CTPOUTENBCTBO
CIVIL AND INDUSTRIAL ENGINEERING

https://doi.org/10.21122/2227-1031-2023-22-1-34-41
UDC 625.8

Thermodynamic Evaluation of Asphalt Concrete Properties
and its Mixing Energy Consumption by Exergy Structure

Zhang Qing"?, V. N. Romaniuk®, B. M. Khroustalev®, Hou Qiang"?, Hou Dehua® ?

YHenan Gaoyuan Highway Maintenance Technology Co. Ltd. (Henan, People’s Republic of China),
2Henan Key Laboratory of High Grade Highway Detection and Maintenance Technology

(Henan People’s Republic of China),

®Belarusian National Technical University (Minsk, Republic of Belarus)

© Benopycckuil HalMOHATIBHBIA TEXHUYECKUI yHUBEpCUTET, 2023
Belarusian National Technical University, 2023

Abstract. The relevance of solving the problem of energy saving, today, is enhanced by the requirements of an environmental
nature, united by the term “green energy”. Solving the problems of climate conservation is inseparable from solving the prob-
lem of energy saving. Green, hydrogen energy, about which there has been a powerful and aggressive debate over the past
decade, turned out to be directions far from solving the problems of both energy saving and environmental protection.
The solution of both problems of energy saving and environmental protection at the present time and in the foreseeable future
is being solved on the basis of the use of traditional primary energy resources, primarily natural gas. In this regard, the need
to solve the problem of quantifying the thermodynamic perfection of heat-technological process for producing an asphalt con-
crete mixture becomes extremely relevant. This assessment is most simply carried out on the basis of the exergy method of
thermodynamic analysis with the determination of the exergy structure of the asphalt concrete mixture flow, including ther-
momechanical, concentration and reaction components. The value of the concentration component of the exergy of the asphalt
concrete mixture allows us to assess the energy efficiency of its production at asphalt concrete plants based on the modern
exergy method of thermodynamic analysis; gives a quantitative estimate of the energy consumption for the process
of mixing the ingredients of the asphalt concrete mixture in the mixing unit of asphalt concrete plants. The paper defines the
structure of the exergy of the asphalt concrete mixture, in which the transit reaction component dominates, which determines
the specificity of the exergy of the asphalt concrete mixture. The value of the specific mass concentration component of the
exergy of the asphalt concrete mixture in comparison with the thermal component is small and the error in determining the
concentration component, which cannot be objectively eliminated, does not affect the results of thermodynamic analysis.
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HalpaBJICHUs, KaK 3eJeHas, BOZOPOJHAS SHEPreTHnKa, O KOTOPHIX MOIIHO U arpecCHBHO BENUCH Je0aThl B MOCIETHES NCCATH-
JIeTHe, OKa3aIICh JATEKUMHU OT PELIeHHs 33a7a4 M SHEProcOepekeHus, U 3alUTHl OKpYXalolel cpenbl. B HacTosmee BpeMs
u B 0003puMoM OyIymieM JOMHHUPYIOIUM OCTAECTCsI UCHONB30BaHUE TPAJAUIMOHHEIX HEPBUYHBIX YHEPrOPECYPCOB, MPEKIEe
BCETO NPHUPOJHOTO rasa. B 3Toif cBsA3M Upe3BbIUAiHO BaXKHA KOJIMUYESCTBEHHAS! OIEHKAa TEPMOJHMHAMHUYECKOTO COBEPIICHCTBA
TEIIOTEXHOJIOTHIECKOTO Mpolecca IMoydeHns acanpTobeTonHol cMecn. Hanboee mpocto ee mpoBecTH Ha 06asze IKcepre-
THYECKOTO METO/1a TEPMOANHAMHYECKOTO aHaIIM3a C ONpEe/eSICHHEM CTPYKTYPBI SKCEPrHH MOTOKa ac(arbTOOETOHHON CMeCH,
BKJIIOYAIONIEH TePMOMEXaHHIECKYI0, KOHIICHTPAMOHHYI0 M PEaKIHOHHYIO0 COCTABIIOIINE. 3HAaUeHHEe KOHIICHTPAIMOHHON
COCTABIISIOLICH SKCEpriH achaIbTOOSTOHHON CMECH MO3BOJISIET MPOBOAKTH OLICHKY SHEPreTHueckoil 3 GeKTUBHOCTH ee TPOM3BO/I-
cTBa Ha ac(habTOOCTOHHBIX 3aBOJIaX Ha 0a3e COBPEMEHHOI0 3KCEPreTHIECKOro MEeTo/Ia TePMOAMHAMIYECKOTr0 aHaIN3a; 1aeT KOJIU-
YECTBEHHYIO OLICHKY 3aTpaT SHEPrUU Ha MPOBEACHHE MPOLEcca CMELICHHS! HHTPEANEHTOB ac(aIbTOOCTOHHOH CMECH B CMECUTEIb-
HOM arperare. B crarbe onpezeneHa CTpyKkTypa SKcepruu acdaabToOeTOHHOH CMecH, B KOTOPOH JIOMHHUPYET TPaH3UTHAs PEaKLH-
OHHasl COCTaBILIONLIAs. 3HAUYCHHE Y/ICIbHOW MAacCOBOW KOHIICHTPALMOHHOHM COCTABILIIOIICH dKCEeprun achanbToOSTOHHOW CMecH
B CPaBHEHHUH C TEPMUYECKOH COCTABJIAIOILECH HEBEIMKO, H OTPELIHOCTh B OHPEJIENICHNH KOHIIEHTPALMOHHOMN COCTABIIAIOLICH, KOTO-
past OOBbEKTHBHO HE MOXKET OBITh YCTPaHEHa, HE BIMSET HA Pe3y/IbTaThl TEPMOANHAMHYECKOTO aHAIHM3A.

