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Hayu4HbIn 0630p

Mpouecchl pereHepauuy MeTaHoNa M3 BOAOMETAHOSbHbLIX PAaCTBOPOB
B HepTerazoBou NPOMbILINIEHHOCTH

K.I. CateHoB, C.M. TkeH6aeB, XX.A. TaweHoB, X.E. AxmeToB, C.P. KagbipoB
KMI™ UHxuHupuHe, 2. AcmaHa, KazaxcmaH

AHHOTALUA

B TexHomnorusx gobblum, MOAroTOBKM M TpaHcmopTa HedTu M rasa rasormgpartbl Bbi3biBAlOT
cepbésHble npobrnembl, CBA3aHHbIE C HapyLUEHWEM YKa3aHHbIX TEeXHOMOrMYecKMX MpoLeccoB.
TpagnumoHHblM 1 Hambonee pacnpoCTpaHeHHbIM MeTodoM Gopbbbl € rasormgparamu
B HedTerasoBol MPOMbILUNIEHHOCTU SIBMSIETCA UCMOMNb30BaHWE MEeTaHoMa B KayecTBe MHrnMbutopa
rmopatoobpasoBaHus. YaenbHble pacxogHble nokasatenu noTpebrneHuss MeTaHona B KayecTBe
MHrMbuTopa 06pasoBaHWst ras3oBblX MAPATOB HanpsiMyld 3aBUCAT OT cocTaBa A0ObiBaemon
NpoayKuuu1, a Takke OT TEXHONOrMN NOATrOTOBKMN A06bIBAEMON NPOAYKLMN K TPAHCTIOPTUPOBKE.

[a3oBble rugpaTtbl NPEACTaBnstOT COOOM OOHY W3 CEePbE3HBLIX SKOHOMMUYECKUX Mpobnem
1N npobnem 6e30nMacHOCTU B HedTAHOW W ra3oBOM MPOMBILIIEHHOCTM Mpu passegke, Oobbive,
nepepaboTke 1 TpaHCMOPTUPOBKE rasa 1 yrneBogopOaOoB.

B paHHOW cTaTbe npoBedeH aHanu3 COBPEMEHHbIX METOAOB pereHepaumMu MeTaHona
Ha npeanpuaTusax HedTerasoBon oTpacnu, noapobHO WK3NOXeHbl MeTodbl M MapameTpbl
TEXHOMOTMYECKNX YCTaHOBOK, KOTOpble MNPUMEHSOTCS Ans pereHepauuy BOAOMETAHOMbHbIX
pactBopoB. OnucaHbl [OOCTOMHCTBA W HEAOCTaTkM COBPEMEHHbIX MeTOdOB pereHepauun
BOAOMETaHOMbHbLIX PacTBOpPOB. B pesynbrate npoBeaéHHOro ob3opa CyLeCTBYHOLIMX TEXHONOrUN
Havbonee npeanoyTUTENbHBIM OnpedenéH MeTod pekTudukauum kak Haubonee oTpabOTaHHbBIN
1 LUMPOKO MPUMEHSIEMbI METOA Ha CeroaHSLUHWUA AeHb.

Knroyeenie croea: 8000MemaHoO bHbIU pacmeop, pezeHepauyusi MemaHona,
audpamoobpa3sosaHue.
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Review article

Processes of methanol regeneration from water-methanol solutions
in the oil and gas industry

Kurmet G. Satenov, Sultan M. Tkenbayev, Zholaman A. Tashenov,

Zhanibek Ye. Akhmetov, Sultan R. Kadyrov
KMG Engineering, Astana, Kazakhstan

ABSTRACT

In oil and gas production, treatment and transportation technologies, gas hydrates cause
serious problems associated with disruption of these technological processes. The traditional
and most common method of combating gas hydrates in the oil and gas industry is the use
of methanol as a hydrate inhibitor. The specific consumption indicators of methanol consumption
as an inhibitor of the formation of gas hydrates directly depend on the composition of the extracted
products, as well as on the technology for preparing the extracted products for transportation.

Gas hydrates represent one of the major economic and safety problems in the oil and gas
industry in the exploration, production, processing and transportation of gas and hydrocarbons.

This article analyzes modern methods for methanol regeneration at oil and gas industry
enterprises, and describes in detail the methods and parameters of processing plants that are used
for the regeneration of water-methanol solutions. The advantages and disadvantages of advanced
methods of water-methanol solutions regeneration are described. As a result of the review of existing
technologies, the distillation method was determined to be the most preferable, as the most proven
and widely used method today.

