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NEPEPABOTKA KAMEHHOYT'OJIbHOM CMOJIbI B ITIPOJYKTHI
HE®TEXUMHWHU U TOIIVIMBHOT'O HASHAYEHUA

AHHOTAWUSL. B cmamve cymmuposanvi  pe3yrbmamvl  UCCIEO0BAHUI.
Hccnedosano enusinus KaBUMayuOHHO-80IH08020 8030€UCHEUSL HA KAMEHHOY20IbHYIO
CMOJLY, NPUBOOsUlee K USMEHEHUIO PeOlOSUYECKUX CBOUCME (NIOMHOCMb, 853KOCMb),
KaK cireocmeue y8eiuueHus 8blxood JlecKol U cpeonell pakyuu, a maxice uzyyeH
npoyecc Kamauiumuieckol 2uopo2eHu3ayuu yeis 6 npucymcmeun Kamaiumuieckou
000a6KU U WAXMHO20 MEeMAaHd.

B nacmoswee epemsa u3zyuenue npoOyKmos MONIUBHOSO U XUMUYECKO2O
HA3HaueHuss yens u Hepmu paccmampusaemcsi KAk OOHO NepPCHneKmu6HblX
NPUOPUMEMHbIX  HANpaeieHuti 6 Hegmexumuu u sHepeemuxe. [1-3] Ilpu
mepmuyeckol nepepabomie meepobix 20pYUx uckonaemvix (0ypwviii y2oib, mopg,
KAMEHHBILL Y207lb) NOMUMO 00pA308aHUS NOJYKOKCA U KOKCA, 0OpAa3yromcs CMOJbl,
nupozceHemuyeckasi 6o0a u e2asvl. llepepabomka KAMEHHOY20lbHOU  CMOJIbL
nPOBOOUMbCS C Yelblo NOJIYYEHUS APOMAMUYECKUX Y2le8000pP0008 00 NOJYYeHUs
MOMOPHBLIX MONAUG, NOJYYeHUe @OeHoN08, 20M010208 Hapmaruna. Humepec K
UCCIe008AHUIO U KOMNIJIEKCHOU nepepadbomke KAMeHHOY20bHOU CMOJIbl, NOJIYYEeHHOU
uz  yeneu Illybapronvckoco — paspesa, npedcmagénsiem — NpPAKMUYECKUU U
meopemuueckuil xapakxmep. Pecnyonuka Kaszaxcman pacnonazaem yHUKaibHeuwum
V2lie8000POOHBIM  CblPbeM, KOMOPbIUL IKCHOPMUPYEMCs 6 CMpAaHbl OdlbHe20 U
onudxcneeo  s3apyoexcvs. Teppumopus [Ilenmpanvnoco Kazaxcmauma ciagumces
yeonvubimu bacceiunamu Kapaeanounckoeo, Oxubacmysckoeo, Illyboapronvckozo
mecmopoxcoenuti u m. 0. Ocnosnoe omauuue yeneu ILllybapronvckozo paspesa
3aKnuaemcs 68 HU3Kou 3oavHocmu (3-5%), 6blcOKOU KOHYeHmpayuu 6000pooa 8
OpP2aHUYeCKOU Macce Yais, HU3KOU CmeneHu Memamop@uima, 6blCOKOM BblXx00e
Jlemyuux npooyKmos, Kpome moeo, ciedyem ommemumo, umo yenu Illybapkonrbckoeo
paspesa pa3pabamul8aromcs OMKpPbImMbiM CNOCOOOM.
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Ilpogeodennwviti numepamypuviti 0630p [1-2] nokazan, umo Ha npakmuke
OmMCymcmeyom 80JIHO8ble annapamsl, KOmMopwvle NO360IUIU Obl  NPOBOOUMb
nepepadbomky msHceno2o y2ae000pOOHO20 CbIPbsl He MEPMUUECKUM MEMOOAM.

Lenvio nacmosweln pabomvl A614N0CH U3YYEHUE GAUAHUSA KABUMAYUOHHO-
B0IHOB020 B030€UCMBUSL HA KAMEHHOY2ONbHYI0 CMOJLY, NPUBoOsaujee K U3MEHEHUIO
PeonocuyecKUx Ce0UCms (NJIOMHOCMb, B6A3KOCMb), U KAK Cleocmeue, y8eiuyeHuro
86IX00a J1e2KoU U cpeOHell hpaxkyuu.

