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CHUKeHHe 3aTPaT JHEPropecypcoB NMPHU pereHepanun pacTBOPUTEJIs
HA YCTaHOBKe JeachajbTH3auu TyIPOHa
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1 Camapckuii rocy1apCTBEHHbINH TEXHUUECKUI yHUBepcuTeT, (ryman B . HookyiiObIeBcke, yi1. MupoHosa, 5, . HoBokyiiobiesck, 446200, Poccust
AnHoTanus. sl yCTaHOBOK IPONAHOBOW aeacaibTH3alMM TYIPOHA XapaKTepHAa JOCTATOYHO OOMbIIash SHEPrOEMKOCTh TEXHOJIOTMYECKOro
npotecca. C 1enblo €€ CHIKEHHs BBIOJHEHA OLEHKA BO3MOXKHOCTH YMEHBILICHHUs pacxojia mapa HpH pereHepalyy nporaHa u3 ac(aabToBOro
pacrtBopa. VccrneoBanne MpoBOIMIIM C UCTIONB30BaHueM Moenupyrotieii cuctembr Honeywell UniSim Design, B kotopoii copMHUpoBaIi MOJIENb
YCTaHOBKH IIPONAHOBOH JieacanbTH3aluy TyipoHa. B kauecTBe MaTeMaTHYECKOro nakera Juis pacueTa TepMOIMHAMUYECKHX CBOHCTB KOMIIOHEHTOB
(pakuuii ucnons3oBa MeTos Peng-Robinson. KoMmoHeHTHBIN COCTaB ChIpbst MPEACTaBIEH HEPTSHBIMU (DPAKIUSIMH C TEMIIEPATYPAMH KUTICHHS OT
405 no 616 °C Ilpu npoBeneHUH BHIYMCIUTEIFHOTO SKCIIEPUMEHTA UCTIONB30BAIM CIIEAYIOIINE 3HAYCHUS TEXHOJIOTHYECKUX MapaMeTpoB: pacxon
ryapoHa 38.9 1/gac, oTHolIeHue (ponaH: chipbe) coctasisuio (6.4:1), Beixon neacdansruszara nopsaka 30 %Mac. BbINoaHEHHbIH aHAIM3 THIIOBOM
CXEMBI pereHepaliy IporaHa 13 ac(halbTOBOro pacTBOpa MoKa3all, YTo B TEXHOJIOTMYECKOM ITOTOKE, OCTYIIAIOIIEM Ha IIUTAHUE OTIIAPHON KOJIOHHBI
K-6, yxxe mpucyTCTBYET JOCTATOYHO OOJIBIIIOE KOTIYIECTBO apOBOif (ha3bl, COCTOSIICH IPAKTHYCCKY U3 IIPOIaHa U ClIeoB HehTAHBIX (paximid. [
3(eKTUBHOrO UCTIONIB30BaHUST SHEPTHY ITOTOKA 0€3 IIPHBIICYEHHS JOIOIHUTEIBHBIX SHEPreTUYECKHX 3aTparT eleco00pasHo Pa3IeNIUTh Ta30BYyI0 U
KUIKYI0 (asbl IO MX IOCTYIUICHHS B KOJOHHY K-6, TO ecTb Iepel Hell BKIIOYHTH B TEXHOJOTHMYECKYIO CXEMy JOIOIHHUTEIBHBIA Cernaparop.
IIpoBeeHHBIH BBIYMCIIUTEIBHBINA SKCIIEPUMEHT HOKa3al, YTO B IPEIOKCHHOM BapHaHTE TEXHOJIOIMYECKON CXEMbI TPeOyeMBIil UL BBIICICHUS
IpoNaHa pacxol Iapa yMeHbliaercss Ha 17,5 %, 49TO COOTBETCTBEHHO JUI1 IHOCIEOYIOLIMX aIlllapaTOB CXEMBl CHIDKACT KOJMYECTBO BOJBL
cOpacpIBaeMoil B KaHamu3aruio. ONTUMU3ALMS TEXHOIOTMYECKHX PEXUMOB OTHApHON KOJOHHBI K-6 obecrednBaer 4eTkoe BBIIENICHNE IIPONaHa,
B [IOTOKE KOTOPOro cojieprkanue OUTyMHbIX (paxiwii cocrasisier 0.03% MoJL., 4TO JieaeT BO3MOXKHBIM B IIPOMBIIIUICHHBIX YCJIOBHSX BO3BPAIATh
HOTOK IIPONaHA Ha MMTAHHWE OSKCTPAKIMOHHON KOJOHHBL IIpelaraeMoe TEXHOJNOTMYECKOS PELICHHE I PEreHepaly IIpOoNaHa MOXKET
VICIIOJIE30BATECS B IPOLIECCAX OJJHO- M IBYXCTYIIEHYATOH JeacaIbTH3AIMY [y APOHA.
