 200°C Fraction 200-330°C Solar oil IBP 350°C

1 Total content of arenes ,% 1.5 22.5 44.3
2 Refractive index of the dearomatized fraction at 20°C 1.38 1.4546 1.473

The SROD has an initial boiling point of 38.6°C and When SOD is used as the solvent for the bitumen,
the production and storage of the polymer are the solubility characteristics and the primer production
complicated. process are better than for SROD (Fig. 1). It can be seen
Since the temperature of bitumen dissolution in from Table 6 that at 30:70 ratio, no complications arise in
SROD is 78°C, almost 10% of the solvent is the production, as the temperature of bitumen dissolution
evaporated during the primer production. in SOD is about 82°C. The relative viscosity is 26 sec.
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Table 5: Structural group composition of the distillates according to the n-d-m method
No. Characteristics Fraction IBP Fraction Solar oil IBP

200°C 200-330°C 350°C
1 Refractive index n  at 20°C 1.3910 1.4620 1.4912d

2 Average boiling point, °C 104 274.5 260
3 Density C at 20°C 693 844 900
4 Molecular weight 108.27 206.5 205.6
5 Weight fraction of aromatic carbon in the "average" molecule of the fraction, C ,% 0 0.552 12.215arom

6 The number of aromatic rings in this molecule R 0 0.017 0.303ar

7 Weight fraction of the ring carbon in the "average" molecule of the fraction, C , % 0 48.069 66.573R

8 The total number of rings in this molecule R 0 1.23 1.886T

9 The number of naphthene rings R 0 1.213 1.583N

10 The weight fraction of naphthene carbon in the "average" molecule, C ,% 0 47.517 54.358naph

11 The weight fraction of paraffin carbon in the "average" molecule, C , % 100 51.931 33.427par

12 Refraction intercept 1.047 1.040 1.041

Table 6: Physicochemical properties of ortho-xylene
Characteristics Value
Appearance and color Conforms
Density at 20°C, kg/m , within 8793

Boiling range from 5 to 95%, not more than 0.35
Crystallization point, °C, not more than - 25.4
Content of the major compound, mol % 99.56
Boiling point, °C 140
Melting point, °C -25.18
Refractive index, n 1.505420

D

Table 7: Physico-mechanical properties of the primers prepared from the chosen solvents 
Primer Drying time, hours Weight fraction of volatile components,% Water permeability, g Adhesion as per ISO 4624. kgf/cm2

A 2 56.5 0.03 5
B 1 60 2.6 0
C 50 49.0 0.03 2
D 96 30.9 0.13 2
Note: water permeability tests of the coatings were performed during 5 hours.

Black solar oil is a thick fluid mainly consisting of According to experimental data, free flowing primers
cyclic hydrocarbons; the presence of heteroatom- able to dissolve bitumen are produced for the following
containing  hydrocarbons  also  cannot  be   ruled  out. compositions:
The primer possessing free flow and complete dissolution
of bitumen components in the BSO, which is confirmed by ortho-xylene (60%); bitumen BN 90/10 (40 wt %),
Fig. 1, is obtained at 25: 75 ratio; the dissolution primer A;
temperature is 82°C and the relative viscosity is 35 sec. SROD (80 wt %); bitumen BN 90/10 (20 wt %), primer

For comparison of the bitumen viscosity and B;
solubility parameters, ortho-xylene was used as the SOD (70 wt %); bitumen BN 90/10 (30 wt %), primer C;
solvent, which has strong dissolving capacity needed to BSO (75 wt %); bitumen BN 90/10 (25 wt %), primer D.
dissolve asphaltenes present in bitumen and a high
boiling point (130°C) required to dissolve high-melting The prepared chosen primers were studied for the
polymers. As this solvent is polar, the intermolecular following characteristics: (i) visual evaluation of
interactions involve aromatic hydrocarbons and appearance for the material deposited on glass plates
polynuclear hydrocarbons present in the resins and oils. (100×100 mm); (ii) determination of the weight fraction of
Thus, bitumen is completely dissolved even when small volatile compounds as per GOST 17537; (iii) determination
amounts of the solvent are taken and the temperature is of  the hardening  time  on  the  reinforced  concrete
low. The physicochemical properties of ortho-xylene are plates, brand 200 (100×100 mm). The time interval from the
presented in Table 6. instant  the  primer  deposition  is completed to the instant
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1. Primer B 2. Primer C 3. Primer D

