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The compositions of cationic road bitumen emulsions based on special emulsifiers ensuring high
storage stability were developed. The variability of storage stability results obtained by different test
methods was analyzed, namely: sieving after 7 and 30 days (using 0.14 mm and 0.5 mm sieves) and the
settling tendency test on day 7. The study showed that the emulsifier content, emulsifier type, and acid
type have a significant influence on storage stability. Emulsions with higher emulsifier dosages exhibited
improved stability according to all applied methods. Moreover, the use of hydrochloric acid proved more
effective than orthophosphoric acid in maintaining storage stability. At the same time, the origin of
bitumen (Ukrainian or Polish) had no significant effect on storage stability, either by sieving or settling
tendency. Correlation analysis confirmed a clear relationship between the results of sieving methods and
susceptibility to stratification.

Keywords: bitumen, emulsifier, cationic bitumen emulsion, characteristics of storage stability,
storage stability by sieving, settling tendency.

Introduction

Storage stability characterizes the ability of an emulsion to maintain homogeneity and resist phase
separation over time. During storage, the bitumen droplets in the emulsion may undergo the following
stages leading to unplanned breakdown:

— sedimentation (the process of bitumen droplets settling);

— flocculation (the process of droplets sticking together without complete coalescence);

— coalescence (the complete merging of bitumen droplets in the emulsion, leading to separation of the
bitumen phase and breakdown of the emulsion).

Sedimentation of bitumen droplets in the emulsion occurs at the bottom of the container because the
density of bitumen droplets is higher than that of water (in most cases), causing them to settle. As a result,
the droplets move closer to one another, and their physical contact leads to flocculation. However, at the
flocculation stage the emulsion can be restored to a homogeneous state by mixing at an appropriate
temperature, thus preventing the onset of coalescence (Mallawarachchi, 2016; Cui, 2017; Porto, 2021;
Dotzycki, 2019; Li, 2024; Carpani, 2025).

Overall, the storage stability of an emulsion depends on its composition, the frequency and duration
of mixing, storage temperature, as well as the shape and material of the storage containers. Moreover,
ensuring emulsion stability is important not only during storage but also during transportation, which
likewise depends on time and temperature of transport, as well as the shape, material, and filling level of the
transport containers (Schuster, 1996; Al-Sabagh, 2002; Liu, 2017; Ouyang, 2022; You, 2020).

All adverse effects that can cause premature breakdown of cationic bitumen emulsions during storage
and transportation can be minimized by using highly stable emulsions (Salomon, 2006; Ouyang, 2018;
Bidos, 2023; Sidun, 2023; Bidos, 2025).

Storage stability of emulsions is determined by the following indicators and corresponding test
methods:

— storage stability by sieving — an indicator of emulsion homogeneity during storage, determined by
the percentage residue retained after passing the emulsion through a specified sieve;
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— settling tendency — an indicator characterizing the concentration of residual binder in the lower and
upper layers of the emulsion, determined as the difference in water content between the upper and lower
layers of a sample of given volume after conditioning for a certain time at ambient temperature;

— storage stability by electro-decanter method;

— particle size distribution of the emulsion — determination of changes in bitumen droplet size in the
emulsion after a certain period of time, using laser diffraction or microscopic imaging;

— change in viscosity of the emulsion over time, determined using a Brookfield viscometer.

Storage stability is one of the requirements for the physico-technical properties of emulsions in
accordance with the current Ukrainian standard DSTU B V.2.7-129:2013 and the European EN 13808,
which is also in force in Ukraine. According to DSTU B V.2.7-129:2013, it is determined by the percentage
of particles that do not pass through a 0.14 mm sieve (after 7 or 30 days of storage), while EN 13808
specifies that the test is carried out according to EN 1429 and is defined as the percentage of particles larger
than 0.5 mm (after 7 days of storage).