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KOJIOHHA, 3Heprocoepexenue, Honeywell UniSim Design
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Abstract. For propane tar deasphalting units, a rather high energy intensity of the technological process is characteristic. In order to reduce it, an
assessment was made of the possibility of reducing the steam consumption during the regeneration of propane from asphalt solution. The study was
carried out using a Honeywell UniSim Design modeling system, in which a model of a propane tar deasphalting unit was formed. The Peng-Robinson
method was used as a mathematical package for calculating the thermodynamic properties of the components of the fractions. The component
composition of the feedstock is represented by oil fractions with boiling points from 405 to 616 °C. When carrying out a computational experiment, the
following values of technological parameters were used: the tar consumption was 38.9 t/ h, the ratio (propane: raw material) was (6.4: 1), the yield of
deasphalted oil was about 30 wt%. The performed analysis of a typical scheme for the regeneration of propane from asphalt solution showed that in the
process stream supplied to the feed of the stripping column K-6, there is already a sufficiently large amount of a vapor phase consisting practically of
propane and traces of oil fractions. To efficiently use the energy of the flow without attracting additional energy costs, it is advisable to separate the gas
and liquid phases before they enter the column K-, that is, to include an additional separator in the technological scheme before it. The performed
computational experiment showed that in the proposed version of the technological scheme, the steam consumption required for the release of propane
decreases by 17.5%, which, accordingly, for the subsequent devices of the scheme, reduces the amount of water discharged into the sewage system.
Optimization of technological modes of the stripping column K-6 provides a clear separation of propane, in the flow of which the content of bitumen
fractions is 0.03 mol%, which makes it possible in industrial conditions to return the flow of propane to the feed of the extraction column. The proposed
technological solution for propane recovery can be used in the processes of one- and two-stage tar deasphalting.
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BBenenne neachanbTu3annuy HeYTIHBIX OCTATKOB B KAYECTBE
PacTBOPUTENS UCIIOIB3YIOT TPOIAH WM MPOTaH-
OyTaHOBYIO (Dpakivio, MPHU 3TOM MJIS yCTAHOBOK
MPOMAaHOBON JeachanbTU3aluyd TyJpOHa Xapak-
TepHa JTOCTATOYHO OOJbIIasi YHEPrOEMKOCTh TEX-

