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Formulations of road over-stabilized cationic bitumen emulsions with orthophosphoric, sulfuric
and hydrochloric acids and cationic emulsifiers for slowly disintegrating emulsions have been designed.
The physical and mechanical properties of the manufactured over-stabilized bitumen emulsions and
their breaking behavior were determined. It has been established that over-stabilised bitumen emulsions
demonstrate good storage stability for 180 days. The obtained results of breaking behavior bitumen
emulsions indicate that emulsions based on hydrochloric and sulfuric acid have a shorter fines mixing
time and greater mixing stability with cement than emulsions based on orthophosphoric acid. For over-
stabilized bitumen emulsions on orthophosphoric acid, the method according to DSTU EN 12848:2020 is
not effective, due to the high reactivity of emulsions on orthophosphoric acid during interaction with
portland cement.
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Introduction

Cationic bitumen emulsion is a popular material in road construction (Sidun, 2019; Sidun, 2019;
Dotzycki, 2019; Pérez, 2013; Liu, 2020). Breaking behavior and storage stability are among the most
important physical and technical properties of these emulsions. According to DSTU B V.2.7-129:2013,
according to the breaking value, emulsions are divided into the following types: rapid-setting, medium-
setting and slow-setting. Emulsions for the breakdown of which more mineral material is needed or the end
of their breakdown occurs later than in slow-setting can be attributed to over-stabilized (super-stable)
(Sidun, 2023). Over-stabilised bitumen emulsion can be used in the following road technologies:
installation of slurry surfacing road pavements, installation of base layers using "cold recycling”
technology, soil stabilization and others. The use of over-stabilized bitumen emulsion when setting up
slurry surfacing road pavements prevents premature disintegration of the mixture directly in the machine.
After all, in regions with high air temperature (and as a result, the basis for applying slurry surfacing, the
issue of premature breakdown of the mixture is critical (Sidun, 2021; Sidun, 2021; Sidun, 2023, Wang,
2013; Grilli, 2012). During the application of over-stabilized bitumen emulsion in "cold recycling"
technology makes it possible to postpone the time of emulsion breakdown, which allows for more
thorough mixing of all the components of the mixture during the execution of work with the help of
recyclers and to increase the transportation time of the mixture, if it is made in a factory (Grilli, 2013;
Grilli, 2018; Grilli, 2016; Pasetto, 2020; Ouyang, 2018; Romeo, 2018; Godenzoni, 2018; Lesueur, 2004;
Salomon, 2006). In addition, over-stabilised bitumen emulsions are also characterized by better storage
stability, which allows to increase the time for their use.

The purpose of the article was to prove the possibility of obtaining over-stabilized bitumen
emulsions using conventional emulsifiers for slow-setting bitumen emulsion.
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Materials and Methods

Emulsions were made on oxidized bitumen brand 70/100, produced by PJSC "Ukrtatnafta", and
emulsifiers of the company Nouryon (Sweden), and corresponding acids. Orthophosphoric, sulfuric and
hydrochloric acids were used with Redicote E-11 emulsifier, and only orthophosphoric acid was used with
Redicote C-320E. The compositions of the emulsions are given in Table 1. Bitumen emulsions were
produced in laboratory conditions using a bitumen-emulsion installation of the colloid mill type.

Table 1
Compositions of emulsions
Ne bitumen emulsion Bitl;n;n content, mme lzji::: % Type of I;I;Iigotllllse
o by mass brands by ma; S acid phase
1(HCI;1,1 % E-11) E-11 HCI
2(H:SO041,1 % E-11) 60 E-11 H,SO,
3(H;PO4;1,1 % C-320E) C-320E 1,1 H;PO, 2,5
4(HCI;1,1 % E-11) 61 E-11 HCI
5(H;PO4;1,1 % C-320E) C-320E H;PO,
6(H;PO4;1,2 % C-320E) C-320E 1,2 H;PO,
7(H;PO4;1,6 % C-320E) 62 C-320E 1,6 H;PO, 2,3
8(H;PO4;1,8 % C-320E) C-320E 1,8 H;PO,

