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The article reviews the features of the study of residual binder obtained from bituminous
emulsions using the SUPERPAVE system. The need to add improving additives to bituminous emul-
sions, namely modifiers (polymeric and adhesive additives) and special additives of different effects
(solvents, stabilizers, thickeners, defoamers) is characterized. It is determined that the effect of special
additives with different effects on the properties of the residual binder of the emulsion is not fully
investigated. It is shown that the method of obtaining residual binder from bitumen emulsions in the
laboratory is especially important. Today, all methods of obtaining residual binder from an emulsion
can be divided into high-temperature distillation methods and low-temperature evaporation. The
literature review confirmed that the high-temperature and low-temperature performance charac-
teristics of the residual binder of emulsions primarily depend on the amount and type of modifier and
emulsifier used.
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Introduction

The Superior Performing Asphalt Pavements (SUPERPAVE) system is currently the most ad-
vanced for the study of bitumen binders for road construction. According to this system, special attention
is paid to the study of unmodified and modified petroleum road bitumen for asphalt concrete layers of
road structures (Zeiada, 2022; Watson, 2003; Gou, 2024). However, other types of bitumen road binders
are liquefied bitumen and bitumen emulsions. The use of the latter is particularly popular today. As a
result of technological processes, so-called residual binder is obtained from liquefied bitumen after the
diluent evaporates and from emulsions after their decomposition, which serves as an adhesive bond
throughout the entire service life of the material or product. In this review, we will focus on the study of
residual binders in bitumen emulsions. When the bitumen or the emulsion itself has been modified, the
residual binder will be modified accordingly. However, the residual binder of emulsions consists not only
of unmodified or modified bitumen, but also of an emulsifier with acid or alkali residues, depending on
the charge of the emulsion itself. Accordingly, the residual binder obtained from the bitumen emulsion is
different in composition from the bitumen binder for hot mix asphalt. Therefore, the purpose of this
review was to establish the features of the study of residual binder from the emulsion using the
SUPERPAVE system.

Analysis of sources on the research topic

As refineries improve and the depth of oil refining increases, road builders are increasingly facing a
decline in the quality characteristics of bitumen and, as a result, emulsions. Therefore, not only the
original bitumen, but also emulsions require the addition of improving additives. Such “improvers” can
be divided into two groups: modifiers and special additives with different effects. To meet the
requirements of emulsions for a particular road technology, it is necessary to use modifiers — substances
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that affect the properties of the residual binder, but at the same time, modifiers may or may not affect the
properties of the emulsion itself. Special additives with different effects have a positive effect on the
properties and characteristics of the emulsion itself, namely: the disintegration process, storage stability,
viscosity, etc. In turn, they are characterized by a short or insignificant effect on the residual binder after
the emulsion breaks down (Sidun, 2019; Sidun, 2023, Bidos, 2024).

Popular bitumen modifiers for emulsions and emulsion modifiers include adhesion additives and
SBS (styrene-butadiene-styrene) or SBR (styrene-butadiene-rubber) polymers. Today, most bitumen is
characterized by low adhesion properties to granite and other stone materials derived from igneous
(volcanic) rocks (Pstrowska, 2022), and the cationic emulsifier, which is present in the emulsion in
different amounts, may not fully ensure the necessary adhesion of the residual binder to this aggregate.
Therefore, the modification of bitumen with adhesives is becoming an increasingly necessary operation
before the emulsion is made. Moreover (Pyrig, 2024), it has been suggested that adhesives can act as
inhibitors of bitumen aging. Adhesive modifiers of bitumen for emulsions are usually used, as a rule, of
active rather than passive action. After all, adhesives with “passive adhesion” are used in hot techno-
logies, where the binder has a low viscosity and as a “liquid” can cover the stone material well. “Active
adhesion” refers to the formation and maintenance of a strong chemical bond between crushed stone and
bituminous binder at low temperatures in the presence of water, which is a key difference over passive
adhesion (Gunka, 2020). In the case of active adhesion, due to the action of a surfactant, water is
displaced from the surface of the stone material and replaced by a bitumen binder. Modification with
adhesion additives is possible only before emulsification, by homogenizing bitumen and surfactants in
modifying tanks or by dosing into the bitumen flow in pipelines with subsequent homogenization in sta-
tomixers.