Keywords: water-methanol solution; methanol regeneration; hydrate formation.
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FbinbiMu wony

MyHai-ra3 eHepkacibiHaeri cy MeTaHonAabl epiTiHAinepaeH metaHonabl
pereHepauusanay npouecrepi

K.F. CateHoB, C.M. TkeH6aeB, X.9. TaweHoB, X.E. AxmeTtoB, C.P. KagbipoB
KMI™ UHxuHupuHe, AcmaHa Kanacsl, KazakcmaH

AHHOTALUMUA

MyHalt xeHe ras eHipy, eHdey XoHe TacbiMangay TexHororusnapbiHga ras rugpartTapbl
OCbl TeXHOMNorusAnbIK npouectepaid, 6y3binybiHa ceben 6onaTbliH Kypaeni Macenenepai Tyabipadbl.
MyHaw xaHe ra3 eHepkacibiHae ras ruapaTTapbiMeH KypecydiH ASCTYpri XeHe KeH TapanfaH afici
rmapat UHMbuTopbl peTiHae MeTaHonabl nanganaHy 6onbin Tabbinagel. a3 rmaparTTapbiHbIH TY3iny
WHrMOUTOPbI PeTiHAE MeTaHoNAbl TYTbIHYAbIH YNECTiK TYTbIHY KOPCETKILUTEPI OHAIPINETIH eHiMaepaiH,
KypaMmblHa, COHOaw-aK eHAipinreH eHiMai TacbiMangayfa [AdanblHaay TexHormorusicblHa Tikenemn
GaiinaHbICThbI.

a3 rmgpaTtTapbl MyHal xaHe ras eHepkacibiHaeri ra3 6eH kemipcyTekTtepai Gapnay, eHaipy,
eHey XoeHe Tacbimangay KesiHaeri Herisri aKOHOMUKanblK XeHe Kayincisgik macenenepiHid 6Gipi
6onbin Tabbinagbl.

Byn makanaga myHaw-ra3 eHepkacibi KecinopblHOapblHAA METaHONAbl pereHepauusnaynbiH
3amMaHayu 9pficTepi TangaHadbl JK8He Cy-MeTaHon  epiTiHAIMepiH pereHepauusnay  YLiH
KongaHblnaTblH TEXHOMOMMANbIK KOHABIPFbINAPAbIH 84icTepi MEH NapamMeTprepi Tonblk cunaTTanabl.
Cy-meTaHoOn  epiTiHAINepiH  pereHepauusacbiHblH,  3aMaHayn  9AICTEPIHIH  apTbIKLWbINbIKTapPbI
MeH KeMLinikTepi cunatTanfaH. ByriHri TaHga >KyprisinreH wWony HaTwxeciHAe KonaaHblCTafbl
TEeXHonorusinapgaH €eH Konawnbl , €H [aMblfaH >XoHe KeHiHeH KongaHbinatbiH afic 6orbin
pekTudmrKkauus caHanaabl.

Hezizzi ce3dep: cy-memaHon epimiHdici, mMemaHonObiH peseHepayusichbl, audpammabiH
mya3inyi.
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BBeneHune

TpybonpoBoabl W TexHomnoruveckoe o060-
pyooBaHue MoOXeT ObiTb 3abnokupoBaHo ¢op-
MUpOBaHMEM Pasnn4HbIX rasoBbix rugpatos. O6-
pa3oBaHue ra3ornapaToB BO3MOXHO Kak BO BpeMs
paboTbl, Tak 1 B nepuofbl npoctos. O6bI4HO X Npo-
SBMEHWe MPOMCXOAWUT MOA BbLICOKMM AaBfieHnem
W MNpU HU3KOM TemnepatypHoMm pexume [1-5].
Bopbba ¢ rmgpatoobpasoBaHusiMM No Gosbluen
Mepe HanpaBsfieHa Ha npegynpexaeHve u nuk-
BMOALMIO ra3oBbIX rmaparos (puc. 1).

C pasutMem MacwtaboB [A00ObMM Hed-
TM W rasa W BBOAOM HOBbIX HedpTerasoBbix
MECTOPOXAEHWUIA BO3pacTaeT Takke M noTpeb-
neHve MeTaHona, kak Haubornee 4yacto npwu-
MEHSeMOro peareHTa ANs nogasneHus rmaparto-
obpa3soBaHus [6].

MepBble HayyHble paboTbl NO NPUMEHEHWIO
MeTaHona Ana  nopasneHuss  obpasoBaHus
rmgpatoB HanucaHvbl B 30-e . XX B. ABTOp
Xammepwmuar [7, 8] Hanucan pgee Hawbonee
Ba)kHble cTaTbn B 1934 u 1939 rr., kacawouwumecs
obpa3oBaHna rMapatoB M COOTBETCTBYHOLLMX
npoLeayp no peLueHnto AaHHOW Npobnemsi.

Kak nokasaHo Ha pwuc. 2, 3a nocnegHue
0ecATUNETUss yYeHbIMW W UCCNeLoBaTeNnbCKUMU

rpynnamu no Bcemy Mupy Obinv npoBeneHbl
oOLWKMpHbIE UccreaoBaHWs METOAOB WMHIMOUpo-
BaHWs ra3ornapaTos.

