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Abstract

Introduction. Long performance of pavements is ensured by preserving the stability of their
basic physical and mechanical characteristics under various operating loads and weather and climatic
conditions. One of the main factors contributing to such stability is aging resistance of bitumen.

Problem statement. Aging bitumen process is a combination of irreversible changes in the
structure and physical and technical characteristics of bitumen that occur when using them exposed to
external factors. The most rapid aging of bitumen occurs in the thin films at the preparation of asphalt
mixes.

Also, during the operation of asphalt pavements, constant changes in the properties of bitumen
leading to the deterioration of its quality and the destruction of asphalt are continuously occur.

Purpose. Development of technologies aimed at reducing the aging of bitumen during
technological processing which will improve the quality of bitumen and asphalt concrete and extend the
service life of road pavements.

Results. In this paper, measures and technologies for improving the stability of bitumen and
asphalt to technological aging are defined.

Introduction of surfactants in bitumen virtually does not affect its physical and technical
properties. However, they enable increasing stability of oxidized bitumen to aging by changing the
structure formation processes in bitumen and adsorption of surfactants on asphaltenes.

Compounding of oxidized bitumen with residual bitumen leads to increase in its residual
penetration and reduction in the aging indices.

Use of energy-saving additives allows reducing the temperature of preparation and compaction
of asphalt mixes, thereby promoting reducing thermo-oxidative aging of bitumen and thus increasing its
durability.

Conclusions. Developed technologies for increasing the stability of bitumen and asphalt
concrete to aging will extend the service life of road pavements.

Key words: asphalt concrete, bitumen, energy-saving additive, compounding, aging of
bitumen,surfactants.

Scope

Long performance of flexible pavements is ensured by preserving the stability of their basic
physical and mechanical characteristics under various operating loads and weather and climatic
conditions. One of the main factors contributing to such stability is aging resistance of bitumen.

During the operation of asphalt concrete pavements constant changes in the properties of
bitumen leading to the deterioration of its quality and the destruction of asphalt are continuously
occurred. However, the aging of bitumen occurs not only when it is a part of asphalt pavement.
Irreversible changes in the properties of bitumen are observed at the stage of its preparation at asphalt

ISSN 2524-0994. Dorogi i mosti, 2018 (18) 107



BYAIBHULTBO TA HUBIJIbHA IHXXEHEPIA

plant which may result in the premature destruction of asphalt pavements. It has repeatedly been noted
in the works of Kolbanovska [1], Rudenska [2] and other.

The aim of this work was to improve the stability of oxidized bitumen to thermo-oxidative
aging.

To simulate thermo-oxidative aging, the RTFOT method was used (according to
EN 12607-1 [3]) which simulates the processes of preparation, storage and laying hot asphalt mixes and
takes into account constant updating of bitumen surfaces while stirring it with hot mineral materials.
Aging of bitumen by this method is carried out at continuous air intake and thus thermo-oxidative aging
takes place.

Resistance of bitumen to aging is assessed by the indicators that to the utmost characterize the
change of bitumen consistency, namely by residual penetration (ratio of bitumen penetration after
heating to the initial bitumen penetration) and aging index (ratio of dynamic viscosity of bitumen after
heating to the dynamic viscosity of initial bitumen).

Research of the stability of oxidized bitumen to thermo-oxidative aging

For the research purposes, bitumen of BND 60/90 (BND is a brand according to
DSTU 4044 [4]) and BND 90/130 brand produced by PJSC «Ukrtatnafta» were taken. The investigated
bitumen show typical characteristics of oxidized bitumen and by the values of its physical and technical
properties meet the requirements of DSTU 4044 [4] (Table 1).

Heating of bitumen by RTFOT method leads to changes in its properties. Values of residual
penetration of bitumen are within the range from 60 % to 62 %. That is, regardless bitumen brand, its
resistance to aging is almost the same in terms of residual penetration. At the same time, aging index
values indicate that more viscous bitumen is less resistant to aging. At almost the same residual
penetration, aging index of bitumen of brand BND 60/90 is in 1,15 times higher.

