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AHHOMAyus

Ilenu. B nocnedHue 200bL npocieskusaemest meHOeHYUs yeeauueHust 8 obuem obveme dobvleae-
MOUL Heghmu 8bLCOK0BS3KUX, MsKenblx Hechmell, nepepabomika Komopslx mpebyem HO8blX mex-
HoJ/l02UUecKuxX nooxodos. Oma 3a0aua mecHO C8si3aHA C HeobXo0UMOCMbIO NO8blULEeHUSL 2ybu-
Hbl nepepabomku Hegpmu. Cpedu nodxo008, npediazaemblx Ok peuleHUsT OMmMeUeHHbLX 3a0au,
ecmpeuaemest Memoo MexaHOXUMUUECKOU aKmueayuu, Komopwlii OCHO8AH HA UCNOJIb308AHUU
agppexma Kasumayuu, co30a8aemoz0 YabmpaseyKosbim ULU 2UOPOOUHAMUUECKUM CnocobamU.
Llenv pabomul 3aK1H0OUANACH 8 UCCAE008AHUU BO3MONHOCMU UCNOAL308AHUSL IhcheKkma Kaguma-
yuu 0151 nogblUeHUst 21YbUHbBL hepepabomKu Heghmu.

Memooul. B kauecmee Cobipbsi UCNOIb308AIUCL NPSMOZOHHBLE U (8MOPUUHbLE» HeghmenpooyKmabL:
8AKYYMHDLU 2030116, 2A30Ti/Ib KAMANUMUUECK020 KPEKUH2A, MA3Yymbl. AKmueayust Npo8oouUlaCsH
8 0e3uHmezpamope 8blLCOK020 0a8eHUs, NPUHYUN Oelicmaust KOmopo20 3aKAI0UAICS 8 cokamuu
Hegpbmenpodykma ¢ nociedyrouum e2o nponyckaruem uepes ouggysop. Ilpu smom npoucxooun
pesKull «copocr dasneHust 00 AamMmocgepHozo, U 8 2uUOPOOUHAMUUECKOM NOMOKe 803HUKAJO sl8Jle-
Hue kagumayuu. I padueHm oasneHull Ha ouggysope sapvuposancst om 20 0o 50 MIla, a Koau-
uecmaeo yurnoe obpabomrxu om 1 0o 10. OnpedeneHue niomHocmu, KoaghgpuyueHma peppaKyuu
U hpaKyuoHHO20 cocmasa HegpmenpooyKmog OCYULeCmeisiiocb C UCNOb308AHUEeM cmaHOapm-
HblLX U 00WenpuHsImblX Memoooa.

Pe3synoemamet. B pabome npedcmasieHbl pe3yibmambl 8AUSHUSL MEXAHOXUMUUECKOU aKmuea-
uuu HegpmenpooyKkmoe Ha udmMeHeHUe UxX PusuKo-xumuueckux xapaxmepucmuk. IlokazaHo, umo
nosvluleHue epadueHma 0asieHUll U YUCIA YUKA08 06pabomKu npueooum K CHUXKeHU memne-
pamyp Hauania KUneHust Hegpmenpooykmos, ux NaoOmHOCMU U Y8eaAUUeHUI 8blxo0a hpaKyuli,
svikunaroujux 0o 400 °C. Buixoo ¢pparyuu ¢ memnepamypamu kunerus 400-480 °C u ocmamka
npu smom cHukaemest. OmmeueHo CHU>KeHue NJIOmHOCmu U noKka3amessi NpeiomaeHUs. hpak-
uuii c memnepamypamu kunerust 0o 480 °C u nosvluieHue niomHocmu ocmameka. YcmaHoa.ie-
HO, Uumo agphekm om s8seHUsL KagUMAayUU (YysenuueHue eblxo0a ppaxyull c memnepamypamu
KuneHust 00 400 °C, cHu»keHue niomHocmu HegpmenpooyKkma) 03pacmast Npu yeesuueHuu 2pa-
JdueHma 0asleHUll U Koauuecmsaa yukioe obpabomru.
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Buteoout. [lokaszaHo, umo yseauuerue oaeserus om 20 0o 50 MIla u Kosuuecmea yuKiog 2udpo-
JuHamuueckoll kagumayuu cnocobecmayem 6obuemy U3mMeHeHUI NJIOMHOCMU, memnepamypbl
HaUAA KUNEHUSsL U 8blx00a (hparkyuil. YemaHo8ieHo, Umo nogbliuleHue WuCla YWUKL08 obpabomKu
cevlte 5 Heyenecoobpasro. OmmeueHo, umo ¢ ygesuueHuem UCX00HOU niomHocmu Hegpmenpo-
dyxma agppexxmueHocms gozdeticmaust sozpacmaem. [Io niomHocmsam u memnepamypam Ku-
neHust omoesibHblX hpaKyuli HegpmenpooyKmosg OUeHeHA CPEeOHSIsL MONEKYNPHASL MACCA IMUX
pparxyuii. Pacuem noomeepoun npednosioskeHue 0 NpomeKaHuu peaxyuli KpeKuHaa Hegpmenpo-
dyKxmoe noo gozodelicmauem Kagumayuu u ceudemenbcmayem o NPomeKaHuu Npoyeccos ynaiom-
HeHUsl.

