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AnHoTauus. [IpuBenensl pe3yabTaTsl CPaBHUTEIBHOIO HCCIEAOBAHHUS CTPYKTYPHO-
rpymnmnoBoro coctaBa outyma mapku bBHJL 70/100, moauduimpoBaHHOTO PE3MHOBON KPOIIIKOM 1O
OJTHOCTAIUHWHON W JBYXCTAJAMHNHON TEXHOJOTHsAM. VcciemoBannue BBIMOIHEHO METOAOM HH(pa-
kpacHoii (MK) cmekTpockonuu Ha CKaHHMPYIOIIEM 3JIEKTPOHHOM MuKpockore JSM 6480 LV.
YcraHoBneHO, 4TO 6a30Bas yIIeBOAOPOIHAS MaTpUIia OUTyMa COXpaHsAeTCs MPH MOIU(PUKALIIH, O
YeM CBUJIETENIbCTBYIOT XapaKTepHbIE MOJIOCHI momiomeHus B obmactsax 2 750-2 900, 790-910 u
1600 cm™'. KpuTtepuem ycremrHoro BBEJCHUS PE3MHOBOIO MOAU(UKATOpPA CIYKUT IMOSBICHHUE
HOBBIX T0JI0C morionieHnst B uHTepBaiax 1 950-2 190 u 2 200-2 300 cM™!, 4TO KOppeaupyer ¢
IPUCYTCTBUEM B CUCTEME COECAMHEHUM KaydyKOBOM MPUPOJbl. YcuiieHue moaocs! npu 1 590 cm™!
yKa3blBae€T Ha YBEJIMUYEHHUE COACP)KaHUS BBHICOKOMOJCKYISPHBIX ac(aabTeHOB M CTPYKTY-
pUPYIOIIUX CMOJ B MomauuuupoBaHHbIX OuTymax. KadectBeHHbIX pazmmuuii B UK-cmekrpax
00pa3LoB, MOJIYYEHHBIX [0 Pa3HBIM TEXHOJIOTUSM, HE BBISBICHO.
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BBEJIEHUE

Hedrsanbie nopokHble OUTyMbI MPEACTABISAIOT COOON CIOXKHBIE KOJUIOMIHBIE CHCTEMBI,
COCTOSIIIME U3 BBICOKOMOJIEKYIISIPHBIX YIVIEBOAOPOAOB PA3JIMYHBIX PAJOB U UX I'E€TEPOATOMHBIX
MPOU3BOAHBIX. [l yaydlleHus MX SKCIUTyaTallHOHHBIX XapaKTEPUCTHK, TAaKMX Kak TEeIIo-
CTOHMKOCTb, JIaCTUYHOCTh, TPEHIMHOCTOMKOCTh M JOJITOBEYHOCTb, IIMPOKO IPUMEHSETCS
MomuduKanusa monuMepHbiMU nobaBkamu [1, 2]. OmHuM u3 Hambosee MEPCHEKTUBHBIX U
IKOJIOTUYECKH LIEIeCO00pa3HbIX MOAU(DUKATOPOB SIBIISIETCS PE3WHOBAsT KPOIIKA U3 W3HOIIECHHBIX
aBTOMOOWJIBHBIX IIMH, UCIIOJIb30BaHUE KOTOPOU peliaeT npolieMy yTUIH3aIuu OTX00B |3, 4].

OddexTuBHOCTE MOMU(UKAIMKA OUTyMa PE3WHONW B 3HAYMTEIHHOW CTETICHH 3aBHCHT OT
DIyOMHBI  (PU3UKO-XMMHUYECKOTO B3aUMOJICHCTBUS KOMIIOHEHTOB, 4YTO, B CBOIO O4Yepeb,
OTIpeNieNIIeTCsl TEXHOJOTHeld BBeneHHs Moaudukaropa. Hambomee pacmnpocTpaHeHBI OIHO-
CTaJUMHBIN (TpAMOE CMEIICHHE BCEX KOMIIOHEHTOB) U JIBYXCTAJIWWHBIN (MpenBapUTelbHAs
aKTUBALWS WM TUTACTH(HKAINSA PE3WHBI) TEXHOJOTHYECKHE IMPOIECCHl. AKTyalbHOH 3amadyent
ABJISIETCS] OLIEHKA BIMSHUS PUMEHSIEMOW TEXHOJIOTUU HA CTPYKTYPHO-TPYHIIOBOM COCTaB U, Kak
CJIEJICTBUE, HA CBOMCTBA TMoOJydyaeMoro pesnHooutrymuoro Bsokymiero (PBB) [5]. Uadpakpachas
(MK) cnektpockonusi — onuH U3 HauOolee MH(OPMATHUBHBIX METOIOB PEIICHUs TaKOW 3a/JauH,
MO3BOJIAIOIUN HMACHTUPUIMPOBATh (PYHKIIMOHAIBHBIE TPYNIBl M TUIBl XMMHUYECKHX CBS3€H B
CJIO’KHBIX OPraHUYECKUX CUCTEMAX.