Given significant changes in the properties of bitumen at heating, there is a need to improve its
resistance to high processing temperatures.

Table 1
Test results of bitumen investigation
Test results of bitumen investigation Test
Indicators brand brand methods
BND 60/90 BND 90/130
Depth of needle penetration at
temperature 25 °C, mx10™ 67 76 110 EN 1426[5]
Softening point (by ring and
ball), °C 49,7 48,6 45,1 EN 1427[6]
Brittleness temperature, °C -24 -24 -25 EN 12593[7]
El‘i‘it(l)l_éty at temperature 25 °C, 68 70 80 ASTM D113[8]
Ductlléty at temperature 0 °C, 3.0 32 4.0 ASTM D113[8]
mx10
Dynamic viscosity at temperature
60 °C, Pa-s 390 326 198 EN 13302 [9]
Residual penetration, % 60 62 62 EN 12607-1 [3]
Aging index 3,12 3,03 2,65 EN 12607-1 [3]
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To increase the resistance of bitumen and, therefore, of asphalt to high processing temperatures
is possible by the use of surfactants, improving the structure of oxidized bitumen by their compounding
with residual bitumen, as well as by reducing the processing temperature of production and laying of
asphalt mixes through the use of special energy-saving additives.

The use of surfactants

Aging of bitumen under the influence of thermo-oxidative factors includes the processes of
emergence, development and destruction of a rigid spatial structure of asphaltenes. We can therefore
assume that any substances that prevent the formation of spatial structures contribute to aging slowing
even without changing in the oxidation process associated with the increase in the number of
asphaltenes, as is in the case with the introduction of bitumen inhibitors.

Introduction of cationic surfactants in bitumen that are adsorbed on the asphaltenes and block
the points of their possible contacts is connected with the stabilizing effect and leads to the
transformation of coagulation spatial structure in a highly concentrated unstructured suspension of
asphaltenes [1].

A study was conducted of the impact of cationic surfactant, a natural product of a synthesis of
fatty acids, low molecular amines and organic solvent to improve the stability of bitumen to thermo-
oxidative aging.

Bitumen modification by surfactant was performed at a temperature (145 - 150) °C for 60 min.
The content of surfactant in bitumen was 0,5 %, 0,75 % and 1,0 %.

The test results show that at the introduction of surfactant negligible plasticizing of bitumen
occurs (Table 2). Its penetration increases, its softening point reduces. Dynamic viscosity of bitumen
when introducing surfactant is increasing slightly which indirectly indicates its structuring effect.

Table 2
Influence of surfactants on bitumen properties

Test results of bitumen investigation of BND 60/90 grade
Indicators nitial modified by surfactant, %

0,5 0,75 1,0
Depth of needle penetration at
temperature 25 °C, mx10™ 67 68 70 72
Softening point (by ring and ball), °C 49,7 49,2 48,8 48,2
Dygarmc viscosity at temperature 390 420 405 380
60 °C, Pa-s
Residual penetration, % 60 72 74 75
Aging index 3,12 2,60 2,52 2,47

Bitumen modified by surfactants is more resistant to aging. The residual bitumen penetration
with 0,5 % of surfactant is by 20 % larger than the residual penetration of initial bitumen.

With increasing content of surfactants residual penetration of bitumen continues to grow and
with its content at 0,75 % and 1,0 % it is by 23 % and 25 % respectively higher than the residual
penetration of initial bitumen. Similar results were obtained when determining aging index.

In addition it should be noted that the penetration of initial bitumen after aging (i.e. penetration
of bitumen contained in the asphalt pavement) is 40 mx10™, and of bitumen with 1,0 % of surfactant is
54 mx10™. This means that the bitumen with 1,0 % of surfactant after aging has in 1,35 times higher
penetration than the initial aged bitumen which must surely increase the durability of asphalt pavement.
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Compounding of bitumen

The tendency of bitumen to aging depends on many factors including bitumen component
composition and nature of raw materials, technology of its generation, etc. It is believed that oxidized
bitumen which is the most common in the road construction of Ukraine is intermediate between the
bitumen obtained from cracking residues most prone to rapid aging, and the residual bitumen that is the
most resistant to aging. However, there is evidence that oxidized bitumen from road tar based on certain
oils has higher resistance to aging than the residual bitumen, repeatedly confirming the statement that
aging bitumen is a complex phenomenon and it depends on many factors.