Knroueesle cnoea: Kagumayus,, Hegpmo, 8bLX00, caemible hpaKyuu, MACIsiHble hpaKyuu
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Abstract

Objectives. Recently, there has been a tendency to increase the volume of high-viscosity heavy
oils in the total volume of oil produced. The processing of these oils requires new technological
approaches. This task is closely related to the need to increase the depth of oil refining. Among
the approaches proposed to solve these problems, mechanochemical activation, which is based
on the cavitation effect produced by ultrasonic or hydrodynamic methods, has been suggested.
This study evaluated the effects of cavitation in increasing the depth of oil refining.

Methods. Straight-run and “secondary” oil products were used as raw materials: vacuum
gas oil, catalytic cracking gas oil, and fuel oil. Activation was carried out in a high-pressure
disintegrator. The principle of operation was to compress the oil product and then pass it through
a diffuser. When the oil was passed through the diffuser, there was a sharp pressure release to
atmospheric pressure, which caused cavitation in the hydrodynamic flow. The pressure gradient
on the diffuser and the number of processing cycles ranged from 20 to 50 MPa and 1 to 10,
respectively. The density, refractive index, and the fractional composition of petroleum products
were determined using standard and generally accepted methods.

Results. This paper reports the influence of mechanochemical activation of petroleum products
on their physical and chemical characteristics. An increase in the pressure gradient and the
number of processing cycles leads to a decrease in the boiling point of the petroleum products
and their density and an increase in the yield of fractions that boil off below 400 °C. The yield
of the fractions with boiling points of 400-480 °C and the remainder were reduced. The density
and refractive index of fractions with boiling points up to 480 °C decreased, and the density of
the residue increased. The effects of cavitation (an increase in the yield of fractions with boiling
points up to 400 °C and a decrease in the density of the petroleum products) increased with
increasing pressure gradient and the number of processing cycles.
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Conclusions. The changes in the density, boiling point, and the yield of fractions increased with
increasing the pressure from 20 to 50 MPa and the number of hydrodynamic cavitation cycles
from 1 to 5. Increasing the number of processing cycles to more than five had little additional
effect. The effects of cavitation increased with increasing initial density of the oil product. The
average molecular weight of these fractions was estimated from the densities and boiling points
of individual fractions of the petroleum products. The calculation confirmed the assumption
regarding the course of cracking reactions of petroleum products under the influence of cavitation
and indicates the course of the compaction processes.

Keywords: cavitation, oil, yield, light fractions, oil fractions
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BBEJEHMUE