These two indicators essentially correspond to homogeneity under DSTU B V.2.7-129:2013 and to
residue after sieving under EN 13808, but both are measured after a certain storage period. It should be
noted, that the residue after sieving in EN 13808 is determined on a 0.16 mm sieve, yet the standard does
not require using this sieve when determining storage stability. On the contrary, DSTU B V.2.7-129:2013
regulates the determination of both homogeneity and storage stability on the same sieve of 0.14 mm. In
general, these indicators are referred to as storage stability by sieving.

EN 13808 also contains a requirement for the settling tendency of emulsions, which is tested
according to EN 12847 (the U.S. analogue is ASTM D6930-19). Storage stability by sieving and settling
tendency are similar emulsion properties, however since an emulsion may undergo phase separation without
significant changes in the particle size distribution, meaning these parameters may not correlate.

Storage stability by electro-decantation, according to the French standard NF T66-022, evaluates the
tendency of an emulsion to separate (decant) under the action of an electric field. This test provides an
indirect and rapid assessment of emulsion stability, since it does not require keeping the emulsion for a long
storage period.

The determination of emulsion storage stability by particle size distribution and by viscosity change
over time is quite popular worldwide (Wang, 2012; Ivanov, 1997; Campanelli, 1989; Tadros, 2004), but not
in Ukraine due to the lack of necessary equipment.

Thus, storage stability characteristics of bitumen emulsions are defined as the properties of a bitumen
emulsion determined by specific test methods, which establish the possible storage period of the emulsion
before its breakdown without contact with mineral surfaces.

According to DSTU B V.2.7-129:2013, storage stability is determined on the 7th and 30th day of
storage by the homogeneity method, i. e., with certain modifications and clarifications. Specifically,
emulsions were stored in 2-liter plastic bottles at a temperature of 20+£2 °C. The emulsions were mixed once
a week by inverting the bottles upside down during storage.

Materials and Methods

The following bitumens were used to produce bituminous emulsions:

— oxidized road petroleum bitumen grade BND 70/100, manufacturer PJSC “Ukrtatnafta” (Ukraine),
hereinafter referred to as Ukrtatnafta;

— oxidized road petroleum bitumen grade 70/100, manufacturer PKN Orlen (Poland), hereinafter
referred to as Orlen.

The results of the study of the physico-mechanical properties of the bitumens used are presented in
Table 1.

Both bitumens belong to grades BND 70/100 and 70/100 according to DSTU 4044 and DSTU EN
12591:2017, respectively. The bitumen produced by PKN Orlen (Poland) shows slightly higher penetration
and a softening point that is 1 °C higher compared to the bitumen produced by PJSC “Ukrtatnafta”
(Ukraine). In addition, the Fraas brittleness temperature of the Polish bitumen is 1 °C lower. The adhesion to
glass of this bitumen is also better than that of the Ukrainian bitumen. The ductility of both bitumens is
greater than 100 cm.
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Table 1
Physico-mechanical properties of the bitumens
Origin and grade requirements according to
Indi Requirements
No. ndicator 707100,
Ukrtatnafta Orlen BND (719/1 (10’ according to
movinets | bsTU
12591:2017
1 | Needle penetration at 25 °C, 0.1 mm 83 89 71+100 70+100
2 | Softening point, °C 474 46.4 45+51 43+51
) Not higher than
3 | Fraas brittleness temperature, °C -13 -14 B 10
4 | Ductility at 25 °C, cm >100 >100 |Not less than 60 -
5 | Adhesion to glass surface, % 20.4 24.1  |Not less than 18 —
6 | Flash point in open crucible, °C 288 291 Not less than
230 230
Not less than
lubility i ic sol ° .94 91
7 | Solubility in organic solvent, % 99.9 99.9 99.00 99.00
8 | Change in properties after heating:
) Not more than
8.1 | Mass change after heating, % 0.13 0.11 0.90 ‘ -
Not less th
8.2 | Residual penetration, % 59.1 78.8 % Of 58 ‘ an
Not th
8.3 | Change in softening point, °C 5.7 4.8 3 ot more than
9 | Penetration index -0.72 -0.73 -2.0+1.0 -1.5+0.7
10 | Ductility at 0 °C, cm 4.8 7.2 Notless than 3.8 -
Temperature at which penetration equals . B
11 800-0.1 mm, °C 48.7 48.7 45+51
12 | Penetration index at temperature T800 —0.31 —0.05 -2.0+1.0 —
13 | Dynamic viscosity at 135 °C, Pa-s 0.305 0.359 - -
Table 2
The properties of the cationic emulsifiers
Indicator Redicote Polyram L950
E-4875 NPF E-11 C-320E
. 59 (ISO 2719)
o, > >1
Flash point, °C ~100 (ISO 2592) 18 100 00)
Pour point, °C <5 20 0 <30
Density, 1b/gal 9.09 7.51 7.35 8.35
Dosage for slow-breaking emulsion, wt. % 0.8-2.0 0.6-1.5 0.8-1.5 0.5-1.5