Memooom 271eKkmpoHHOU  CKauupyrowjei MUKPOCKONUU U3VUEH MEXAHU3M
Gopmuposanus ncegdocomocennozo kamaausamopa. Iloxazano, umo Fe- u Ni-
cooepoicaujue kamanuzamopwvl ¢ pasmepamu wacmuy 5 - 20 um npu KKO nepsuunot
KC 6yoym umems kamanumuyeckyro axmu@HOCMb 8 HeCKOJbKO pa3 6bvluie, dem
eemepoceHHble Kamaniuzamopvl Ha PA3TUYHBIX HOCUMEIISX.

KuroueBble cjioBa: yeonw, cuopozenuzayus, mopg, kasumayus, He@dmexumus,
MONIUBA, CMOAA, (heHo
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PROCESSING OF COAL TAR INTO PETROCHEMICALS AND FUEL PRODUCTS

Abstract. The article summarizes the results of the research. The influence of
cavitation-wave action on coal tar, which leads to a change in the rheological
properties (density, viscosity), as a result of an increase in the yield of light and
medium fractions, is investigated, and the process of catalytic hydrogenation of coal
in the presence of a catalytic additive and mine methane is studied.

Currently, the study of fuel and chemical products of coal and oil is considered
as one of the promising priority areas in petrochemistry and energy. [1-3] During the
thermal processing of solid fuels (brown coal, peat, coal), in addition to the formation
of semi-coke and coke, resins, pyrogenetic water and gases are formed. Processing of
coal tar is carried out in order to obtain aromatic hydrocarbons before obtaining
motor fuels, obtaining phenols, homologs of naphthalene. The interest in the study
and complex processing of coal tar obtained from the coals of the Shubarkol section
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is of a practical and theoretical nature. The Republic of Kazakhstan has a unique
hydrocarbon raw material, which is exported to the countries of the far and near
abroad. The territory of Central Kazakhstan is famous for the coal basins of the
Karaganda, Ekibastuz, Shubarkol deposits, etc. The main difference between the
coals of the Shubarkolsky section is a low ash content (3-5%), a high concentration of
hydrogen in the organic mass of coal, a low degree of metamorphism, a high yield of
volatile products, in addition, it should be noted that the coals of the Shubarkol
section are developed by an open method.

The literature review [1-2] showed that in practice there are no wave
apparatuses that would allow processing of heavy hydrocarbon raw materials using
non-thermal methods.

The purpose of this work was to study the effect of cavitation-wave action on
coal tar, which leads to a change in the rheological properties (density, viscosity),
and as a result, an increase in the yield of light and medium fractions.

The mechanism of formation of a pseudo-homogeneous catalyst was studied by
electron scanning microscopy. It is shown that Fe-and Ni-containing catalysts with
particle sizes of 5-20 nm at the primary CCR will have a catalytic activity several
times higher than heterogeneous catalysts on different carriers.

Keywords: coal, hydrogenation, peat, cavitation, petrochemicals, fuels, resin,
phenol