O¢dderrnBHas mepepaboTKa TSHKENBIX HEPTIHBIX
OCTaTKOB CTAHOBHTCSI OJHON W3 aKTyaJbHBIX MpOOIeM
HE(PTEXUMHUUECKOM TPOMBIIUIEHHOCTH. JTO CBS3aHO C
HEOOXOIMMOCTBIO TOBBIIICHHUS TIYOHHBI TIepepadOTKU
HeTH, a TaKke C WCTOUICHHWEM 3allacoB TPaIHIINOH-
HBIX JICTKUX U CPeNHUX HedTell, SBISIBIIMXCS ChIPbe-
BBIM HCTOYHHKOM JUIS TIPOU3BOJICTBA MOTOPHBIX TOILIUB,
HE(PTEXUMHUUECKOIN MPOMBIIUICHHOCTH. BMmecTo HuX B
TOIIIMBHO-DHEPTeTHICCKHIT OajlaHc Bce OOIbIIe BOBICKA-
IOTCSl TSDKEITbIC, BBICOKOBsI3KUE He(TH, Ui mepepaboTKu
KOTOPBIX TPEOYIOTCSI HOBBIC TEXHOJIOTHUCCKHE TOIXOBI.
Hy>KHO OTMETHUTB, YTO PECYPChI TSDKEIBIX U OUTYMHUHO3HBIX
HedTel 3HAYUTEBLHO TPEBBIIIAIOT 3aI1achl JISTKUX HeTel
u oneHuBatotcs B 750 mupn. T. Haubonee kpymHbIMu 3ama-
caMH TSDKENBIX HedTel pacnionararor Kanana (386 mipi. 1)
u Benecynana (335 mupa. T). 3anace! Tspkenbix Hedreld Poc-
cun (Mectopoxkaenust Bonro-Ypansckont, Trmano-Ileqop-
ckoi, 3anaiHo-Crdupckoii HehTera3o0HOCHBIX MPOBHHIINIA)
orenmBatoTcs B 3075 mypa. T. Tspkenbie, BRICOKOBS3KHE
HE(TH XapaKTEPU3YIOTCS BBICOKHM COJICPIKAHHEM IO-
THSIICPHBIX apOMAaTHYECKUX YIICBOIOPOIOB, achaibTe-
HO-CMOJTUCTBIX BEIISCTB, U MO ITHM ITOKA3aTeNsIM OHU
OJM3KY K TSDKEIBIM HEPTSAHBIM OCTaTKaM. DTO MTO3BOJIS-
eT IPENIoNaraTh ¥ eIUHCTBO IMOIXO0I0B K HX mepepador-
ke [1-3].

Hawnbonee pacnpocTpaHeHHBIM CIIOCOOOM Iepepa-
OOTKH TSDKENBIX HE(PTIHBIX OCTATKOB SIBISICTCS POIIECC
KOKCOBaHMA, Ha JONIO KoToporo mpuxoautca o 40%
octarkoB. [lanee, Mo oObemaM repepaboTKH, pacroia-
rarorca mporeccel BucOpekunra (~34%), THIAPOOUHCT-
ku (~18%), runpoxpexunra (~4%) u neacdaasTH3anIN
(~3.5%) [4]. D1 xe mpoIeCcChl pACCMaTPUBAIOTCS U KaK
CIOCOOBI IMepepaboTKH TSHKEIBIX HeTEH, a UX UCCIIe0-
BaHMS MPOBOJSITCS BO MHOTUX HAYYHBIX IIEHTpax [4—7].