PereHepauunsa metaHona

C Ucnonb30BaHMeM NpoLeccoB

pekTucdukaummn

Ha pwuc. 3 npencrtaBneH TpaauLMOHHbIN
npouecc pekTudukaumm — pereHepaums BOLHOro
pacTBopa meTaHorna (aqanee — BMP). HacbiweHHbI
BMP uepes TennoobmeHHuk (1) n cenapatop (2)
nogaeTcs  Ha  YyCTAHOBKY MO M3BIEYEHMIO
MeTaHona. B cenapatope npovcxoauT yganeHue
HU3KOKMNAWMX yrneBogopodoB (aanee — YB)
N npumecu koHaeHcata. W3 cenapatopa (2)
BMP noctynaet B TennoobmenHuk (5), panee —
B PEKTUMUKALNOHHYIO KONMOHHY (6). HasHauveHne
TennoobmeHHuKa — HarpeB BMP 3a c4é€T HarpeTon
BoAbl 13 pebonnepa (7). na koHgeHcaumMm napos
B KOMOHHE MPUMEHSIETCH annapaTt BO34YLUHOro
oxnaxgeHus (nanee — ABO) (8). ins obecneyeHuns
OpOLLUEHNS  MCMONb3YyTCS Hacocbl COOpHUKa
opowatowen dpakuun (10). N3 BepxHenm yacTm
KOIMOHHbI OTBOAUTCSA BbIAENMBLUUIACA B MpoLecce
cenapauuu ras [9].

MeTogs DopeObl C rasorngparama
Methods of gas hydrate control

Xumnyecrne
Chemical

TexHonorHyeckne DH3HUSCKHE

Technological

HrMBKUTOpL! TMAPaTOOTNoNEHHA
Hydrate scale inhibitors

WHmBuTopsl ruapaToodpasosaHua
Hydrate growth inhibitors

Moaaep#anue GearnapaTHe:

Physical
Mexanuueckne Tennoasie
Mechanical Thermal

PEKMMOE JKCTINYATaLMN

ining hydrate-free operating
modes

DUzUeCKAE

TeproauHamuieckue
Thermodynamic

KuHeTnueckue
Kinetic

Physical

PucyHok 1. Metoabl 60pb6bI € ruapaToo6pasoBaHuem
Figure 1. Methods of gas hydration control

Pl'lcyHOK 3. Cxema npouecca no u3Brie4eHnr0 meTaHona

PucyHok 2. KonuyecTBO Hay4HbIX
ny6nvkaumn, cBsa3aHHbIX
C MHrMBGUpPOBaAHUEM rMAPaTOB,
3a2011-2022 rr.

(no aaHHbIM Google Scholar)
Figure 2. Number of scientific publications
related to hydrate inhibition,
for 2011-2022
(according to Google Scholar)

C NpUuMeHeHunem gucTunnauum

Figure 3. Process flow diagram for methanol recovery

using distillation

1—mennoobmeHHuk / heat exchanger 2— cenapamop / separator;
5 — mennoobmeHHuk / heat exchanger; 6 — pekmucbukayuoHHasi
KoroHHa / distillation column; 7 — pebolnep / reboiler; 8 — anna-
pam e030ywHo20 oxnaxdeHusi / air cooling device; 9 — emkocmb
pegpritokca / reflux capacity; 10 — Hacoc cbopHuka opowaroujel
pakyuu / reflux fraction collector pump; 11, 13 — Hacoc / pump;

12 — nodoepesamers / heater
LC — Level Controller / koHmpornnep yposHs
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Yyenbimm OOO «HayyHo-uccnegosarenb-
CKMA WMHCTUTYT MPUPOAHbIX ra3oB M ra3oBbIX
TexHonormih — BHWWUIA3» 6binv  nony4yeHsbl
nateHTbl Ha cnocob® pereHepauunm BOAHOrO
pacTtBopa MeTaHona M YCTaHOBKY pereHepauuu
BMP [10, 11]. OJaHHble M3006peTeHnss No3BOnsOT
3HaYMTENbHO YBENUYMTbL MNPOU3BOAUTENBHOCTL
«TPaAVLMOHHOTO» npouecca pereHepauum
MHrMbuTopa rugpatoobpas3oBaHus (MeTaHona)
He TONbKO 3a CYET CHWXEeHWs 3HepronoTpebne-
HWSI TEXHOIOrMYECKOro npouecca, HO U 3a cyeT
yBENUYEHUSI CENEeKTUBHOCTU €ero  W3BrevYeHus
NnocpeacTBOM MPUMEHEHUS MHEPTHOW naporaso-
BOW CMeCW, OTBOAMMOW C peKTUMKaLMOHHON
KOFOHHbI pereHepauun MetaHona. [lony4yeHHyto
naporasoByt0 CMECh OXaXaatoT U KOMIPUMUPYIOT,
BCNeACTBME 4Yero MNpOMCXOOWT  KOHAeHcauust
MeTaHona.