In recent years, a number of studies on the improvement of bitumen resistance to aging have
been fulfilled. In particular, Israilova [10] proposed the concept of increasing the resistance of thermo-
oxidized bitumen to aging which consists in reducing the number of structure-forming components -
asphaltenes which are characterized by high concentrations of free radicals that trigger aging of bitumen
at storage and preparation of bitumen mineral mixes by compounding the latest with the leavings of
crude and vacuum distillation of crude oil. In their works Nat Chan Tian [11] propose to increase the
resistance of bitumen to thermo-oxidative aging by optimizing the type chemical composition of raw
materials for bitumen.

It is likely to increase the resistance of oxidized bitumen to high processing temperatures and
operational factors by its compounding with residual bitumen.

Compounded bitumen obtained by the combination of oxidized bitumen of BND 60/90
brand that meets the requirements of DSTU 4044 [4] with the residual bitumen of 100/150
brand that meets the requirements of EN 12591 [12]. Combination was performed at a temperature
(160 - 165) °C for 2,0 hours.

The content of residual bitumen ranged from 10 % to 50 % by weight of compounded bitumen.
Test results of initial and compounded bitumen are shown in Table 3.

Table 3
The results of determining the physical and technical properties of bitumen
obtained by compounding of different types of bitumen

Test results
oxidized distillation | compounded bitumen based on oxidized
Indicators bitumen of | bitumen of | bitumen of BND 60/90 brand containing
BND 60/90 100/150 distillation bitumen of 100/150 brand, %
brand brand 10 % 30 % 50 %
Depth of needle
penetration at temperature 67 106 66 75 86
25°C, mx10™
Softening point (by ring
and ball), °C 49,7 42,2 48,7 46,2 444
Dynamic viscosity at
temperature 60 °C, Pa‘s 390 168 405 275 230
Residual penetration, % 60 65 73 71 67
Aging index 3,12 2,05 2,40 2,54 2,40

The residual penetration of oxidized bitumen at heating by the RTFOT method is 60 %. Adding
to oxidized bitumen of 10 % of 100/150 brand bitumen increases the residual penetration to 73 %

(Figure 1).
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Figure 1 — Residual penetration of compounded bitumen depending on the content of distillation
bitumen

Increase in the residual penetration at heating indicates that compounded bitumen compared
with the oxidized one changes its consistency less and, therefore, is more resistant to aging.

Increase in the content of residual bitumen to 30 % and 50 % leads to the decrease in the index
of residual penetration. However, residual penetration of compounded bitumen is still higher than of the
oxidized bitumen. In this case, the reduction in the residual penetration is likely due to increased
penetration of compounded bitumen, as it is widely accepted that less viscous bitumen is aging more
intensely than the viscous one.

The value of aging index also indicates a higher resistance to aging of compounded bitumen
compared to the oxidized one (Figure 1). Even with the introduction of 10 % of distillation bitumen of
100/150 brand, a significant decrease in the aging index from 3,12 to 2,40 is observed. By increasing
the distillation bitumen content to 30 % and 50 % aging index is virtually unchanged, indicating
increased resistance of compounded bitumen to aging even with the increase in its penetration (i.e. less
viscous compounded bitumen change its properties at thermo-oxidative aging not more than viscous
binders).

Thus, the test results show that compounded bitumen is more resistant to aging than oxidized
bitumen. Even with the introduction of 10 % of residual bitumen to the oxidized bitumen, a significant
increase in the durability of oxidized bitumen to aging is observed testifying to an increase in the
durability of asphalt based on compounded bitumen.