Knawuesrblie cioBa: aC(i)aIIbTO6eTOHHa$[ CMCChb, TepMOZ[I/IHaMI/I‘{eCKI/Iﬁ aHalus, 3KC€preTH‘IeCKHﬁ METO/H, dKCEPrus, CTPYKTypa
OKCEpruu, aC(i)aJILTO6eTOHHO€ TIOKPBITHE

Jnst uutupoBanusi: TepMoauHaMHYeCKas OLEHKAa CBOMCTB M JHEPro3arpar CMeIleHns acdaabToOeToHa MO CTPYKType
skceprun / Wxan Iun [u ap.] // Hayka u texauka. 2023. T. 22, Ne 1. C. 34-41. https://doi.org/10.21122/2227-1031-2023-
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Introduction

The materials of the paper are a continuation of
research on the use of the exergy method of ther-
modynamic analysis [1], aimed at creating a scien-
tific and information environment necessary for
in-depth studies on heat- and mass transfer, aimed
at improving the quality, efficiency and environ-
mental friendliness of hard road surfaces with the
use of various asphalt concrete materials (ACM).
With the help of exergy, as it is known, it is pos-
sible to assess the thermodynamic efficiency of the
heat technology for obtaining ACM. The formation
and assessment of the state of the road surface
based on the thermodynamic theory of the life
cycle of the asphalt concrete road surface from
design to repair [2-6] can be used to calculate the
duration of the operational, overhaul period of the
road surface. This, in turn, reduces the environ-
mental impact of the entire repair complex by re-
ducing the frequency of these works. In the same
context of reducing the environmental load from
the creation of road asphalt concrete pavement,
it is necessary to substantiate the possibility of in-
volving waste asphalt concrete in the re-use of ma-
terials based on an assessment of changes in the
concentration component of ACM exergy [7, 8].
The above emphasizes the relevance of an objec-
tive quantitative determination of the assessment
of thermodynamic efficiency of both ACM heat
technology in general and its constituent stages,
in particular. The mentioned concentration com-
ponent of the exergy of the asphalt concrete
mix Ey 4c) determines the energy minimum cost
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of an ideal mixer, the value of which is necessary
for an objective assessment of the operation of the
mixer in terms of its energy consumption [9].
The promotion of the processes of creating asphalt
concrete pavement towards the so-called “green
energy”, among other things, stipulates for the
involvement in the re-use of the used pavement.
The possibility of such use of materials while
maintaining the ACM quality can be assessed by
changing the concentration component of the ACM
exergy, which does not depend on the temperature
of the mixture, and of course, on the temperature
of the paving. Strength, life cycle of asphalt con-
crete pavement both during hot laying and during
laying at normal temperature is associated with the
concentration component of exergy, determined by
the fineness of the mineral materials that make up
the ACM, the porosity of the layer and the energy
of their adhesive interaction with the ACM bitumi-
nous binder. In this context, it seems very useful to
consider the determining factors on which the indi-
cated concentration component Ex 4y depends.

