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Abstract. The process of modifying road bitumen ob-
tained from the residues of Ukrainian oils processing with
rubber crumb has been studied. The dependence of the
softening temperature, ductility, penetration, and elasticity
of the three-component bituminous composition “bitu-
men : linseed oil : rubber crumb” on its formulation has
been examined. Based on the mentioned composition a
new type of cold-applied bitumen roofing has been devel-
oped. A process flow diagram for the production of modi-
fied bitumen and special-purpose bituminous composition
has been developed.
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1. Introduction

Bitumen is one of the oldest and cheapest thermo-
plastic building materials. It is mostly used in road con-
struction. Modern highway construction sets high de-
mands on the quality of road construction materials, espe-
cially on binders, in particular on bitumen for asphalt
concrete. The importance of bitumen in the production of
road surfaces is paramount. Such coatings provide
strength and safety and are 2-3 times cheaper than con-
crete ones. Most road surfaces consist of mineral fillers
and bitumen, the latter of which is used as a strong water-
proof binder. However, the problem of road surfaces qual-
ity is still relevant in Ukraine."™ Typically, bitumen-based
asphalt concrete coatings are not able to provide the nec-
essary physical and mechanical properties of coatings and
their durability in the conditions of modern tense and
intensive traffic. For example, statistical data show that
the service life of road surfaces made of bituminous-
mineral compositions is only 50-70 % of the standard one.
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Low elasticity, insufficient crack resistance values, and
narrow performance temperature range limit road surfaces
use in the summer and winter, especially in areas with
frequent changes in air temperature. The above-mentioned
shortcomings indicate that bitumen does not meet the
necessary quality requirements.*

In many countries of the world and in Ukraine,
roofing materials based on bitumen are widely used to
protect industrial and civil buildings from atmospheric
precipitation. Currently, cold-applied roofing and insulat-
ing materials are becoming more and more popular. The
advantages of these materials are a short period of pre-
paratory work and ease of installation. The disadvantages
of cold-applied materials are insufficient adhesion, poor
high-temperature and low-temperature properties.

One of the main ways to increase the service life of
road surfaces is to modify bitumen used for the production
of asphalt concrete. Bitumen, the properties of which are
improved by the addition of certain compounds (poly-
mers, rubber crumb, sulfur, adhesive additives, etc.) is
called a modified bitumen.”"* Bitumen with the addition
of polymers is called bitumen-polymer binder (BPB), with
the addition of rubber — bitumen-rubber binder (BRB),
and with the addition of rubber crumb — rubber-bitumen
binders (RBB).""*

Bitumen-polymer binder (BPB) differs from bitu-
men by higher elasticity typical of polymers (elastomers)
both at 298 K and 273 K, higher resistance to cracking,
and a wider temperature range of performance. In addi-
tion, it is characterized by significantly greater durability
under repeated dynamic effects in the area of negative
temperatures. In this regard, polymer-asphalt concretes are
much more durable and resistant to cracks and landslides
than asphalt concretes. By varying the content of plasti-
cizer and polymer, it is possible to control and achieve the
required quality characteristics of the finished product.
Wide implementation of BPB in the practice of industrial
road construction is hindered not only by the complexity
and high cost of modern plants for the production of bitu-
men-polymer binders but also by the relatively high cost
of bitumen modifiers.>’
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Apart from known bitumen modifiers such as
thermoplastics or copolymers of ethylene with vinyl ace-
tate or synthetic rubbers of various types, rubber crumb
obtained by crushing used car tires (UCT), can be used as
well. Every year the UCT amount increases and their
reuse allows not only to solve the urgent environmental
problem of their accumulation but also to save money.
Currently, rubber crumb is one of the most widespread
production wastes, which is used to modify bitumen.""*"
Nowadays, UCT are used as raw materials for the low-
temperature pyrolysis process or burned."* However, their
grinding and use in bitumen production is, in our opinion,
much more profitable.

This research aims to study the basic regularities of
the bitumen modification process obtained by processing
residues of Ukrainian oils with rubber crumb in order to
obtain high-quality road bitumen and bituminous roofing
materials, as well as to develop a process flow diagram of
this process.

2. Experimental

Research on the process of obtaining bituminous
materials using rubber crumb was carried out in two direc-
tions. We studied the main regularities of the road bitu-
men modification with rubber crumb and determined the
optimal formulation of the three-component composition
“bitumen-linseed oil-rubber crumb”, which will be used
for gluing bituminous roofing materials.