Reducing processing temperatures of production and laying of asphalt mixes

Today in Ukraine, hot asphalt mixes are used almost exclusively for the arrangement of road
pavements.

Hot asphalt mixes are produced using viscous bitumen at a temperature (140 - 170) °C. In this
temperature range the viscosity of the bitumen is reduced to a level at which it easily envelops hot
gravel; the mix is sufficiently workable that ensures its uniform mixing and subsequent transportation to
the storage tank. The upper temperature limit for heating the binder and mineral material is limited due
to the intense oxidative binder aging at processing temperatures of stirring the mix. Hot mix is placed
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and its compaction is started at temperatures (135 - 155) °C, and its rolling is completed at temperatures
lower than 80 °C.

Heating the bitumen and its subsequent mixing with mineral material leads to increasing the
viscosity of bitumen which in turn reduces the workability of asphalt mix. As you know, the quality of
future pavement and conditions of works performance are largely determined by the workability of
asphalt mix at laying and compaction. Durable pavement can be obtained only if the mix is quite easily
placed with the layer of a given thickness, well leveled and compacted. This mix provides a flat, smooth
and uniform surface.

The quality of mix placing is also affected by the temperature of the mix at placing. The higher
the temperature of the mix - the lower is the viscosity of bitumen; the higher its flowability - the better
is its workability.

For the production of quality asphalt mixes various technological solutions are used, as well as
special additives that reduce the temperature of their preparation and placement, thereby reducing aging
of bitumen.

The results of studies of the effect of temperature of bitumen heating by the RTFOT method
(Figure 2) on change in its properties show that when the test temperature is reduced, bitumen less
changes its properties. Residual penetration of initial bitumen at the test temperature reduction by 20 °C
increases from 60 % to 67 % and by 40 °C - from 60 % to 80 %.
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Figure 2 — Effect of temperature on residual penetration of bitumen

However, preparing asphalt mixes at low temperatures is only possible using special energy-
saving additives. As seen in Figure 2, the introduction of energy-saving additives increases the residual
penetration of bitumen from 60 % to 74 %, i.e. energy-saving additive increases the resistance of
bitumen to aging. Lowering the test temperature by 20 °C and 40 °C increases the residual penetration
to 83 % and 95 %, respectively. This indicates that in case of the preparation of asphalt mixes based on
bitumen with energy-saving additive at low temperatures bitumen much less changes its properties, and
thus extends the service life of asphalt pavements.

With the introduction of energy-saving additives, the possibility of lowering the temperature of
preparation and placing of asphalt mixes is achieved by reducing the surface tension of bitumen or by
reducing the viscosity of bitumen when it is heated above the melting point of waxes included in the
additive.
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Using rotational viscometer Brookfield, the temperature- viscous dependence of initial and
modified bitumen was studied and temperature at which viscosity of bitumen reaches the value of
0,5 Pa-s (maximum viscosity at which high-quality mixing with binder mineral materials is provided).
For the initial bitumen this temperature is 142 °C, and for the bitumen modified with 0,5 % of energy
saving additives it is 143 °C. Thus, the results indicate that the adopted for research energy-saving
additive allows reducing the temperature of preparation and laying of asphalt mixes by reducing the
surface tension of bitumen.

The studies of asphalt mixes preparation temperature influence on the properties of asphalt have
been conducted.

Preparation of asphalt mixes based on the initial bitumen and on the bitumen modified with
energy-saving additive was carried out in compliance with the standard sequence of process operations
according to DSTU B V.2.7-319 [13].

Temperatures of heating materials at the preparation of asphalt mixes at standard temperatures
in the lab in compliance with DSTU B V.2.7-319 [13] and taking into account selected temperature
conditions were as follows: for gravel, sand and filler — (170-175)°C, bitumen -—
(140 - 145) °C. The mix was compacted at a temperature (150 - 155) °C.

At lowering the temperature of asphalt mix preparation by 20 °C the temperatures of heating the
materials were as follows: for gravel, sand and filler — (150 - 155) °C, for bitumen - (140 - 145) °C.
The mix was compacted at a temperature (130 - 135) °C.

