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Pavement grade cationic bitumen emulsions formulations were developed for Slurry Surfacing
based on orthophosphoric and hydrochloric acids with both all-purpose and specialized emulsifiers
used. As a result, there were established relations of mix time upon cement - for Slurry Surfacing based
on various acids and emulsifiers. Mix time of Slurry Surfacing mix (having different cement content)
with bitumen emulsions on both orthophosphoric and hydrochloric acids is characterized by parabolic
relation, branches of the parabola going down. Still, parabola slope steepness for Slurry Surfacing with
cement and bitumen emulsions on orthophosphoric acid is higher than for emulsions on hydrochloric
acid. The regularity investigated allows affirming that dosing cement for Slurry Surfacing with
orthophosphoric-based bitumen emulsions shall be more diligently checked and controlled — so as to
avoid the premature mix time.

Keywords: cationic bitumen emulsions, hydrochloric, orthophosphoric acids, Slurry Surfacing,
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Introduction

For Slurry Surfacing road pavements the optimum for usage still remain bitumen emulsions
produced on distilled high-acidic bitumen obtained from heavy high-resinous low-paraffinic crude oil
(Saghafi, 2019; Dong, 2018; Son, 2014; Apaza, 2021; Grilli, 2019; Terrones-Saeta, 2020; Johannes, 2014;
Destree, 2022; Usman, 2019; Johannes, 2019; Izadi, 2020; Pyshyev, 2015). Still, such bitumens are high-
cost and not always available for usage due to deficiency on the market. Therefore, both abroad and in
Ukraine more and more often applied are special bitumen emulsion formulations on orthophosphoric acid
intended for Slurry Surfacing (Hajj, 2011; Hwan, 2015; Wang, 2013). Slurry Surfacing pavements
construction is highly sensitive to changes in both Slurry Surfacing mix components and their dosage, as
for instance: origin and type of bitumen (distilled from heavy crude oil or oxidized from light one), type
and quantity of acid, emulsifier in emulsion and control agent for mix time, water in the mix etc. (Sidun,
2019; Sidun, 2020). Besides, present in Slurry Surfacing mix is Portland cement, performing the function
of both finely dispersed filler and control agent for the mix time of the mix. The previous studies (Sidun,
2021; Sidun, 2021; Sidun, 2023) have shown the efficiency of emulsions on orthophosphoric acid for Slurry
Surfacing. Still, when designing the mix by mix time criterion it was noticed that regularities of mix time
for Slurry Surfacing mixes with emulsions on hydrochloric and orthophosphoric acids are somewhat
different. Thus, the purpose of this article is to precisely study the mix time peculiarities for Slurry
Surfacing mixes on different bitumen emulsions and cement.

Materials and Methods

For the investigations the emulsions were produced on one and the same oxidized bitumen grade
70/100 (produced by UkrTatNafta, Ukraine) and amine-type emulsifiers (produced by Nouryon, Sweden —
designed especially for Slurry Surfacing) and the appropriate acids. With Redicote E-11 emulsifier there was
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used the hydrochloric acid, while with Redicote C-320E — the orthophosphoric acid. Besides, there was used
Redicote EM44 emulsifier. This one can be used with both acids. The emulsions obtained following the
formulations presented in Table 1 were also modified by synthetic latex Toptex B (produced by Algol
Chemicals, Finland). Bitumen emulsions for Slurry Surfacing were produced in lab conditions by means of
bitumen emulsion plant SEP 0.3-R (produced by DenimoTECH, Denmark, Fig. 1).

Fig. 1. Laboratory bitumen emulsion plant

Table 1
Emulsion formulations for Slurry Surfacing
. Redicote emulsifier pHin Latex
o
Formulation No Bitumen content, % Content, % Typ§ of water content, %
by mass Brands acid
by mass phase by mass

1 E-11 HCI
2 EM44 HCI
3 61 EM44 L1 H;PO, 25 30
4 C-320E H;PO,

For Slurry Surfacing mixes samples preparation and production (Table 2 and Table 3), besides of the
emulsions (produced following the above mentioned formulations), there were used: the optimum and
identical by methylene blue value granite screenings of Vyrivsky and Klesivsky quarries (Ukraine), which
correspond (as per their grading) to the requirements of Type 1 by ISSA A 115, cement (with prilled blast-
furnace slag) grade 400, drinking water and mix time control agent (10% water solution of Redicote E-11
emulsifier). The Slurry Surfacing mix was tested by mix time criterion according to ISSA TB-113.

Results and discussion

Determination of cement influence upon the Slurry Surfacing mix design was carried out by mix time
criterion (Table 2, Fig.2). Mix time, which presents a time characteristic, for Type 1 by ISSA A 115 shall be
not less than and maximum close to 180 seconds. Thus, there were determined the optimum mix design
versions — with fixed values for all the Slurry Surfacing components, besides of cement.

