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In this article the study is done for the adhesion of aggregates coming from various granite
quarries of Ukraine with bituminous binder, namely with bitumen emulsion — for application in
surface dressing technology for road pavements treatment. In the article there are used the Ukrainian
and European testing methods for determination of adhesion in the “bitumen — aggregate” system.
According to the Ukrainian method, there was determined the adhesion of residual binder with the
chips surface after boiling in the distilled water and in the solution of glycerin and distilled water. As
the European method, for the studies there was used Vialit Plate Shock Test. There were developed
three bitumen emulsion formulations.
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Introduction

Thin-layer pavements done by surface dressing technology is wide-spread version for saving and
sealing-in the top courses of road structures (DSTU-N B V.2.3-38:2016). One of the main characteristics
for these pavements is adhesion between bituminous and mineral materials, which are the components of
the road pavements. Nowadays this adhesion is determined by not always correct methods based on
correctly selected bituminous binders (inclusive with bitumen emulsions). Therefore, it looks useful to
pay attention to the efficient approach in development of bitumen emulsion formulation for surface
dressing technology, as well as to propose the effective methods for evaluation of adhesion in the
“emulsion — aggregate” system.

The analysis of scientific literature data has shown that the modern scientists pay the major
attention to the study of bitumen emulsion component (with regard to surface dressing technology)
(Zhdaniuk, 2008; Solodkyy, 2018; Sidun, 2020), as well as to the methods for evaluation of adhesion
between the components of surface dressing and non-skid qualities on the surface dressing done
(lichenko, 2011; Pavlyuk, 2010; Pavlyuk, 2013).

The main weak point of this technology is not always excellent adhesion of aggregate with
bituminous binder (this binder being represented either by bitumen or by bitumen emulsion). It is known
that adhesion of the residual binder (extracted from bitumen emulsion) with aggregate is better than
adhesion of the initial bitumen with that very aggregate. It is due to the fact that residual binder contains
not just bitumen, but also emulsifier (surfactant), which improves adhesion between binder and mineral



Adhesion of bituminous binders with aggregates... 93

surface. Correspondingly, the wide-spread in the world today is the trend for surface dressings with
bitumen emulsion (but not bitumen) applied. Besides of that, there exist another number of technological
reasons, causing to use just bitumen emulsion (clogging nozzles of motor tar sprayer when hot bitumen is
applied etc.).

Adhesion of binder with aggregate is subject to regulation in Ukraine by state standard
(DSTU 8787: 2018). The essence of the method is in determination of ability of bituminous binder,
applied upon the chips surface, to counteract the stripping effect of the water. The adhesion quality is
evaluated by the saving degree for the bituminous binder film on the chips after boiling in water. This
method is versatile from the point of view of all the road technologies, but it does not take into account
the specific features of each of them (in particular, also the technology of surface dressing). Between the
modern domestic methods for evaluation of surface dressing stability there is the development of National
Transport University, which is realized in the construction of centrifugal machine for determination of
adhesion strength CP-NTU. The essence of the method is in determination of ability of binder material to
retain chips on metallic plates upon the effect of centrifugal force applied to the testing samples of surface
dressing (Pavlyuk, 2011; Pavlyuk, 2010). As to the drawbacks which can be attributed to this method, it
can be mentioned that its principle of action does not reflect the real process of aggregate stripping in the
surface dressing course.

The most wide-spread in the world method for determination of adhesion properties of the binder
and filling aggregates for the pavements made by the surface dressing technology is Vialit Plate Shock
Test (EN 12272-3:2004; Louw, 2004). Although there also exist other laboratory and field methods:
Frosted Marble Cohesion Test (Howard lIsaac L., 2013; Ozdemir, Ugurcan, 2016.), Sweep Test of
Bituminous Emulsion Surface Treatment Samples (Ozdemir, Ugurcan,2016; ASTM D7000 — 19a),
Pennsylvania Aggregate Retention Test (Kandhal, 1991), Australian Aggregate Pull-out Test
(Queensland Department of Transport and Main Roads, 2012), British Pendulum Test (ASTM
E303 - 93; EN 13036-4:2011), Pneumatic Adhesion Tension Test (Zhou,2014). In general, the
majority of scientists give special attention to technological aspects of performing the surface
dressings (Vasiliev, 1999; Rvacheva, 2004; Kochetkov, 2007; lichenko, 2011).