At lowering the temperature of asphalt mix preparation by 40 °C the temperatures of heating the
materials were as follows: for gravel, sand and filler — (130 - 135) °C, for bitumen — (140 - 145) °C.
The mix was compacted at a temperature (110 - 115) °C.

Test results of asphalt based on the initial bitumen and of asphalt based on the bitumen with
energy-saving additive are shown in Table 4.

Table 4
Test results of asphalt prepared at various temperatures
Processing temperatures Test results of asphalt based on bitumen
Indicators mixing compaction BND 60/90 BND 60/.90 " 0’5. %
energy-saving additives

170-175 150-155 2,366 2,379

Average density, g/cm’ 150-155 130-135 2,359 2,371
130-135 110-115 2,349 2,362
170-175 150-155 1,9 1,6

Water saturation, % 150-155 130-135 2.4 1,9
130-135 110-115 3,1 2,3

Water resistance 170-175 150-155 0,95 1,00

coefficient 140-145 130-135 0,92 0,98
120-125 110-115 0,88 0,96

Compressive strength,

MPa, at temperature:
170-175 150-155 9,22 9,42

0°C 140-145 130-135 8,68 8,97
120-125 110-115 7,82 8,59
170-175 150-155 4,62 4,69

20 °C 140-145 130-135 4,21 4,31
120-125 110-115 3,94 4,06
170-175 150-155 1,71 1,70

50 °C 140-145 130-135 1,48 1,61
120-125 110-115 1,35 1,49
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Test results show that the density of asphalt with energy-saving additive is higher than that of
asphalt based on the initial bitumen. Average density of asphalt samples based on the initial bitumen, as
well as of those based on the bitumen with energy-saving additive decreases in parallel with decreasing
temperature of asphalt mixes preparation and compaction. At that, the nature of decreasing the average
density of asphalt concrete samples is identical. However, due to higher average density of asphalt
based on the bitumen with energy-saving additive prepared under standard temperature, average density
of asphalt based on the same bitumen prepared under lowered by 40 °C temperature is practically the
same as the average density of asphalt based on the initial bitumen and prepared at standard
temperatures.

Along with increasing density, water saturation of asphalt decreases at its modification by
energy-saving additives. As the temperature of preparation and compaction of asphalt mixes increases,
the growth in the water saturation index for both asphalt compositions is observed. Thus, for asphalt
with energy-saving additive water saturation growth is less intense than for asphalt based on the initial
bitumen. It should also be noted that at reducing the temperature of asphalt mixes preparation based on
the initial bitumen by 40 °C for the specified index asphalt does not meet the requirements of
DSTUB V.2.7-119 [14].

The introduction of energy-saving additives in asphalt increases the water resistance coefficient
from 0,95 to 1,00. Lowering the temperature of asphalt mixes preparation and compaction leads to the
reduction in the water resistance coefficient. Decreasing water resistance of asphalt based on bitumen
modified by energy-saving additive is less intense than of asphalt based on the initial bitumen. Asphalt
based on the initial bitumen obtained at lowered by 40 °C temperature does not meet the requirements
of DSTU B V.2.7-119 [14] in terms of water resistance coefficient.

With the introduction of energy-saving additives an increase in compression strength of asphalt
has been observed at 20 °C and 0 °C and at 50 °C the strength is not changed. The decrease in the
strength of asphalt at the temperature of asphalt mixes preparation and compaction takes place in all
cases at temperature decreasing. For asphalt based on the initial bitumen the decrease in strength is
higher than for asphalt based on the bitumen modified by energy-saving additive. Most significantly the
strength of asphalt is reduced at lowering by 40 °C of the temperature of asphalt mixes preparation
based on the initial bitumen.

Thus, it can be stated that the use of energy-saving additives allows reducing the processing
temperatures of asphalt mixes preparation and compaction. Asphalt based on the bitumen modified by
energy-saving additive prepared and compacted at lowered by 40 °C temperatures is almost identical to
asphalt based on the unmodified bitumen and prepared under standard temperatures.

