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Hucepraniss Ha 3400yTTS HAyKOBOTO CTymHeHs JokTopa (dimocodii 3a
crnemianbHicTIoO 161 — XiMiuH1 TexHOJOTIi Ta iHXeHepid. HarionansHuil yHIBEpCUTET
«JIpBiBCHbKa MOMITEXHIKa», MIHICTEPCTBO OCBITH 1 Hayku YKpainu, JIsBis, 2020.

B nucepramiiiHoMy AOCHIDKEHHI BUPIIIEHO BaXKJIMBE HAYKOBO-IPAKTUYHE
3aBlaHHA — OJICPKAHHS BHCOKOSKICHHX JOPOXHIX OIiTyMiB, IO MOJu(pIKOBaHi
CMOJIaMH, 1K1 OTPUMYIOThCA 3 PeHOJIbHOI (hpakiiii kam’ sHOBYTLIbHOI cMoiu (KBC).

[IpoananizoBaHo 1OCBi YKpaiHU 1 CBITYy B 3aCTOCYBAHHI y IPOMHCIOBUX
MacmTabax Ta po3poOJE€HHI HOBUX PIZHOMAHITHUX MOAM(IKATOPIB JTOPOKHIX
O0iTymiB. Ha OCHOB1 orisiyy HaykoBOI Ta MATEHTHOI JITEpaTypu 3amporiOHOBAHO
HAMPSIMOK MPOBEICHHS JOCHTIIKEHb.

OmnpailbOBaHO CTaHAAPTHI Ta Cy4YacHI METOJMKH JOCHIJKEHb OITyMiB, iX
MOAU(IKATOPIB, MPOJIYKTIB 3aCTOCYBaHHS OITyMiB, MOJU(DIKOBAHUX TMOJIMEpaMU
(BMII), — oitymaux emynbcii (BE), nutux emynbCiiHO-MIHEpAIbHUX CyMilIei
(JIEMC), acdanbrobeToHHUX cyMimield. Bu3HaueHO OCHOBHI XapaKTEPUCTUKU Ta
CKJIaJl CUPOBHMHH: 3QJIMIIKOBOTO (IucTWiALiiiHOTO) HadToBoro Oitymy BJI 60/90;
okucHeHoro HadroBoro 6iTymy BHJI 60/90; mmpokoi ¢penonbnoi gpakuii (ILIDD);
By3bkux ¢paxiii, BuaiieHux 3 DD (m.x.—185 °C ta 185—«.x. °C). OnparpoBaHo
Ta BJIOCKOHAJIEHO METOIUKH OJiepkKaHHS (DEHOJ-Kpe301-popMabACTIIHUX CMOJ 3
DD, By3pkux Gpakiiii 1 BUAUICHUX 3 HUX KOHIEHTPATIB (DEHOTYy Ta/du HOro
noxiguux («cupi» penonun), BMII, BE, JIEMC.

Metonom nomikoHaeHcarlii ¢popmansaeriay 3 O, ¢p. m.k.—185 °C 1 185—
kK. °C 1 «cupux» ¢QeHomiB Oynau ojepkaHi HOBOJA4YHI (PEHOJIO-KPE30II0-
dopmanpaerigai cmonu (DiKC-®D). BceraHoBIeHO, IO BUKOPUCTAHHS B TMPOILEC
CUHTE3y KOHIICHTPOBAaHUX (PEHOJIIB («cHpUxX» (HEHONIB) MO3BOJSIE 30UTBITUTH BUXI]
CMOJIM SIK Ha 3aBaHTAXXEHHS PEAaKTOpa, TaK 1 Ha BUXIIHY (Ppakilito, TOMy IOIIIHHO

npoBogutu cuHTe3 DIKC-® 3 «cupux» ¢enoinis, a He 3 BUKopucTaHHs IDD uun



By3bkuX (ppakuiii. Hegouineno nimutu IO nHa a8i Byxui Pppakmii (m.k.—185 1 185—
K.K. °C) Ta/4u BUKOPUCTOBYBATH y SIKOCTI CHPOBUHH BUJILJICHI 3 HUX «CUP1» (DEHOJIH.

Bceranosneno, mo ans oaepxanus O1KC-O, sika Hagani Oyje 3acTOCOBYBaTHCS
y AKocTi Moaudikaropa 6iTymy, HOIUIbHINIE BUKOPUCTOBYBATH sk Katamizatop HCI,
OCKLIIbKH 01TyM MoaudikoBanuii HoBoslayHOO P1IKC-®D, y nopiBHAHHI 13 PE30JILHOIO
OiKC-D, Bomoaie OUTBIION TEMITEPaTypOIO PO3M’ SIKIIIEHOCTI, aATe31€10 3 TTOBEPXHEIO
CKJIa Ta BIJMOBi1a€ BUMOTaM IO OJHOPITHOCTI.