lenp naHHOW paboTHI 3aKiroyanach B CpPaBHUTEIBHOM MCCIEAOBAaHUU CTPYKTYpHO-
rpymmnoBoro cocraBa oOutyma BHJI 70/100, momnpuuupoBaHHOTO PE3MHOBOM KpPOIIKOHW IO
OIHOCTAAUMHOW U JIBYXCTaJAUNHON TE€XHOJIOTUSAM, MeToqoM MK-cnekTpockonuu 1yisi BBISBICHUS
0COOEHHOCTEH B3aUMO/ICHCTBUS KOMITOHEHTOB.

MATEPHUAJIBI U METO/IbI

B xauectBe 00BeKTa HCCIIEIOBAHUS UCTIONB30BaIN JOpOkHbIN OuTyM Mapku bHJI 70/100.
MonugukaropoM ciIyxuiaa pe3nHOBas KpOILIKa M3 HM3HOLICHHBIX aBTOMOOMJIBHBIX IIMH C
pasmepom uactun 0,1-0,5 mm. B kauecTBe mniuacTUQUIMPYIOMIErO KOMIOHEHTAa HPUMEHSIN
macio-tuactudukarop [TH-6111. Beiy npurotoBieHs! ciaeayrome o0pasibl:

1. Ucxonnsiii 6utym BHJI 70/100 (koHTpOIBHBII 00paser).

2. butymHOe BspKyliee, MOIM(UIIMPOBAHHOE PE3MHOBON KPOIIKOW IO JBYXCTaJWHHOMN
TEXHOJIOTUM (TpeABapuTelibHasg o0pa0oTKa KPOLIKM B IUIACTU(PUKATOPE C MOCIETYIOIIUM
CMEIICHUEM C OUTYMOM).

3. butymHOe BshKyIIee, MOAU(PHUIIMPOBAHHOE PE3NHOBOM KPOIIKOW 1O OJHOCTAJIWHHON
TEXHOJIOTHH (OTHOBPEMEHHOE CMEIEHNE BCEX KOMIIOHEHTOB).

UK-criektppl 00pa3lioB CHHUMaldM Ha CKaHUPYIOIIEM D3JEKTPOHHOM MMKpPOCKOIIE
JSM 6480 LV, oOopynoBanHom wmoayiaem s MK-Dyppe CHEKTPOCKONUU B pPEXHME
HApYIIEHHOTO IOJHOTO BHYTpPEHHEro oTpaxeHus. CHeKTpbl PETUCTPUPOBAIU B JUAala3oHe
4 000400 cm™! ¢ paspemierremM 4 cMm ', HakorieHueM 32 ckaHa. [[ns cpaBHEHUs Takke ObLI
3amucad cnekTp maciua-mactudukaropa [TH-6111. O6paboTky u aHAIM3 CIIEKTPOB MPOBOIUIH C
UCTIOJIb30BaHUEM CIELUATU3UPOBAHHOTO MPOTPAMMHOTO 00ECTIEUEHUSI.
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PE3YJBbTATBI UCCJIEJOBAHUA
Ha puc. 1 npencrasinenst MK-cniektpsl vcxoqHoro Outyma, macia-miiacTudukaropa u
OUTYMOB, MOIU(DUITUPOBAHHBIX PE3MHOBOW KPOILIKOW O Pa3IMYHBIM TEXHOJIOTUSAM. BU3yanbHbIi
AQHAJIM3 CIEKTPOB IOATBEPKIACT MX KAYECTBEHHOE CXOIACTBO B OCHOBHBIX XapAaKTEPUCTHUECKHUX
00J1acTsIX, YTO yKa3bIBAaeT Ha COXpaHEeHUE (HyHIAMEHTAIBHOW YIIIeBOIOPOJHON MaTpHUIlbl OUTyMa

BHJI 70/100 mocne monudukanuu [2, 6].
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Puc. 1. UK-cniekTpsl uccienyeMbix OUTYMHBIX BSDKYLIHX:
1 — macna-nnacruduxaropa [TH-6111;
2 — ucxoanoro 6uryma mapku BHJL 70/100;
3 — duTtyma, MOAU(UIIMPOBAHHOTO PE3UHOBOM KPOIITKOM
IIPU JIBYXCTaJUNHOM TEXHOJIOTUYECKOM IPOLIECCE;
4 — dutymMa, MOITU(PUITUPOBAHHOTO PE3MHOBON KPOIIKOH
IIPY OTHOCTAJIMMHOM TEXHOJIOIMYECKOM ITpoLiecce