Conclusions

1. At thermo-oxidative aging of bitumen a change in its properties takes place. Its penetration
is reduced and its dynamic viscosity is increased which adversely affects the durability of asphalt.

2. Modification of bitumen by surfactants virtually does not affect its physical and technical
properties. However, surfactants have a significant impact on the stability of bitumen to thermo-
oxidative aging.

3. Introduction of residual bitumen to the oxidized bitumen results in an increase in its
residual penetration and reduction in aging index at heating in compliance with EN 12607-1, indicating
a higher resistance to aging of compounded bitumen compared to the oxidized one, and therefore higher
durability of asphalt based on compounded bitumen.

4. Use of energy-saving additives at the preparation of asphalt and polymer asphalt mixes
allows reducing the temperature of its preparation and compaction by 40 °C. Asphalt with energy-
saving additives prepared according to standard and lowered processing temperatures meets the
requirements of DSTU B V.2.7-119.
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5. Lowering the temperature of asphalt mixes preparation and compaction reduces the
thermo-oxidative aging of bitumen and, consequently, increases the service life of asphalt pavements.

6. Besides, lowering the temperature of preparation and laying of asphalt mixes allows
reducing energy resources consumption and improving environmental situation in the country.
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JJABOPATOPHI JOCJIKEHHS IIOJ0 3SMEHIIEHHSA
TEXHOJIOTTYHOI'O CTAPIHHSA BITYMIB

Anomauisn

Beryn. JIoBroBigHICTE MTOPOXKHIX IMTOKPUTTIB 3a0e3MMeuyeThess 30epeKeHHSIM CTaOLTBHOCTI iX
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KITiMaTnaHuX yMoBax. OJHMM 3 OCHOBHUX (DaKkTOpiB, IO CHPHUSIOTH Takiil CTaOIBHOCTI, € CTIHKICTD
0iTyMy 0 CTapiHHAL

IIpo6memaruka. [Iporec crapiaHsS OITyMIB — Il CYKYNHICTh HE3BOPOTHHX 3MIiH CTPYKTYpPH Ta
(I3UKO-TEXHIYHUX XapaKTEPUCTHK OITyMiB, IO BiIOyBAaIOTHCA MPH 1X BUKOPUCTAHHI TiA Mi€r0
30BHIIIHIX (akTopiB. Halbinpm mBuake crapiHsA OiTyMiB BiOyBa€Tbcs B TOHKHX IUTIBKaxX IpH
MIPUTOTYBaHHI acPanbTOOCTOHHUX cyMimiel. ['0JJOBHUMH YMHHUKAMHU CTapiHHSA MIPH ITbOMY € KHCEHBb
TIOBITPS 1 BHCOKA TEMITepaTypa, ki 00yMOBITIOIOTh iHTCHCHBHI OKHCHIOBAJIbHI Ta TEPMOOKHCHIOBATLHI
MPOIIECH.

Takox, T™OCTiHI 3MiHM BJIAacTHBOCTEH OiTyMy BiIOyBalOTbCcA INifi Yac eKcIuTyaramil
ac(hampTOOCTOHHUX TOKPHUTTIB, SIKI TPHU3BOAATH JO TOTIPIICHHS HWOTO SKOCTI Ta pyWHYBaHHS
acdanbToOeTOHYy.
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Mera. Po3pobka TexHONIOriH, CHpPSAMOBAaHMX Ha 3MEHIIEHHA CTapiHHS OiTymiB mpu
TEXHOJIOT1UHIN 1epepoOlli, 1110 J03BOJIHUTS MIABHIIUTH SIKICTh OITYMIB 1 ac(halbTOOCTOHIB Ta IOJOBXKUTH
CTPOKH CITy>KOW JOPOKHIX TIOKPHUTTIB.

