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1. Inceprauiiina po60Ta NpUCBSIYEHA BUPIIEHHIO aKTyaJIbHOTO 3aBJIAHHS 3 PO3PO0JIEHHS CHeljalIbHUX CKIIa/liB
KaTiOHHUX GITYMHUX eMYJIbCill 3 opTodOoCcPOPHOIO KUCIOTOIO, SIKi XapaKTepU3YIOThCs IOKPaIeHUMUI
BJIACTMBOCTSIMU B KOHTEKCTi IOTPEO NOPOXKHIX OiTYMHO-€MYJIbCITHMX TEXHOJIOTiN. BHACTIiNOK MPaBUIBHOTO 1O60PY
CKJIaZly €MyJIbCii Ha OpTOPOCHOPHIit KUCTIOTi MOXKHA AOOUTUCH Oisbl 6€3MEYHOTO Ta MEHII KOPO3iiiHOro
TE€XHOJIOTIYHOTO MPOLIECY BUTOTOBJIEHHS €MYJIbCil T MOKPALEHHS BJIACTUBOCTEN CaMOi €MYJIbCii 1711 KOHKPETHOI
6iTyMHO-€MyJIbCiiHOI TeXHOJIOTii. 3aMiHa TPaAULiIHOI COISIHOI KUCIOTH Ha OPTOdOCPOPHY B CKIIALi €MYJIbCil
MOXe 3a0€3M1eYNTH NIOKPAIEHHS BJIACTUBOCTEN GiTYMHUX €MYJIbCill 6€3 3aCTOCYBaHHSI MOAU(IKATOPIB Y1
crieriaJibHUX TO06ABOK Pi3HOI Aii. [JocmimkeHo BIaCTUBOCTi CUPOBUHHUX MaTepiaiB, TaKoX (Gi3MKo-MeXaHiuHi
BJIACTMBOCTI 6iTyMHUX eMyJibCiii. [TiniOpaHo m'sTh 6iITYMHUX B'SDKYYUX, SIKi BiIPi3HSJINCH TOXOIKEHHSIM,
CHPOBMHHOIO HATOIO (JIETKA, BAKKA). BUSBIIEHO, 110 BUTOTOBJIEHHS CTA0IJIbHUX €MYJIbCill HE MOXKJIMBO i3
TeXHIYHUMU OpTOHOCHOPHUMU KUCIOTaMU KOHLeHTpalii 75%, He3aexkHO Bif, ix BUPOOHULITBA. BcTaHOBIIEHO, 110