Busueno BILIUB YUHHUKIB (MacoBe CIT1BBITHOIIICHHS «cupi»
dbenomm/GopMariy; BMICT KaTamizaTopa (KOHIIEHTPOBAHOI XJIOPUIHOI KHCJIOTH);
TeMIiepaTypa; TpuBailicTb) Ha mporec ojaepxkanHs DiIKC-®. Merogom
MaTeMaTUYHOTO MOJICIIOBAHHS BU3HAYEHO ONTUMaibHI yMOBH ojaepxkaHHs D1KC-O,
K1 Jal0Th 3MOTY JIOCSIITH MAaKCHMAJIBHOTO BHXOJY CMOJU Ta HEOOXITHOI Il
TEMIIEPAaTypyu PO3M SKIIEHOCTI. TakKoXX TOCHIIHKEHO KIHETHYHI 3aKOHOMIPHOCTI
nporecy onepxkanus DiIKC-® i1 nmokazano, mo mnpu 60-100 °C Ta TpuBayiocTi
nporecy 20—60 XB. cepeaHe 3HaAUEeHHs eHeprii akTuBallii cTaHOBUTH 21 k/[/MoIIb.

byno mnposeneno mnopiBHsHHSA edektuBHOCTI DiIKC-® 1 npomucioBux
MOAU(IKATOPIB JOPOXKHIX OITyMmiB. Bu3HaueHo, 1m0 BBEIEHHA B CKiaja OITyMy SIK
npomucioBoro noximepy tuiry CbC (Calprene 501M), tak 1 ®iKC-® npuBoauTs 10
30UIBIICHHST TEMIIEPATypU pPO3M’SIKIIIEHOCTI Ta ajre3ii 01TyM-MOJIMEPHOI KOMITO3UIIIT
710 TIOBEPXHI CKJa; BEACHHS B CKJIaj OITyMy SIK IPOMMCIIOBOI aare3iitHoi 100aBKU
(Wetfix BE), Tak i oaepxanoi ®@iKC-® 103BoJisi€ 3HAYHO MOKPANIUTH 3YCIUICHHS
01TyMy 3 MOBEPXHIMU CKJIa Ta IIEOEHIO.

Bcranosneno, mo oaepkana cmoina GiKC-d nposBiise Xoporni 34erioBaibHi
BJIACTUBOCTI 3 MIHEpAJIBHUMH MaTepiajgamMu (me0eHeM/CKIIOM), CYTTEBO TOKpaIye
aJre3iifHi BIACTUBOCTI JOpOXkHIX OiTyMmiB, a BMII, y ckmani sikoro € 1 % mac. ®iKC-
@, BianoBigae BuMoraM 7o ToBapHoro 6itymy mapku BHJIA 60/90.

Takoxx JTOBelIeHO, 10 BBEICHHS B ckiaj 01Tymy komiuiekcy no6aBok (DiKC-
®, CbC Tta ryapoH) A03BOJISE JOCITTA 3HAYEHHS TEMIIEPaTypu pPO3M SKIIEHOCTI,
MEHeTpaIlii Ta eJacTUYHOCTI OJepKaHOI OITyM-TIOJIMEPHOT KOMIO3MIIT, SKi

BIJIMOBIAaI0Th BUMOTI'aM HOPMATUBHUX JTOKYMEHTIB 10 Mmapku BMKA 60/90-55.



3 BUKOpPHUCTaHHAM BuxigHoro ta MmonudikoBanoro ®iKC-® OitrymiB Oynu
BUTOTOBJIEHI MOHO(da3H1 OiTyMHiI emyJibcii, BiamosigHo, BE 1 ta BE 2, BE 2a.
Otpumani BE sik Ha OCHOBI BUXIJIHOTO, TaK 1 Ha OCHOBI MOAM(IKOBAHOTO OITyMiB
BIJITOBIIal0OTh YMHHUM HOPMATHBHUM JOKyMeHTaMm, 30kpeMa, bE 1 BimHOCHTBCS 10
mapku EKII-60 (karionHa noBiibHOpoO3IMaiHa emyibeis), a BE 2 ta BE 2a no EKIIM-
60 (katioHHa MOU(IKOBaHA MOBUIHLHOPO3MAIHA €MYJIIbCIs).