Pesynpratu. B poOotTi amocnmimkeHO 3MiHY BIAacTHBOCTEH OITyMiB HpU TEXHOJOTIYHOMY
crapinHi. BcraHoBieHI 3axoam Ta TEXHOJOTII MiABHIICHHS CTIHKOCTI OITyMiB 0 TEXHOJIOTIYHOTO
CTapiHHS.

Beenenns 10 cknamy OiTyMy HMOBEPXHEBO-aKTHBHHMX PEUOBHMH IMPAKTHUYHO HE BIUIMBA€E Ha iX
¢i3uko-TexHiyHl BracTUBOCTi. OJHAK BOHHM JAalOTh MOXJIMBICTH TMIJBHUIIUTH CTIHKICTh OKHCIEHHX
OiTyMiB O CTapiHHS IIIIXOM 3MIHH TIPOIECIB CTPYKTYPOYTBOPEHHS B OiTyMi Ta aacopOmil
MTOBEPXHEBO-aKTUBHIX PEUOBHH Ha ac(asbTeHaX.

KoMnayHiyBaHHS OKUCIIEHOTO OiTyMy 3 3aJIMIIKOBUM OiTyMOM TIPU3BOIUTH JIO 3POCTaHHS HOTO
3JIAIITKOBOI TICHETPAINI] Ta 3HIKCHHS 1HICKCIB CTapiHHS.

BukopucranHsi eHeprozoepiralounx J00aBOK JIO3BOJSIE 3HU3UTH TEMIEpaTypy MPHUTOTYBaHHS
Ta YIIbHEHHA ac(}anbTOOETOHHHMX CyMilllei, [0 CHpHA€ 3MEHIIEHHIO TEPMOOKHCIIOBAJILHOTO
cTapiHHs 6iTyMy, a OT)KE ITiIBUIEHHIO HOTO JOBTOBIYHOCTI.

BucHoBku. Po3poGieni TexHomorii MiABUINEHHS CTIHKOCTI OITyMiB 1 acambTOOETOHIB MO
CTapiHHS JI03BOJIATh TOJIOBKUTHU CTPOKH CIYKOH JOPOKHIX TOKPUTTIB.

Knwuoei cnoea: acdanvroberoH, OiTyMm, eHeprosoOepiraioua no0aBKa, KOMIAayHIyBaHHS,
cTapiHHs 6iTyMy, TOBEPXHEBO-aKTHBHA PEYOBHHA.
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Tocyoapcmeennoe  npeonpuamue  «l ocyoapcmeentviti  OOPOACHBIN — HAYUHO-UCCLE008AMENbCKULL
uncmumym umenu H.I1. lynveunay (I'Tl «'ocoopHUU»), 2. Kues, Yrpauna

JJABOPATOPHBIE UCCJIEJOBAHUS 10 CHUKEHUTO
TEXHOJOTUYECKOI'O CTAPEHUA BUTYMOB

Annomauusn

Beenenue.  JIonTrOBEYHOCTh  JOPOXKHBIX  TMOKPBITHH  0oOecrieumBaeTCs  COXpaHCHHEM
CTa0MILHOCTH MX OCHOBHBIX (PHU3UKO-MEXAHWYCCKUX XapPaKTEPUCTUK TMPH Pa3IUdHbIX pabodnx
Harpy3Kax, MOTOJIHBIX U KIIMMATHYEeCKUX YcIoBUsAX. OTHUM U3 OCHOBHBIX (haKTOPOB, CIIOCOOCTBYIOIINX
TaKOW CTA0OMIIBHOCTH SIBISCTCS YCTOMUYMBOCTD OUTYMa K CTAPCHHIO.