The polymer modification of bitumen for emulsion production is aimed at improving its heat-
resistant and crack-resistant properties, and giving the binder elasticity. Emulsion modification with a
polymer can be performed before, during, and after emulsion production. Before production — bitumen is
modified, as a rule, with thermoelastoplastic polymers such as SBS. Bitumen modification with such
polymers is possible in modifying tanks using mechanical stirrers and/or in colloidal mills. In the case of
emulsion production with a bitumen-polymer binder, the emulsion equipment must be retrofitted with
heat exchangers to reduce the emulsion temperature at the outlet. The fact is that the required fluidity of
the bitumen-polymer binder is achieved at temperatures above 180 °C, which causes the emulsion to
exceed the maximum permissible temperature of 95 °C. In this case, the emulsion boils and the surfactant
loses its emulsifying properties, which is unacceptable.

During and after emulsion production, modification is performed by SBR polymers - latexes,
which are aqueous solutions containing 63—65 % of the polymer. The introduction of latex during
production into an environment with a temperature of more than 100 °C will cause the water of the latex
dispersion medium to boil, so the conditions for such modification must take into account the almost
instantaneous increase in the volume of the modified material and, accordingly, the pressure. The
introduction of latex into the finished emulsion requires lowering the emulsion temperature below 70 °C.
In this case, the process of adding latex is arbitrary (automated, mechanized or manual), and in particular
such a modification can be applied to a part of the batch during or after shipment. In any case, the latex-
modified emulsion has increased requirements for storage conditions. Due to its lower density, the poly-
mer will float and concentrate on the surface of the volume, which will lead to stratification of the emul-
sion and require its mandatory periodic stirring (Gunka, 2020; Salomon, 2006). Special additives with
different effects include diluents, stabilizers, thickeners, and defoamers. As diluents, economically avai-
lable petroleum-derived solvents with high flash points and gaseous transition and without damaging the
bitumen structure (diesel fuel, kerosene, white spirit) are usually used. The purpose of adding diluents is
to reduce the viscosity of bitumen. As a result, the emulsified diluted bitumen will show greater plasticity
at low ambient temperatures. Diluents are added to bitumen before emulsification, taking into account
their flammability and explosiveness. Stabilizers help to increase the density and viscosity of the
emulsion dispersion medium, which in turn improves the homogeneity and stability during storage and
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transportation of the emulsion. Solutions of CaCl, and KCI salts are used as stabilizers. Emulsifier
manufacturers recommend adding stabilizers to the aqueous phase before emulsification in the following
cases: when the bitumen content in the emulsion is less than 50 % by weight, the emulsion will be
transported over long distances, and in cases of long-term storage (more than 14 days). Thickeners for
emulsions are also added to the aqueous phase before emulsification and act like an emulsifier, creating
an increased charge on the surface of the dispersed bitumen and increasing the viscosity of the dispersed
medium (much more than stabilizers). They are used to achieve a higher viscosity of the emulsion with a
lower bitumen content than required for this purpose. Defoamers or anti-foaming additives are used to
reduce foaming from an emulsion component such as an emulsifier during mixing or overloading of
emulsions. These additives are fed into the aqueous phase prior to emulsification. In most cases, impro-
ving additives are used in the manufacture of fast-breaking emulsions for surface treatment, patching and
slow-breaking emulsions for slurry surfacing. This is due to the direct contact of the products of such
technologies with the moving component of transport and environmental influences, namely temperature,
solar radiation and ultraviolet radiation, precipitation and various types of substances that can get on the
road surface. The effect of special additives with different effects on the properties of the residual emul-
sion binder is not fully investigated and reviewed in the literature. However, the main influence on the
residual binder of emulsions will be exerted by the modification with polymer and/or adhesive and the
amount and type of emulsifier, acid or alkali used (Salomon, 2006). One of the first to pay attention to
this was King (1993), who studied the residual binder of both cationic emulsions with HCL and anionic
emulsions with NaOH with different amounts of emulsifier and SBS-type polymer modifier using the
SUPERPAVE system. In addition, he simultaneously studied unmodified and modified bitumen from
which the emulsions were made. As a result of the research, it was found that the polymer has the greatest
positive effect on the residual binder of the emulsion (King, 1996).