PereHepauus metaHona
C UCNosib30BaHWeM YCTaHOBOK
BbICOKOW rpaBuUTaumm

Mpea wucnonb3oBaHWsi MoOnen  BbICOKOWN
rpaButTauMn  Ans  UHTEHCUdUKaLMM  ras3oxua-
KOCTHOrO MacconepeHoca nonyyuna passutue

B Te4eHue nocrnegHux YeTbipéx AeCATUNETUNn,
nocne Toro kak Pamwoy u MannuHcoH
B 1981 r. nonyuunu naTeHT Ha npouecc
mMacconepeHoca [12]. B 3apybexHon nutepatype
LEHTPOOEXHbIE PEKTUDUKALMOHHBIE YCTaHOBKMU,
OCHOBaHHble Ha npouecce MacconepeHoca,
nonyuunu HassBaHue Higee unit — ycTaHOBKM
BbICOKOW rpaBuTauun (nanee — YBIN).

B pabotax[13—19] onMcaHbl HOBbIE NPUHLUMMBI
pereHepauuu mMeTaHona, peanunsoBaHHble
¢ wucnonb3oBaHvem YBI. B annapat BbiCOKOW
rpaBuMTauun B BMAE KanerbHOW CTpyu nogaetcd
BMP (puc. 4). Annapat coctouT 13 kopnyca (9),
potopa (1) wn cratopa (5) C nNOABWXHLIMU
N HEenogBwXHbIMW neperopogkamun (4) n psga

PucyHok 4. Cxema YBI'

ANsl pereHepauun MeTaHona
Figure 4. Higee unit scheme for methanol
regeneration
1, 2— pomop / rotor; 3, 6-8, 10 — wmyuyepsbl / connecting
pipes; 4 — HernodsuxHble nepeeopodku /fixed weirs;
5 — cmamop / stator; 9 — kopnyc / casing; 11 — npueod
/ drive

wryuepoB (3, 6, 7, 8, 10) gna copmuposa-
HUS  ueneBoW pakuuu, KoTopasi BbIBOAUTCS
Yyepes wTtyuep (6).

B nateHTe [20] npeacTaBneHbl TeXHUYeckme
pesynbraTthl pereHepauun MetaHona u3 BMP
C BbICOKMM COAEpXXaHWeM pacTBOPWMMbIX CONEN.
Mpw pereHepaumu mMeTaHona npobnema conesoro
ocTaTka pellaetcs nyTeM npegBapuUTenbHON
ounctkm BMP ¢ npumeHeHuem memOGpaHHON
TexHomnorun (puc. 5).

BMP c BbicOkum copepxaHvem pacTBO-
pVMBIX COMen nporyckaeTcs Yepes KOMoHHy (1),
Kyaa npu MOBbIWEHHOW TemnepaTtype nogaertcs
HarpeTbin ra3z (11). Janee c nomoLliblo raso-
ayBkum (2) cmech, cocToswast u3 napos BMP
1 rasa, nogaetcsa B membpaHy (3). MoTok xngkoctn
Ha BbIxofe M3 MeMbpaHbl, NPOXoasa Yepes Tenno-
obmeHHuK (5), nocTynaeT B KoHAeHcop (4) n fanee
yepe3 Hacoc (12) B KkOHTeWHep (6) uenesBoro
npoaykta. Cuctema pabotaeT B pexvume peumkna,
Korga OTBOASALLMIA ra3 Npu Bbixoae 13 membpaH (3)
noctynaet o6paTHO B KOMOHHY (1).

PereHepauus metaHona

C UCMOSIb30BaHMEM TEXHONOrMM OTAYBKN

BnepBble BapuaHT TEXHOMOMMM  OTAYBKU
Obln NpeacTtaBneH oOLWECTBOM C OrpaHWYeHHOW
oTBeTcTBEHHOCThO OO0  «lasnpom  gobblya
YpeHron». TexHonorns pereHepauum MeTaHona
OCYLLECTBNSETCA B KOMOHHE OTAYBKWM MeTaHona
3a CYET NPOTMBOTOYHONO  MaccoobMeHHOoro
npovecca mexay rasoson gasovi 1 BMP (puc. 6).