Road petroleum bitumen of the BND 90/130 grade
with the following characteristics was chosen as the start-
ing material to study the modification process:

* softening temperature — 322 K;

* ductility at 298 K — 38 cmy;

* penetration at 298 K — 110 x 0.1 mm;

* elasticity — 59 %.

Bitumen under study is produced from residues of
the processing of a mixture of paraffinic and highly paraf-
finic Ukrainian oils. As a modifier, we used rubber crumb
obtained by grinding used car tires (fractions of 0.6—
0.8 mm and 0.8—1 mm).

The modification process was studied at a labora-
tory mixing setup. To prepare modified bitumen, pre-
weighed samples of the initial components were loaded
into a metal container and heated on an electric stove to a
temperature of 433 K, under constant stirring. The mixing
process was carried out for 4-6 h. The effect of the granu-
lometric composition of rubber crumb, its percentage
content in bitumen, temperature regimes, and mixing time
on the quality of the resulting modified bitumen was de-
termined.

Construction petroleum bitumen of the BN 70/30
grade with the following characteristics was chosen as the
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starting material to study the process of obtaining cold-
applied bituminous roofing material:

* softening temperature — 355 K;

* ductility at 298 K — 2 cm;

* penetration at 298 K — 17 x 0.1 mmy;

* elasticity — 50 %.

Linseed oil (LO) and rubber crumb (fraction of
0.8-1.0 mm) were also used to obtain the bituminous
composition.

The process of obtaining a bituminous composition
for gluing cold-applied roofing material was carried out at
a laboratory setup at a temperature of 473—493 K. The
effect of three-component composition formulation on
operational properties was studied. For the resulting com-
positions, the softening temperature (’ring and ball”
method), ductility, penetration, elasticity, heat resistance,
water absorption, and flexibility on the bar at 248 K were
determined according to standardized methods.”**' Adhe-
sion was determined by measuring the mechanical force
during the separation of the metal seal from the surface
covered with bituminous material.

3. Results and Discussion

The experimental results of road bitumen modifica-
tion with rubber crumb are represented in Table 1. An
increase in the rubber crumb content increases the modi-
fied bitumen viscosity. For example, when modifying
BND 90/130 bitumen with 15 wt. % of rubber crumb, a
modified bitumen of BMPA 40/60-57 grade is formed,
which has boundary values of viscosity. At the same time,
the ductility is slightly lower than the requirements of
DSTU B B.2.7-135:2014.” On the other hand, too high
content of rubber crumb in bitumen can cause technologi-
cal difficulties during its modification and create problems
in obtaining the asphalt coating itself and its high-quality
laying.

The penetration value was found to be decreased
with an increase in the rubber crumb amount in modified
bitumen. Moreover, a more significant reduction is ob-
served when using a larger fraction of rubber crumb. The
ductility of bitumen also decreases due to the increase in
the rubber crumb amount but the softening temperature
increases. The granulometric composition of rubber
crumb is also important for the bitumen modification
process. As a result of studying the main regularities of
the process, it was found that when a larger fraction of
rubber crumb is used to modify bitumen, a binder with
lower penetration and softening temperature is obtained.
Thus, a binder is formed with higher hardness and infusi-
bility as compared to the original bitumen.
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Table 1. Characteristics of BND 90/130 road bitumen modified with rubber crumb

IndKex Rubber crumb amount, wt. %
0 | 5 | 10 | 15
Mixing time 4 h

Rubber crumb fraction 0.6-0.8 mm
Penetration at 298 K, 0.K1 mm 110 100 80 60
Softening temperature, K 322 331 336 338
Ductility at 298 K, cm 38 34 27 18
Elasticity, % 59 80 82 86

Rubber crumb fraction 0.8-1.0 mm
Penetration at 298 K, 0.1 mm 110 94 75 49
Softening temperature, K 322 328 333 336
Ductility at 298 K, cm 38 33 26 17
Elasticity, % 59 79 81 85

Mixing time 6 h

Rubber crumb fraction 0.6-0.8 mm
Penetration at 298 K, 0.1 mm 110 95 76 52
Softening temperature, K 322 332 336 339
Ductility at 298 K, cm 38 32 27 17
Elasticity, % 59 81 83 87

Rubber crumb fraction 0.8-1.0 mm
Penetration at 298 K, 0.1 mm 110 92 73 47
Softening temperature, K 322 330 335 337
Ductility at 298 K, cm 38 31 26 16
Elasticity, % 59 80 81 86

An important aspect of the modification is that, de-
spite the decrease in ductility of the binder obtained with
the participation of rubber crumb, its elasticity is signifi-
cantly increased, which in the long run will positively
affect the quality and durability of the asphalt concrete
coating based on it.