Target of this article

To investigate the adhesion of aggregates with bituminous binder (bitumen emulsion) by both the
Ukrainian and European testing methods — for application in surface dressing technology with regard to
road pavements.

Testing methods

For the study of adhesion for aggregates with bitumen emulsion there was chosen the popular in
Ukraine method for determination of binder-to-chips surface adhesion DSTU 8787:2018, as well as
popular in Europe Vialit Plate Shock Test (EN 12272-3:2004; Louw,2004; yi, Junyan, 2013).

By testing method DSTU 8787:2018 there was determined the adhesion of binder (extracted from
emulsion after its breakage) with chips surface — by two methods, which differed by the medium for chips
boiling. First of all, the cleaned from dust and dirt chips grade 20-40 mm were tied round by thread and
immersed (in non-heated state) for 1-2 seconds into distilled water (letting it flow off during 15+5 seconds),
immersed three times into heated till 70°C bitumen emulsion and hanged on support for storing during
24 hours at (20+5) °C.

According to method Nol, after storing chips they were boiled in distilled water. To provide for
that, the chemical flask was filled for 2/3 of its volume by distilled water and heated till 9 5°C. The
emulsion-treated chips were immersed into heated water (so that they did not touch the walls and the
bottom) and cured at given temperature during 30 min (Fig. 1). The binder floating up to the surface
during the boiling was removed by filter paper. After 30 min of boiling the chips were removed from the
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water medium and subject to visual evaluation (by 5-point grading scale with increment size 0.5 point) by
the extent of bituminous binder coating (Table 1).

Table 1
Evaluation of quality for adhesion of bituminous binder with chips

Evaluation of

Degree of retaining the bituminous binder film on the chips surface adhesion quality,
points
Bituminous binder film remained on the chips surface; it is admissible to have not more 5.0

than 2 places non-covered by bituminous binder, the diameter of each of which not
exceeding 1.0 mm

Bituminous binder film partly separated from angles or ribs and/or remained on more 4.5
than 90 % of chips surface

From 75 % to 90 % of chips surface remained coated by the bituminous binder film 4.0

From 60 % to 75 % of chips surface remained coated by the bituminous binder film 35

From 40 % to 60 % of chips surface remained coated by the bituminous binder film 3.0

From 20 % to 40 % of chips surface remained coated by the bituminous binder film 2.5

Bituminous binder film remained on less than 20 % of the chips surface 2.0

Note: During the adhesion quality evaluation each range of chips surface covered by binder contains the
value of lower limit and does not contain the value of top limit.

Method No2 is similar to method Nol, but chips boiling occurred in water and glycerin solution in
ratio 1 to 5 and at 105 °C (Fig. 2).

Fig. 1. Chips boiling in distilled water Fig. 2. Chips boiling in distilled water with glycerin

The essence of Vialit Plate Shock Test (EN 12272-3:2004) is in determination of binder’s
capability to retain the aggregate on a metal plate at shock effect. When running the testing by Vialit
method there was taken into account both the domestic and the world experience and performance
conditions for surface dressing technology. Therefore, for testing there was used chips grade 5-10 mm,
and placed upon Vialit plate there were 100 pieces chips of the said grade. Besides, there were made
calculations on the amount of binder, required for placing upon Vialit Plate. According to DSTU-N B
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V.2.3-38:2016, the average norm of bitumen consumption per 1 m? constitutes 0.7-0.8 L — when one-
layer surface dressing is done with one-stage chips application. The Vialit Plate area constitutes 0.04 mz2.
It was proposed to test adhesion of binder with filling aggregates with different bitumen emulsion
guantity (different bitumen content in emulsion), spread upon the plate (versions 1-3).

Version 1. The required bitumen quantity is determined (at its consumption of 0.8 L/m? and
bitumen in emulsion quantity 65 % w/w), this bitumen to be distributed upon the plate area 0.04 m?:
0.8:0.04=0.032 L= 32 ml. The 65 % bitumen emulsion quantity is determined, required to be distributed
upon the plate: 32/0.65 =49.23 ml. So as to check: 49.23-0.65 =31.9995 ml = 32 ml. Thus, in the final
version 1 the accepted distribution upon the plate is 49.23 ml of bitumen emulsion.