3YEIIIOBAHICTb €MYJIbCii i3 COIsIHOI0 Ta OPTO(POCHOPHOIO KUCIIOTOIO Ta MUPOKOBKUBAHUMU I'PAHITHUMU



3alI0OBHIOBAYaMHU € CXOXKOI0, ajle 32 BUKOPUCTAHHS HEONITMMAJIBHOTO 332 KpUTEpieM 34eIlyIeHHs] MOKPSIHCbKOTO
KaM'sTHOTO Marepiasy BUIINY [1I0Ka3HUK 34YellJIEHHS IeMOHCTPY€E eMyJIbCisl i3 opTodocdOpHOIO KUCIOTOIO.
BcraHoBIIEHO, 110 €MYJIBCis i3 OpTOPOCHOPHOIO KUCIOTOIO 32 BiICYTHOCTI B IOPO>KHIN CyMillli HOPTIaHILEMEHTY
Oyze IeMOHCTPYBaTU Ly>Xe IOBIJIbHUN po3Mnaj, (HaACTabilIbHI €eMyJIbCii), 10 AACTh 3MOTY PO3IIMPUTH YaCOBi pAMKHU
10 Po3Mnay (CXOIUIIOBAaHHS) camoi cyMili. Lle 3a6e3neunTs 3anac 4acy AJ1si TPaHCIIOPTYBAHHS TAKUX CyMilleid.
BusHaueHo, 1110 32 BUKOPUCTAHHS B IOPOKHIX CyMilllax MOPTJIaHLIEMEHTY i3 eMyJibCielo 3 0pToPocdHOpHOIO
KUCJIOTOIO 1aCTh 3MOTY CKOPOTUTHU PO3MaJ, CyMillli i IK HACJIiAOK NPUIIBUAIINTYA TEMIIM HAbOPy KOre3ifHOi MilIHOCTI
cyMimi. 3alpoeKTOBaHO CKJIAAU JINTUX CyMilllell 3a PiI3HOrO BMiCTY KOMITOHEHTIB CyMillli Ha Pi3HUX €MYJIbCiSX I
BM3HAYEHHS BIJINBY KOXKHOTO 3 KOMIIOHEHTIB €MYJIbCii Ta CyMillli Ha Yac po3nany cymii Ta ii KoresifiHy MilHIiCTb.
BusHaueHo, 110 BKJIIOYEHHS B CKJIAT, eMyJibcii 85% opTodocOopHOi KUCTIOTU Ta CIIELiaJIbHOTO eMYJIbraTopa Jae
3MOTY BUKOPMCTOBYBATH [J1s1 INTUX CyMilllell HEONITUMAaJIbHi OKUCHEHI 6iTyMU 3 JIeTKOi HA(TU Ta 3alI0OBHIOBAaYi HE
3aJI€KHO Bif 3HaY€Hb [TOKa3HUKA METUJIEHY CMHLOIO 33 KPUTEPISIMM KOTe3iHOI MILIHOCTI Ta BTpaTy Marepiany 3a
BoJIororo 3Hocy. Habip Heob6xinHOoi Kore3ifHOI MilIHOCTI JINTOI eMyJIbCiiHO-MiHepasIbHOI CyMillli Ha eMYJIbCil i3
opToochOpHOIO KUCIOTOK BinoyBaeTbes 3a 30 xB, a BTpaTH MaTepiasy 3a BOJIOTOro 3HOCY CTAHOBJISITh He Gisblie
100 r /M2 nopiBHSHO i3 1MTOI CyMIIIIIIO i3 €MYJIbCi€I0 HA COJISIHIN KUCIOTI i ONTUMaNIbHAM BSDKy4uM 110 30 XB Ta 10
50 r/M2 BifilIOBiZIHO, i3 HEONITUMAIIBHUM B'sSKy4uM 6Ginbiie 3a 420 xB (7 roguH) Ta 1066 r/M2 BinoBigHO.
BcTaHoBIIEHO, 1110 3YENJII0OBAHICTh 32 BUCOKMX TEMIIEPATYP Y €MYJIbCii i3 OpTOdOCPOPHOIO KUCIOTOIO i
KapOOHATHUM 3allOBHIOBaYeM € BUILOI0 Ha 0,5 6asa HiXX y eMyJibcii i3 cosgHolo kucyoTolo. lllono MmexaHiyHoi afresii
3a eKCIUTyaTaliliHUX TeMIIepaTyp i3 rpaHiTHUM Ie6HeM, TO BOHA KiJIbKICHO Ta MacOBO € JIeI[0 BUILIOI0 Y eMYJIbCii i3
opTohochHOPHOIO KUCTIOTOIO HiX 3 COJITHOW. BCTaHOB/IEHO, 1110 32 XapaKTEePUCTUKAMU MIITHOCTI Ta BOJIOCTiKOCTI
3pasKiB CyMillli eMyJibCii Ha OPTOPOCPOPHIN KMCIOT] JOLIIBHO 32CTOCOBYBATH Y TEXHOJIOTIi XOJI0JHOTO
PEeCalKJIiHTy 32 BUKOPMCTAHHS 3alIOBHIOBAYiB i3 MarMaTUYHUX Ta KapOOHATHUX NoPif. [IpoTe BUKOPUCTaHHS
OCTaHHBOTO 3aII0BHIOBAYA € eeKTUBHIMNM, afpKe rpanulis MinHocTi 32 20°C ta 50°C Ha 28 no6y Buma Ha 10% y
IIBOX BUIIAJKAX, @ BOLOCTIMKICTh 32 TPUBAJIOTO BOJOHACMYEHHS BUIIA Ha 9,3% HIX y 3pa3KiB Ha COJISIHIN KUCJIOTI.
HaBegneHo pe3ysbTaTy IPOMUCIIOBOTO BIIPOBAI)KEHHSI BUKOPMCTAaHHS €MYJIbCill Ha OPTOPOCHOPHIll KUCIOTI AJ1st
TEXHOJIOTII INTUX eMyJIbCiHO-MiHepaJIbHUX CyMilllel, 3a SIKUMU BUTOTOBJIEHO 1863,67 T 6iTyMHOI eMyJIbCii.
PesynbraTu guceprauifiHoOi poOOTH BUKOPUCTOBYIOTHCS i BIIPOBAIpKeHi B HaBYalbHU Npolec kadenpu
aBTOMOOIJIbHUX JIOPir Ta MOCTiB HallioHaIbHOTO yHiBEpCUTETY «JIbBiBChbKa IOiTEXHiKa». HaBeeHna eKoHOMiYHa
e(eKTUBHICTb PO3pO6JIEHNX CKIAiB 6ITYMHUX €MYJIbCill i3 OpTOHOCHOPHOIO KUCIOTOIO MOPIBHSHO i3 CKJIATHUMU
Ha ONTUMAJIbBHOMY IUCTWISLIHOMY 6iTyMi 3 BayKKOI HATH Ta TPAAULiMHIN COJISHIN KUCJIOTI 715 IUTUX CyMilIer.
[IpencraBieHO pO3paxyHOK BapTOCTi CKJIaMliB OiTYMHUX €eMYJIbCill 1711 TEXHOJIOTIi TOBEpXHEBOi 06pOOKHU Ta
XOJIOZHOTO pecalkiiHry. HaBefieHi 3arajibHi pEKOMEHIallis 00 BUTOTOBJIEHHS, TPAHCIIOPTYBaHHS Ta

BUKOPUCTAHHS GITYMHUX €MYJIbCiil, 30KpeMa i eMyJibCill i3 0pToHOCHPOPHOIO KUCTIOTOIO.