Bbyno BuBUEHO MOXIMBICTH ojaepxaHHs Ta 3actocyBaHHs JIEMC Ha ocHOBIi
BUIIIEBKA3aHUX OITYMHUX eMYJbCii. BcTaHOBIIEHO NOIIIBHICTE 3acTocyBanHs JIEMC
Ha OCHOBI B’sKyudoro, moaudikoBaHoro DiKC-®. Edextudnicts takux JIEMC
MTBEPKYETHCS TOKa3HUKOM BTpPATH MaTepially pHU BOJIOTOMY abpa3suBHOMY 3HOCI,
Ak € Habarato HkunM, aHDK y JIEMC Ha ocHOBi BUx1/1HOTO (HEMOAM(IKOBAHOTO)
oitymy BHJI 60/90. Takoxx BE Ha oCHOBI MOAM(IKOBAHOTO B’SKYYOTO J103BOJISIE
orpumatu JIEMC, sKi BOJOAIIOTH BIAMIHHUMHU aJre31MHUMU BJIIACTUBOCTSAMHM IIIApy
3HOCY 1, BIATIOBITHO, XOPOIIIOK) IOBTOBIYHICTIO MOKPUT.

BuB4YeHO MOXIIMBICTH OJIEp’)KaHHS Ta 3acTOCYyBaHHS ac(halbTOOETOHHUX
cymimieid Ha ocHOBI 6iTymiB, MmoaudikoBanux P1KC-d. BecranosneHo, 1m0 BBEICHHS
B KUIBKOCTI 1 % mac. cMoau 10 01TyMy 3HM)KY€E TOKa3HUK BOJOHACHYEHHS B JIBa pa3u
Ta 301IbIIyE KOS(DIIEHT JOBrOTPUBAJIOI BOJIOCTIHKOCTI acdanbTo0eToHy micius 15 Ta
30 mi6. Acdanbroberonam 3 no6aBkoro DPiIKC-O nputamaHHi BUINI MOKA3HUKU
IPaHMIIl MIITHOCTI MU CTUCKY 3a TemiepaTypu 20 °C ta 50 °C.

JlocnikeHo MOXKIIMBHM MOTEHITIHHUYN BIUUB 01TyMiB, MoaudikoBanux PiKC-
@, ski OyAyTh 3aCTOCOBYBATHCS Yy JIOPOKHbOMY MOKPHTTI, Ha TOBEPXHEBI BOJHU
HaBKOJIMIITHLOT MICIIEBOCTI. BCTaHOBJIEHO, IO 3aIpOIOHOBAHI CMOJH MOXKYTh
BUKOPUCTOBYBATHUCS ISl BAPOOHUIITBA JOPOXKHIX MOKPUTH K KOMIIOHEHTH B’ SDKYUUX
CIIOJIYK 1 HEe CIPUYHMHIOBATH TTPH [IbOMY TTOHATHOPMOBOTO 3a0pYAHEHHS JOBKIJIISL.

Ha ocHOBI pe3ynbTaTiB JOCHIIKEHhL OyJia 3ampornoHOBaHA MPUHIIMIIOBA
TEXHOJIOTIYHA cxeMa ojepkaHHs MoaudikoBanux DiIKC-® OitymiB 1 mokaszaHa
JIOIIUTBHICTh 3aCTOCYBAHHS OCTAHHIX y IOPOKHBOMY BUPOOHUIITBI.

Kurouosi caoBa: 6iTym, MoaudikoBani 6iTymu, aaresiiina qo6aBka, (heHOIbHA

dpaxiisi, GeHoa0-Kpe30a0-PpopManbaeriiHa CMoJIa.



SUMMARY

Demchuk Yu. Ya. Bitumen modified by resins obtained from phenolic
fraction of coal tar. — Qualifying scientific work on the rights of the manuscript.

The dissertation for the Doctor of Philosophy (PhD) degree on specialty 161 —
chemical technology and engineering. Lviv Polytechnic National University,
Ministry of Education and Science of Ukraine, Lviv, 2020.

The dissertation research solved an important scientific and practical problem —
the production of high-quality road bitumen modified with resins obtained from the
phenolic fraction of coal-tar pitch (CTP).

The experience of Ukraine and the world experience in the application on an
industrial scale and the development of new various modifiers of road bitumen are
analyzed. Based on a review of scientific and patent literature, the direction of
research has been proposed.