OIHOBPEMEHHO C TPAJAUIMOHHBIMU METOJAMU Iie-
pepaboTKy TsHKEIbIX HeTel n HeTePOaYKTOB BEIET-
Cs1 aKTHBHBIH IIOMCK HOBBIX TEXHOJIIOTHUYCSCKUX ITOJIXO/I0OB
K ux nepepabotke [4, 8—10]. Cpenu HOBBIX, HETpaIu-
IIMOHHBIX METOJIOB BO3JCHCTBHS Ha TSDKENIOe He(TIHOE
CBIPbE YaCcTO PAacCMaTPUBAETCS €r0 MEXaHOXHMHUYECKAs
aKTHBALUs, PEJIIoJIaraiomias co3iaHnue B HehTAHOM I10-
TOKE KaBHTAIlMM (PH3MUECKOTO Tporiecca oOpa3oBaHUs
3apoxeimiel (Iy3bIPHKOB) B JKHAKHX Cpemax ¢ IMocie-
ayomuM ux cxnonbiBanueM [11-15]. Mccnenosarenu
OTMEYAIOT, UTO B PE3YJBTATE CXJIOMBIBAHUS ITy3BIPHKOB
ra3a BO3MO)KHO JIOKAJIBHOE IOBBHINICHHE TEMIICPATyph
o 10000 K [16, 17]. B pesynsrare nomyckaercs mpo-
TEKaHNE PeaKknnii KPEeKUHTA, YTO OTpakaeTcs Ha (pak-
IIHOHHOM cOCTaBe HeTH U HedTenpoayKToB. Bmecte ¢
TeM, uHpopmarus 00 U3MEHEHUN (PUIUKO-XUMUYECKHX
XapakTepucTukax HedTu mporuBopeunBa. OnHN Uccie-
JOBAaTENM YKA3bIBAIOT HA CHIKCHHE IDIOTHOCTH M BSI3KO-
cTi He(hTETPOMYKTOB, B TO BPeMsi KaK 110 JAHHBIM APY-
THX HCCIIeIoBaTeIeH B HE(TEPOAYKTaX YBEININBACTCS
CoZIep)KaHMe TsDKENBIX (pakimid. Bo3MoxHast mpudanHa
OTMEUYCHHBIX MPOTUBOPEUUI 3aKIFOYACTCS B PA3THUHSIX
XapaKTEPUCTHK HMCXOMAHOTO CBIPHS, PAa3HBIX YCIOBHUIX
ero oopabotku [11-15].

B nanHoi#t pa®oTe mpencTaBieHbl PE3ysbTaThl HC-
CIICIOBAHUH aBTOPOB O BIMSHUH yCIOBHI MEXaHOXHMU-
YEeCKOW aKTHBAIMH HE(PTEIPOIYKTOB HA M3MEHEHHE UX
(UBUKO-XMMUYECKUX XapAKTECPUCTHUK.

MATEPHAJIBI U METO/IbI

B xauecTBe CBIpbS HCIONB30BAIUCH HPSMOIOH-
HbIE M «BTOPUYHBIE» HE(TENPOMYKTHI: BaKyyMHBIH
razoiinp (BI'), razoiinp kaTaauTUYECKOTO KpPEKWHTa
(I'KK), mazyt (M1 1 M2) XapakTepHUCTHKH KOTOPBIX
MpUBEJICHBI B Ta0J. 1.
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Taoauna 1. Pu3nko-XxuMHIECKre XapaKTEPUCTHKH 00pa3IoB

Table 1. Physicochemical characteristics of the samples

Oo6pasen / Sample
Iloka3aressn
Indicator KK M1 M2 BI
CCG M1 M2 VG
ITnotHOCTB, T/CM?
. 3 1.1002 0.9684 0.9478 0.8998
Density, g/cm
Brixos1 hpakiiuii, BRIKMITAONIMX B HHTEPBAJe TeMIepaTyp, Mac. %
Yield of fractions boiling in the temperature range, wt %
Or T nmo350°C
s o . 52 5.0 13.2 8.4
From the initial boiling point (7},,,) to 350 °C
350-400 °C 25.8 9.0 15.8 34.5
400480 °C 28.0 47.0 40.9
69.0
Beire 480 °C
Above 480 °C 58.0 24.0 16.2

Ipumeuanue / Note: CCG — catalytic cracking gas oil, VG — vacuum gas oil.