When analyzing Fig. 2, the dependence of Slurry Surfacing mix time (on orthophosphoric acid) upon
the cement content is different in contradistinction to the mixes on hydrochloric-acid-based mixes. The
change of cement content by 0,5 part as per 100 parts of screenings in Slurry Surfacing on hydrochloric-
acid towards the higher or lower part from optimum — leads to mix time change within 30 s, while that will
have no significant influence on the mix during the production and laying. Still, the definite parabolic
dependence of orthophosphoric-acid-based emulsion upon the cement content witnesses about the high
emulsion sensitivity to even insignificant change of cement content in the mix, while that will lead to
premature mix time.
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Table 2
Portland cement influence upon the mix time
for Slurry Surfacing mixes based on Vyrivsky Quarry screenings
Mix Content of components, parts _
. Mix time
design lator Mix Time, s
version Aggregate Cement Water Tegu Emulsion ’
(control
No
agent)
1.1V 0,5 106
1.2V 1,0 159
13V 100,0 15 10,0 2,25 14,0 193
14V 2,0 166
2.1V 0,5 112
22V 1,0 161
100,0 10,0 2,0 14,0
23V 1,5 199
24V 2,0 173
3.1V 0,25 90
32V 0,5 150
33V 0,75 180
3.4V 100,0 0,85 12,0 2,0 14,0 160
35V 0,95 85
3.6V 1,0 80
3.7V 1,25 80
4.1V 0,5 95
42V 0,75 161
43V 100,0 1.0 10,0 1,0 14,0 181
44V 1,1 156
45V 1,2 101
46V 1,3 84
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Fig. 2. Cement influence upon the Slurry Surfacing mix time
with Vyrivsky Quarry screenings.
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Similarly as for the Vyrivsky Quarry screenings, the investigation was carried out for the cement
influence on Slurry Surfacing mix time for the Klesivsky Quarry screenings (Table 3). For this purpose
there were chosen the emulsions exclusively on orthophosphoric acid, as far as those were that very
emulsions which have shown higher sensitivity to cement content.

Table 3
Portland cement influence upon the mix time
for Slurry Surfacing mixes based on Klesivsky Quarry screenings
Content of components, parts
Mix design o 1t1rtne Mix time, s
version No Aggregate Cement Water reguator Emulsion ’
(control
agent)
3.1K 0,25 85
32K 0,5 112
33K 100,0 0,65 12,0 1,8 14,0 168
34K 0,75 182
35K 0,85 148
3.6K 1,0 115
41K 0,5 82
42K 0,75 106
43K 100,0 0.9 10,0 0,9 14,0 167
44K 1,0 183
45K 1,1 137
46K 1,2 115

The results obtained for the bitumen emulsion interaction with orthophosphoric acid (both on
Klesivsky and Vyrivsky Quarry screenings — so as to provide for their comparison) are presented on Fig. 3.

200
180 | |
Slurry Surfacing
160 with bitumen emulsion:
wn
o —e— 3K (EM44+H3P04)
E 140 |
= —e— 4K (C-320E+H3P04)
b 120 N
'i —e—3V (EM44+H3P04)
100 4V (C-320E+H3P0O4)
80
60 J
0 0,5 1 15

Portland cement content, parts

Fig. 3 Portland cement influences upon the mix time for Slurry Surfacing mixes
with orthophosphoric acid and based on Vyrivsky and Klesivsky Quarry screenings

The comparison of interaction for two screenings from different quarries (with the same methylene blue
value) with emulsions on orthophosphoric acid and different emulsifiers (for Slurry Surfacing mixes) provides
for tracking the similarity of results and dependencies. While analyzing the results (Fig. 3) one can conclude
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that cement dosing is much more important for the mixes on orthophosphoric acid than for the systems on
hydrochloric acids, and that is because the change of its content by 20% in the mix on H;PO, leads to decrease
of the mix time by two times (for 50%), in contradistinction to the system on HCI, where cement content
change by 30% decreases the mix time just by 20%. Besides of that, from Fig. 3 one can see that for the systems
with emulsions on orthophosphoric acid with different emulsifiers used there are different values of optimum
cement content by mix time criterion — regardless of the screenings. It shows that change of aggregate (with
fixed methylene blue value) will have less influence upon the mix time than change of emulsifier in emulsion.