Version 2 Similar to version 1, but in this version 62 % bitumen emulsion was used. Therefore, the
guantity of 62 % bitumen emulsion to be distributed upon the plate: 32/0.62 =51.61 ml. So as to check:
51.61-0.62 =31.9982 ml = 32 ml. Thus, in the final version 2 the accepted distribution upon the plate is
51.61 ml of bitumen emulsion.

Version 3: We determine the quantity of required bitumen (at its reduced consumption, which
constitutes 0.55 L/m? and bitumen in emulsion content 65 % w/w), which shall be distributed upon the
plate area 0.04 m? 0.55-0.04=0.022 L= 22 ml. We determine the quantity of 65 % bitumen emulsion,
which shall be distributed upon the plate: 22 ml/0.65=33.84 ml. So as to check: 33.84-0.65 = 21.996~22 ml.
Thus, in the final version 3 the accepted distribution upon the plate is 22 ml of bitumen emulsion.

The bitumen emulsion as per versions 1-3 were heated till 70°C and applied upon the cleaned
Vialit Plates with homogeneous distribution on them. After that the chips were homogeneously immersed
into the bitumen emulsions. Further on, the samples obtained were placed into desiccator at 4 5°C for
water vaporization and getting the constant sample weight. Later, the samples-plates were taken from the
desiccator, cooled till 25 °C and turned upside down for 10 min. On completion of 10 min the samples
were tenderly shaken during 10 seconds. After that, the plate was put back into the initial position and the
separated chips were tenderly cleaned by brush. After this so-called “tentative testing” there was performed
“the main testing” — the plate was put so as to position chips downwards, and a metal ball weighing 500 g
was thrown upon the plate three times during 10 seconds. Later, the sample-on-plate was examined and
the chips were counted the following way: a — quantity of accepted chips, whose surface is not covered by
binder; b — quantity of non-accepted chips, whose surface is partly covered by binder; ¢ — quantity of
accepted chips.

After the “tentative testing” the initial adhesion was determined by formula (1):

R1=((D-A-C)/B)-100, (1)
where: R1 - the initial percentage of chips right after the 10-second shaking and cleaning.

A — stainless steel plate weight (g),

B — chips weight (g),

C - emulsion weight (g),

D — weight of plate, chips and emulsion after the 10-second shaking and cleaning (g).

After the “main testing” the final adhesion is determined by formula (2):

R2=((E-A-C)/B)-100, (2)
where: E — weight of plate, chips and emulsion after the tentative testing and the ball falling (g).

Techniques used

For the studies there were used the selected formulations of cationic bitumen emulsion (Table 2)
and granite chips grade 20-40 mm from Vyrivskii, Novograd-Volynskii and Mokrianskii domestic
guarries of Ukraine — for the method as per DSTU 8787:2018 and granite chips grade 5-10 mm from
Vyrivskii quarry for the method as per (EN 12272-3:2004).
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Table 2
Cationic bitumen emulsion formulations
Components Formulation No, % w/w
Mozyr Refinery bitumen 1. 70/100- 65 % 2. 70/100- 65 % 3. 70/100- 62 %
Redicote C -320 E emulsifier - - 1.3%
Redicote EM-44 emulsifier 0.25 % 0.25 % -
Water phase pH (acid) pH=1.5 (H3PO4) pH=2.5 (HCL) pH=1.5 (H3PO4)

The study’s results by method DSTU 8787:2018 and the two proposed methods are shown in Table 3.