The physical and mechanical properties of emulsions were studied in accordance with DSTU B V.2.7-
129:2013, including the breaking value. Also, breaking behavior of bitumen emulsions was determined
according to the requirements of DSTU EN 13808:2020, time (state) to disintegration according to DSTU EN
13075-2:2020, stability during mixing with Portland cement according to DSTU EN 12848:2020

Results and discussion

For all eight bitumen emulsions, physical and mechanical properties were determined according to
DSTU B V.2.7-129:2013, as well as additionally storage stability after 180 days (Table 2). The results of
determining the characteristics of the breakdown of bituminous emulsions, namely: breaking behavior
(index) according to DSTU B V.2.7-129:2013, fines mixing time according to DSTU EN 13075-2:2020 and
mixing stability with cement according to DSTU EN 12848:2020 are given in Table 3.

Having analyzed the physical and mechanical parameters of the produced emulsions No. 1-No. 3 with
the same binder content of 60 % and the emulsifier content in the aqueous phase of 1.1 %, it can be stated
that the bitumen emulsion on sulfuric acid has a higher pH and viscosity - efflux time. If we compare bitumen
emulsions with the same emulsifier content of 1.1 %, but different binder content of 60 % and 61 % (Nel-
Ne5), then emulsions with a higher binder content are characterized by a higher viscosity - efflux time and a
higher pH value, although pH in the aqueous phase in them is the same. Comparing emulsions with the same
binder content of 62 % and pH in the aqueous phase of 2.3 (No. 6-No. 7), but with different content of
emulsifier in the aqueous phase (from 1.2 to 1.8 % by mass), we establish that the pH of emulsions is almost
the same, and the viscosity - efflux time becomes higher with an increase in the emulsifier content.

According to Table 2, residue on sieving of manufactured bitumen emulsions is almost the same. In
general, there is a dependence between residue on sieving and storage stability for 30 days and 180 days,
emulsions that showed better storage stability in the early stages after production, kept this trend during long-
term storage.

Analyzing Table 3 and Fig. 1 bitumen emulsion on orthophosphoric acid mixes longer with mineral
aggregate, respectively, they have a higher breaking value according to DSTU B V.2.7-129:2013 and fines
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mixing time according to DSTU EN 13075-2:2020, but show worse results for determining mixing stability
with cement according to DSTU EN 12848:2020.

Table 2
Physical and mechanical properties of bitumen emulsions according to DSTU B V.2.7-129:2013
Stability during

storage: residue on

. . Particle .Re.sidue on Binder Viscos.ity — Slezz%l(()ilgsrl\lglgift)’
Ne bitumen emulsion charge sieving (sieve o Efflux time, 4

test,pH | NoO14), %; | coment % | 250 ¢ o "
o~ on = >
5% |55 €3
S5 €853
1(HCL;1,1 % E-11) 2,89 0,01 59,82 6,2 0,06 0,12 | 0,24
2(H2S04;1,1 % E-11) 3,29 0,01 60,08 8,8 0,04 0,11 | 0,23
3(H3PO4;1,1 % C-320E) 2,97 0,02 59,73 6,9 0,10 0,22 | 0,30
4(HCL;1,1 % E-11) 2,95 0,01 60,99 6,4 0,08 0,14 | 0,26
5(H3P0O4;1,1 % C-320E) 3,02 0,02 60,87 7,0 0,11 0,26 | 0,40
6(H3P0O4;1,2 % C-320E) 3,10 0,02 61,85 7,6 0,13 0,28 | 0,42
7(H3PO4;1,6 % C-320E) 3,06 0,01 62,31 7,8 0,15 0,29 | 043
8(H3P0O4;1,8 % C-320E) 3,08 0,01 62,18 8,0 0,12 0,28 | 0,41

It can be assumed that increasing the amount of emulsifier in the emulsion increases the breaking
value. At the same time, emulsions with various acids and emulsifiers at a content of 1.1 % demonstrate high
breaking value and storage stability.