It has been established that there is no necessity to
dissolve rubber crumb in bitumen completely. To ensure
appropriate physical and mechanical indices of the binder,
it is enough to carry out only surface devulcanization of
the rubber crumb. Moreover, heating to high temperatures
is associated with additional energy costs.

The minimum mixing time (modification time) was
found to be 4 h. With a shorter mixing time, partial layer-
ing of the bitumen : rubber crumb system is observed,
which is unacceptable. When the mixing time increases,
the quality characteristics of the obtained bitumen do not
change significantly (Figs. 2-5). Moreover, it is economi-
cally feasible to increase the mixing time.

Thus, the principle possibility of using rubber
crumb to modify bitumen obtained from the residues of
paraffinic oils processing was established. It is shown that
the addition of crumb rubber affects the main properties of
bitumen: penetration, softening temperature, and elastic-
ity, and makes it possible to replace expensive industrial
elastomers in the production of modified bitumen. Poly-
mer-modified bitumen based on oxidized petroleum bitu-
men was obtained by adding 5-12 wt. % of rubber crumb.

The obtained bitumen meets the requirements according
to DSTU B V.2.7-135:2014.%

The modification of BND 90/130 road bitumen
with rubber crumb in the amount of 5 wt. % at a tempera-
ture of 433 K for 4 h allows to obtain modified bitumen of
the BMPA-90/130-50 grade, and modified bitumen
BMPA-60/90-53 is obtained under the same conditions
when adding 10 wt. % of rubber crumb.

Another option for using crumb rubber is the pro-
duction of cold-applied bituminous roofing materials.
Roofing with such materials does not require gluing or
heating, and the material itself is easily applied to the
surface and firmly held on it.

To ensure the set of properties required for cold-
applied bituminous materials, in particular the combina-
tion of high adhesive characteristics (stickiness) with high
plasticity at low temperatures, heat resistance, and suffi-
cient hardness, we studied the properties of binary mix-
tures obtained by mixing BN 70/30 building bitumen and
linseed oil (LO), which belongs to the group of “drying”
oils and shows the high efficiency compared to other
vegetable oils (sunflower, rapeseed, ezc.)."” Nevertheless,
a bituminous material based on only mentioned two com-
ponents does not meet all the necessary requirements. It is
necessary to add a third component, which would increase
the hardness, softening temperature, elasticity, and frost
resistance of the bituminous material without deteriorating
other indices. This is the effect that is achieved by intro-
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ducing rubbers into bitumen, in particular, SBS'*' but
this product is quite expensive. Instead of SBS, we pro-
pose to use rubber crumb, the cost of which is much
lower. Therefore, we studied the properties of a three-
component mixture containing BN 70/30 bitumen, LO
and rubber crumb in various ratios. The experimental
results are shown in Tables 2-4.

Also, after analyzing previous studies, it can be as-
sumed that the modification of road and construction bitu-
men with rubber crumb in two cases has a physical nature,
since the process is carried out at insufficiently high tempera-
tures for chemical interaction. In our case, the modification
occurs as a result of the swelling of the rubber crumb due to
the absorption of part of the oil components.”
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It is obvious that with an increase in the rubber
crumb amount and a decrease in the LO amount, the sof-
tening temperature of the mixture increases but its pene-
tration decreases. The ductility of the three-component
mixture increases with an increase in the LO amount. The
maximum elasticity is achieved with the maximum con-
tent of rubber crumb and the minimum amount of LO.

The investigated mixture stands the flexibility test
when LO amount is above 15 wt. % and the amount of
rubber crumb is below 10 wt. %. Otherwise, the bitumi-
nous material becomes brittle, which does not meet the
requirements. The value of adhesion passes through the
maximum when the LO amount is 15 wt. % and the addi-
tion of rubber crumb decreases adhesion.