B kauecTBe MCXOAHOrO ChIphSl ObUIa HCIOJB30BaHA KaMEHHOYTOJbHAs CMOJA,
NoJIy4eHHasi B rpoiiecce noiaykokcoBanus [lybapkonabckoro yris (KaMeHHOYTOJIbHAS
cMoiia ObUla MpelcTaBiIeHa Kaparanguackum 3aBogoM AQO  «Cremkokcy).
YCTaHOBIEHO TMOJOXUTEIBHOE BIUSHAE POTOPHO-ITYJIBCALMOHHOTO KaBHTATOPA
(PIIK) Ha yMeHblIEHHE BSI3KOCTU U MJIOTHOCTU KaMEHHOYTOJBHOM cMOJIbl. Bhicokas
sabpdexktuBHocTs  PIIK  nmocturaercss myTeM  KOMIUIEKCHOTO — BO3JEHCTBUS
MOJINTPAIUCHTHBIX TOJIeH Ha oOpabaThiBaeMble cpefbl. JlucneprupoBaHue TBEPIIbIX
TEJl U KUAKOCTEW OCYLIECTBIIAECTCS 3a CUET KaK HANPSKEHUN CIBUTA U PACTKCHUS
(KyTTepoBaHUS M pa3faBiIMBaHUsA), TaK M YOPYrHX KoJIeOAHUH 3BYKOBOTO U
yJIbTPA3BYKOBOTO CIIEKTpa YacTOT, a TakKe€ KaBUTAI[MOHHO-KYMYJISITUBHBIX U
TUAPOYJApHBIX Bo3aeicTBUl. Kpome Toro, Hapsiay ¢ KyMyJIsITUBHBIM U BO3JIEHCTBUEM
BBICOKOCKOPOCTHBIX (10 300-1200 wm/c) MHUKpOCTpye€K B 30HAX CXJIONbIBAHMS
KaBUTALIMOHHBIX MYy3bIPHKOB, MPOUCXOJIUT MOBbIIeHUE naBienus ao 0,2-5 I'Tla u
TeMIIEpaTypbl 10 1000°C, BO3HHKAET JIFOMHHHICHTHOC CBEYCHHE M HMOHH3ALS
cpenbl. Ilpu 53TOM, KpomMe€ HWHTEHCHUBHOTO JApPOOJIEHUS 4YaCTUIl U CMEIICHUS
NOBBIIIIAETCS ~ UX  (QuU3MYecKkas M XUMHUYeckas  akTUBHOCTh, pH u
NEKTPONPOBOJIUMOCTE  CMECH.  AHaaM3  KOMIIOHEHTHOTO  TIpyHIOBOrO  H
(GpakUMOHHOTO COCTaBa KaMEHHOYTOJIbHOW CMOJBI MPOBOJWIICS Ha XpomaTorpade

®OPYM MOJIOJIbIX YUEHBIX Ne9(61) forum-nauka.ru



«CHROM-5» ¢ xanwiisipHOM KOJIOHKOM C HCIIONb30BAHUEM HWHIAMBUAYATIHHOTO
TPETEPIIEHOBOIO yriieBojiopoa. JnuHa komouku 100 MeTpoB. ra30HOCUTEb-aproH, B
KAueCTBE BCIOMOIaTEeJIbHOIO ra3a-HOCUTENS MCMOJIb30BANICA BOAOpoA. BBox mpoOsl
npoBoawics MukpoummnpuuoM «['azoxpom-101» BmectumocThio 1Mk, C oTOOpoM
0,5Mkn nma ananusa npu temnepatype 30,55,80 u 100°C. MHgexcsr YACPKUBAHUS U
BpeMeHH MepTBoro ob6bema Boluncisuch Ha [IK IBM-486S mno cnemmansHO
COCTAaBJICHHOM mporpamme. Jlus  pacyeta  KOJMYECTBEHHOIO  COACPKAHUS
KOMITOHEHTOB HCIIONIB30BAINCh XxpoMaTorpammsl mpu 30-53°C u mpu 100°C mocme
OKTaHa 10 KoHua kunenus ¢paxuu. Jlabopatopusiit PIIK nmpencrasnen Kuesckum
NOJINTEXHUYECKUM HHCTUTYTOM, OH COCTOMT M3 MPOMEXKYTOYHOU EMKOCTH C
naTpyokamMu Juisd HOJa4d BOJBI M BBIXOJA FOTOBOTO MPOAYKTA M LUPKYJISALHUOHHOTO
KOHTypa C LIEHTPOOEXKHBIM HAcOCOM M pabouyuMm yuyacTkoM. BoszneicTBusi Ha
UcclenyeMblii  OOBEKT MPOBOAMIM C  TOMOLIBIO  POTOPHO-IYJIBCALUOHHOTO
KAaBUTATOpa, COCTOSIIETO M3 JJIEKTPUYECKOrO0 IPUBOJA M JUCHEPTHPYHOLIUX
3JIEMEHTOB, B BHJE MNPOTOYHBIX CTATHUYECKHX anmapaToB ¢ NpoQUIMpOBAHHBIM
KaHaJIOM I TTPOX0J1a cMOoJibl. Bpems BozaercTBusa coctasisiio 1, 3, 5, 10 munyT, no
UCTEYEHUH KOTOPOrO0 H3MEpsUIach IUIOTHOCTh M KHHEMAaTH4YecKass BSI3KOCTb
KAMEHHOYTOJIbHOM CcMoOJIbl.  M3MepeHHs BA3KOCTM MPOBOAMIM €  IOMOIUIBIO
KanwuisipHoro Buckozumetpa Mapku BIDK-2. DI1P - cnexkTpsl 00pa31ioB noayyaid Ha
cnektpomerpe PO 1306, cHaOXeHHbI TeMmIepaTypHOW NPHUCTABKOM W aHAJIOro-
U poBBIM HHTEPDEICOM.