Table 3
Emulsion adhesion with chips from various quarries — by methods No 1 and No. 2
Emulsion adhesion with chips from the quarry (in points)
Bit Ision f lati . , . .
tmen emuision formufation Vyrivskii quarry Novograd-Volynskii Mokrianskii
number
Method No 1
1. Bitumen 65 %, Redicote
EM-44 pH=1.5 (HsPOy) > 4.0 30
2. Bitumen 65 %, Redicote
EM-44 pH=2.5 (HCL) > 45 35
3. Bitumen 62 %, Redicote
C -320 E pH=1.5 (H3PO4) ° 4.0 30
Method No 2
1. Bitumen 65 %, Redicote
EM-44 pH=1.5 (HsPO,) 35 4.0 25
2. Bitumen:65 % Redicote
EM-44 pH=2.5 (HCL) 40 45 30
3. Bitumen 62 %, Redicote
C -320 E pH=1.5 (H3PO4) 30 4.0 20

When making analysis for the data in Table 3, one can see that from among the chips tested the
best adhesion with the binders studied is assigned to the aggregate from Vyrivskii quarry, while the worst
one — to Mokrianskii quarry. As to the bitumen emulsions, the usage of hydrochloric acid in bitumen
emulsion formulations (formulation No 2) is technically more expedient.

In studies for binder adhesion by method (EN 12272-3:2004) there were tested three emulsions
(Table 2) with different quantity of bitumen emulsion, which was distributed upon the plate by three
versions. As a final result, there were obtained the five studies — depending upon the bitumen emulsion
content and its quantity distributed upon the Vialit Plate (Table 4). The analysis of Table 4 confirms the
conclusions made after determination of adhesion for the binder, extracted from the emulsion, with the
chips surface. Those ones were regarding the higher efficiency of using the hydrochloric acid in emulsion
formulations — comparative to using the ortho-phosphoric one. This can be clearly demonstrated when
comparing the emulsion formulations No. 1, No. 2 and No 3 (with residual binder content on the plate 32 ml),
as far as the total chips loss when using bitumen emulsion by formulation No 2 constitutes 5 chips, while
for the formulations N.o 1 and No. 3 — correspondingly 7 chips for each. Besides of that, the adhesion
indices R1 and R2 for the bitumen emulsion by formulation 2 are higher. The decrease of weight for the
residual binder distributed upon the plate from 32 ml to 22 ml (bitumen emulsion formulation No 2 with
hydrochloric acid and with distribution versions V1 and V3) does not lead to the substantial worsening of
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the adhesion. On contradistinction to that, the adhesion substantially worsens when going the same way
with emulsion on orthophosphoric acid (bitumen emulsion by formulation No 1 with ortho-phosphoric
acid by distribution versions: V1 and V3). The optimum formulation for the bitumen emulsions tested
(from the point of view of adhesion for the binder, extracted from emulsion, with the chips surface, as
well as of adhesion for the binder with filling aggregate by Vialit Plate Shock Test) is formulation No 2.

Table 4
Adhesion indices by Vialit method with Vyrivskii quarry chips
Version No, quantity of emulsion Adhesion indices by Vialit method
(residual binder), which was : . | "
distributed upon the Vialit Plate, ml | @ | b ¢ RL,% | R1I+R1Y2 | R2,% | R2+R2%2
V1=49.23 (32) ml | ol 2 | o8 100 o
1. Bitumen 65 % 100 91
Redicote EM-44
oH=15 (HsPOY) I 0| 5 | 9 100 90
V1= 4923 (32) ml | o | 3 | o7 100 o
2. Bitumen 65 %
Redicote EM-44 100 %4
OH=2.5 (HCL) I 0| 2 | 98 100 94
V2=51.61 (32) ml
3. Bitumen 62 % ! 0 4 % 10 100 ” 92
Redicote C -320 E
pH=1.5 (HsPOs) I 0| 3 |97 | 100 92
V3=33.84 (22) ml | o | 5 | o 100 %0
1. Bitumen 65 %
Redicote EM-44 100 88
pH=1.5 (H3POJ) | 0 10 90 100 85
V3=33.84 (22) ml
2. Bitumen 65 % ' 0 2 | 100 100 95
Redicote EM-44 100 94
pH=2.5 (HCL) I 0| 4 | 98 100 93
B3=33.0ml
Conclusions

1. The bitumen emulsions formulations were developed for the thin-layer road pavements by the
technology of surface dressing, depending upon the bitumen-in-emulsion content, type of the acid used
(hydrochloric or ortho-phosphoric) and emulsifiers.

2. There was studied the adhesion of aggregate from various quarries with the residual binder
formed after the emulsion breakage — in accordance with both the Ukrainian and European standards.