In turn, the works (Takamura, 2000; Takamura, 2001; Hanz, 2010; Islam, 2015; Malladi 2018)
showed that the method by which residual binder is obtained from bitumen emulsions in the laboratory is
especially important. The US standards (ASTM D244-09, ASTM D6934-08, ASTM D6997, ASTM
D 6014, ASTM D7403-19, ASTM D7497-21 and others) suggest distillation at high temperatures of 177
°C, 260 °C or no higher than 160 °C (Marasteanu; 2003), and at relatively low temperatures (ap-
proximately 60 °C according to ASTM D7497-21). It has been proven that the use of high-temperature
methods leads to a harder residue and is not suitable for polymer-modified emulsions (Sun, 2020; Ge,
2020). In the European regulatory framework (EN 13808), there are concepts of residual, reconstituted,
stabilized and aged binders from cationic bitumen emulsions. Stabilized and aged binders are prototypes
of the emulsion binder that should be used for durability assessment. The presence of methods in EN
1431 for the preparation of stabilized and aged binders can be compared with the methods of process
(RTFOT) and operational (PAV) aging in the SUPERPAVE system. Accordingly, the so-called residual
binder according to EN 1431 is obtained by distillation (EN 1431), and the reduced binder by evaporation
(EN 13074-1). To summarize, all methods of obtaining residual binder from an emulsion can be divided
into high-temperature distillation and low-temperature evaporation methods - which are recommended for
setting the parameters of residual binder immediately after the emulsion breaks down.

After the residual binder is extracted from the emulsion, it is tested using standard methods in the
SUPERPAVE system. Dynamic viscosity is determined using a Brookfield Viscometer, process aging
using a Rolling Thin Film Oven (RTFOT) and operational aging using a Pressure Aging Vessel (PAV),
high-temperature performance using a Dynamic Shear Rheometer (DSR), and low-temperature per-
formance using a Bending-Beam Rheometer (BBR) and Direct Tension Test System (DTT). The purpose
of these studies is to establish the PG grade according to AASHTO MP1, and additional analysis can also
be performed according to AASHTO MPla (Clyne, 2003; Basu, 2003). The indicated parameters
according to the SUPERPAVE system undergo significant changes depending on the composition of
emulsions, primarily due to the amount and type of modifier and emulsifier used (King, 1993; King,
1996; Marasteanu, 2006; Cho, 2015; Wasiuddin, 2022; Mitchell, 2010; You, 2020; Rahman, 2019).
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Conclusions

The article considers modifiers and special additives of different effects that change the properties
of the residual binder of the emulsion. The effect of modifiers on the quality indicators of the SUPER-
PAVE binder is quite researched, but the literature review did not reveal the effect of special additives of
different effects on the binder in this system.

The problem of obtaining residual binder from an emulsion in the laboratory is reviewed in view of
the European and American regulatory frameworks. As a result, it was found that for SUPERPAVE tests
it is necessary to use low-temperature evaporation rather than high-temperature distillation methods.

The literature review confirmed that the high-temperature and low-temperature performance cha-
racteristics of residual binder emulsions primarily depend on the amount and type of modifier and
emulsifier used.
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10. B. Cinyn?, B. M. T'ynnka?, O. €. Hoasx?, 1. O. Kynikos!
Harionansnuit yHiBepcuteT JIbBiBChKa MOTITEXHiKa,