PE3VJIBTATBI 1 ObCYXIAEHUE

B xome manHOW paGoThl OBUIO HM3YYEHO BIIMSHUE BPEMEHH KaBUTAIMOHHO-
BOJTHOBOTO BO3JICHCTBHS Ha W3MEHEHHE BSA3KOCTH U IUIOTHOCTA CMOJBI TpU
pa3IMuHbIX Temreparypax (puc. 1 a, 0) u B Tabaune 1(a-e).

Ha ocHOBaHMM TIOJTY4YEHHBIX JaHHBIX YCTAHOBJIEHO, YTO C YBEITUYCHHEM
TEMIEpaTypbl TPU BCEX MHTEpBajJaX BOJHOBOTO BO3JICHCTBUS HaOmIOgaeTCs
YMEHBIIICHUE BSI3KOCTU H TUIOTHOCTH CMOJbl. JlaHHBIM (dakT 0OBACHIETCS
JECTPYKITUEH BBICOKOMOJICKYJISIPHBIX COCTMHCHHM, TTOJTUITHKTMYECKUX
yII€BOAOPOIOB U (DEHOOB.

KaBuranmonHo-BosiHOBoe Bo3jeiicTBue Ha cmody lllybapkonbsckoro paspesa B
TEUEHHE 5 MHH. CO CKOPOCTBIO BpallleHUs «3» MNpH TEeMIEepaTrype 40°C BbI3BIBaCT
HanOoJiee CYyIIECTBEHHBIC M3MEHEHHUSI €€ PEOJIOTUYECKUX CBOMCTB, NPHUYEM JaHHBIC
3HAYCHHUS BSI3KOCTH M TUIOTHOCTH SIBIISIFOTCS MUHUMAJBLHBIMH U3 BCEH CEPUH OIBITOB,
YTO TOBOPHUT O MaKCUMaJIbHON JAECTPYKIMH cMOJbl. Clen0BaTeNnbHO, JaHHOE BPEMS,
TEMIEeparypa M CKOPOCTb KaBUTAllMOHHO-BOJIHOBOTO BO3ACHCTBHS Ha CMOIY
[ly6apkosibckoro paspesa sIBISIOTCS ONTUMAIbHBIMH JIJISl POBEJEHUS JECTPYKIIUH
CMOJIbI. BBISIBIIEHO, UTO KMHEMAaTH4eCKask BI3KOCTh 00paboTaHHOTO 00pasiia, KoTopas
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[IaJaeT MOCJIE KaBUTALIMOHHO-BOJIHOBOTO BO3JEHCTBUS, 10 UCTEYEHUH S5 4acOB CHOBA
HOBBILIAETCS U 3HAYUTEIBHO MPEBBIILIAET 3HAUEHNUE UCXOAHOM BI3KOCTH (PUCYHOK 2).

[To-Buaumomy, 1t yeremHoro ucnonb3oBanus PIIK cinenyer nocne nposeneHus
KABUTALIMOHHOTO BO3JCHCTBHUS HENPEPBIBHO IMOJABATH INOJYYEHHBIM INPOAYKT Ha
PEeKTU(UKALMOHHYIO KOJIOHHY MJTU B PEAKTOP JUIsl KATATMTUYECKON THIPOTCHU3AIUH.