Table 2. Characteristics of the three-component mixture “bitumen : LO : rubber crumb” (LO amount is 10 wt. %)

Index BN 70/30 + Rubber crumb amount, wt. % Re%?till;illiilggltfs for
10 wt. % of LO 5 10 15 .
composition
Softening temperature, K 338 345 356 3630 > 343
Ductility at 298 K, cm 4.5 35 35 3.0 -
Penetration at 298 K, 0.1 mm 48 29.0 25.0 22.0 -
Elasticity, % 23 57.0 71.0 81.0 >20
Flexibility on the bar at 248 K fail the test fail the test fail the test fail the test stand the test
Heat resistance at 333 K fail the test stand the test stand the test stand the test stand the test
Adhesion, N/cm® 5.0 4.0 22 1.5 >5.0
Water absorption, % 0.08 0.11 0.12 0.12 <1.0

Table 3. Characteristics of the three-component mixture “bitumen : LO : rubber crumb” (LO amount is 15 wt. %)

ndex BN 70/30 + Rubber crumb amount, wt. % bil:uzﬂﬁgi?zgz If,((); -
15 wt. % of LO 5 10 15 tion
Softening temperature, K 330 339 353 360 >343
Ductility at 298 K, cm 7.0 3.0 3.0 35 -
Penetration at 298 K, 0.1 mm 93 33.0 31.0 26.0 -
Elasticity, % 21 50.0 59.0 70.0 >20
Flexibility on the bar at 248 K stand the test stand the test | stand the test fail the test stand the test
Heat resistance at 333 K fail the test fail the test stand the test stand the test stand the test
Adhesion, N/ecm” 12.0 74 6.9 4.5 >5.0
Water absorption, % 0.27 0.15 0.12 0.12 <1.0

Table 4. Characteristics of the three-component mixture “bitumen : LO : rubber crumb” (LO amount is 20 wt. %)

BN 70/30 + Rubber crumb amount, wt. % Requirements for
Index 20 wt. % of bituminous compo-
5 10 15 "
LO sition
Softening temperature, K 325 335 347 356 > 343
Ductility at 298 K, cm 7.5 2.5 3.0 3.5 —
Penetration at 298 K, 0.1 mm 131 38.0 35.0 31.0 —
Elasticity, % 20 40.0 48.0 57.0 > 20
Flexibility on the bar at 248 K stand the test stand the test stand the test fail the test stand the test
Heat resistance at 333 K fail the test fail the test stand the test stand the test stand the test
Adhesion, N/cm’ 9.5 6.6 53 44 >5.0
Water absorption, % 0.12 0.12 0.13 0.15 <1.0
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Analyzing the obtained results with the help of a
triangular diagram, the region of the mixture optimal
composition was established, which ensures the achieve-
ment of the required quality characteristics of the cold-
applied bituminous material (Fig. 1).

bitumen, wite

Fig. 1. The optimal composition of the three-component mixture
“bitumen : LO : rubber crumb” when using it as a bituminous
material of cold application

Andriy Nagurskyy et al.

So, the optimal “bitumen:LO :rubber crumb”
composition (wt. %) is the following: (65.0-78.5) : (12.5-
22.5):(9.0-12.5). Based on the obtained results, a bitumi-
nous composition for cold-applied materials was devel-
oped, consisting of 72.5 wt. % of BN 70/30 bitumen,
17.5 wt. % of LO, and 10.0 wt. % of rubber crumb, the
characteristics of which are given in Table 5.

The developed bituminous composition for cold-
applied roofing material meets the requirements, and due
to the increased softening temperature, the developed
roofing materials have increased stability in hot climates.

A process flow diagram for the production of bitu-
minous materials modified with rubber crumb is shown in
Fig. 2. The initial bitumen from the E-1 tank is fed into
the P-1 reactor by the H-1 pump. The amount of bitumen
is controlled using a VM-1 flow meter. In the P-1 reactor,
the bitumen is heated to the process operating temperature
due to the supply of the heat carrier into the reactor's heat-
ing jacket and mechanical mixing. After reaching the
required temperature, modifiers (or components of the
bitumen composition) are fed into the P-1 reactor.

Table 5. Characteristics of the bitumen composition for cold-applied roofing material

Requirements for bituminous com-
Index Value posiﬁ()n

Softening temperature, K 349 > 343

Ductility at 298 K, cm 32 —

Penetration at 298 K, 0.1 mm 33 -

Elasticity, % 53 >20

Flexibility on the bar at 248 K stand the test stand the test

Heat resistance at 333 K stand the test stand the test

Adhesion, N/cm” 5.6 >5.0

Water absorption, % 0.15 <1.0

Liquid modifier ¥o2 Liquid modifier Nul

Solid modifier

)I D-3

VM-1

Bin

- Modified bitumen

-
-
b |

Fig. 2. A process flow diagram for the production of modified bitumen and special purpose bituminous composition
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The solid bulk modifier (rubber crumb) is fed into
the P-1 reactor from the E-2 tank by self-flow (due to the
difference in levels). The amount of the modifier is con-
trolled using the D-1 metering device.

