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This article describes the classification of cationic bitumen emulsions according to “reactivity”
and breaking behaviour characteristics. The methods of researching the characteristics of breaking be-
haviour for bitumen emulsions of different “reactivity” in accordance with European and Ukrainian
regulatory documents are presented. Available possible emulsifiers in Ukraine for over-stabilised bitu-
men emulsions are given with a description of road technology where they can be applied. The experi-
ence of using over-stabilised bitumen cationic emulsions in road construction is characterized. Namely,
a literature review of the use of over-stabilised bitumen cationic emulsions in soil stabilization technolo-
gies, strengthening of base course materials with emulsion, and “cold recycling” technology was carried
out. The regularities of the interaction of over-stabilised bitumen emulsion with finely dispersed mineral
binders and fillers are reviewed.

Key words: rapid-, medium-, slow-setting bitumen emulsion, over-stabilised bitumen emulsion,
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Introduction

Cationic bitumen emulsions (CBE) remain a popular material for road construction abroad and in
Ukraine (Sidun, 2019; Sidun, 2019; Dotzycki, 2019; Pérez, 2013; Liu, 2020). One of the most important
physical and technical properties of these emulsions is the breaking behaviour. Emulsion breakdown refers
to the formation of a residual binder and an aqueous phase. Emulsion breakdown can be divided into
planned and non-planned. Unplanned breakdown of the emulsion occurs after its production in case of
non-compliance with the requirements for the composition of the emulsion, technological parameters of
production. Also, breakdown can occur during improper preparation (unsufficient mixing, non-compliance
with the temperature regimes) or long-term storage of emulsions in containers. Planned breakdown of the
emulsion occurs when it is used as a material for certain road technologies. Bitumen emulsion begins to
breakdown when it covers or mixes with mineral surfaces, materials, and final of breakdown will depend
on its reactivity. According to reactivity, cationic bitumen emulsions are usually divided into three types:
rapid-setting (CRS), medium-setting (CMS) and slow-setting (CSS). Therefore, the rate of emulsion
breakdown will depend directly on its reactivity, which is regulated mainly by the type and amount of
emulsifier in the emulsion and the pH of the emulsion itself. But the rate of planned emulsion breakdown
will also depend on the reactivity of the mineral part with which it will interact. In this case, it is necessary
to be guided by the principle of matching the reactivity of the emulsion with the reactivity of the surface or
aggregate. Therefore, rapid-setting emulsions are used with non-reactive aggregates with a small surface
area, and slow-setting ones are used with reactive aggregates with a large surface area. As for road tech-
nologies, as a rule, CRS is used for surface treatments, CMS for mixtures of porous grain composition, and
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CSS for dense mixtures according to their grain composition (Grilli, 2012; Grilli, 2013; Grilli, 2018; Grilli,
2016; Pasetto, 2020; Sidun, 2022; Ouyang, 2018; Baldo, 2021; Vollis, 2017; Romeo, 2018; Garilli, 2019;
Godenzoni, 2018).

Regarding the regulatory framework in Europe, the determination of CBE decay characteristics is
regulated by EN 13808. It states that there are three possible methods for determining decay characteris-
tics: according to EN 13075-1:2020, EN 13075-2:2020 and EN 12848:2020. BEs of rapid-setting and me-
dium-setting should be tested according to the method according to EN 13075-1:2020 to the mineral filler
method by the index of breaking behaviour. If the CBE is slow-setting or over-stabilised, than it must be
tested according to EN 13075-2:2020 by the indicator of time to breakdown by breakdown time while
mixing with the filler of fine fractions; EN 12848:2020 by the indicator of bitumen emulsions stability
during mixing with cement. It is worth mentioning, that in EN 13808 the term over-stabilised CBE (COS),
which should be slower than CSS in terms of decay rate. As a consequence, according to EN 13808 CBE
can be assigned from 2 to 10 classes depending on the determined characteristics of decay. CRS and CMS
can be assigned to classes from 2 to 5, the breaking behaviour indicator for them is the amount of mineral
filler, which is necessary for the breakdown of the emulsion according to EN 13075-1:2020. CSS and COS
belong to classes from 6 to 10. From class 6 to 8, the breaking behaviour characteristic is established ac-
cording to EN 13075-2:2020, which also states the necessity to mix emulsion with mineral fillers, but
unlike EN 13075-1:2020, in this method the emulsion is diluted with water and the characteristic of break-
ing behaviour is directly the breakdown time. In turn, class 9 and 10 are set according to EN 12848:2020,
using a method that is fundamentally different from the ones mentioned, since CBE is mixed with cement
under specified conditions, then filtered through a sieve and the mass of the coagulated material (bitumen
and cement) remaining on the sieve is determined. According to EN 13808, the CBE marking mentions the
emulsion class, but does not directly report its type of reactivity.

