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UTILIZATION OF HYDROGEN SULFIDE-CONTAINING
REFINERY FLARE GASES

Abstract. Modern oil refinery flare does not provide the beneficial use of discharged hydrocarbon gases and
vapors, which does not allow to reduce the volume of hydrocarbon gas burned in flare candles and reduce
atmospheric pollution. To ensure a stable and trouble-free operation of the flare plant and to increase the efficiency
of waste gas utilization, their preliminary compression using mechanical or jet compressors and the construction of
gas treatment plants are required. A low-cost method of utilizing hydrogen sulfide-containing refinery gas is
proposed, including two-stage gas compression by a liquid-ring compressor using an alkanolamine aqueous solution
as a working fluid in the first stage of compression, separation of the compressor of first stage compression to
produce desulfurized gas, hydrocarbon condensate and an alkanolamine saturated hydrogen sulfide. In the second
stage, the compression of the desulfurized gas is carried out by a liquid-ring compressor using a hydrocarbon
absorbent as the working fluid, cooling and separation of the compress of the second stage of compression produce
lean gas, water condensate and absorbate. The aqueous condensate is mixed with saturated hydrogen sulfide
alkanolamine absorbent and taken out for regeneration, the hydrocarbon condensate is mixed with the absorbate to
produce BFLH, and the lean gas is subjected to membrane separation to produce hydrogen and fuel gas. Application
of the method can partially cover the needs of refineries in hydrogen by reducing its losses, as well as return gas and
hydrocarbon fractions for processing or to the fuel network of the plant.

Key words: flare plant, oil refining, waste gases, hydrogen sulfide, gas purification, gas compression, liquid-
ring compressor, hydrogen utilization, fuel gas.

The relevance of the topic. Flare systems are designed to ensure the safety of permanent, periodic,
and emergency discharges of flammable gases and vapors with their subsequent combustion. The most
widely used method for gas utilization in flare plants is gas separation, which involves the separation of
flare gases to produce hydrocarbon gas, which is utilized for combustion, and condensate that is pumped
out of the plant. The modern flare facility of the oil refinery includes special installations for collection,
short-term storage, and return of released hydrocarbon gases and vapors for further use. This method
reduces the volume of irreversible losses of hydrocarbon gas (burned in flare candles), thereby reducing
atmospheric pollution, and ensures stable and trouble-free operation of the flare plant [1-4]. Given that the
emission of flare gas is one of the main sources of environmental pollution and global warming, it is of
great importance to develop the methods for utilization of flare gases in the oil and gas industry, in
particular in oil refineries of many countries [5-8]. One of the problems related to the utilization of low-
pressure flare gases is the need to compress them to the pressure necessary for processing or transportation
to external consumers [9-11].
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Discussion of problems. For compression of hydrocarbon gas in flare plants, piston and screw
compressors are usually used. To drive them, a large amount of energy resources (electricity or water
vapor) is consumed, moreover, one could observe hydrogen sulfide corrosion of internal components,
parts of the compressor, and other installation, pollution of the production environment due to leakage of
the compressed medium [12-13]. As an alternative to a mechanical system for compressing flare gas,
liquid-jet compressors are proposed. Water, petroleum products, and crude oil are used as the working
fluid of a jet compressor (JC), and in the case of compression of aggressive gases, neutralizing liquids are
used. For example, it is reported that light coking gasoil is used as a working fluid to compress the flare
gas to a pressure of 0.5-0.6 MPa, which allows to send it to the fuel network of the plant. C3+
hydrocarbon fractions are released from the flare gas during compression due to their dissolution in gasoil
and diverted to the catalytic cracking unit for utilization along with the balance excess [14].

The disadvantage of using gasoil or other petroleum products as a working fluid is that they
practically do not absorb hydrogen sulfide during the gas compression process. The presence of its
residual amounts in the compressor, which is used as fuel in process furnaces, leads to contamination of
the production environment with toxic sulfur dioxide. To combine the processes of compression and
purification of gas from hydrogen sulfide in a jet compressor, it is proposed to use an aqueous solution of
amine as the working fluid [13]. However, as the practice has shown, the amine solution is contaminated
with heavy hydrocarbon fractions contained in the compressed gas, which complicates the process of
regeneration of the solution due to the foaming in the desorption column.

From both economic and operational points of view according to foreign companies, it is more
appropriate to use low-pressure refinery gases for compression, including flare gases, and liquid-ring
compressors (LRC). They successfully solve the problem of compressing explosive gases, as well as gases
with a high content of hydrogen sulfide, hydrocarbon condensate, water, and gases containing mechanical
impurities [15-17].