OTOT MeToA CXOX C AUCTUNNALUER, TONbKO
BMeCTO pebovinepa ucrnonb3yercsa Tenno rasa.
YctaHoBKa BkMoYaeT B cebs nocnegosaTterb-
HO coeAuHEHHble TPybGonNpPOBOAOM KOMMPECCcop,
PEKTUMKALIMOHHYIO KOMIOHHY W oxnaxgatollee
yCcTponcTBO. Ha Bbixode M3 oxnaxparoLlero ycr-
poNCTBa YCTaHOBMEH BHYTPUTPYOHbIN cenapa-
Top. OQMH M3 BbIXOOOB cenapaTtopa CcoeauHeH

PucyHok 5. YcTaHOBKa Ans pereHepauum
MeTaHona ¢ UCNoNb30BaHUEM
BOAOCENEKTUBHLIX MeMbpaH
Figure 5. Methanol regeneration plant using

water-selective membranes

1 — KonoHHa / column; 2 — 2a3o0yeka / gas blower; 3 —

membpaHa / membrane; 4 — koHOeHcop / condenser; 5,

10 — mennoobmerHuk / heat exchanger:: 6 — koHmelHep

/ container:7, 8 — émxkocmu ¢ BMP / containers with WMS;

9, 12 — Hacoc / pump; 11 — HaepembIll 2a3 / heated gas
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PucyHok 6. Cxema npouecca no u3BneyeH1o MeTaHona ¢ NpuMeHeHneM MeToaa OTAYBKM razomMm
Figure 6. Process flow diagram for methanol recovery using gas stripping method

BbinapuBatenb
Evaporator

I—b

N
BMP (CH-0 10% macc.) (/'

v

WMS (CH-®O 10% mass.) "

—>

ConeBoit pacTBop
Saline solution
d

Bbixog metaHona 99,5% monb.
Boaa 0,5% mornb.

Methanol yield 99,5% mol
Water 0,5% mol

»
|

[AUCTUNNSALMOHHAs KONOHHa
Distillation tower

<

PucyHok 7. Cxema n3BneyeHus MeTaHorna ¢ npMMeHeH1MeM NpoLeccoB BbiNapuBaHUA U AUCTUNNALUN
Figure 7. Scheme for methanol recovery using evaporation and distillation processes

C 9KEKTOPOM, YCTAHOBIEHHbIM Ha NUHUKU NoAauu
BMP B konoHHy (puc. 6) [22].

PereHepauusa metaHona

C Ucnonb3oBaHMeM NpPoLeccoB

BbiNapuBaHUA U QUCTUNNALUN

OgHMM 13 MeTodoB, MPUMEHSEMbIX B MpPO-
ueccax pereHepauuuM MeTaHona, SBMSiETCH
METOA, BblNapuvBaHUs W OUCTUMNALUKU, KOTOPbIV
YUUTLIBAET CIIOXHBIN COCTaB U COAepxaHue conen
8 BMP.

Mpouecc BbiNnapueBaHus npeanonaraeT wuc-
nonb3oBaHWe 3HayuTenbHoro obbema Heob-
XOOMMOW  SHeprMvM Ans  UCMapeHus  BoApbl,
4YTO NO3BOMSIET paccmaTpvBaTb BblNapuBaHue
KaK aHeproemkyto TexHomnoruto. Tak, B pabote [23]
paccMaTpuBaeTcsl NPoLEeCcC MHOTOKPaTHOrO Bbina-
pvBaHMA, a Takke MpeacTaBfieHbl pesynbraTbl
nuccnegoBaHus, KOTopble  MO3BOMSKOT  CHU3WUTL
notpebneHne  napa, COKpaTUTb  3aTparbl
Ha MpPOWM3BOACTBO W MOBBLICUTL 3KOHOMMUYECKYHO
peHTabenbHocTb. Mo AaHHOM TEXHOMNOrM4Yeckowm
cxeme noporpetein  BMP  nopaetca B wuc-
naputenb, a CMELWaHHbIn nap, COCTOALWMIA
M3 BOAbl W MeTaHomna, HanpsiMyl nodaetcs

B OUCTUNNSLMOHHYK KOMOHHY (puc. 7). MMapbl
MeTaHona MOAHUMAOTCA B BEPXHIOW 4YacTb
KOMOHHbI, OXNaX4alTCsa W  KOHAEHCUPYTCS
B xonogunbHuKke-koHaeHcatope.  XKnakocTb,
BbIXOOSALWAA M3  HWKHEW 4acTW  KOMOHHbI,
yTUNU3NPYETCs B KayecTBe OTXOOOB Kak oTpa-
OOTaHHbIN KOHUEHTpAT.

B paHHOW cTaTbe 0606LieHbl pesynbraThl
uccnefoBaHui B obnact  MeTogoB  pere-
HepauMu MeTaHona, a Takke nogpobHo
onucaHbl WX [OOCTOMHCTBA W  HeJoCTaTKu.
B Tabn. 1 npepctaBneHa cpaBHUTENbHAas
XapaKkTepucTka  CyLUeCTBYIOLUMX  [OCTYMHbIX
TEXHOMOMNIA NO U3BMEYEHUIO METaHOMA.