2. The dissertation work is devoted to solving the urgent problem of developing special compositions of cationic
bitumen emulsions with orthophosphoric acid, which are characterized by improved properties in the context of
the needs of road bitumen emulsion technologies. Due to the correct selection of the composition of the emulsion
on orthophosphoric acid, it is possible to achieve a safer and less corrosive technological process of manufacturing
the emulsion and improving the properties of the emulsion itself for a specific bitumen emulsion technology.
Replacing traditional hydrochloric acid with orthophosphoric acid in the emulsion composition can provide
improved properties of bitumen emulsions without the use of modifiers or special additives of different action. The
properties of raw materials, as well as the physical and mechanical properties of bitumen emulsions, were
investigated. Five bitumen binders were selected, which differed in origin, raw oil (light, heavy). It was found that
the production of stable emulsions is not possible with technical orthophosphoric acids of 75% concentration,
regardless of their production. It was established that the adhesion of emulsions with hydrochloric and
orthophosphoric acids and widely used granite aggregates is similar, but when using Mokryan stone material,
which is not optimal according to the adhesion criterion, the higher adhesion index is demonstrated by the
emulsion with orthophosphoric acid. It was found that an emulsion with orthophosphoric acid in the absence of
Portland cement in the road mixture will demonstrate very slow disintegration (superstable emulsions), which will



allow to extend the time frame until the disintegration (setting) of the mixture itself. This will provide a reserve of
time for transporting such mixtures. It was determined that the use of Portland cement with an emulsion with
orthophosphoric acid in road mixtures will allow to reduce the disintegration of the mixture and, as a result, to
accelerate the rate of gaining cohesive strength of the mixture. The compositions of cast mixtures with different
contents of the mixture components on different emulsions were designed to determine the influence of each of
the components of the emulsion and the mixture on the time of the mixture disintegration and its cohesive
strength. It was determined that the inclusion of 85% orthophosphoric acid and a special emulsifier in the
emulsion composition makes it possible to use non-optimal oxidized light petroleum bitumens and aggregates for
cast mixtures regardless of the values of the methylene blue index according to the criteria of cohesive strength
and material loss during wet wear. The required cohesive strength of the cast emulsion-mineral mixture on an
emulsion with orthophosphoric acid is achieved in 30 min, and material loss during wet wear is no more than 100
g/m2 compared to a cast mixture with an emulsion on hydrochloric acid and an optimal binder up to 30 min and
up to 50 g/m2, respectively, with a non-optimal binder more than 420 min (7 hours) and 1066 g/m2, respectively.
It was found that the adhesion at high temperatures in the emulsion with orthophosphoric acid and carbonate
aggregate is 0.5 points higher than in the emulsion with hydrochloric acid. As for the mechanical adhesion at
operating temperatures with granite rubble, it is quantitatively and by mass somewhat higher in the emulsion with
orthophosphoric acid than with hydrochloric. It was found that, according to the characteristics of the strength
and water resistance of the samples of the mixture, the emulsion on orthophosphoric acid is expedient to be used
in the cold recycling technology using aggregates from igneous and carbonate rocks. However, the use of the
latter filler is more effective, since the strength limit at 20°C and 50°C for 28 days is 10% higher in two cases, and
the water resistance under prolonged water saturation is 9.3% higher than that of samples with hydrochloric acid.
The results of the industrial implementation of the use of emulsions on orthophosphoric acid for the technology of
cast emulsion-mineral mixtures, according to which 1863.67 tons of bitumen emulsion were produced, are
presented. The results of the dissertation work are used and implemented in the educational process of the
Department of Highways and Bridges of the National University "Lviv Polytechnic". The economic efficiency of the
developed compositions of bitumen emulsions with orthophosphoric acid compared to those based on optimal
distillation bitumen from heavy oil and traditional hydrochloric acid for cast mixtures is presented. The calculation
of the cost of bitumen emulsion compositions for surface treatment and cold recycling technology is presented.
General recommendations for the manufacture, transportation and use of bitumen emulsions, and in particular
emulsions with orthophosphoric acid, are given.
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BignoBigasbHuUI 3a MiATOTOBKY Mapymak Yagua JIMUTpiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