Determining factors of the exergy
concentration component
of the asphalt concrete mixture

The factors that determine the value of £, ,.,

of asphalt concrete materials include: specific
energy of adhesive interaction; specific surface
of mineral materials; content and ratio of struc-
tured (oriented) and bulk bitumen in ACM.

It has been shown in [1] that when ACM is ob-
tained in a mixer, the energy costs for its operation
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must exceed the concentration component of the
ACM exergy. This final process of obtaining ACM
completes the formation of its structure, which
is characterized by wetting and enveloping with
a bituminous binder of mineral materials (MM),
during which the physicochemical properties of
these interacting materials are manifested: wetting,
enveloping, sorption by the surface of some mi-
neral active components of the bituminous binder.
From this physical model, it follows that active
structure formation during the interaction of mi-
neral with bituminous binder is a dependent, secon-
dary factor determined by the ratio of the power
of the energy flow supplied to the mixer, the value
of Ex .o Of asphalt concrete materials and the
internal irreversibility of the process, carried out
in the mixer. The mentioned irreversibility in the
volume of the mixer is determined by the values
of external and internal friction of the ACM con-
stituent components. From this it follows: in accor-
dance with the specific set of ACM components
and the design of the mixers, it is necessary to de-
termine the exposure time to ensure the required
energy supply for proper mixing. Ignoring the need
to overcome the value of the minimum energy
impact during mixing leads to erroneous results
of experimental studies on the effect of additives
introduced into the ACM composition on the qua-
lity of asphalt concrete.

Thus, the value of the concentration component
Ex, 4cim 1S One way or another connected with the
achievement of the quality of ACM and the pos-
sibility of obtaining a quantitative estimate of the
energy consumption for the mixing process in the
case of carrying out thermodynamic analysis at
the level of exergy assessments.

Ensuring the energy potential of the adhe-
sive interaction of the bituminous binder with the
mineral components of ACM is the main task of
mixing in the mixer, and the concentration compo-
nent of the exergy makes it possible to obtain
a quantitative assessment of this process.

In [4], an analytical dependence is given, which
allows determining the energy of adhesive interac-
tion with some mineral materials (granite, quart-
zite, marble, limestone) for road bitumen, J/m?:

Wagh = Olig—gas (1+cosH), 1)

where Gy, _gos — Ditumen surface tension, N-m;

0 — wetting angle of bitumen with one or ano-
ther MM.
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Table 1 shows the results of determining the
work of adhesion for the listed MM and road bi-
tumen.

Table 1

Energy of adhesive interaction of bitumen
with the surface of stone materials

. Value of adhesive interaction energy, J/m?

Bitumen brand - -

Quartzite Granite Marble
BH/I [BND]
60/90 0.06367 0.05977 0.0659
BH/I [BND]
90/130 0.05982 0.05548 0.061
BH/I [BND]
130/200 0.05424 0.05055 0.0555
BH/I [BND]
200/300 0.053 0.053 0.054

The amplitude of change in the adhesive inte-
raction energy, according to Tab. 1, is about 10 %,
which allows us to consider the work of the adhe-
sive interaction of the bituminous binder and MM
at the level of 0.06 kJ/m?. The error in determi-
ning Ey 4cyr OF asphalt concrete materials in con-
nection with the proposed averaging is quite
acceptable.