In addition to bitumen, the production of the bituminous emulsions included the following
components: emulsifiers (Tables 2, 3), acids, and water (Table 4).
Cationic emulsifiers from Nouryon (Redicote E-4875 NPF, Redicote E-11, Redicote C-320E) and

Arkema (Polyram L950) were selected for the study. Standard properties of the cationic emulsifiers, as
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specified in the product specifications, are presented in Table 2, while the properties determined according
to DSTU 9187:2022 are presented in Table 3.

Table 3
Specified indicators of cationic emulsifiers
Indicator Redicote E-4875 NPF Redicote E-11 | Redicote C-320E Polyram L950
Abpearance Dark brown liquid Yellow liquid
PP No foreign inclusions
Density, g/cm? 1.07 0.90 0.88 0.95
Kinematic viscosity, s 119.6 5.4 5.2 46.0

In this study, the storage stability was evaluated using the storage stability by sieving method
according to the national standard DSTU B V.2.7-129:2013 with a 0.14 mm sieve (after 7 and 30 days of
storage) and according to the current European standard in Ukraine, DSTU EN 1429, with a 0.5 mm sieve
(after 7 and 30 days of storage). The settling tendency was also determined in accordance with DSTU EN
12847.

Results and discussion

For comparison, the storage stability of the emulsions was studied using 18 formulations based on
Orlen bitumen and 18 corresponding formulations based on Ukrtatnafta bitumen. In these formulations, the
emulsifier content and type of acid were varied (Table 4).

Table 4

Compositions of emulsions

Bitumen 5 Emulsifier 5 type of | pH in the aqueous
No. manufacturer c?)ntent, %0 brands content, % by acid phase
y mass mass

1 0.9

2 Redicote E-11 1.2

3 1.5

4 0.9

5 Redicote E4875 NPF 1.2

6 1.5

7 0.9 HCl

8 Polyram L950 1.2

9 Orlen / 1.5

10 | Ukrtatnafta 60 0.9 25
11 Redicote C-320E 1.2

12 1.5

13 0.9

14 Polyram L950 1.2

15 1.5

16 0.9 H;PO,

17 Redicote C-320E 1.2

18 1.5

All emulsions prepared according to the formulations presented in Table 4 did not break after
production and were suitable for the determination of storage stability characteristics (Table 5).

By analysing the results in Table 5, it can be stated that the emulsifier content has the most significant
effect on storage stability. Emulsions with a higher emulsifier content exhibit better storage stability by
sieving and settling tendency. Among the studied emulsifiers, Redicote E-4875 NPF provides the best
storage stability by sieving on 0.14 mm and 0.5 mm sieves after 7 and 30 days. In addition, the settling
tendency after 7 days is also the lowest. It is known that this emulsifier is used for so-called over-stabilized
bitumen emulsions (Salomon, 2006; Ouyang, 2018; Bidos, 2023; Sidun, 2023; Bidos, 2025).
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Table 5
Storage stability characteristics
Storage stability by sieving, % of bitumen emulsion on bitumen Orlen/Ukrtatnafta .
No. 7 days 30 days Settling tendency
7 days, %
0.14 mm 0.5 mm 0.14 mm 0.5 mm