The standard and modern research methods for bitumen, its modifiers, bitumen
based products, polymer modified bitumen (PMB), bituminous emulsions (BE),
slurry surfacing mixes (SSM) and pavement have been examined. The main
characteristics and composition of raw materials were determined: distilled petroleum
bitumen BD 60/90; oxidized petroleum bitumen BND 60/90; wide phenolic fraction
(WPhF); narrow fractions distilled from WPhF (initial boiling point—185 °C and 185
°C—final boiling point). The methods of obtaining phenol-cresol-formaldehyde resins
from WPhF, narrow fractions and distilled from them concentrates of phenol and/or
its derivatives ("raw" phenols), PMB, BE, SSM were examined and improved.

Novolac phenol-cresol-formaldehyde resins (PhCR-F) were obtained via
polycondensation of formaldehyde with WPhF, initial boiling point-185 °C and
185 °C—final boiling point fractions, as well as "raw" phenols. When using
concentrated phenols (“raw" phenols) in the synthesis, the resin yield relative to the
reactor load and the initial fraction was found to be increased, so it is advisable to
synthesize PhCR-F using "raw" phenols rather than using WPhF or narrow fractions.
It is impractical to divide WPhF into two narrower fractions (initial boiling point—185
°C and 185 °C—final boiling point) and/or to use as raw materials the "raw" phenols

produced from them.



In order to obtain PhCR-F, which will be further used as a bitumen modifier, it
IS more appropriate to use a HCI catalyst, because the bitumen modified with novolac
PhCR-F, in comparison with resol PhCR-F, has a higher softening temperature,
adhesion and homogeneity.

The influence of factors (“raw" phenols/formalin weight ratio, catalyst
(concentrated hydrochloric acid) content, temperature and duration) on the process of
PhCR-F obtaining has been studied. The method of mathematical modelling was used
to determine the optimal conditions for obtaining PhCR-F, that allow to achieve the
maximum resin yield and required softening temperature. The Kinetic regularities of
obtaining PhCR-F were investigated and the average value of the activation energy
was found to be 21 kJ/mol at 60—100 °C for 2060 minutes.

The efficiency of PhCR-F was compared with industrial modifiers of road
bitumen. It was determined that the introduction in the bitumen composition of both
SBS industrial polymer (Calprene 501M) and PhCR-F leads to an increase in the
softening temperature and adhesion to the glass surface; the introduction of an
industrial adhesive additive (Wetfix BE) and the resulting PhCR-F can significantly
improve the adhesion of bitumen to the glass surface and gravel.

It was found that PhCR-F exhibits good adhesion properties to mineral
materials (gravel/glass) and significantly improves the adhesive properties of road
bitumen. Moreover, PMB with 1 wt.% of PhCR-F meets the requirements for
commercial bitumen BNDA 60/90.

It was also proved that the introduction of a complex additive (PhCR-F, SBS
and tar) into bitumen allows to achieve the values of softening temperature,
penetration and elasticity for the resulting bitumen-polymer composition, which meet
the requirements of regulations to the brand BMKA 60/90-55.

Using the original and PhCR-F modified bitumen, the monophase bitumen
emulsions were created: BE 1 and BE 2, BE 2a, respectively. The resulting BE
comply with current regulations, in particular, BE 1 belongs to the brand EKP-60
(cationic slow-dissolving emulsion); BE 2 and BE 2a — to EKPM-60 (cationic

modified slow-dissolving emulsion).



The possibility of obtaining and using SSM based on the above bitumen
emulsions has been studied. The expediency of using SSM based on PhCR-F
modified bitumen was established. The efficiency of such SSM was confirmed by the
rate of material loss during wet abrasive wear, which was found to be much lower
than those for SSM based on the original (unmodified) bitumen BND 60/90.
Moreover, SSM based on PhCR-F modified bitumen have excellent adhesive
properties and, accordingly, good durability of thin-layer coatings.

The possibility of obtaining and using asphalt concrete mixtures based on
PhCR-F modified bitumen has been studied. It was established that the introduction
of 1 wt.% of resin to bitumen reduces the water saturation index twice and increases
the coefficient of long-term water resistance after 15 and 30 days. Asphalt concrete
with PhCR-F, there are typically higher indexes of compression tensile strength at 20
°C and 50 °C.

The possible effect of PhCR-F modified bitumen, which will be used for
pavement, on the surface water of the surrounding area has been investigated. It was
found that the proposed resins can be used for the production of pavements as the
binder components which do not cause excessive pollution.

Based on the results of research, a basic technological scheme for obtaining
PhCR-F modified bitumen was proposed and the feasibility of its using in road
production was shown.

Keywords: bitumen, modified bitumen, adhesion promoter, phenolic fraction,
phenol-cresol-formaldehyde resin.