The size of the surface of MM particles signifi-
cantly determines the properties of ACM and,
it should be noted, has not been sufficiently stu-
died. A very complete analysis of works on fin-
ding the specific surface area of MM is given
in [10, 11].

The mineral materials included in the ACM
differ from each other in particle sizes hundreds
and thousands of times: for cubic shape of particles
with a density p =2.65 t/m°, the surface increases

from 15.8-102 to 15.8-107 m%t. The edges of the
cube have dimensions from 10 mm to 0.1 um,
respectively.

In [10] it is stated that “the surface and volume
of the grain are expressed through the average size
of the sieve opening d, defined as the arithmetic
mean of the larger D and smaller d sieve openings
that sifted out this fraction, with which the surface
and volume of one grain are associated. It is known
from granulometric analysis that this transition
is sufficiently acceptable only with a normal size
distribution of MM fractions. The deviation of the
real distribution is another source of error in de-
termining the specific surface area of MM”.
To calculate the specific area of a disperse system
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represented by MM, the following relations are
used [10]:

S =ad?, m?, (2)
V=pd? m, (3)

where o — surface factor; d — average sieve ope-
ning size, m;  — form factor.

The work [10] notes a variety of approaches to
determining the surface of MM used, for example,
in France, Switzerland and Poland. The following
dependencies are offered in France (4)—(6):

60
S :¢, m?/kg, (4)
Pj/d;D;

where g; — mass fraction of the j-fraction in the
mixture, %; p; — material density of the j-th frac-
tion, kg/m*; d;, D;, — smallest and largest sieve
opening diameter, mm.

For the entire mixture, it is required to sum the
specific surfaces of all n fractions of the mix-
ture [5]

n

Sem = DS}, M7/Kg. (5)

j=1

The French method for calculating the MM
surface also uses the dependence [10]

S., =(0.25g, + 2.3g, +
+12g, + 135g,)10-2, m’/kg, (6)

where g, — content of crushed stone larger than
5 mm in the mixture, %; g, —sand content of frac-

tional composition from 5 to 0.315 mm, %; g, -
content of sand with particle sizes from 0.08
o 0.315 mm in the mixture, %; g, — content
of mineral powder with particle sizes less
than 0.08 mm, %.

In Switzerland, to calculate the MM surface,
it is proposed to use [10]

_A&K 5 2,

S =
T p 43d;+D

1 mzlkg’ (7)

where K = 3, 4, 5 — respectively for grains roun-
ded, with faces twice broken and with faces once
broken.
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In Poland, to calculate the surface of the MM
mixture, the dependencies are used

S, =(1279, + 15.25g, + 3.17g, +
+0.62g, + 0.13g5)-10-2, m’/kg, (8)

where g, — content of particles less than 74 pm
in the mixture, %; g, — the same for the inter-
val 74-297 pm, %; g, — 297-2000 pm, %; g, -
2000-8000 pm, %; g. — larger than 8 mm.

Table 2 shows the calculation results of the
above calculation methods.

Table 2
Specific surface area of mineral materials included
in the asphalt concrete materials, determined by the ratios
of different countries in Europe [10]

. Fraction Specific surface area, m¥/kg
Fraction -
size, um |. cc_)ntent Erance | Poland Switzerland
in mixture, % K=3 | K=5
590-297 42.80 231 136 | 2.18 | 3.64
297-147 53.70 5.82 8.68 | 5.48 9.10
147-74 3.20 0.70 - 0.66 1.09
74-5 0.30 0.34 0.38 | 0.17 2.28
Total 100.00 9.17 | 1042 | 8.49 | 16.11

The error of the data in the Table is from 50 to
100 %, which is unacceptable and this indicates
the feasibility of using experimental methods for
determining MM surfaces using the relationship
between the porosity and aerodynamic resistance
of the blown fixed MM layer and the diameter
of the grains that make up the layer, using the law
Darcy, for calculating the aerodynamic drag of the
channel. As a result, the dependence is used to
determine the surface of the layer material

f 1 &
s=14 7\}'1_82, mz, (9)

where g — layer porosity; v — viscosity of the medi-
um blown through the layer, Pa-s; K — filtration
coefficient, cm/s; s — specific volumetric surface
area of MM layer, cm™.