AHanu3 CHEKTPOB BBIABUJ CIEAYIOIINE XapaKTEpHBbIE II0JOCHI MOIVIOLIEHHMS U HX
M3MEHEHUS:

1. O6aactb BaneHTHBIX Kojedannii C—H cBszeit (2 750-2 900 cm™'). Bece OutymHbIC
obpazupl (2, 3, 4) AEMOHCTPUPYIOT HWHTEHCUBHBIE JyONEeThl B YKa3aHHOM JHMara3oHe,
XapakTepHble Ul ACUMMETPUYHBIX M CHUMMETpHuHbIX KojieOauuii cBszeit CH, m CHsz B
anudaTUyecKuX MLEeMsAX HACBIIICHHBIX YIVIEBOAOPOJIOB, napaduHoB M Macesl. VHTEeHCHBHOCTb
3THUX MOJIOC JIJIs1 HCXOAHOTO M MO (UIIMPOBAHHBIX OUTYMOB NMPAaKTUYECKU UACHTUYHA.

2. Obdnacts KoJie0aHuii apoMaruueckux cTpyktyp (790-910 cm™). B cmekrpax
OUTYMHBIX O00pa3loB HAOMIOMAIOTCS CIabble TMOJIOCHI B 3TOM HWHTEpBaje, YTO COOTBETCTBYET
kosneGanusiM C—H cBs3ell B apoMaTU4YeCcKUX KOJbLIAX U MOATBEPKAAET HATMYNUE apOMaTHYECKUX
CTPYKTYP.

3. Obnacts kojgedanuii C=C cBsseii (~1 600 cm™). Ha Bcex cmekrpax OHTYMOB
npucyTcTByeT monoca mpu ~1 600 cm™!, cBs3aHHas ¢ BajeHTHbIMH Konebanusmu C=C cBsizeid,
KaK [paBUJIO, LIUKIMYECKOTO CTPOEHUSI.

4. Ob6aacte kapOOHWIbHBIX rpymn (~1590 cm™). B cnektpax MoauuIMpoBaHHBIX
outymoB (3, 4) HabmomaeTcss yCUICHHE TOJI0CH mortomenus Bomu3u 1 590 cM™! mo cpaBHEHUIO
C MCXOIHBIM OUTyMOM (2). DTa moj0ca COOTBETCTBYET BAaJCHTHBIM KOJeOaHHUSIM KapOOHHMIBHBIX
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rpymn (C=0) u yka3pIBaeT Ha yBEJTHMYEHHE CONEPKAaHHS BBICOKOMOJIEKYISIPHBIX ac(aibTeHOB U
CTPYKTYPUPYIOIIUX CMOJI B MOAM(UIMPOBAHHBIX KOMIIO3MLHUAX, YTO COIVIACYETCS C JAHHBIMU
JIpYTUX UcciaenoBanuii [4, 7).

5. Obnacts noromenuss KayuyykoBbIX coegunenuii (1 950-2 300 cm™). HaubGonee
3HAUUMBIM OTJIMYMEM CHEKTPOB MOAU(DUIMPOBAHHBIX OMTYMOB (3, 4) OT CIEKTPOB MCXOIHBIX
MatepuanioB (1, 2) sBiseTcs Haiuuure mojioc moriomenuss B uHTepBaie 1 950-2 300 cm™'.
JlaHHBIE TOJOCHI OTCYTCTBYIOT B CHEKTpax 4McToro Outyma u miuactuduxaropa. IlosBienue
MIOTJIOIIEHUS B 3TOM JIMara3oHe, B yacTHOCTH B mHTepBasie 2 200—2 300 cM™!, CIy»XUT HAAEKHBIM
WH/IMKAaTOPOM IPUCYTCTBUS B CUCTEME XMMHUYECKUX (PparMeHTOB KaydyKoBOH NpHponsl [5], uto
noareepxkaaercs MK-crekrpom OyrammeHoBoro kayuyka I[TJIM-1K, umerommMm XapakTepHbIe
nuku B oomactu 2 200-2 350 cm™! (puc. 2).
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Puc. 2. UK-criekTp ruipoKCUiIcoiep Kaiiero HU3KOMOJIEKYIISIPHOTO
OyraauenoBoro kayuyka [TJI1-1K

—

CpaBHeHHE CHEKTPOB OUTYMOB, MOAUGUIIMPOBAHHBIX TIO OXHOCTaIAWWHON (4) u
JIBYXCTaIuNHHONW (3) TEXHOJOTHSAM, IOKa3bIBAET WX BBICOKYIO CTeneHb cxoacTtBa. OCHOBHBIE
pa3iuuus, COrMacHO pHC. |, HOCAT KOJMMYECTBEHHBIM XapakTep W MOTYT MPOSBIATHCS B HE3HA-
YUTETbHBIX BapHUallUAX OTHOCHUTENHHOW MHTEHCHUBHOCTH mosioc B obmactu 1 950-2 300 cm™ wu
mpu 1 590 cM™'. DTO MO3BOISAET clieNaTh BHIBOJ, UTO 00€ TEXHOJIOTUU MPUBOAST K CXOAHOMY THITY
XUMHUYECKOTO B3aUMOJICHCTBHS MKy KOMIIOHEHTaMH [6, 7].