! xadenpa aBTOMOOIIBHMX JOPIT Ta MOCTIB,

2 xadepa XiMiuHOT TeXHONOTIT nepepoOky HADTH Ta razy

3AJIMIIKOBE B'SI’)KYUE JIOPOXKHIX BITYMHUX EMYJIbCII, JOCJII)KEHE
3 BUKOPUCTAHHSM CUCTEMH SUPERPAVE. OI'JIsA [

O Cioyn IO. B., I'vuvka B. M., I[Tonsik O. €., Kynixos JI. O. 2024

VY cTarTi pO3TIAHYTO OCOOIHBOCTI MOCTIKCHHS 3aJIMIIKOBOTO B’SDKYYOI'O0 OTPHMAHOTO i3 OITYMHHX
JIOPOKHIX eMyIbciit 3a cuctemoro CYITEPITEMB. OkpeciieHo BiMiHHICTh Mik BUXiTHHM GiTyMHHUM B’SXKy-
YUM JIJIS1 eMYJIbCil Ta 3QIUITKOBUM, BUAUIEHUM 3 OITYMHOT JOPOXKHBOI eMylibeii. OxapakTepu3oBaHO MOTpedy
IOJTaBaHHS TOKpAIlyBaJbHUX MO0ABOK OO OITYMHHX €MYIbCil, a came MomudikaTopiB (momiMepiB Ta
anre3ifHNX I00aBOK) Ta CIEMiaTbHUX T00aBOK pi3HOI il (po3pimkyBadi, crabimizaTopu, 3rylIyBadi,
MHOTaCHUKM) Ta JETAIbHO OMHCAaHO iX 3acTocyBaHHs. [lokpaimryBaibHi 100aBKH BUKOPHUCTOBYIOTH IEpe-
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Ba)KHO MiJ] YaC BUTOTOBJICHHS IIBUIKOPO3MATHUX €MYJBCiHl Il MOBEPXHEBOI 0OPOOKH, SIMKOBOTO PEMOHTY
Ta MOBUTFHOPO3MATHHUX JUISA JINTHX eMYIbCIHO-MiHEpaIbHUX CyMilIeid. AJie BIUIMB CIICHIAIEHUX JT00aBOK
pi3HOI il Ha BIACTHUBOCTI 3aJUIIKOBOTO B’SDKYYOrO €MYIBCIl HE MO KiHIA JOCHIIKEHHUHA 1 PO3TIITHYTHH B
JiTepaTypHuX mkepenax. llokazaHo, 1m0 OCOOJMBO BaXKIMBUM € METOJ, SKHUM OTPUMYIOTH 3alIUIIIKOBE
BSDKyde 3 OITYMHHX eMyJbCiii y mabopaTopHumx ymoBax. CydacHi METOOM OTPUMAHHS 3aJUIIKOBOTO
BSDKYYOTO 3 eMYJbCii MOXKHA PO3AUTUTH HAa BHCOKOTEMIICPATypHI METOMW MAMCTHILALIT Ta HHU3BKO-
TeMIIEpPaTypHi BUTIAPOBYBAHHS, SIKi PEKOMEHIYIOTh JJIs1 BCTAHOBIEHHS MapaMeTpiB 3aIMITKOBOTO B’ SKY4OTO
o/ipa3y Ticlg po3magy eMyJsbeii. AMKe Micisa po3naay eMylibeii HeoOXiHO MPaBUIHbHO BCTAHOBUTH MapKy
B’spKydoro 3a cucremoro CYITEPTIEMB. JIyis 1b0ro 3aIMmiKoBe B’siKyde BHUIPOGOBYIOTh 33 CTAHIAPTHHMH
meromamu cuctemn CVYIIEPIIEMB: munamiunoro B’S3KICTIO, TEXHOJOTIYHUM Ta eKCIUTyaTalliiHuM
CTapiHHIM, BHCOKOTEMIICPATYPHHMH Ta HH3BKOTEMIICPATYPHUMH EKCIUIyaTalliHHUMH XapaKTePUCTHKAMHU.
Ornsan  JiTepaTypHUX —JDKEpel  MiOTBEpAMB, IO BHCOKOTEMIICPAaTypHI Ta  HHU3BKOTEMIICPaTYpHi
SKCILTyaTaIliiiHi XapaKTePUCTHKH 3aJTHITKOBOTO B SDKYYOI'0 €MYIBCIH 3aeXaTh MepeayciM BiJ KUTBKOCTI Ta
THUITy BUKOPHCTaHUX Moau(ikaTopa if eMmyibratopa.

KirouoBi ciioBa: 6iTymMHa eMyJibCisi, 3aJIMIIKOBE B'siKyde, CHCTEMa CYIEPIIENB, moJiimep,
aJare3uB, THCTUJISLisA Ta BUIAPOBYBAHHS B’ S’KY40T0.
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