Analyzing the given above, it might be concluded, that COS can be attributed to a separate type of
CBE in terms of reactivity and associated with classes 8 and 10 according to the breaking behaviour charac-
teristics, since the requirements for these classes are the most extreme from the point of view of reactivity.

According to the Ukrainian regulatory document DSTU B V.2.7-129:2013, there is no mention of
COS at all, and the determination of the breaking behaviour characteristic occurs for all types of CBE by
reactivity on the basis of two equivalent and interchangeable methods: the breaking behaviour index and
the miscibility of the emulsion with mineral materials. The determination of the breaking behaviour index
according to DSTU B V.2.7-129:2013 is similar to the method according to EN 13075-1:2020, the second
method consists in the miscibility of the emulsion with mineral materials of porous and dense grain com-
positions and visual assessment of the ability of the emulsion to create homogeneous mixtures with them to
cover the grains of mineral material with a uniform film of binder.

Therefore, COS has the longest decay time and the slowest breakdown rate among other classes.
COS make it possible to mix with mineral materials for a relatively long time and create homogeneous
mixtures with them, uniformly covering the grains of the mineral material. Such emulsions can be used for
such road technologies as: cold recycling, impregnation technologies, stabilization and strengthening of
soils, cold emulsion stored mixtures and others. The determining factor for creating such emulsions is the
amount and type of emulsifier used. For the production of COS, emulsifiers for CSS can be used, but with
their higher dosage in CBE. However, it is more promising to use special emulsifiers called cationic super
stable emulsifiers (CSSPE), which will allow to reduce the amount of surfactant in the emulsion and the
acid, which the emulsifier needs for the reaction. Therefore, with the correct selection of emulsifiers and
their dosages, it is possible to achieve the necessary technical, economic and environmental benefits for
COS.

Analysis of sources on the research topic

Currently, there is a small selection of CSSPE emulsifiers for CBE on the market. Instead, the list of
“slow-setting” emulsifiers for emulsions is quite wide, in contrary to surfactants for over-stabilised emul-



Cationic over-stabilised bitumen emulsion in road construction: review 51

sions. In the Table 1 shows the Swedish CSSPE for COS, from the Nouryon company: Redicote E-4868,
Redicote E-4875, Redicote E-4868 NPF, Redicote E-4880, slow-setting emulsifiers from the same com-
pany: Redicote E-4875 NPF, Redicote E-47 NPF, and the Italian-produced emulsifier ProActive Q-2830 of
the ProActive company, which can be used with increased dosage in the production of COS.

Table 1
Possible emulsifiers for over-stabilised bitumen emulsions

Recommended dos-

. . . . e Recommended use of emulsifiers in
Available emulsifiers in Ukraine age of emulsifier in

road technologies

bitumen emulsion

Over-stabilised emulsifiers
Redicote E-4868 (Fatty amines) Conventional slurry (Super-stable emul-
sions for hot climates) Produce “super-

0.8-1.2 stable” cationic slow set emulsions for

Redicote E-4875 (Fatty amines) the most reactive aggregates and hot

conditions

Emulsifier for cationic slow-setting
Redicote E-4868 NPF 0.8-1.2 emulsions suitable for tack, prime, slurry
seal, cold mix and sealcoats