MeTtoa pekTudMKauuy SBMSIETCS  XOPOLUO
0TpaboTaHHON TEXHOMOrne W LUMPOKO NpuUMe-
HSIETCH B NPOMBbILUMIEHHBIX MacLuTabax.

MeTtogpl  BbinapvBaHWs U MPOAYBKM
XapaKTepuayoTcs NpoCTOTOW TexHomnoruu,
HO B TO Xe Bpemsi TpebytoTcs Bonblume aHepro-
3aTpartbl.

B omnnuve oOT BblleykasaHHbIX METO-
0OoB, MeTog —MmacconepeHoca He  Tpebyer
OonosnHUTEnNbHbIX 3HeprosaTtpat. K Hepoctatkam
MOXHO OTHECTM MOBbILUEHHbIE BUOPALMOHHbIE
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Tabnuua 1. CpaBHeHMe CyLLECTBYOLMNX JOCTYMHbLIX TEXHONOIUMN
Nno M3Bre4YeHU0 MeTaHona
Table 1. Comparison of existing available methanol recovery technologies

Evaporation

The evaporation process involves using a significant
amount of required energy to evaporate water. The
WMS and steam are supplied to the evaporator,
where the salts are evaporated from it. Next, the
mixture of methanol and steam is cooled in a cooler,
or the mixture is then fed into a distillation column to
increase the concentration of methanol.