Table 3
Emulsions breaking behaviour
Breaking value (index) Fines mixing time Mixing stability with cement
Ne bitumen emulsion 3a DSTUB V.2.7- according to DSTU EN according to DSTU EN
129:2013, % 13075-2:2020, sec 12848:2020, grams
1(HCL; 1,1 %E-11) 198 199 0,8
2(H2S04;1,1 %E-11) 253 >300 18,00
3(H3PO4;1,1 % C-320E) 247 270 79,8
4(HCL; 1,1 %E-11) 196 205 1,1
5(H3PO4;1,1 % C-320E) 245 278 82,0
6(H3PO4;1,2 % C-320E) 257 >300 84,5
7(H3P0O4;1,6 % C-320E) 301 >300 59,3
8(H3P0O4;1,8 % C-320E) 320 >300 51,2

The obtained results of breaking behavior of bitumen emulsions indicate that emulsions on
hydrochloric and sulfuric acid have a shorter fines mixing time and greater mixing stability with cement than
emulsions on orthophosphoric acid. For bitumen emulsions on orthophosphoric acid, it is observed that with
an emulsifier dosage of 1.2 % and above, the fines mixing time is more than 300s, but stability with cement
increases with an emulsifier dosage of 1.6 % and above. Bitumen emulsions with orthophosphoric acid
interact with cement in a different way than bitumen emulsions with hydrochloric and sulfuric acid, which is
confirmed by the method according to DSTU EN 12848:2020. Therefore, for slow-setting and over-stabilized
bitumen emulsions containing orthophosphoric acid, the method according to DSTU EN 12848:2020 is not
effective, due to the high reactivity of emulsions on orthophosphoric acid during interaction with portland
cement.
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For all investigated emulsions, there is a correlation between breaking behavior (index) according to
DSTU B V.2.7-129:2013 and fines mixing time according to DSTU EN 13075-2:2020.

Conclusions

The compositions of bitumen emulsions with hydrochloric, sulfuric, orthophosphoric acids and
emulsifiers have been selected. The physical and mechanical properties of the produced emulsions and
breaking behavior were determined.

It has been established that over-stabilised bitumen emulsions demonstrate good storage stability for
180 days. There is a linear relationship between storage stability for all investigated emulsions for 7, 30,
180 days.

It can also be argued that the definition of breaking behavior depends on the components from which
the emulsion is made, since the mixing stability with cement method is not effective for bitumen emulsions
made on orthophosphoric acid. While the breaking value method according to DSTU B V.2.7-129:2013
and fines mixing time method according to DSTU EN 13075-2:2020 can be used for emulsions on
orthophosphoric, hydrochloric and sulfuric acids.

The possibility of obtaining over-stabilized bitumen emulsions from the usual emulsifiers, for slow-
setting emulsions, has been proven, since according to the method of DSTU B V.2.7-129:2013 their
breaking value is more than 230; according to the method according to DSTU EN 13075-2:2020 emulsions
with fines mixing time more than 180 for No. 1, No. 3, No. 4, No. 5 of the studied bitumen emulsions and
more than 300 for No. 2, No. 6, No. 7, No. 8 of the studied bitumen emulsions . Also, bitumen emulsions
No. 1, No. 4 containing hydrochloric acid according to the DSTU EN 12848:2020 method demonstrate
good mixing stability with cement (less than 2 g).
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Haunionanshuii yHiBepcuret “JIbBiBCbKa MOMiTEXHIKA”,
Kadenpa aBTOMOOIIEHUX JOPIT Ta MOCTIB