Fig. 1: Visual comparison of the degree of bitumen dissolution in the distillates

where  no primer spots are left on a cotton wool ball upon properties can be improved by adding appropriate
touching  the  sample  is  taken as the test result; (iv) modifiers, which should have specified composition and
water-permeability test for 5 hours; (v) determination of chemical nature and the conditions of their compatibility
the primer adhesion to the base of the concrete plate as with components of low-oxidized bitumen should be
per ISO 4624. kgf/cm ; elucidated. A broad range of synthetic polymeric materials2

It was found experimentally that to ensure the are currently used as modifying agents.
appropriate hardening rate specified by GOST 5631-79* Selection of thermoplastic film-forming agents (TFF)
for bituminous coatings, the coating thickness should be and polymeric plasticizers and fillers that would be
maintained between 30 and 40 µm. Note that for compatible with a bitumen solution in a solvent to induce
maintenance of the required thickness of the coating, the intramolecular structuring of the film-forming bitumen
bitumen content in the primer should be 30 to 48 wt % and system is a topical task.
the flow time is 18 to 65 sec. Elucidation of compatibility conditions of the

The physico-mechanical properties of the primers modifying agents with the organic matrix of the bitumen
prepared from the chosen distillates are summarized in material: the chosen conditions should completely rule
Table 7. out destruction of both the bitumen and the polymer.

Microscopic images of the developed compositions Bitumen-polymer compositions should be considered as
() are presented in Fig. 1. The degree of dissolution of BN three-component systems containing a solvent with the
90/10 in the tested solvents was examined. film-forming agent in which the asphaltenes and the

Comparative analysis leads to the conclusion that polymer are distributed. The idea of the physical character
primers based on SOD and ortho-xylene solvents have of interactions between the bitumen–polymeric binder
the best properties regarding water permeability, adhesion (BPB) components [10, 11, 12, 13] stimulated the
and dissolving capacity. This attests to better mixing of development of compatibility theory for these
bitumen (BN 90/10) with the solvent and structuring of the components based on solubility laws.
film-forming primer compared to those with SROD and During the studies, it was found that increase in the
BSO solvents. As regards the drying time, both primer A softening temperature of special bitumen above 100-110°C
and primer B can be classified as fast-drying; they can be upon modification with various high-modulus fillers
used outdoors in the cold or in basements without (powders, some polymers) disrupts their packing in the
windows. bulk of the coating. This is due to overlap of the filler

In turn, primer C and primer D refer to the group of particles and asphaltenes, which are formed upon
slowly-drying or semidrying coatings. They are usually oxidation of heavy petroleum residues (HPO) in a total
applied at moderate temperatures of the environment amount of more than 50%, in the bitumen coating, which
outdoors. subsequently induces intense electrochemical corrosion.

In the second phase of production of primers, we This leads to enhancement of the internal stresses in
estimated the physico-mechanical and protective the coating, because the mobility of oriented molecules of
properties of the bituminous primers using a the film-forming agent is retarded and relaxation processes
thermopolymer  resin  (TPR)  as  a   polymeric  additive. during the solvent evaporation which accompanies the
The physico-chemical modification without a polymeric hardening slow down. The internal stresses may cause
primer was performed relying on the fact that the fracturing and peeling off of the coating.
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Thus, it is necessary to form the optimal bulk filling of 6. Castellanos-Díaz, O., F.F. Schoeggl, H.W. Yarranton
the coating and to use coatings with the optimal degree of and M.A. Satyro, 2013. Measurement of heavy oil
dispersion; this provides high stress-strain properties at and bitumen vapor pressure for fluid characterization.
relatively low internal stresses and protects the coatings Industrial  and  Engineering  Chemistry  Research,
from peeling off and fracturing. This may be achieved by 52(8): 3027-3035.
means of high dissolving capacity of the solvent with 7. Carrillo, J.A. and L.M. Corredor, 2013. Upgrading of
respect to polymer dispersions. heavy crude oils: Castilla. Fuel Processing
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