A method for finding the surface of a polydis-
perse MM layer, which uses the enveloping
of grains with an oil film, is more reliable. 100 g
of a dry mixture with a known granulometric com-
position is placed in a tissue vessel and 40 cm®
of machine oil is poured for one minute. Then we
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centrifuge for 4 min to remove excess oil. To de-
termine the mass of oil remaining on the surface
of the particles of the MM mixture of each mineral
fraction, the particles of which are wetted with oil,
one more weighing is carried out and the desired
result is obtained by the difference in weights after
and before the above manipulations. Next, for
a MM with a mass of 100 g, the surface of the con-
stituent particles is found

Sy =—200, en, (10)

PmO fitm

where G,,, — mass of the oil film on the surface

of a MM with a mass of 100 g; p,, — used oil den-

sity, g/cm‘"’; o — thickness of the oil film

film
in question, cm.
The next step is experimentally establish the
thickness of the oil film on a plate of mineral mate-
rial that is the same as the investigated MM. It is
assumed that the thickness of the oil film does not
depend on the surface configuration and is con-
stant. It should be noted that there is an uncertainty
factor in the result obtained due to the possible par-
tial aggregation of fine fractions, and also due to
the porosity of the material. Then, the required
value of the surface of the MM included in the
ACM is calculated from the established specific
surface of the MM particles and the granulometric
composition of the MM mixture using the relation

sOJgJ 2
, 11
Z 100 ° (1)

where s, ; — specific surface of 100 g of each j-th

fraction of the mixture, cm?.

From everything follows the complexity, cum-
bersomeness and the presence of errors in the re-
sults obtained in all methods, and the expediency
of using differentiated methods for fine and coarse
material is obvious: blowing the layer with air for
fine fractions, for large fractions — to use the water
permeability of the layer. Table 3 shows the speci-
fic surface area of the main MM.

From the analysis of Tab. 3, the following con-
clusion follows: the specific surface of the fractions
that make up the ACM ranged from 1.3 m/kg
for crushed stone of 25-15 mm, to 340 m*kg for
particles smaller than 71 um. In addition, although
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the mass fraction of mineral powder in the ACM
composition is small and lies within 6 %, its sur-
face primarily makes the main contribution to the
total surface area of mineral materials. This should
be taken into account in the ACM mixing techno-
logy. The data given in Tab. 3 are reasonably
approximated by the dependence

S = aDn. (12)

Table 3
Specific surface of main mineral materials
with density of 2.65 t/m® [10]

Particle size, Lime- Granite, | Quartz sand, |Diorite,
mm stone, m¥kg| m?/kg m?/kg m?/kg
Less than 0.071 340 290 190 286
0.071-0.14 70 67 40 87
0.14-0.315 25 28 12 22
0.315-0.63 13 14 8,0 10.5
0.63-1.25 6 6.5 5,8 5.5
1.25-3 35 3.7 2,5 3.6
3-5 1.6 1.7 1,0 1.45
5-10 0.71 0.74 - 0.71
10-15 0.4 0.44 - 0.42
15-25 - 0.28 - 0.30
25-40 - 0.17 - -

The values of the coefficients for various MM in
calculations by formula (12) are given in Tab. 4 [10].

Table 4
Coefficients of approximating dependence (12)
for calculations with different mineral materials

Material Value of coefficients

a n
Granite 68 -1.04
Dense limestone 70 -1.07
Quartz sand 42 -1.04

Table 5 gives the results of calculated and ex-
perimental determinations of the surface of various
MM fractions [10].