HoJorrueckoro nportecca [1, 2]. B atom mporecce

Jis He(TEeXMMUYECKHX TPOIIECCOB OCTO-
STHHO BO3pacTarolas CTOUMOCTh 3HEPropecypcoB
(BomsiHOW Tmap, JJIEKTPO3IHEPTHs) OIpenessieT
HEOOXOJJMMOCTh TIOWCKA Pa3IMYHBIX BapUaHTOB
sHeprocOepexkeHns. B TexHomormm  mporecca
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MPOTaH BBINOJHACT (YHKIMH ¥ Koaryusropa
ac(haabTO-CMONMCTHIX BEIIESCTB M M30MPATEITHLHOTO
pacTBOPUTES IO OTHOIICHHUIO K TPeOyeMbIM KOM-
noHeHTaM He(TsHbIX (pakiuid [3].

C 1enbI0 CHWKEHUSI SHEPTOEMKOCTH YCTa-
HOBOK TPOMAHOBOW JeacanbTU3aluy MpPOBOASAT
WX MOJICPHU3AIIHMIO C U3MEHEHUEM aIllapaTypHOTO
oopmiteHus Tpouecca, ONTUMH3HPYIOT PEKUMBI
PpaboTEI MaccoOOMEHHEIX artaparos [4]. B padore [5]
C UCTIOJIB30BaHUEM MPOTrPAMMHOrO Takera SimSci-
Esscor Pro II 6s11 IpoBeIeH TIOBEPOYHBIN pacyeT
OCHOBHOTO ¥ BCIIOMOTATeJIbHOT0 000PYAOBaHUS U
OIICHEHBI XapaKTEPUCTUKH TIOJTy4aeMoro achabra.

Hess padoThl — UccIeI0BaHUE BO3MOXKHO-
CTH CHIDKCHHUSI pacxoja Tapa Tpu percHepanuu
npornaHa u3 ac(aibTOBOTO pacTBOpa yCTaHOBKU
MPOMAHOBOH JieacanbTh3aIyy ryIpoHa.

MeTtoasl

IIpu u3yueHuu npouecca NponaHOBOU Aeac-
¢danpTH3anMK TYApOHA HEOOXOIWMO YUYUTHIBATH
pa3Ho00pazue (PPaKIIMOHHOTO COCTaBa ChIPbs, JIaH-
Hble 10 ()a30BOMY COCTOSIHHIO CHCTEM, CBEICHHS
1o (a30BBIM IEPEexX0/iaM KOMIIOHEHTOB HE(PTIHBIX
(hpakiwii, 0cOOEHHOCTH MPOTIaHa KaK PAaCTBOPUTEIS-
KOaryJisiTopa Hu OJHOBPEMEHHO HW30UPaTEIbHOIO
pacTBOPUTENSI, COOTHOLICHHS KOJIWYECTBA IPO-
MaHa K CBIPBIO.

HccenoBaHust IPOBOAWIN € NCHIOIB30BaHUEM
moaenupyromeit cucremsr  Honeywell  UniSim
Design [6], B koTOpo# CHOPMHUPOBAIH MOJEIH
YCTaHOBKH TIPOTIaHOBO# eachanbTH3aluuy Ty IpoHa.
B xauecTBe MaTeMaTHYECKOTO ITaKeTa JUIsl pacyera
TEPMOJIMHAMUYECKUX CBOICTB KOMIIOHCHTOB (ppaK-
M KcIonb30Bany Merox Peng-Robinson.

KoMImoHeHTHBIHM COCTaB CHIPhSI TPEACTABIICH
HEe(TAHBIMH (QPAKIUSIMU C TEMIIEpaTypaMH KHIICHHS
ot 405 no 616° C. I'paduk UTK pasronku ryapona
NPUBEJCH Ha pUCyHKe 1, 3HaueHHWe CpeiHeld Mo-
JsIpHO# Macchl coctanisieT 409.5 kr/kmodb [7—20].
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Pucynox 1. I'paduk UTK pasronku ryznpona
Figure 1. TBP schedule tar distillation
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Ha pucynke 2 noka3an (parMeHT «THTIOBOI
TEXHOJIOTHYECKON CXEeMbI MMPONaHOBOH neacdaib-
THU3aIUH TYAPOHA, JEMOHCTPHPYIOIIUH 3TaIlbl
pereHepanyy nponana u3 ac(hajbToBOTO pacTBOPA.
[pn npoBeneHNK BEIMHUCIUTENHHOTO SKCIIEPUMEHTA
WCTIOJIb30BANIN CIIEYIOIINE 3HAYCHUs] TEXHOJIOTH-
YECKUX MMapaMeTpoB: pacxon ryapoHa 38.9 1/gac,
OTHOIIEHHE (TIpOMaH:Chiphe) cocTaBisuio (6.4:1),
BBIX0[ eacanpruzaTa nopsiaka 30%mac.