Cationic super slow setting emulsifier

Redicote E-4880 (Fatty amines) 1L0-15 . p?oviding extended Worl.<ability for
virgin and recycled cold mixes produced

in plant

Over-stabilised/ slow-setting emulsifiers

Emulsifier for cationic slow-setting
Redicote E-4875 NPF (Fatty amines) 0.8-2.0 % emulsions suitable for tack, prime, slurry
seal, cold mix and sealcoats

Nonionic emulsifier for the production of
Redicote E-47 NPF (Fatty amines) 1.4-1.8 % slow-setting emulsions from bitumen,
tall oil pitch, dust oils and resins

ProActive-Q-2830 (based on an aqueous
solution of quaternary ammonium salt) 0.8-12 Slow-setting / “Over-stabilised” bitumen

1ACID SSQ-2830 (based on an aqueous emulsion for “Rap-Recycling
solution of quaternary ammonium salt)

A review of literature sources showed that COS is used for road mixtures in which finely dispersed
mineral material is present, which can act as a binder (usually Portland cement) or a filler. The main tech-
nologies where over-stabilised emulsions are used are as follows: stabilization of soils, binding of base
materials with emulsion, cold in-plant recycling. All these technologies involve performing technological
operations after mixing the materials with bitumen emulsion, therefore, in order to delay the decay as much
as possible, over-stabilised cationic bitumen emulsions are used. The technology of cold in-plant recycling
involves transporting the finished mixture to the construction site, so it is necessary to ensure the immedi-
ate placing of the mixture. In addition, in these technologies it is possible to use a composite binder of
bitumen emulsion and cement, and over-stabilised emulsions show good miscibility with cement (Grilli,
2012; Grilli, 2013; Grilli, 2018; Grilli, 2016; Pasetto, 2020; Sidun, 2022; Ouyang, 2018; Baldo, 2021;
Vollis, 2017; Romeo, 2018; Garilli, 2019; Godenzoni, 2018).
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The article (Ouyang, 2018) mentions that COS is usually used in mixtures containing Portland ce-
ment, as the reactivity of COS ensures the necessary mixing time (which is an important technological
parameter) and the necessary physical and mechanical properties of materials obtained from such mixtures.
It was also found out that the rheological properties of COS change slightly due to an increase in pH value
and Ca®" concentration. Authors (Ouyang, 2018) thoroughly describe the COS decomposition process and
the role of finely dispersed materials such as Portland cement and limestone for road mixes reinforced with
a complex binder (Portland cement and bituminous emulsion). Three stages of the breakdown process
(cracking) of the emulsion at constantly increasing pH and Ca*" concentration were established: coales-
cence of small drops of bitumen together with captured water; trapped water diffusion from the combined
bitumen drops; complete breakdown. It was also investigated that there are two ways of breakdown when
COS is mixed with fine solid material. One is the coalescence of bitumen droplets, and the other is direct
drip adhesion to the cement surface. In the mixing of COS with limestone powder under the action of alkali
ions and Ca®" ions, the coalescence of bitumen droplets dominates. When mixing COS with cement, direct
droplet adhesion to the cement surface dominates. This difference is due to the fact that the adsorption
capacity of Portland cement is much higher than that of limestone powder. Also, the adsorption capacity of
cement with anionic emulsions is better than with cationic emulsions. This is probably because there are
more components in cement with positive zeta potential than with negative. OH and Ca®" ions released
during cement hydration cannot significantly destabilize COS. However, emulsions with better resistance
to OH and Ca*" ion penetration still have better mixing stability.

It was established in article (Romeo, 2018) that the use of over-stabilised bitumen emulsion maxi-
mize the suitability of the mixture for cold recycling, when made with special additives that delay the de-
composition process. Due to these specific characteristics, a minimum amount of cement is required to
promote the development of breakdown process. Hydration of cement, which absorbs water, changes the
thermodynamic equilibrium of the system, causing emulsion breakdown. The total amount of filler in the
mixtures was kept constant and the minimum amount of cement was set at 1 % of the mass of dry aggre-
gate, taking into account the characteristics of the emulsion. Authors suggest that the evaluation of the
effectiveness of mixtures should be based on the hypothesis that 1 % cement addition does not work as an
active filler, but contributes to the development of the emulsion breakdown process. Therefore, cement is
necessary to neutralize additives used to over-stabilise the bitumen emulsion and to stop the degradation
process.