An analysis of the data in the Table shows that
for granite and limestone, the calculation method
of the tetrad shape of grains is more acceptable, for
sand — the calculated ratios for the cubic shape
of particles [5]. The calculation method makes it
possible to take into account the size of the frac-
tions and the shape of the particles, which gives
a number of advantages. For this reason, it is the
main method for calculating the surface of the
mineral components of the ACM.
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Table 5

Comparison of methods for finding the specific surface of various mineral materials fractions (calculated and experimental
methods for determining while using methods of air and water permeability)

Specific surface area, m*/kg
Mineral Average Calculation method for Measurement
- Fraction size, mm diameter ball cube tetrahedron
material Method:
Dave, mm 6 8,5 14,7 ethoa:
— - — air and water permeability
dp dp dp
0.0005-0.001 0.00075 3000 4250 7360 -
0.001-0.002 0.0015 1500 2120 3680 -

_ 0.002-0.004 0.003 750 1060 1840 less then 0.071
Mineral 0.004-0,008 0.006 378 535 925 300-500
powder

0.008-0.017 0.012 189.0 268 463 -
0.017-0.035 0.026 86.0 122 210 -
0.035-0.071 0.05 445 63 109 -
0.071-0.14 0.115 195 27.6 48 70
0.14-0.315 0.23 9.8 14.0 24.1 25
Sand 0.315-0.63 0.47 4.8 6.8 11.7 13
0.63-1.25 0.94 241 3.4 5.9 6
1.25-3.0 2.12 1.07 1.52 2.62 35
3.0-5 4.0 0.57 0.80 1.39 1.6
5.0-10 7.5 0.30 0.43 0.74 0.71
10.0-15 125 0.18 0.26 0.44 0.43
Rubble
15.0-25 20.0 0.113 0.16 0.28 -
25.0-40 325 0.07 0.10 0.17 -
40.0-70 55.0 0.04 0.06 0.10 -
The density of the material is assumed to be 2.65 t/m®.

Structure of the exergy
of the asphalt concrete mixture

The exergy of the ACM flow is determined by
three components [1, 12-15]: thermomecha-
nical e, ,c,, concentration e ,q,, and reacti-

on e, ,,- The numerical values of the indicated

components of the exergy of the substance in the
flow for ACM can be found on the database given
in the previous section.

The thermomechanical component of ACM
exergy is determined [1]

€pr.AaCM T Zgjgp I:CM (tACM - to)_
= ToIn (T, /Ty), MIR (13)

Temperatures in the example are taken: fini-
shed ACM t,,, =160 °C, environment t, = 20 °C.

Hayka
uTexHuka. T. 22, Ne 1 (2023)

The heat capacity ACM, specific mass, isobaric,
average in the temperature range of 20-160 °C for
mixtures is determined by the given composition
and heat capacity of the components

160

= 3. 60
Cp‘zo ZZ;Cp,j‘ZO g; =0.84-0.06 +
j=
+0.84-0.06 +1.6-0.88 = 1.51, kJ/(kg-K).

The mass fractions of the ACM components
are given above, the mentioned heat capacities
of the components are given in [9].

The value of the thermomechanical component
of ACM exergy is found

e,r son = 1,51[(160—-20)—(273 + 20)x

x In(273 + 160)/293]=38.6 MJ/t.
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The reaction component of the exergy of the
ACM flow is calculated [1]

e som = Z g6, M, (14)

where e, ; —chemical exergy of ACM, MJ/t.

In the general case, the constituent mineral
components of ACM: mineral powder (MP), SGM
(sand-gravel mixture), bitumen. The reaction com-
ponent of the SGM exergy is e = 0, this

u, min.aggr
is due to the fact that it is represented primarily by
silicon dioxide SiO,, and its chemical exergy is
zero [11]. In the same place [11] we find the value
of chemical exergy e, v» = 1045 MJ/t for dolomite
CaCQO; since dolomite most often makes up the
MP. The reaction component of the bituminous

binder e, =41 MJ/kg is given in [9]. Then, from

relation (14), it is easy to calculate the reaction
component of ACM exergy based on its average
mass composition [1]

e acm =Zgjeuh/. =0.82-0 +
+ 0.06-1045 + 0.06-41-103 = 2523 MJf,

Based on the previously described method,
the concentration component of ACM exergy is
calculated

€ acrt = SemWoan» MIIL. (15)

cm”" adh?