[Totox pactBOpa acdanbra (6UTYM 2) H3
AKCTpakTopa jApoccenupyercs B kinamane VLV-110
¢ 3923 no 2723 klla, HarpeBaeTcs B TEILIOOOMEHHHUKE
T-101 o 115°C (VLV-110 u T101 nHa pucynke 2
HE MOKa3aHbl) U MocTymnaeT B neysb [1-1a mis paso-
rpesa 10 219°C, 3areM nmotok 6uTym 3 momaercs
B HCTlapuTelts J-2a. I'azoBas ¢aza (rmotok mpomax 13)
COCTOUT B OCHOBHOM W3 mponana (99.99% momn.)
W MaJIOoTO KOJIMYECTBA YHECEHHBIX OUTYMHBIX
¢dpaxmmit (0.01% mou.), a B xxuakoit ¢asze (MOTok
ourym 4) conepxurcs 1o 10.68% moi. mpomnana.
3amaveli MOCIEAYIONINX alapaToB CXEMBI SIBJISETCS
MOJTHOE BBIJICJICHHE IPOTIaHa M3 KHUIAKOH (hasbl.
Heo0xonuMocTh 3TOro 0OBICHIETCS TEM, YTO He-
MOJIHAsl pereHepanus MporaHa MOXKET MPUBECTH
K BBIXOJy M3 CTPOS CEKIMH TEIUIOOOMEHHUKOB,
B TPYOKax KOTOPBHIX BOSMOXKHO OTJIOXKEHHE KOMIIO-
HEHTOB CMECH U, Kak Clie[IcTBHE, X 3a0uBKa. M3-3a
BBICOKOM BSI3KOCTH pacTBopa acdainbTa 3aTpyaHs-
eTcsl OTZIEJICHHE IMPOTIaHa, II03TOMY HaOJIoIaeTcs
BCcreHMBaHWe acdanbTa. s mpemnoTBpaleHus
3TOTO (PU3UYECKOTO TPOIEcca B IMPOMBIIIIEHHBIX
YCIOBHSAX HCHONB3YIOT AHTHUIICHHBIE MPUCAIKH.
[Tocne ammapara D-2a CHWKAIOT JaBJeHHE MOTOKA
B kimanane VLV-111 go 150 xIla u HampaBistioT
ero (moTok OMTYM 5) B oTnapHyro KoJoHHY K-6.
PacueTsl 10 MOJIENM TOKA3bIBAIOT, YTO JUISl OTTOHKH
10.68% wmos. mpomaHa W3 pacTBOpa acdalibra
MoTpe0yeTcss MUHUMAJIbHBIN SHEPreTUUECKHUI IIOTOK
napa nopsiaka 1.224€® kJ[x/4ac.