CoriacHO COBPEMEHHBIM NPEACTABICHUAM JECTPYKIUS pacCMaTpUBAETCA Kak
HENPEPBIBHBIN MPOLIECC MPEBPALLEHUS BHOBb 00pa3yIOLMXCs IPOAYKTOB, OT/IEIbHbBIE
CTalMM KOTOPOIO TECHO B3aMMOCBA3aHbl M HE MOIYT pPacCcMaTpUBAaThCS
W30JMPOBAHHO. DTOT MPOLECC COCTOUT W3 MapajuIEIbHbIX KOHKYPUPYIOUIUX PeaKUni
JNECTPYKIMU MU CHUHTE3a, B OCHOBE KOTOPBIX JIEKHUT CBOOOAHO - paJUKaJIbHBIMI
MexaHu3M. g HM3ydeHus mpolecca NECTPYKIUU CMOJIBI CPaBHUTENIBHO IIUPOKO
npuMensieTcs Mero JIIP - criekTpockonuu, KOTOPBI PETUCTPUPYET HEMCKAKEHHBIE
OIIP - coekTpbl MOTJIOLIEHUS, W TO3BOJSET MOJYYUTh LIEHHYIO HHPOPMAILUIO O
CTPYKTYPHBIX IIPEBPAILCHUIX, MPOUCXOMAIIMNX B pe3ysbTrare aecTpykiuuu. CoriiacHo
sToMy Obut mpoBeneHbl OIIP - chekTpaidbHbIE HCCIECIOBAHUS HMCXOJIHOM U
JNECTPYKTHPOBAHHBIX (BpEeMsI KaBHUTALIMOHHO-BOJIHOBOI'O BO3AECUCTBUSl COCTABISUIIO 5
MUHYT) 00pa3loB KaMEHHOYIOJbHOW CMOJBI TPU HOPMAJBHBIX YCJIOBHSIX,
pPE3yIbTaThl KOTOPBIX IIPUBEACHBI HA PUCYHKE 2.

IIo pesynpraTam OIIP - choexTpaidpHBIX HCCIENOBAHUM BHJHO, 4YTO IIOCJE
KaBUTAI[MOHHO-BOJTHOBOTO ~ BO3JICMCTBUSl  KOJMYECTBO CBOOOJHBIX  PaJHUKaJIOB
BO3pOCa M0 CPABHEHUIO C UCXOJHBIM 00pa3lioM, UTO HOATBEPKIAAET MPEANOI0KEHHUE
O paspyLICHWH CTPYKTYp KOMIUJIEKCOB OPraHUYECKUX COCAVUHEHUH, BXOIAIIUX B
COCTaB KaAMEHHOYTOJIbHOW CMOJIbI. B CBSI3M C 3THM, MBI IOJAraeéM, 4YTO AHAJIOTUYHOE
npeBpauieHie OyneT MpeTepreBaTh NP KaBUTALMOHHO-BOJIHOBOM BO3JCHCTBUU
OpraHUYECKOU Macca yriid U TSHKeJIou HeTH.

Takum oOpa3oM, yCTaHOBJIEHO, YTO B pe3yjbTaTe NECTPYKLUUU OPraHUYECKOTO
KOMILJIEKCA HCCIEAYEeMOro OOBEKTa MOJ] KAaBUTALIMOHHO-BOJHOBBIM BO3JIEHCTBUEM
HaOJI0aeTCsl U3MEHEHHE PEOJIOTMYECKUX XapaKTePUCTHK, U IPU 3TOM OCHOBHBIE
(bakTophl, BIUAIONIME HA 3aBUCUMOCTb MOCJIEIHUX, SBISIOTCA TEMIIEpATypa U BpeMs
KaBUTALIMOHHO-BOJIHOBOT'O BO3JECHUCTBUS, YTO CBHIETEIBCTBYET O pa3pyLICHUU
OpPraHUYECKOT0 MacChl KAMEHHOYTOJIbHOM CMOJIBI.

Tabnuna 1(a)
HpenTudpuxanuss KOMIOHEHTHOIO COCTABA UCXOAHOH KAMEHHOYI0JIbHOM CMOJIBI
(Tun pacyera BHYTpPeHHsIs1 HOpMau3anus, OeH3uH/HedTh)

Ne KoMmmnoneHnT Konuenrpanmus,%o
1 Cl12 216 1,5629
2 C13 225 4,7196
3 C14 254 5,9934
4 C15 270 5,7453
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S C16 287,5 5,4415
6 C17 303 6,4094
7 C18 317 5,7108
8 C19 331 4,8405
9 C20 345 4,6198
10 C21 360 4,5253
11 C22 370 4,1921
12 C23 380 3,6952
13 C24 391 2,8873
14 C25 403 2,5273
15 C26 414 2,3158
16 C27 426 1,9379
17 C28 438 1,9398
18 C29 448 1,8088
19 C30 453 1,7926
20 C31 460 1,4160
21 C32 470 1,1644
22 C33 480 1,1923
23 C34 490 1,3129
24 C35500 1,2142
25 C36 510 1,5925
26 C37 520 2,3658
27 C38 530 3,2062
28 C40 550 3,7761
29 C41 560 4,1864
30 C42 570 3,7403
31 C43 580 2,1675
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