3. There was determined that the emulsions based on hydrochloric acid have better adhesion with
granite aggregate, if to compare with those ones based on ortho-phosphoric acid, from the point of view
of the methods proposed for application.
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Po3riIAHYTO TOHKONIAPOBI IMOKPHUTTS 32 TEXHOJIOTIEI0 ITOBEPXHEBOI OOpPOOKH, SIKi € IMOUIIMPEHUM
BapiaHTOM 30epeKeHHS Ta TepMeTH3allii BepXHiX MIapiB JOPOKHIX KOHCTPYKIiH. OnHI€I0 3 OCHOBHUX Xa-
PaKTEPUCTHK SIKOCTI IIUX TIOKPHUTTIB € 3UCTUTIOBAHICTh (aare3is) Mik OITYMHHM Ta MiHEpATbHAM MaTepiaioM.
B craTTi MocnimKeHo 34CTNIIOBaHICTh KaM ' sSTHUX MaTepiajiB pi3HUX TPaHITHUX Kap epiB YKpaiHu 3 OiTyMHUM
B’SDKYyYHM, a caMe OITyMHOIO eMYJIbCi€lo, AJIS 3aCTOCYBaHHS B TEXHOJIOTIi MOBEPXHEBOI 0OPOOKH JOPOXKHIX
MOKPHUTTIB. B po0OTi BHKOPHCTAaHO YKpaiHCBKI Ta €BPOMENHCHKI METOIU JOCITIKCHb BH3HAYCHHS 3YEILIIO-
BaHOCTI B CHCTeMi OiTyM—KaM’ sHUH Marepiai. 3a YKpalHCBKHM METOJIOM BU3HAYCHO 3UCIUTIOBAHICTh 3alUII-
KOBOTO B'SDKYy4YOTO, BHIINICHOTO 3 €MYJNbCIii Micis 11 po3maay, 3 MOBEPXHEIO MICOHIO MICIA KHIT SITIHHSA B
JUCTUJILOBAHIN BOJII Ta B PO3YMHI TIILEPUHY Ta TUCTHIILOBAHOI BOJH. SIK €BpONEHCHKUN METOH ISl JOCTi-
JUKCHb BUKOPUCTAHO yOApHUI METOJ i3 3acTOCYyBaHHSAM IUMTH Biamit. Po3pobneHo Tpu ckimamu OITyMHHX
eMYJbCIH JUI1 TOHKOIIAPOBUX IMOKPHUTTIB aBTOMOOUTHHUX IOPIT 32 TEXHOIOTIEI0 TOBEPXHEBOI 0OpOOKH
3aJIeKHO BiJl BMICTY OiTyMy B eMyJbCil, THITy BUKOPHCTAaHOI KuCIoTH (coistHa uu opTtodocdopua), ph BoaHOT
(pa3u 6iTyMHOI eMyJbCii Ta IBOX BapiaHTIB eMyJbraTopis. Pesynpraty BUNpoOyBaHb 32 BHOPAaHUMH METO-
JlaMU TI0Ka3aJH CXOXKI pe3ynbTaT, IO AalT0 3MOTY BCTAHOBHTH ONTHMAIBHHH KaM SHHH Matepian cepen
JOCTI/DKCHUX 1 BIAMOBIAHO ONTHUMANBHHUNA CKiIa OiTyMHOI eMyinbcii. Takok AOCTiIKeHO HEeOoOXiTHYy Kijb-
KicTh OITYMHOI eMylbCii, fika Mae OyTH po3mojiieHa o IUMTi Biamita 3a KpUTEpieM 34EIUTIOBAHOCTI I
IIbOTO METO/Y JAOCIIIKEHb.

Ku1104yoBi c/ji0Ba: TOHKOLIAPOBE I0OPOKHE NMOKPUTTS, NOBEpXHeBa 00po0Ka, OiTymMHa eMyJibCis,
cojisHa KucjaoTa, oprodochopHa KHCIO0TA, 3YeIUIIOBaHiCTHL OIiTYMHOro B’siKy4oro i3 medeHeM,
YAQpHUH MeTOoJ i3 3acTOCYBaHHAM NJMTH Biasir.