As a result, we find the desired exergy of the
substance in the flow for ACM

€icm = €pracm t €acm T € acm
= 38.6 + 4.76-10—-3 + 2523= 2561 MJI/t.

From the analysis of the ratio of the values that
make up the ACM exergy, it follows that the reac-
tion component has the main specific gravity. It is
two orders of magnitude higher than the next ther-
momechanical component in terms of specific
gravity. The value of the concentration component
of the ACM exergy is relatively small and compa-
rable with the error in finding the exergy. The reac-
tion component of ACM exergy is a transit com-
ponent in the technological chain of transformation
of initial ingredients into ACM and, for this reason,
can be excluded. The need to exclude transit ener-
gy on the analysis results makes it possible to
block its “noise” in the analysis of changes in the
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exergy relative characteristics that are necessary to
establish the thermodynamic efficiency of the
components of the ACM production processes.

The revealed circumstances of the concentra-
tion component of ACM exergy remove the ques-
tion of uncertainty about the influence of the error
of its calculation on the results. “With a relatively
small value of the concentration component of
ACM exergy, the presented ideas about the rela-
tionship of its value with the energy costs for the
mixing process are consistent with the empirical
data that take place in the operation of the ACP
mixing units: the minimum specific energy re-
quired for mixture formation based on the value of
the concentration component of the ACM exergy
turns out to be equal to =5 kJ/t” [10]. This value
is in good agreement with the real costs, deter-
mined by the duration of the mixing process, the
power of the mixer drive and its loading [15].

CONCLUSIONS

1. Thermodynamic analysis of technological
processes in road construction is gaining more and
more recognition [2, 3]. The analysis of the studies
shows the impact on the durability and strength of
the materials that make up the pavement, especial-
ly at different temperatures, is exerted by internal
stresses arising from the mismatch of the thermo-
physical coefficients of the mineral materials that
make up the ACM, including scrap (d, =5-30 mm)
and bituminous binder. In this context, it is impor-
tant to increase the proportion of ACM oriented
bitumen by changing the dispersion and shape
of particles of mineral materials.

2. The promotion of the processes of creating
asphalt concrete pavement towards so-called
“green energy” presupposes the reuse of the used
pavement. The possibility of such use of materials
while maintaining the quality of the ACM can be
assessed by changing the concentration component
of the ACM exergy, regardless of the ACM laying
technology.

3. A physical model has been considered and
a calculation method has been developed that
makes it possible to relate the energy of adhesive
interaction and the specific surface of mineral ma-
terials with the value of the concentration compo-
nent of the asphalt concrete mixture.

4. The value of the concentration component
of the exergy of the asphalt concrete mixture:
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allows to evaluate the energy efficiency of its pro-
duction at asphalt concrete plants based on the
modern exergy method of thermodynamic analy-
sis; gives a quantitative estimate of the energy con-
sumption for carrying out the process of mixing
the ingredients of the asphalt concrete mixture in
the mixing unit of asphalt concrete plants.

5. The following steps need to be taken: studies
to clarify the energy of adhesive interaction with
various mineral materials involved in circulation
when reusing used road pavement, with a dispersed
composition, its uniformity and the shape of parti-
cles of mineral material; development of methods
for determining and calculating the surface of
particles of mineral dispersed materials; studies on
the impact of the ratio between oriented bitumen
and bulk bitumen in ACM on pavement perfor-
mance.

This work has been carried out within the
framework of the project on cooperation between
Belarusian and Chinese scientists and specialists:
“Outstanding Foreign Scientist Studio of Green
Low-Carbon Technology for Pavement Construc-
tion and Maintenance” (Grant No GZS2022004) —

B R O KBRS R R HINERI S Z TIEE
(FiH 2 GZS2022004).
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