IIpo6nemaruka. [Ipormecc crapeHuss OUTYMOB - 3TO COBOKYIMHOCTh HEOOpPATHUMBIX WU3MEHCHHIA
CTPYKTYPBI ¥ (PU3UKO-TEXHUUECKUX XAPAKTEPUCTHK OUTYMOB, TIPOUCKOIANINX MPH MX HCIOJIH30BAHUH
o JelicTBHEM BHEIIHUX (akTopoB. Hambomee OpIcTpoe cTapeHHEe OWTYMOB NMPOMCXOAUT B TOHKHX
IJICHKaX MPHU MPUTOTOBJICHUU ac(anbTOOCTOHHBIX cMecel. [ TaBHBIMU (pakTOpaMu CTapeHHs IPU STOM
SBIISIETCS.  KHCJIOPOJl BO3/yXa M BBICOKAas TemIeparypa, o0OycIaBIUBAIONME HHTCHCUBHBIE
OKHCJIUTENBbHBIC M TEPMOOKHCIUTEIbHBIE TIPOIIECCHI.

Takxke TMOCTOSHHBIC W3MEHEHHS CBOHCTB OWTyMa NPOUCXOAAT BO BpPEMs JKCILUTyaTalluu
ac¢arbTOOCTOHHBIX TOKPBITUH, KOTOPBIC MPUBOMAT K YXYAIICHUIO €r0 KadyecTBa W Pa3pyIICHUIO
acampTobeTOHA.

Ilens. Pa3paboTka TEXHOJIOTHH, HANPABJICHHBIX HAa YMCHBIIECHUE CTApCHUS OWTYMOB MpH
TEXHOJOTHMYECKON MepepaboTKe, YTO IMO3BOJIUT MOBBICHTH KauyeCTBO OMTYMOB U ac(aibTOOCTOHOB U
MPOJITUTH CPOKH CITY>KOBI IOPOKHBIX MTOKPBITHH.
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Pesynbratel. B pabore uccinenoBaHO WM3MEHEHUE CBOWMCTB OMTYMOB TPH TEXHOJIOTHYECKOM
CTapCHUWU. YCTAHOBIICHBI MEPbl W TEXHOJIOTMM  MOBBIIMICHHUS  yCTOWYMBOCTH OWUTYMOB K
TEXHOJIOTHYECKOMY CTapEHUIO.

BBenenue B coctaB OMTyMa MOBEPXHOCTHO-AaKTHBHBIX BEIICCTB NIPAKTUYECKU HE BIIMSACT HA UX
¢usuko-TexHuueckre cBoicTtBa. (OJHAKO, OHH JAIOT BO3MOXXHOCTH TIOBBICHUTH YCTOWYHBOCTD
OKHCJICHHBIX OMTYMOB K CTApEHHIO IIyTEM U3MEHEHHS MPOIECCOB CTPYKTYPOOOpa30BaHUsl B OMUTyMe U
aJIcOpOITUH MMOBEPXHOCTHO-aKTUBHBIX BEIIECTB HA ac(halbTCHaX.

KoMmnayHaupoBaHue OKHCICHHOTO OMUTyMa C OCTaTOYHBIM OUTYMOM TMPUBOJHUT K POCTY €ro
OCTaTOYHOW NICHETPAIMH U CHIKCHHUIO WH/IEKCOB CTApEHHS.

Hcnonk3oBanue  3HeprocOeperarommx  100aBOK  MO3BOJIICT  CHU3UTh  TEMIEPATypPhl
MPUTOTOBJICHUS ¥ YIUIOTHEHMS ac(albTOOCTOHHBIX CMecel, 4YTO CIOCOOCTBYET YMEHBIIICHUIO
TEPMOOKHUCIIUTENFHOTO CTapeHHs OUTYyMa, a 3HAYUT MTOBBIIICHUIO €0 JIOITOBSYHOCTH.

BeiBonbl.  PazpaboraHHbIE  TEXHOJOTMU  TOBBINICHHS  YCTOHYMBOCTH  OMTYMOB U
acharbTOOETOHOB K CTAPEHUIO ITO3BOJISIT MPOJIUTH CPOKH CITYKOBI JIOPOKHBIX TTOKPBITHH.

Knrouesvle cnosa: achanbtodeToH, OUTYM, 3HEprocoeperarolias 100aBka, KOMIIayHIUPOBAHUE,
cTapeHre OUTyMa, TOBEPXHOCTHO-aKTHBHOE BEIIECTBO.
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