3AK/IIOYEHUE

1. Meron HWK-cnekTpockomuu TOATBEPAMII COXPAHEHHE OCHOBHOW YIJIEBOIAOPOIHOM
ctpykrypel 6utyma BHJ[ 70/100 mocne ero MoauduKalMd pe3WHOBON KpOLIKOH, O YeM
CBUJICTEIICTBYET HEM3MEHHOCTh HAaOOpa XapaKTEPUCTHUYECKUX ITOJIOC TOIVIOMICHUSI B 00IacTIX
2 750-2 900, 790-910 u 1 600 cm™! [2].

2. HagexxHbIM CHEKTpalIbHBIM MapKepoM BBEACHHS PE3WHOBOrO Monaudukaropa B
OMTYMHOE BSDKYIIIEE CIIYXKHUT TOSBICHHE ToJIoc momtomieHus B uHTepBasie 1 950-2 300 cm™,
KOTOpPBIE OTCYTCTBYIOT B CIIEKTpax HCXOIHOTO OuTymMa u 1uiacTudukaropa. (OcoOeHHO
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nokasarenabHa oomacte 2 200-2 300 cM™!, xapakTepHas Il COSAUHEHUN KayqyKOBOH MPHUPOIBI

[5].

3. Ycunenue nonockl nornomeHuss Bomm3u 1 590 cm™' B MoguduimpoBaHHbBIX 00pa3iax
yKa3blBae€T Ha YBEIMYEHHUE COACP)KaHUS BBICOKOMOJCKYISPHBIX ac(aabTeHOB M CTPYKTY-
PHUPYIOLIMX CMOJI, YTO CBHJETEIILCTBYET O CTPYKTYpPHOH IepecTpoiike OMTyMHOW MaTpullbl U
MOJKET IIOJIOKUTEIBHO BJIMATH HA PEOJOTMYECKHE M DKCIUIyaTallMOHHBIE CBOWMCTBA Marepualia
[4, 7].

4. CpaBHutenbHblii aHanu3 MK-ciekTpoB HE BBIABUI KaueCTBEHHBIX pAa3IMuuil B
CTPYKTYPHO-TPYIIIIOBOM COCTaBe OUTYMOB, MOAM(DULUMPOBAHHBIX IO OAHO- U JIByXCTaIMHHOM
texHoyorusiM. Habiromaemble pa3inuyusi HOCAT KOJIMYECTBEHHBINH XapaKkTep, YTO CBUACTEILCTBYET
O CXOIHOM XapakTepe B3auMOACUCTBHSI KOMIIOHEHTOB IIPM HCIIOJIb30BAaHUU JIAHHBIX TEXHO-

JIOTUYECKUX MPUEMOB [6].
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ASSESSMENT OF THE GROUP COMPOSITION OF RUBBER CRUMB MODIFIED
BITUMEN BY INFRARED SPECTROSCOPY

Yu.E. Kabanov, S.A. Ivanoy, I.S. Gurkin
T.F. Gorbachev Kuzbass State Technical University (Kemerovo)

Abstract. The paper presents the results of a comparative study of the group composition
of BND 70/100 bitumen modified with rubber crumb using one-stage and two-stage
technologies. The study was performed by infrared (IR) spectroscopy on a JSM 6480 LV
scanning electron microscope. It was found that the basic hydrocarbon matrix of bitumen is
preserved upon modification, as evidenced by characteristic absorption bands in the regions of
2 750-2 900, 790-910 and 1 600 cm™. The criterion for the successful introduction of a rubber
modifier is the appearance of new absorption bands in the intervals of 1 950-2 190 cm™ and
2 200-2 300 cm™, which correlates with the presence of rubber compounds in the system. The
intensification of the band at 1590 cm™ indicates an increase in the content of high-molecular-
weight asphaltenes and structuring resins in modified bitumens. No qualitative differences were
found in the IR spectra of samples obtained using different technologies.

Keywords: bitumen, rubber crumb, modification, infrared spectroscopy, group
composition, asphaltenes, rubber compounds, IR spectrum.
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