Conclusions

Special bitumen emulsions formulations were developed for Slurry Surfacing with orthophosphoric
and hydrochloric acids, same as with both specialized and all-purpose emulsifiers of amine type. Mix time
was determined for Slurry Surfacing based on bitumen emulsions with different acids, emulsifiers and
screenings having identical methylene blue value — depending upon the cement content in the mix. Mix
time of Slurry Surfacing with bitumen emulsions on both orthophosphoric and hydrochloric acids with
different cement content is characterized by parabolic dependence, branches of the parabola going down.
Still, parabola slope steepness for Slurry Surfacing with cement and bitumen emulsions on
orthophosphoric acid is higher than for emulsions on hydrochloric acid. Besides of that, for the emulsions
on orthophosphoric acid with different emulsifiers used there are different values of optimum cement content
by mix time criterion — regardless of the screenings. It shows that change of screenings (with fixed methylene
blue value) will have less influence upon the mix time than change of emulsifier in emulsion.
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OCOBJMBOCTI B3AEMO/II BITYMHUX EMYJIbCIi 13 HIEMEHTOM
JIJISI TEXHOJIOT'Ti JINTUX EMYJIbCIHHO-MIHEPAJIBHUX CYMIIIEN
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[TixiOpaHo CcKJIaAM NOPOXKHIX KATIOHHMX OITYMHHMX €MYJBCIH IUIS JIUTUX eMYJbCiiHO-MiHepalbHUX
cyMimel i3 oprodhocopHOO Ta COISIHOIO KHCIOTaMH Ta CICIiali30BaHUMU Ta YHIBEPCAJbHUMU
eMYJIbraTopaMHi aMiHHOTO THITy. 3a JIOIIOMOTOI0 J1a0OpaTOPHOI OITYMHO-eMYJBbCIHHOI YCTAaHOBKH IO THITY
KOJIOIJTHOrO MIIMHA BUTOTOBJIEHI OITYMHI eMynbCii eMyNbCii 13 pi3HUMH KHCJIOTaMH Ta €MYJIbraTopaMH Ta
MOJTIMEPHUM MOIU(IKATOPOM JATEKCOM. 3alpPOCKTOBAHO CKIAJW JUTHX EMYJIbCIHHO-MiHEpATBHUX CyMillIei
quist Tairy 1 3a Hopmamu ISSA. JIuti emynbciiiHO-MiHepaibHi CyMil OyJIM BUTOTOBJIEHI Ha OCHOBI IIPUTI'OTOB-
JIHUX eMYJIbCii, IIEMEHTY i3 TpaHyJbOBAaHUM JIOMEHHUM IIUIAKOM, BOJAM, PETYNIATOPA PO3Maay Ta IpaHITHHX
BiJICiBaX 13 JIBOX YKpaiHCHKHMX Kap’ €piB, IO MAlOTh OJHAKOBI 3HAYEHHs MOKAa3HUKA METHJEHY CHUHbBro. JIuTi
eMYJIBCIHHO-MiHEpaNbHI CyMilll BUIPOOYBaJM 3a KPUTEPIEM po3Maay CyMill, 3a SKAM 4Yac 3MilIyBaHHS
KOMITOHEHTIB 1715t oOpaHoro tuiy 1 3a ISSA mae 6ytu He menuie 180 c¢. BusHaueHHs1 onTUMaNbHUX CKJIaJiB 3a
KPHUTEpIEM pO3Maay CyMillli TPOBOIMIM 3MIHIOIOUM BMICT IIEMEHTY Y CyMillli 3a (hiKCOBAaHOTO 3HAYEHHS yCiX
IHIIIMX CKJIAJHUKIB CyMiln. BHACIiIOK 4oro 0yi0 BCTAHOBJCHO 3aJIGKHOCTI pPO3Maay CYMII BiJl IIEMEHTY.
Posmag cymimni i3 GITYMHUMH eMYJbCisIMH Ha OpTO(OC(hOpHIN Ta CONSHIA KHCIOTax Ta Bapiallielo BMICTY
LEMEHTY XapaKTepU3yEThCs MapabONivyHOI0 3aJIeKHOCTI 13 HANpaBJIEeHUMHU TUIKaMu napabonu Jo Huzy. [Ipote
CTYMiHb KPYTU3HH NMapadoIy ISl CYMIll i3 IIEMEHTOM Ta OITYMHHMU eMYJbCISIMH Ha OpTO(GoChOpHiH KHCIOTI
€ BUIIUM HIXK Y eMYJIbCiid Ha consiHii. JlocmimkeHa 3aKOHOMIPHICTh Ja€ 3MOT'Y CTBEPIUKYBATH, IO JI03YBaHHS
LEMEHTY /sl CyMill i3 OiITyMHUMH eMYJIbCIsIMU Ha OpTOQOChOpHIH KUCIOTI Mae OyTH peTenbHille BUBIpeHe
Ta KOHTPOJIbOBAHE, 100 YHUKHYTH IEepPeIIacHOro posmany. Takok eMyincii Ha opTodocopHii KACIOTI 3a
BUKOPHCTAaHHS PI3HUX €MYJIbIaTOpiB MAlOTh DPi3HI 3HAYEHHS ONTHMAJIBHOI'O BMICTY LIEMEHTY 3a KpHUTEpieEM
po3maTy CyMilll He 3aJI€KHO Bifl BiJICIBY.

KuroyoBi ciioBa: 0iTyMHi kaTioHHi emyJasbcii, cosisiHa, opTodochopHa KUCIOTH, JIUTI eMyJabCiiiHO-
MiHepaJibHi cyMmilni, HeMeHT, po3naja cymimii.