HAJICTABLIBHI BITYMHI EMYJIbCIi BATOTOBJIEHI 3A IONIOMOI'O0 EMYJIbI'ATOPIB
JIJISI MOBLIBHOPO3MAJTHUX EMYJIbCIN
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3ampoeKTOBAHO CKIIAJH JOPOXKHIX HAICTIMKMX KAaTIOHHUX OITYMHHX €MYJbCIiH i3 opTodochopHOIo,
CIPYaHOIO Ta COJISIHOIO KUCJIOTaMHU Ta KaTiIOHAKTMBHUMH €MYJIbraTOpaMH JJIsl MOBIIBHOPO3MAaIHUX €MYIbCii.
BusHaueHo (i3uKo-MexaHiuHi BIACTHBOCTI BUTOTOBJIEHUX HAACTaOUILHUX OITYMHHX eMYJbCiH Ta iX XapakTe-
pUCTHKH po3nany. Bymo BCTaHOBIEHO BIUTMB THITY KHCIOTH Ta BMICTYy eMyJbraTropa Ha (i3uKo-MexaHidHi
MOKa3HUKH OITYMHHX €MYJIbCIH Ta XapaKTePHCTHKH PO3Majy 3a TphOMa METOJaMHU: IHAEKC PO3Maiy, 4ac
(craH) ;o po3mamy, CTIHKICTH MiJ 4ac 3MIITyBaHHSA 3 MOPTJIaHALEMEHTOM. IIpoaHamizyBaBiM (i3uKO-MeXa-
HIYHI MTOKa3HUKHA BUTOTOBJICHUX €MYJIbCIH 13 OMUHAKOBUM BMicTOM OiTyMy 60 % Ta BMICTOM eMyjbratopa y
BomHiH (azi 1,1 % MokHa cTBepKyBaTH, 110 OITYMHA eMyJIbCis Ha Cip4yaHid KUCIOTI Mae Ounbmmid pH Ta
B’SI3KICTh. SIKIIO K MOpiBHIOBATH OITYMHI €MYIIbCIi 3 OMMHAKOBUM BMicTOM eMyiabraropa 1,1 %, ane pisHuM
BMicToM OiTymy 60 % Ta 61 %, TO eMyJbCii i3 OUIBIIMM BMICTOM OITyMY XapaKTepHu3ylThcs OutbimM pH Ta
B’s13KicTh, Xxoua pH B BomHili (a3i € omuHakoBuM. [TOpiBHIOIOYM eMYIbCIi i3 OAMHAKOBUM BMICTOM OiTyMy
62 % Tta pH B BoaHil ¢a3i 2,3, ane pi3HUM BMiCTOM eMysbratopa y Boasii ¢asi (Bix 1,2 no 1,8), pH € maibxke
OJTHAKOBHM, a B’SI3KICTh 301IBIIYETHCSA 13 301IbIICHHS BMICTY eMYJIbraTopa.

BcranoBneHo, 110 HaACTaOIbHI OITYMHI eMyJbCii JEMOHCTPYIOTH XOpOIIY CTiHKICTh IpH 30epiraHHi
nporsiroM 180 ni6. OTpumaHi pe3ynbTaT XapaKTepUCTUK po3Many OITYMHUX eMYJbCid CBIAYaTh IPO Te, M0
eMYJIbCIi Ha COJISTHIN Ta cipyaHill KMCIOTI MalOTh MEHIINI Yac 10 po3naay Ta OuIbIIy CTIHKICTh HiJ 4ac 3Mi-
UIYBaHHS 3 TOPTJIaHILEMEHTOM HDK eMyibcii Ha opTodocdopHiii kucmori. J[ns HaaCTIMKUX OITYMHHHX
eMynbcii Ha oprodochopHiit kucmori Meron 3a JICTY EN 12848:2020 He migxoauTh, 4Yepe3 BHUCOKY
PEaKTHBHICTh eMYJIbCii Ha opTodochHOopHili KUCTOTI i Yac B3a€MOJIIT i3 MOPTIIAHIAIIEMEHTOM.

Keywords: 0iTymHi kaTioHHi emyJbcii, consiHa kuca0Ta, OpTOodoCchOpHA KHCIO0TA, cipyaHa
KHCJIOTA, XapaKTePHCTHKA PO3Nay, CTIKICTh Mif Yac 3MillyBaHHS 3 MOPTJIAHAIIEMEHTOM.