MeTon OnucaHue Mpeumywectea Henocrarku
Method Description Advantages Disadvantages
XOpOLLO OTpaboTaHHas TEXHONOTUS; MOXET HCTIONb3OBATHCS TONbKO
[I0CTaTO4HO BbICOKas CTENeHb pasae-
. Nocne OYULLEHUS CbIPbEBOTO MPO-
TIEHUSA KOMMOHEHTOB; »
NPUMEHVMA B MPOMbILLNEHHbIX AyKTa OT conen 1 ip. Hexenarene-
MACLITaBax: HbIX KOMNOHEHTOB;
- yp‘oaeHb aBTOMaTUIALMM: BbICOKWE 3HEpPro3aTparhbl, CBA3aH-
’ Hble C Nepexofamu Ha 3UMHWIA 1
Bblcokasi 9h(PEeKTUBHOCTb C nepcrnek- nepexon
TMBOH SHEprOOMTAMMIALIN NETHUI pexumbl paboTbl, a Takke
Ha HarpeB BMP B peGoiinepe;
Pa3sHoBUAHOCTbL NpoLiecca AUCTUNNALMN C HUSKMMA NOTEPAMI TENNa, Benl/l\?eHMe paSMgpa KOJ‘IOZHI:I
KOTOpasi OCHOBaHa Ha NMPOTUBOTO4HOM aéammonem- venone3yemoe 0GopyosaHue vveet ﬁpm CIULLKOM HUW3KOI KOHLieHTpa-
Pektudpmka- | ctBue napooii v xuakux das (pnermo) AocTyn K GbICTPOiA 1 OnepaTMBHOM umu meTtaHona B BMP.
wns ’ 3aMeHe KOMMNIEKTYIoLWWX. :
Distillation A type of distillation process that is based . can be used only after the raw
on the countercurrent interaction of vapor well-developed technology; product has been purified
N a fairly high degree of separation .
and liquid phases (reflux). of components: from salts and other undesirable
N - . X components;
applicable on an industrial scale; ) . .
high level of automation: high energy costs associated with
high efficiency with the ;;rospect transitions to winter and summer
R . operating modes, as well as for
of energy optimization with low heat perating N .
losses: heating the WMS in the reboiler;
- increasing the column size when
the equipment used has access S
to quick and prompt replacement the methanol concentration in the
WMS is too low.
of components.
OcyLLecTBrsieTcs B KONIOHHE OTAYBKU MeTaHorna
3a cYeT NPOTMBOTOYHOMO MaccooBMeHHOro npoLecca
Mexay rasosoii hasoit 1 BMP. BMP nopaetcs
B BEPXHIOI0 4aCTb KOMOHHbI, @ ra3 NnocTynaeT B HU3
KOMOHHBI. B pe3ynsraTe NpoTMBOTOKA MPOUCXOAUT HDOCTOTA TEXHONOMN:
cenapauust BMP ropsiuum rasom. a3oxuakocTHas P ! TpebyeTcsi 6ecnepeboiiHas nogava
¢hasa ¢ Bepxa KOMOHHbI, NPOXOAs Yepes KoHAeHCa MIPMMEHIME B IPOMBILLINEHHEIX rasa B npoLecc;
! macuutabax; .
TOP-XONOANUIbHUK, Pa3AensieTcs Ha ra3oByo Gonblune aHeprosaTparthbl Ha
M KnaKyo (MetaHon) dasbl ras 13 BEPXa KOMOHHL! MOXHO PELAP- Harpes OTAYBOYHOrO rasa;
Mpoays- Yactb pel’eHepMpOEaHHOI’OIMeTaHOJ'Ia MOXeT BO3- kynuposark 0GpaTHO B MpoLiece HeobXoauMbI peLLeHNst l:lJllFl yTunm-
ANs CHWKEHWs ero pacxopa;
Ka (mecopb- | BpaLaThCs B KONOHHY Ha OpOLLEHME. 3aLun OTAYBOYHOTO rasa.
) MOXET UCMOMb30BaTLCS MPU BLICOKNX
. . . . A aBneHusx BMP. .
Purging It is carried out in the methanol stripping column gim licity of technology: an uninterrupted supply of gas to
(desorbtion). |due to a countercurrent mass exchanging process plctty 1ology: the process is required;
between the gas phase and the WMS. The WMS applicable on an industrial scale; high energy consumption for
is supplied togthe top of the column aﬁd as gas from the top of the column can hgatin thgeystrippin as;
enters the bottom of the column Aé a resgult of the be recycled back into the process solutio?\s are needegds;for}he
N : to reduce its consumption; ) e
counterflow, the WMS is separated by hot gas. The can be used at high WMS pressures disposal of stripping gas.
gas-liquid phase from the top of the column, passing 9 P .
through the condenser-refrigerator, is separated
into gas and liquid (methanol) phases. Part of the
regenerated methanol can be returned to the column
for reflux.
MPOCTOTA TEXHONOMM; IMaBHbI HEJOCTATOK — 3HAYUTENb:
MOXET UCMOMb30BaTbCA s O4UCTKMN 'q
BMP o7 coneil 1 Apyrix Hexena- HO€ KONMYECTBO dHEepruu 1 Tenna
° 151 MOMHOTO
TenbHbIX NMpUMeceit; gbll‘la ABakns BMP:
NPU UCMOMb30BaHUM JOCTYMHbIX HeBbIEOKaﬂ «OH EHT’ AL MeTa
lMpoLecc BbinapuBaHsi NpeanonaraeT UCMosb3oBa: BCMOMOTATENLHLIX CACTEM 1t Hona B I'IpO[J,yKTL;' P
HMe 3HauyuTenbHOro ob6bema HeobxoaMMon aHeprn MynbTUO(DEKTUBHOMO BbinapuBa:- Ges p,aaneVlLueV; pekTudmkaumm
nsi ucnapeHust Boabl. BMP 1 nap nopatotcsi B HUst GHEPTOGMKOCTL MOXET GeiTh NPaKTUYECKN Ha BbIXOAE MoMyYaeT
ﬁcna meﬁb rae M?Héro BbINa| m‘:aanoﬂc;l conm ONTMMIASMPOBANa; cfu NonynpoaykKT; . Y
J:l,anei CMe(;b f‘neTaHona nna e'a) oxrna aeTC‘iI- BOSMOXHOCTb MCTIONL30BAHNA Tenma enecgog ::inO’ 11 UCMONb30Ba
B oxnagutene nuéo cmecb apnee I'IO)K:‘ETCH B Ha Apyrux yCTaHosKax; I:mq npu qgcmq:c‘»m BO3BpaTe Anst
eKTI/Id’):lVIKa VIOHHYIO Kcmomfl st I'IO’quILLIeHVIﬂ MPOLIECC MOXET GbiTe HGMOMNL30- MHrVIGpVI 0BaHUs! MeTaHOnz Hmsﬂom
Beinapusa- EOH eHT| aumm MeyTaHona va BaH B COMETaHUM C TPAALIAOHHOV KOH| eHg auum (40-60% macc.).
Hue ueHTpay . pekTudukaumei Ans oumctkn BMP HeHTpau ° o

oT coneit.

simplicity of technology;

can be used to clean WMS from salts
and other undesirable impurities;

by using available auxiliary systems
and multi-efficiency evaporation,
energy intensity can be optimized;
possibility of using heat in other
plants;

the process can be used in
combination with traditional
rectification to purify WMS from salts.