1 0.09/0.10 0.02/0.02 0.06/0.09 0.02/0.03 2.06/2.46
2 0.08/0.08 0.01/0.01 0.04/0.06 0.01/0.02 1.83/1.93
3 0.05/0.04 0.01/0.01 0.21/0.06 0.01/0.02 1.58/1.78
4 0.01/0.03 0,11/0.08 0.02/0.08 0.05/0.03 1.63/1.83
5 0.08/0.06 0.01/0.02 0.15/0.06 0.04/0.03 1.35/1.55
6 0.04/0.05 0.01/0.01 0.09/0.05 0.02/0.02 1.11/1.21
7 0.05/0.09 0.01/0.02 0.08/0.10 0.05/0.03 2.33/2.63
8 0.05/0.08 0.01/0.02 0.07/0.08 0.03/0.02 2.01/2.31
9 0.04/0.06 0.01/0.01 0.05/0.06 0.02/0.02 1.73/1.97
10 0.08/0.10 0.01/0.03 0.10/0.10 0.04/0.03 1.98/2.08
11 0.05/0.08 0.01/0.02 0.08/0.07 0.02/0.02 1.79/1.89
12 0.05/0.05 0.01/0.01 0.05/0.04 0.01/0.01 1.58/1.68
13 0.070.09 0.03/0.03 0.08/0.09 0.03/0.03 2.26/2.56
14 0.04/0.06 0.02/0.02 0.06/0.07 0.01/0.02 1.96/2.16
15 0.03/0.02 0.02/0.01 0.05/0.05 0.01/0.01 1.64/1.84
16 0.09/0.09 0.03/0.03 0,11/0,12 0.03/0.03 2.02/2.32
17 0.07/0.06 0.02/0.01 0.09/0.08 0.01/0.02 1.88/2.18
18 0.06/0.04 0.02/0.01 0.08/0.06 0.01/0.01 1.64/1.84

According to the conducted studies, the type of bitumen used for emulsion preparation has little effect
on storage stability characteristics, whereas the type of acid used has a noticeable impact. Emulsions
prepared with HCI show better storage stability by sieving and settling tendency compared to those with
H;PO,, as can be seen for the emulsifiers Redicote C-320E and Polyram L.950.

A correlation is also observed between the results of storage stability by sieving after 7 and 30 days
using a 0.14 mm sieve and the settling tendency after 7 days. Regarding storage stability by sieving on a 0.5
mm sieve, all obtained results are no more than 0.1 %, indicating that no large bitumen droplets form in the
emulsions during storage for up to 30 days.

Conclusions

A series of cationic bitumen emulsions were developed and tested using various emulsifiers and
acids, allowing a comprehensive assessment of the influence of composition on storage stability. It was
demonstrated that increasing the emulsifier dosage positively affects the stability of emulsions according to
all test methods. The emulsifier Redicote E-4875 NPF exhibited the best performance, confirming its
effectiveness for producing over-stabilized emulsions. The use of HCI acid provides better stability than
H;PO,, regardless of the emulsifier type. The origin of the bitumen (“Ukrtatnafta” or PKN “Orlen”) does
not have a significant effect on storage stability.
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CTIMKICTbD 3A 35EPITAHHSI KATIOHHUX BITYMHUX EMY.JIbCIA