The article (Grilli, 2012) states that the improved composition of the COS emulsion is essential, es-
pecially for the type of “full depth” recycling. During the mixing and compaction stages, the bitumen
emulsion and additional water work together as a single liquid phase that reduces internal friction, facilitat-
ing the homogenization and compaction processes. Therefore, the use of over-stabilised emulsions cannot
be overestimated, since the use of standard emulsions will lead to early breakdown of the emulsion and the
formation of bituminous clots within the mixture.

Garilli (Garilli, 2019) investigated the time and temperature dependence of several related phenom-
ena affecting cold recycling mixes, such as COS breakdown and setting, water evaporation, cement hydra-
tion, and hardening. The authors recommend that the modified bending beam rheometer (BBR) test is a
good approach to analyze the behavior of bitumen-cement emulsions as a function of various parameters
(emulsion/cement ratio, setting time and temperature).

In the article (Godenzoni, 2018), it is stated that the layers made from cold recycling mixtures using
COS and cement are characterized by a clear time and temperature dependence (behavior is similar to
asphalt concrete). In particular, it was established that after 3—5 years after construction the stiffness of the
layers made from these mixtures increases. However, in the future, the stiffness decreases mainly due to
the occurrence of stresses from the vehicle loads.

The article (Grilli, 2018) indicates that the relationship between indirect tensile strength and COS
dosage has a bell-shaped trend for the cold recycling technology, which emphasizes the importance of
choosing the correct bitumen/cement ratio to control the resistance to breakdown of cement-bituminous
materials.
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The article (Baldo, 2021) proposes the use of industrial waste (electric arc furnace steel slag, coal fly
ash and glass waste) as a substitute for traditional stone materials in combination with a combined binder
(bitumen emulsion and Portland cement) for cold recycling technology. The over-stabilized bitumen emul-
sion of the C60B10 grade according to EN 13808 acts as an organic binder in the combined composition,
which allows for optimal mixing of finely dispersed materials obtained from coal ash.

In work (Vollis, 2017) there is a study on the use of an over-stabilised emulsifier for the production
of cationic bitumen emulsions. The typical characteristics of the emulsifier are given and the difference
between the physical and technical indicators of stable and slowly-setting bitumen emulsions is shown.

In general, enough information was found from open sources regarding over-stabilised emulsions for
road technologies. However, some scientists identify COS with CSS (Teja, 2011; Salomon, 2006), others
in their articles do not mention the grade of used emulsion according to EN 13808, for particular pavement
construction technology. Instead, they outline the direct functions performed by the emulsion, as a compo-
nent of a certain mixture or indicate the role of the emulsion in a certain technological process (Wang,
2013; Lesueur, 2004; Cheng-Tsung, 2009; Seyed Morteza, 2009).

Conclusions

1. Cationic bitumen emulsions were analyzed for their reactivity and disintegration characteristics in
accordance with European and Ukrainian standards.