Liquid modifiers are supplied to the P-1 reactor
from the E-3 and E-4 tanks by self-flow (due to the differ-
ence in levels). The amount of the modifier is regulated
using metering devices D-2 and D-3.

Components are mixed in the P-1 reactor at a given
temperature for a definite time. After the end of the mix-
ing process, as a result of which the bitumen is modified
or the bituminous composition is obtained, the resulting
product, which is previously cooled in the APO-1 air
cooling refrigerator, is pumped from the P-1 reactor into
the E-5 tank by the H-2 pump. If necessary, the resulting
product can be pumped to E-5 without cooling. An addi-
tional bypass line is provided for this.

The liquid heat carrier used for heating the P-1 re-
actor, E-1 and E-5 tanks, is fed from the heating jackets of
these devices by the H-3 pump to the tube furnace F-1,
heated to the operating temperature, and sent back to the
corresponding heating jackets.

4, Conclusions

The fundamental possibility of using rubber crumb
in bitumen production has been established. It has been
proven that the addition of rubber crumb affects the main
properties of bitumen: ductility, penetration, softening
temperature, and elasticity, and allows the replacement of
expensive industrial elastomers necessary for the produc-
tion of polymer-asphalt concrete.

The modification of BND 90/130 road bitumen
with rubber crumb in the amount of 5 wt. % at a tempera-
ture of 433 K for 4 h allows to obtain modified bitumen of
the BMPA-90/130-50 grade, and modified bitumen
BMPA-60/90-53 is obtained under the same conditions
when adding 10 wt. % of rubber crumb.

Based on the results of studying the dependence of
the three-component system properties on its formulation,
a new type of bituminous composition for cold-applied
roofing materials was obtained. The optimal formulation
of the bituminous composition was established: 65.0-
78.5 wt. % of BN 70/30 bitumen, 12.5-22.5 wt. % of lin-
seed oil and 9.0-12.5 wt. % of rubber crumb.

The flow diagram capable of working in different
modes was developed for the modification of bitumen
with rubber crumb with the possibility of simultaneous
addition of liquid modifiers.
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BUKOPUCTAHHSI T'YMOBOI KPUXTH,
OJIEP)KAHOI 3 BIITPAIIbOBAHUX
ABTOMOBLIbHUX IIWH, /11 BAPOGHULITBA
JIOPOKHIX BITYMIB TA MIOKPIBEJIbHUX
MATEPIAJIB 3 3AJIMIIKIB TEPEPOBKH
YKPATHCHKHUX HA®T

Anomauin. JJocniooceno npoyec MoOughikyeans 0opodic-
Hb02O OIMyMy, 00€pAHCAHO2O 3 3WIUWIKIE NEPepOObKU YKPATHCLKUX
Haghm 2ymoeor0 Kpuxmorw. Busueno 3anexcuicmv memnepamypu
DO3M SIKULEHHSI, OVKMWILHOCMI, NeHempayii ma eiacmui4HoCmi
MPUKOMROHEHMHUX OIMYMHUX KOMAO3UYii “6imym : iisHa onis :
eymosa kpuxma” 6i0 ixuvo2o cknady. Pospobneno noeuti mun
OimyMHO20 NOKPI6ENIbHO2O MAMEPIANY XONOOHO020 HAHECEeHHs HA
OCHOBI  MPUKOMNOHEHMHOT GimymMHOI Komnosuyii “Oimym : wisHa
onisa : eymosa kpuxma”. Pospobneno npunyunosy mexwonoeiumy
cxemy yCmMaHosKu Osi 00EPAHCAHHST MOOupikosanux Oimymie ma
6IimyMHUX KOMNO3UYIT CReYianbHO20 NPUSHAYEHHSL.

Knrouosi cnosa: 6imym, 6Gimymna xkomnosuyis, 2yMoGo-
6imymHe 8'sdiCyye, 2ymosa Kpuxma, WISHA O7is, MOOUpIKyeanHs
6imymy.