AxTHBaIysi 00pa3oB HEPTEMPOIYKTOB MPOBOIU-
Jach B IE3UHTErPATOPE BEICOKOTO JIABIICHHS, OMIUCAHHOM
B padore [18]. IlpuHuun ero AeWCTBUS 3aKIIOYAETCS B
TOM, 4TO 00pa3el HepTeIPOaYKTa CKUMACTCS 10 TaBie-
Hust 20-50 MIa u mponyckaetcs yepes quddyszop. [pu
MPOXOXKJICHUH Yepe3 TUPPy30p MPOUCXOAUT PE3KUi
«cOpocy» naBjieHus J0 aTMOC(HEpPHOTo, U B THIPOIUHA-
MHUYECKOM MTOTOKE BO3HHUKAET sIBICHHE KaBuTarun. Cire-
JyeT OTMETHUTD, YTO TPOXOXKICHNE 00pasna depe3 aud-
(by30p, MUHHMAJIBHOE KOJINYECTBO KOTOPOTO COCTABIISIET
0.5 11, U3 30HBI BEICOKOTO JIaBJICHUS B 30HY aTMOC(HEpHO-
IO paccMaTpHBaeTCs Kak UK. KolnnuecTBo HUKIIOB Ta-
KOTO BO3/ICHCTBUS Ha CHIPbE BapbHpoBaioch ot 1 mo 10.
Bribop Temmeparypbl, Ipu KOTOPOH MPOBOIMIA AKTH-
BaIMIO0 00pa3IoB, OOYCIOBIEH TEM, YTO COIIACHO IaH-
HbIM paboT [19, 20] my3bIpbKH Ta30B, HAXOJSIIUCCS B
00BbeMe JKUIKOCTH, SIBIISTFOTCS 3apOJIBIIIaMH KaBUTAIIHH.
COOTBETCTBEHHO, YeM OOJIbIlie 3apoJbllicii B 00beMe
He(TEPOYKTOB, TeM O0Jiee HHTEHCUBHO MPOTEKALT Ka-
BUTanus. B cBA3M C TeM, UTO MOBEHINICHNE TEMIIEPATYPEI
MIPUBOJIUT K JIeTa3alny 00pasiioB, aKTUBAIMIO IPOBOJIHU-
TM TIpM MUHHUMAJIBHOH Temreparype, o0ecreunBaroIei
IPOKAYNBAEMOCTh He(hTEpoaAyKTa uepe3 ammapar. Taxk,
Juist obpasia Bl mpokaunBaemocts gocturaiack rmpu 30 °C,
y obpasna 'KK- npu 50 °C, a qisa obpazuos M1 u M2
tombKo ipu 70 °C.

[TnoTHOCTH 0OPA3LOB ONPEAEISUIH THKHOMETPUYC-
CKUM METOIOM, TEMIIeparypy Hadaja KUIICHUS, BBIXO]
(pakuuii BakyyMHOW AWMCTHULIIHH HE(PTEHPOIYKTOB,
MIOKa3aTelb IPEIIOMIICHHSI — C UCTIONIF30BAaHIEM pedpak-
TOMETPHH.

Jis 00pasioB MaszyTa ¥ BaKyyMHOTO T'a30MJIsl OTIpe-
JISJISIITA BBIXOM (PpaKIWi, BHIKHITAIONIUX B CIEAYIOIIHX

nuanasonax temneparyp: I' —350, 350-400, 400480 u
Boimre 480 °C. JInst ra3oiiyis KaTaIMTUYECKOTO KPEKUHTa
BBIXOJ] OIPEAEISLIN AT (ppaKIiuid, Beikumnaromux 10 350 °C
u Boime. O0beauHenue (pakiwii B oaHy (350 °C 1 BbIIIIe)
JUISL TAQ30MJISL KaTaJIMTHYECKOTO KPEeKUHra 0OYCIIOBIEHO
TEM, YTO TOBBINIEHHE Temmeparypsl Beime 350 °C (B
pacdeTe Ha aTMOC(epHOe JaBjeHHe) IPH IPOBEICHUH
aHaJM3a MPUBOIMIO K MPOTCKAHUIO PEaKIHid pa3ioxKe-
HUS YIJIEBOIOPOJIOB.

PE3VYJIBTATBI U UX OBCYKJIEHHUE

Jlns Bcex WccleqoBaHHBIX 00pasmoB mociie 00-
pabOTKM OTMEUYEHO CHIDKCHHE TeMIICpaTyp MX Hada-
Ja KUNEHUs W IIoTHOoCTH. Hampumep, Temmepatypa
Hayaja KureHus oOpasua M2 cocrasisuia 280 °C.
[Mocne 5 muKIIOB 00PaOOTKH MPH T'PaJMCHTE JIABICHUH
50 MIla ona cHm3miack 10 250 °C. OTMEUeHO, YTO YeM
JKecT4e OBUIH YCIIOBHUS aKTHBAIIUH (BBIIIE TPAHCHT AaB-
JIEHUH, OOJbIIe IUKIOB BO3ACHCTBUA), TEM HUXKE ObLIa
IJIOTHOCTH MOJTydeHHOTo npojaykra (puc. 1). IIpu atom
mocye 5 IUKIOB 00pabOTKU XapaKTEPUCTUKU 00pa3iioB
MIPAKTHYCCKH HE H3MEHSIIHCE.