© Cioyn IO. B., bioocy B. M., Tewpuwun H. P., Karomyx M. M., 2025

VY craTTi BUKIAJCHO PE3yJIbTaTH KOMIUIEKCHHX JOCTIPKEHb CTaOUTRHOCTI i Yac 30epiraHHs KaTiOHHUX
OITyMHUX €MYJbCI, [0 € BaXJIMBHM IapaMeTpoM IiX e(EeKTUBHOCTI y JOPOKHBOMY OYIiBHHIITBI.
[IpoaHaizoBaHO BIUIMB TUITY Ta JIO3yBaHHS €MYJIbIaTOpiB, @ TAKOXK BUIY KUCJIOTU HAa TIOKa3HUKH 30€peKEeHHS
OJTHOPITHOCTI Ta CXWJIBHOCTI JO PO3IIAPYBAHHSA KATIOHHHMX OITYMHHX €MYJbCIH. JIJI1 BUTOTOBJICHHS eMYJIbCIH
BHKOpHucTaHo 0iTymu Mapok 70/100 BupoOuunTea [TAT “YkpratHadra” (Vipaina) Ta PKN “Orlen” (ITonbIa),
110 1aJI0 3MOT'Y MOPIBHATH BJIACTUBOCTI EMYJIBCIH 3aJI€KHO BiJl IIOXO/PKEHHS B’ sDKYJI0ro. B po0oTi 3acTocoBaHo
emyabraropu kommaniii “Nouryon” (Redicote E-4875 NPF, Redicote E-11, Redicote C-320E) ta “Arkema”
(Polyram 1.950), a Takox pi3Hi kucnotd (coistHy Ta opTtodochopHy). EkcnepumeHTanbHa mporpama
OXOILTIOBaJIa OIHIOBaHH cTadinbHOCTI 32 Metoaukamu JJCTY b B.2.7-129:2013 — craOinbHicTb 3a 30epiranHs
3a J0MOMOror cutoBoro aHaiisy (curo 0,14 mm); JICTY EN 1429 — ctabiibpHICTS 3a 30epiraHHs 3a JTOIOMOTO0
curoBoro aHamizy (curo 0,5 mm), JICTY EN 12847 — Bu3HaueHHs CXWIBHOCTI O PO3IIAPYBAaHHSI, a TAKOX
aHali3 BIUIMBY [JO3yBaHHS €MyJbraTopa Ha SKICTb OTPHMaHHMX eMYJbCii. Pe3ynabpratm mokasamy, IIo
BHPIIIAJIbHO BIUIMBAIOTh HA CTAOUIBHICTH caMe BMICT 1 THII eMyjbraropa: IIiJIBUIICHHS KOHIICHTpAIlii
eMyJIbraTopa IOKpallye MOKa3HUKU SIK 32 CUTOBUMH METONaMH, TaK i 3a CXWJIBHOCTI J0 PO3IIapyBaHHS.
Haiikpamii pe3ynsTaTtél mpoaeMoHCTpyBaB emysbratop Redicote E-4875 NPF, Bimomuii 3acTocyBaHHAM Y
HA/ICTIHKUX KAaTIOHHUX OITYMHHUX eMyNbCisix. BCTaHOBIIEHO, 1110 BUKOPHCTAHHS COJISTHOI KHCIIOTH 3a0e3Iedye
Kpalli XapaKTepUCTHKH 30epiraHHs IMOpPIBHSAHO i3 OpTO(hochHOpPHOIO, HE3AJIEKHO BiJ BHIY EMYyJIbraTopa.
BomHouac moxopkeHHsS OiTyMy (YKpailHCHKOTO YH ITOJBCHKOI'O BHPOOHHUIITBA) HA CTIMKICTH 3a 30epiraHHS
eMyJbCiii iCTOTHO He BIuMBano. KopensiiiHuili aHami3 miATBEpIUB 3B’S30K MK pe3ylIbTaTaMH CHTOBHX
METO/IIB 1 CXWIIBHICTIO /10 pO3LIApyBaHHSI.

KuiouoBi ciioBa: 0iTym, eMyJibraTop, KaTionHa 0iTyMHA eMYJIbCisl, XapaKTEPUCTUKHU CTIHKOCTI 3a
30epiranHs, cTilKicTh Mg yac 30epiranHs 3a CHTOBMM METOIOM, CTaOlIbHICTH 10 PO3IIAPYBAHHS.