Pe3y.]'[l)TaTI)I H oﬁcymz]elme

CHmxeHHe JaBjeHHs I0TOKa OHUTYyM 5
MPUBOJIUT K OJTHOKPATHOMY HCIAPEHHUIO €ro KOM-
MMOHEHTOB /10 joiu oTroHa mopsinka e = 0.0986,
TO €CTh B JJAHHOM IOTOKE YK€ MPUCYTCTBYET J0-
CTaTOYHO OOJIBIIOE KOJIMYECTBO MapOBOM (ha3bl,
COCTOAIICH MPaKTUYECKH W3 TMpOIaHa | CIe0B
He(TaHbIX (pakiuil (Tabauna 1, ctondern Vapour
Phase). ITist 53 heKTHBHOTO UCTIONB30BAHMUS SHEPTHH
MOTOKa 0€3 MPUBJICUCHHS JIOTIOTHUTEIHHBIX SHEP-
TEeTHYECKUX 3aTpar IMeJecoo0pa3sHO pPa3ieiuTh
ra3oByl0 M OKUAKYI0 (a3bl 1O HX HOCTYILICHUS
B kKoloHHY K-6, To ecTb mepen HeH BKIIOYHUTH
B TEXHOJIOTUYECKYIO  CXEMY  JIOTIOJIHUTEIIBbHBIN
cemaparop C1 o (pucyHok 3).
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Pucynox 2. ®parMeHT «THIIOBOH» TEXHOJOTHMYECKOH CXEeMBl YCTaHOBKH JeachaipTh3anum (pacmedaTka B cpene

Honeywell UniSim Design)

Figure 2. Fragment of a "typical" technological scheme of a deasphalting plant (printout in Honeywell Uni-Sim Design

environment)
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Pucynox 3. ®parMeHT TEXHOJOTHYECKOH CXEeMBbl YCTaHOBKHM Jeac(aibTHU3allMu TyJPOHA C JOMOJIHUTEIBHBIM
cemapatopom nponana Claon (pacrneuatka B cpege Honeywell UniSim Design)

Figure 3. Fragment of the technological scheme of the tar deasphalting unit with an additional C1lxom propane separator

(printout in Honeywell UniSim Design environment)

Tabnuna 1.
dpakunoHHBI cocTaB MoToka 6uTyM 5 (pacmedatka B cpeae Honeywell UniSim Design)
Table 1.
Fractional composition of 6uTym 5 stream (printout in Honeywell UniSim Design environment)
Mole Fractions Vapour Phase Liquid Phase
Propane 0,106862 0,999885 0,010311
H20 0,000000 0,000000 0,000000
NBP[0}405° 0,002390 0,000010 0,002647
NBP[0]420* 0,004661 0,000011 0,005164
NBP[0}448* 0,041194 0,000033 0,045644
NBP[0}473* 0,122540 0,000036 0,135784
NBP[0]504* 0,210320 0,000017 0,233058
NBP[0]525* 0,241034 0,000006 0,267093
NBP[0]556* 0,165516 0,000001 0183411
NBP[0]583* 0,074393 0,000000 0,082990
NBP[0)616* 0,030390 0,000000 0,033897

B pesynbTare pasnmeneHus motoka OUTym S
B anmmapate Clpon B mnoToke mnponmaHnClaon
cojiepKaHNe pPEereHepUpPOBaHHOIO IpoMaHa Co-
craBisier 99.97% wmon. (yHOocuMBIe He(TSHBIE
¢paxaun — 0.03% mox.). OcraTouHoe conepika-
HUE TpolaHa B pacTBope acdanpra (MOTOK
ourym 5_) ~ 1% wmonn.

[JanbHeiliee BblAEIEHUE NPOIIAHA B OTHAPHOM
kosioHHe K-6 notpeOyeT sHepreTnuecKuii MOTOK mnapa
nopsiaka 1.01e® k/lx/gac. CpaBHEHHE pacxXoi0B
napa B KosoHHe K-6 mokaspiBaeT, 4To B CXeMe
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C JIOTIONTHUTENBHBIM cenapaTopoM (prCyHOK 3) obec-
NIEYMBACTCS CHIDKEHHE TpeOyeMoro pacxoja mnapa u
COOTBETCTBEHHO TEIJIOBOTO MOTOKA HA BEITMYUHY
(1.224-1.01) €°/ 1.224€% = 17.5% no cpaBHEeHHIO
C THIIOBBIM)» BapUaHTOM CXEMBI.