Cy1ecTBeHHOE U3MEHEHHE IIOTHOCTH 00yCIIoBIe-
HO U3MEHEHHEM Bbixona (paxiuii (puc. 2). B pesynbrare
AKTHBAIMH YBEIUYUBAJICS BBIXOJ (PPAKIHi, BBIKHIIAIO-
mux 10 400 °C u cHMKAJICSA BBIXOJ TSDKEIOW MAaC/ITHON
(bpakuun U ocTtarka. YBEJIMYEHHE CYMMapHOTO BBIXOIA
JIETKOM M CpeTHEH MacIsTHBIX (DpaKIIHid 3aBUCEIIO OT Tpa-
IMEHTa NaBieHus o0paboTku. Tak, CyMMapHBIA BBIXO[
aTuX (pakiuii oOpasma BI' cocrasmsit ~43 mac. %. Ilo-
cie 5 nukioB obpabotku npu naeineHuu 20 Mlla on
ObLT paBeH 46.5 mac. %, a ociIe 5 IUKIOB P JaBie-
Hun 50 MIla Bo3poc g0 52.6 mac %.
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Fig. 1. Influence of the activation conditions
on the CCG sample density. Pressure gradient, MPa:
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cocras obOpasna M2. I'paaguent nasnennii 50 MITa.
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Fig. 2. Influence of the number of activation cycles
on the M2 sample fractional composition.
Pressure gradient 50 MPa.

Fractions: (1) 7|, —400 °C; (2) 400—480 °C; (3) residue.
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B pesynbrare aktuBamum 00pa3noB H3MEHHII-
Cs HE TOJBKO MX (DPAKIHMOHHBIM cocTaB, HO U (u3m-
KO-XMMHYECKHE XapaKTePUCTHKU OTICNIBHBIX (pak-
Ui (IIOTHOCTh M TOKa3aTedb npenomiieHus). s
BCEX HCCIIEOBAaHHBIX 00pa3oB OBIJIO OTMEYEHO, YTO
MOBBINICHUE TPaJMCHTa MABICHUM M YHCNA ITUKIOB
00pabOTKM NPUBOAWT K YMEHBIICHHWIO MOKa3aTels
MPEJIOMJICHUS U MIOTHOCTU (PpaKkLMi, BHIKMIIAIOIINX
1o 480 °C. [ImoTHOCT (hpaknuu ¢ TeMIepaTypoi Ha-
yana kunenus Boiue 480 °C mpu 3TOM yBenIMYMBa-
nacsk (puc. 3, 4).

CnemyeT OTMETHUTh, YTO XapaKTep H3MEHEHHs
IUIOTHOCTH M TIOKa3aTessd MpeloMiIeHHud (pakiuil y
BCEX paccMaTpUBAaEMBIX 00pa310B He(TENPOTYyKTOB
OBUT M/IEHTHYEH. YBEIWYHBATH KOJIMYECTBO LHKJIOB
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Puc. 3. BnusiHue 4yncria NMKIOB aKTUBAILMK HA 3HAYCHUSI
rmoKasareJist npeomiieHust Gpaxiuii oopasma M2.
I'paguent nasnenuii 40 Mlla. Temneparyps! KuneHus
¢paxnuit, °C: 1 - T -350; 2 —350-400; 3 — 400-480.
Fig. 3. Influence of the number of activation cycles
on the refractive index of the M2 sample fractions.
Pressure gradient was 40 MPa. The boiling temperature
of the fractions, °C: (1) T,,,~350; (2) 350-400;

BP

(3) 400-480.

InotHocTs, r/em? / Density, g/em?
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Puc. 4. Bausaue rpajguenTta gaBleHUi Ha IWIOTHOCTh
(pakimii obpasua M1; 5 IUKIOB aKTUBALUH.
Temneparyps! Bolkunanust (paximit, °C:

1-T -350;2—350-400; 3 —400-480; 4 — ocrarok.
Fig. 4. IInfluence of the pressure gradient
on the M1 sample fractions density;
five cycles of activation.