2. Popular emulsifiers for over-stabilised bitumen emulsions are given, depending on the application
technology.

3. A literature review was conducted regarding the features of the use of over-stabilised bitumen
emulsions, and it was established that such emulsions are most often used in mixtures made by cold recy-
cling technology using Portland cement.
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Onwcano knacu@ikalio KaTiOHHHX OITYMHHX €MYINbCIH 3a “pEaKkTHBHICTIO” Ta XapaKTEPHUCTHKAMH PO3-
naxy. HaBeneno mMeromu nociipkeHb XapaKTEPUCTHK po3naay Ui OITYMHHUX eMYJIBbCiH pi3HOI “peakTUBHOCTI”
BIJIMOBIZIHO /IO €BPONEHCHKOTrO Ta YKPaiHCHKOTO HOPMATUBHUX JIOKYMEHTIB. [IpHBeIeHO TOCTYITHI eMyIbraTopu
B YKpaiHi Iyl Ha[ACTIMKMX OITYMHHMX €MYJbCIH 3 OIMCOM JOPOXHBOI TEXHOJOTii, /e BOHH MOXYTh OyTH
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3aCTOCOBaHi. BuineHo qBa TUIIM MOXKITUBHX €MYJIBIaTOPIB VISl HAJICTIHKUX OITYMHHUX eMYJIbCIl: CynepcTadiibHi
eMyJbraTopHu Ta IOBUIBHO po3majiHi. [IpoBeneHO yiTepaTypHUI OIJIsi[ BUKOPHCTAHHS HAACTIHKUX OITYMHHUX
KaTIOHHUX eMYJbCIM y TEXHOJIOTisX cTalinizalii TpyHTIB, YKpIIUICHHS MaTepiasliB OCHOBH E€MYJIbCIEI0, TEXHO-
JIOTist “XONOHOro pecakiiHry”. OrisiHyTO 3aKOHOMIPHOCTI B3a€MOJIIT HaJICTIHKOI OITYMHOT eMyIbCii i3 TOHKO-
JIMCHIEPCHIMU MiHEpATbHUMH B’SDKYYHMM Ta HAIIOBHIOBAYaMH, BCTAHOBJICHO, 1110 TAKUM €MYJIbCISIM IIPUTaAMaHHHN
HAMJOBIIMKA 3-NIOMIX 1HIMX KJIACiB €MYJIbCIH yac po3majy i HaHMOBUIBHIINIA MIBUAKICTH posmany. Hamcriiiki
OiTyMHI eMyJIbCii Ial0Th 3MOTy POTSITOM BiJJHOCHO JIOBIOTO Yacy 3MIIlTyBaTUCh 3 MiHEpaJbHUMHU MaTepiaaMu i
CTBOPIOBATH 3 HMMH OJIHOPIJHI CyMill, pIBHOMIPHO BKPUBAIOYM IX 3€pHA. 3arajoM BHSBIEHO JOCTAaTHBHO
iH(OpMaIIii 3 BiJKPUTHX JHKEPEI 00 HAJCTIHKUX OITYMHUX eMYIBCIH sl JOPOXKHIX TEXHOJIOTIH, poTe JesKi
HAYKOBI[I OTOTOXHIOIOTH iX i3 OITYMHUMH €MYJIbCISIMH MOBUIHHOTO po3naay. [HII y CBOIX CTATTSAX HE 3rayloTh
KJIaC BUKOPHUCTAHOI eMYJNbCIi 3riIHO 3 HOPMaTHBHHUMH JTOKyMEHTaMH. HaToMicTh BOHM OKpECIIOIOTH Oe3Ino-
cepenHi (YHKIIIT, 110 BUKOHYE eMYJIbCisl SIK CKIIaHUK MEBHOI CYMilll, YX BKa3yIOTh Ha POJIb EMYIILCIi B IEBHOMY
TEXHOJIOTIYHOMY IIPOIIECi BIAIITYBAHHS LIapiB JTOPOXKHBOI KOHCTPYKMIi. SIK HACII/IOK, Yepe3 3aCTOCyBaHHS Ti€l
4M iHOT OITYMHOI KaTIOHHOI eMYJbCii B MIEBHIN TEXHOJIOTT, MU MOXEMO OIOCEpEeIKOBAHO JII3HATHCH ii peak-
TUBHICTB, @ MTICISI HOTO MPUITYCTHTH, YH BOHA HAJIGKUTD JI0 HAJICTIHKHX.

KuouoBi ciaoBa: OiTymMHi eMyJibeii IIBHAKOro, cepeaHboOro, MoOBiJILHOrO po3maay, HaACTilka
KaTioHHa OiTyMHa emyJbcis, cradimizamisa rpyHTiB, MaTepiajiu OCHOBM, TEXHOJOIisl “X0J0QHOrO pe-
caliKJIiHry”, mMOpPTJIaHlleMEeHT.