I'padukn  UTK pasronkn momydeHHBIX
¢pakiuit neachanbrusata u achajabTa MPUBEICHBI
Ha pucyHke 4. PacueTHble OLIEHKH CpeAHEN MOJIsp-
HOW Macchbl BBIJICJIEHHBIX MTPOAYKTOB COCTABIIAIOT:
Ut neachanbTr3ata Myeacp = 376.5 KI/KMOIB;
Jutst acanbTa Maceg = 423.3 KI/KMOJTB.
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B COOTBeTCTBUM C TEXHOJIOTHYCCKOM CXEMOMU
TMPOTIAHOBOM Jicac(haIbTH3AIMHU TYAPOHA BRIXOISIIIAC
M3 OTIAPHBIX KOJIOHH IIOTOKH PEreHEePUPOBAHHOTO
MpoTaHa cojiep>kaT BOAY, TIO3TOMY OHH HaIlpaBIIsi-
IOTCS B KOJIOHHY-KOHJICHCATOP, TJI€ Yepe3 OPOLICHHE
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BOJIOM M3 MOTOKA NpoMaHa yAalsitoT BoAy. B mipeio-
JKEHHOH cXeMme (PUCYHOK 3) 3a CHeT YMEHBILICHHS
pacxoza rapa yMeHbIIaeTcst Tpe0yeMBbIii pacXo] BOJIBI
B KOJIOHHE-KOHJICHCATOpE U, KaK CJIEICTBUE, CHIDKA-
ercst e€ KOJIMUYECTBEHHBIH cOpOC B KaHAJIM3ALIHIO.
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Pucynok 4. I'paduki UTK pasronku dpaximii neachaiprusara (a) u achansra (b) (pacmeuarka B cpene UniSim Design)
Figure 4. Graphs of TBP for distillation of deasphalted (a) and asphalt (b) fractions (printout in UniSim Design

environment)

3akiIouyeHue

[IpoBeneHHBIN BEIUMCIUTEIBHBIA SKCIEPUMEHT
MO3BOJISET CHIEJIATh CIEAYIOIINE BBIBOIBL.

IIpennokena sHeprocOeperaromasi TEXHO-
JIOTHsI pereHepanuy NpomnaHa u3 acgaaibTOBOTO
pacTBOpa YCTAHOBKH IPOMAHOBOH JeacthanbTH3aliu
TyApOoHa, 00ecHeurBarolasl CHIKEHHE Pacxoza mapa
Ha BeNMYuHY Topsiaka 17.5% 3a cyer BKiOYeHUS
B TEXHOJOTMYECKYI0 CXEMYy JOIOJHHUTEIBbHOIO
ceraparopa.

OnTuMH3anHsg TEXHOJIOTHYECKUX PEXKHMOB
ornapHoil kosoHHBl K-6 oOecneumBaer ueTkoe

BBIJICJICHHE TIPOTIaHa, B TIOTOKE KOTOPOTO COJICPKAHHIE
outymubIX (pakiuii cocrasiser 0.03% mom., 9ro
JleTaeT BO3MOXKHBIM B TTPOMBIIIUIEHHBIX YCIOBHSAX
BO3BpAIaTh MOTOK MpOMaHa Ha MUTAHUE SKCTPaAK-
IIMOHHOM KOJIOHHBI.

W3 aHami3a ITOTOKOB TEXHOJIOTHMUSCKOM CXe-
MOH YCTAaHOBKH Jieac(haTbTU3AINH TYIPOHA CIIEYET,
YTO 3a CHET CHIDKCHUSI Pacxojia Tapa YMEHBIIIAeTCs
KOJIMUECTBO BOJIbI, COpachIBAEMON B KaHAJIU3AIIHIO.

[IpemyioxkeHHas TEXHOJOTHYECKAs CXeMa
pereHepanuy MporaHa MOXKET HCIOIb30BaAThCS
B IIPOIIECCAaX OJIHO- W IByXCTYIEHYaToN neachalrs-
TU3AIWH TYAPOHA.
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