The boiling temperature of the fractions, °C:
(1) T,;,-350; (2) 350-400; (3) 400-480;

(4) residue.

aKTUBaIMK 00pa3moB Ooyiee 5 He MenecooOpa3Ho, Tak
KaK 3TO HE IPHUBOIUT K CYIIECTBCHHOMY M3MCHCHUIO
XapaKTepUCTHK 00pa3IoB.

OTMedeHa CBsI3b MEKAY IUIOTHOCTBIO MCXOIHOTO
o0pasma 1 N3MEHCHUSAMH, IPOUCXOTUBIINMH B PE3yIb-
TaTe ero 00pabOTKK — YeM BEIIIIE ObLIa MJIOTHOCTh, TEM
OoJiee cymecTBEHHbIC M3MEHEHHS OB OTMe4eHbI. Ha-
MIpUMep, BBIXOJ (PpaKIUil ¢ TEMIIEPATyPOH KUTICHHS 10
400 °C y obpastia BI' (ucxomsas riotHOCTh 0.8998 1/eM®) co-
craisin 42.9 mac. %. Ilocne naTukpaTHOl 00pabOTKH
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npu 50 MIla oH Bo3poc 110 52.6 mac. %, To ecTb yBeJu-
unicst Ha 9.7 %. Y o6pasiia M1 (mwiotHocts 0.9684 r/cm?)
BBIXOJ] 3TOH (hpaKIIMU MPHU TEX JKE YCIOBHUIX 00pabOTKH
yBenuuuics Ha 14.8%, a y obpasua I'KK (mnotHocTh
1.1002 r/cm?®) — Ha 24.5 mac. %.

Bo3Mo)kHOE TOBBIIICHUE TEMIEPATYPhl B PE3yiib-
TaTe CXJIONMBIBAHWS Iy3bIPHKOB Ta3a IpHU KaBHTAIUU
00bsicHAeT 3aUKCUPOBAaHHOE aBTOpaMu padoThl [21]
0o0pa3oBaHue HEMpeNeIbHBIX YTIIEBOJOPOIOB ITPH 00pa-
0OTKe aJKaHOB, a TAKXKE CHI)KCHHE TEMIIEPaTyp Hadaa
KHTICHUS UCCIICIOBAaHHBIX HAMU 00pa3lloB M M3MEHECHUE
(UBUKO-XMMUYECKAX XAPAKTePUCTHK WX OTACIBHBIX
(paknuii. BriomHe 0MycTHMO TPEANONIOKUTh, YTO B
pe3yabpTare JIOKaJbHOTO TOBBIIICHUS TEMIICPATYpPhl, B
pe3ynpraTe peakluuil KpeKHHra 00pas3yroTcsl ajJKeHBI U
YIJICBOIOPOABI ¢ MEHBIICH MOJCKYISIPHON Maccoi, xa-
paKTepHU3yIOMIecsS MEHBIIUMH 3HAYCHUSIMHA TIOTHOCTH
U [TOKA3aTelsl MPEIOMIICHHUSI.

B Tabn. 2 moka3aHO BJIHMSIHHE yCJIOBHH aKTHBAIMH
Ha CPENHIOI MOJICKYSIPHYIO Maccy (paKiliH, BBIKHIIA-
toutei B unreppane remneparyp 7, —350 °C qus uccne-
JIOBaHHBIX 00pas3IoB.

Ornenka cpegHeil MOJIEKYJISIPHONW MacChl MPOBOIH-
nack mo (GopMmyie, PeKOMEHIYEMOHN s y3KUX HeQTs-
HBIX Qpaknui [19]:

M =(160-5K)-0.075T, + 0.000156KTC;

rie T, — Cpemmsisi TeMreparypa KHIeHHs (pakium, a
K — xapakrepuctudeckuii pakrop, pacCUUTHIBACMbBIN Ha
OCHOBAaHHUH IUIOTHOCTH M CPEIHEH TeMIepaTyphsl KHIIe-
Hus Qpakuuu [22].