the main disadvantage is a
significant amount of energy and
heat for complete evaporation of
WMS;

low concentration of methanol in
the product;

without further rectification, the
final product is practically a semi-
product;

suitable for use with partial

return to inhibit low concentration
methanol (40-60% mass).
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MeTon OnucaHue MpeumyliecTea HepocTaTtku
Method Description Advantages Disadvantages
i HeAoCTaToOMHO NpoBEPEHHas
KOMMaKTHble pa3Mepbl YCTaHOBKY; i
TexHornorusi;
He TpebyeT AONOMHUTENbHBIX
. . MNOBbILLIEHHOE NMOTpebneHve anek-
MpoLecc ocyLlecTBRsieTcs 3a CHET MHTEHCUMKaLMK | TennosaTpar; X
Macconepe- z TPO3HeprumM ABuUrateniemM npuBoaa;
rasoXMAKOCTHOrO MacconepeHoca nog AeicTBreM | He TpebyeT NPUMEHEHUs BbICOKO-
Hoc (HIGEE o NOBbILLEHHbIE BUGPALIMOHHBIE
) LieHTPOGeXHOIA CUTbI. KUMSALLWX peareHToB.
unit) Harpysku potopa.
Mass . . . . . . . .
The process is carried out due to the intensification | compact dimensions of the plant; . - .
transfer o . . o insufficiently proven technology;
..\ | of gas-liquid mass transfer under the influence of does not require additional heat . .
(HIGEE unit) N T increased power consumption by
centrifugal force. consumption; R )
. . the drive motor;
does not require the use of high- X o
. increased vibration loads of the
boiling reagents. rotor

Harpysku potopa M HeOoCTaTOYHO MpOBepeHHast
TexXHonorus.

BbiBoAbI
B naHHo paboTte paccMOTpeHbl XMMUYeckue
meToabl  60pbbbl ¢ rugpaToobpasoBaHMEM,

npegcTaeneH 0630p NpMMeHeHWs B HedbTerazoBomn
NPOMBILLNIEHHOCTU  MPOLIECCOB  pereHepauuu
MeTaHona W3 BOOOMETaHONbHbIX PacTBOPOB,
a Tawkke CTaTyC CaMux TEeXHOMOruW Ha OaHHbIN
MOMEHT.

M3ydeH  MUpoOBOWM  OMbIT  MPUMEHEeHUs
XMMUYecknx meTtogoB 6opbbbl € rmaparo-
obpa3oBaHneM, BKMOYas MPOEKTbl Ha MECTo-

OONONHUTENbHO

UcTouHnk duHaHcupoBaHusa. ABTOpbI
3a8BMAOT 006 OTCYTCTBMM BHELUHEro (PUHaH-
CMPOBaHWsA Npu NPoBeAEHNN UCCcnegoBaHus.

KoHdnuKT uHTepecoB. ABTOpbl [Aekna-
pYPYIOT OTCYTCTBME SIBHbIX W MOTEHLMAmNbHbIX
KOH(NNKTOB WHTEpPEecOoB, CBHA3aHHbIX C ny6-
nuKaumen HacTosILLEeNn cTaTbu.

Bknap aBTopoB. Bce aBTOpbI NOATBEPXKAAOT
COOTBETCTBME CBOEro aBTOPCTBa MeXAyHapoaHbIM
kputepusam  ICMJE  (Bce aBTOopbl  BHEecnu
CYLLECTBEHHbIN BKMag B pa3paboTKy KoHuenuuu,
npoBedeHVe  uccnegoBaHMs UM MOArOTOBKY
cTaTtby, Npoynu 1 ogobpunu uHansHyo BEPCUIO
nepeg nybnukauven). Hawbonbwwuii  Bknag
pacnpegenéH cnegytowmm obpasom: CateHos K.I.
- WHTepnpeTaums OaHHbIX, HanncaHve
W pepakTupoBaHue pykonucu, TkeHbaeB C.M.
— TMpoBepka pesynsratoB, pegakTupoBaHue
pykonvcu, TaweHoB XK.A. — KoHUenuust paboTbl,
WHTeprnpeTaumss [aHHblX, KOHTpPONb 3a Bbl-
nonHexHvem pabotbl, AxmeToB XK.E., Kagbipos C.P.
— c6op, aHanu3, UHTepnpeTaLust 4aHHbIX.

poxaeHusix Poccumn, CLUA, Hurepum u gpyrux
cTpaH. HecmoTpsi Ha akTWMBHOE WCMOoSb30BaHWE

MHOIrMMu ncenenoBaTeribCKUMn rpynnamm
pa3nnyHbIX NoaxoaoB K COBepLUEeHCTBOBAHUIO
MeToa0B pereHepauunn MeTaHona, aHanms

NUTepaTypHbIX AaHHbIX NOKa3bIBaET, YTO Hanbonee

4yacTo W YCMNEWHO MpPUMEHSIEMbIM  METOAOM
pereHepauun metaHona u3 BMP aensetca metoq
pekTudmkaumm.

[aHHbIN meToa HaxoauTt LUMpoKoe
NPUMEHEHNE NPY OCBOEHUW TPYOHOU3BIIEKAEMbIX
3anacoB  YIrNeBOAOPOAHOrO  Chipbs,  BKIOYast
yBenunyeHve oHOoa CKBaXxvH B npouecce

pa3paboTku LenbgOoBbIX MECTOPOXAEHWIA.
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