Orta popmyna Oblia BEIOpaHA B CBSI3U C TEM, YTO
pasHUIA MEXy PACUCTHBIMHU M IKCIICPUMEHTAIbHBIMU

3HAYCHUSAMHU (OMpENeNeHHBIMH KPHUOCKOITHYECKUM
MeTOAOM Ha ycTaHoBke KpuoH-1, pacTBoputens OeH30:1)
He npebimana 10%. Hanpumep, st ppakuuu ¢ Temre-
parypamu kunenus 400480 °C obpaszua M1 (5 nuxiio
obOpaborku nipu nmavienuu 50 MIla) skcnepuMeHTaIb-
HO€ 3HAUYEHUE CPEeJHEH MOJIEKYIIPHOI MacChl COCTaBILA-
10 350 enunut, a pacuetnoe — 388.

Jln1s Bcex HccieoBaHHbBIX 00pas3IoB ObIJIO OTMEeue-
HO CHHKCHHE CPEJTHEH MOJICKYIAPHON MacChl (hpakIuH,
BBIKUIIAKONIEN B uHTepBae Temmeparyp I' ~350 °C, mone-
KyJsIpHas Macca (PpaxIuii ¢ TemMreparypaMi KUIICHUS
350-400 °C mpakTU4yecKd He U3MEHAIach, a (pakiuii
¢ OOJBIIUME TEMIIepaTypaMy KHICHHS — yBEIHNYNBA-
nack. [ns dpakuuii ¢ TeMneparypaMu KUAIIEHUS BBIIIE
480 °C (ocTaTKa) 3TO COTIIACyeTCs C YBEIMYCHUEM HX
IUIOTHOCTH.

3AK/IIOYEHUE

INomy4eHHbIE pe3yabTaThl CBUACTENBCTBYIOT 00 3(-
(heKTUBHOCTH HCIIOJIb30BAHMSI MEXaHOXUMHUYECKOH 00-
pabOTKH JUIs TOBBIIIEHHS ITyOUHBI IIepepaboTku HedTu
(yBenmuueHHs BBIXOMA CBETIBIX W MACIAHBIX (ppaxmmii);
MO3BOJIIIOT TNPEMNOJNIOKUTE BO3MOXHOCTb HUCIIOJIB30-
BaHMS 3TOTO METOAa sl epepabOTKU BBICOKOBSI3KHX,
BBICOKOCMOJTHCTBIX HE(TEHl; ITOATBEPIK/IAI0T JaHHBIE Ha-
YYHO-TEXHUYECKON JTUTEPATYPBI O IPOTEKAHUHN PEAKIIAI
KpPEeKHHra yIJIeBOAOPOIOB MOJ BO3/ICHCTBHEM SIBICHHUS
KaBUTAlMU ¥ TIOKA3BIBAIOT, YTO HAPSAY C pPEaKIIsIMU
KPEKHHTra MPOTEKAIOT U MPOLECCHl YIUIOTHEHHUSI.

Bxnad aemopoe
B.B. Tepermbeea — NpoBe/IeHNE dKCIIEPUMEHTAIb-
HBIX HCCIEJIOBaHUM, orpeneneHne (HU3HKO-XUMUIECKUX Xa-
PaKTEepUCTHK OOBEKTOB HCCIENOBAHUS M 00pa30BaBIIUXCS
MIPOIYKTOB;

Tabauna 2. BiausiHue ycioBHii akKTUBALNK Ha CPETHIOI0 MOJIEKYJIIPHYIO Maccy (pakIyy,

BBIKUTIAKOIIEH B nHTepBaie Temneparyp 7' —350 °C

Table 2. Influence of the activation conditions on the average molecular weight of the fraction

boiling in the 7,,,~350°C temperature range

YcnoBusI MEXaHOXHMHYECKOH aKTHBAIIMH Cpennsisi MoJIeKyJIsipHasi Macca 00pa3LoB
Mechanochemical activation conditions Average molecular weights of samlpes
JlaBienue o0padoTKu,
e s |- i ur i v o |
P g Processing pressure, VG M1 M2 CCG
cycles
MPa
Hiexonutii obpasen 219 239 236 200
Original sample
20 218 238 235 197
1
50 213 230 229 192
20 215 232 230 194
5
50 210 225 224 189
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