This type of compressor (LRC) supplied mainly by foreign manufacturers finds its application in the
Russian oil and gas production and refinery [18-19]. For example, Garo and several other foreign
companies supply compressors and installation based on them for the utilization of hydrogen sulfide-
containing flare gases that use alkanolamine solutions as the working fluid. Due to the absorption
properties of the working fluid in relation to hydrogen sulfide, these installations (see figure 1) reduce its
content in the compressed fuel gas, which helps to solve the problem of environmental protection. When
compressing the flare gas, heavy hydrocarbons of gasoline fractions are partially released from it because
of condensation, which is usually carried with the gas to the flare. However, the use of an amine solution
as a working fluid does not limit the loss of hydrogen contained in refinery flare gases in an amount of up
to 60% vol., the loss of valuable hydrocarbon fractions C.4 of refinery flare gases reach up to 40% by
mass. of the potential.

The analysis of scientific works of Kazakh scientists shows that many people were engaged in sulfur
issues.

The paper shows the possibility of using sulfur as a vulcanizing agent of rubber mixtures. Thus, the
authors of the work proposed one of the ways to utilize industrial sulfur in favor of production [20].

Materials and methods of research. We have proposed a method for compressing flare gas with a
liquid-ring compressor, which reduces the loss of hydrocarbon fractions and hydrogen and increases the
degree of purification from hydrogen sulfide (figure 1).

A special feature of the technical offer is that the process of compression of hydrogen sulfide-
containing flare gas by a liquid-ring compressor is carried out in two stages: at the first stage, an amine
solution is used as the working fluid, and at the second stage, the desulfurized gas is compressed with
another working fluid - a hydrocarbon absorbent. The compressor of the second stage of compression is
cooled and separated to obtain the lean gas, and the absorbent, which is mixed with hydrocarbon
condensate and removed from the installation. The water condensate is mixed with an alkanolamine
absorbent saturated with hydrogen sulfide, and removed from the installation, and the lean gas is subjected
to membrane separation to produce hydrogen and fuel gas [21].
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In the proposed method, compression of desulfurized gas at the second stage using a hydrocarbon
absorbent as the working fluid allows the absorption of valuable hydrocarbon fractions contained in the
desulfurized gas and reduction of their losses with the fuel gas. The membrane separation of the lean gas
to produce hydrogen and fuel gas reduces the loss of hydrogen with the fuel gas and returns it to the
production cycle and allows to obtain a fuel gas with a high volumetric calorific value.

The presence and quantity of hydrocarbon and water condensates released during compressor
separation depend on the composition, temperature, and pressure of the refinery flare gases, on the flow
rate and temperature of the alkanolamine and hydrocarbon absorbents, as well as on the compression
pressure at each stage and the cooling temperature of the second stage compressor. Technological
parameters of the process are set based on the requirements for the composition and characteristics of fuel
gas and hydrogen (hydrogen-containing gas), as well as the acceptable level of losses of hydrocarbon
fractions with fuel gas.

Gasoline, kerosene, diesel fuel, and any other hydrocarbon mixtures with low viscosity can be used as
a hydrocarbon absorbent.

Research results. Based on the results of the pilot run and calculation studies, the technological
regulations were developed for the design of the refinery's flare gas utilization unit with a capacity of
3000 nm3/h (2.4 t/h), including a compression unit based on the NAM-2500 liquid-ring compressor of the
NASH company.
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Figure 1 - The scheme of compression and purification of refinery flare gases [20]:
Flows: 1 — flare collector; II — fresh amine solution; III — cold coolant;
IV — hot coolant; VI — purified gas; VII — gas condensate; VIII - saturated amine solution for regeneration.
Devices: 1 — flare separator; 2 — gasoil tank; 3 — liquid-ring compressor;
4 — heat exchanger; 5 — three-phase separator.

According to the regulations, the oil refinery's flare gas, which contains 0.76% vol. of hydrogen
sulfide and 45.9% vol. of hydrogen (see table 1) in the amount of 3000 nm3/h (2.4 t/h) at a temperature of
35 °C and a pressure of 0.15 MPa, is directed to the inlet of the NAM-2500 liquid-ring compressor of the
NASH company. The compressor is supplied with a 15% aqueous solution of monoethanolamine in the
amount of 8 m3/h as the working fluid. A compressor with a compression pressure of 0.4 MPa is sent to a
separator to produce 3052 nm3/h of desulfurized wet gas containing 0.01% hydrogen sulfide and 7.99 t/h
of an aqueous solution of monoethanolamine saturated with hydrogen sulfide. Hydrocarbon condensate is
not released under experimental conditions, and there is no change in the hydrocarbon composition of the
gas after the first stage of compression as can be seen from table 1.
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Table 1 - Results of compression of flare gas with a liquid-ring compressor

The content of components, % vol.
No. Components Gas after the 1st Gas after the 2nd
Flare gas . . Fuel gas

compression stage compression stage
1 Methane 25,34 24,9 27,18 44,0
2 Ethane 6 5,9 5,89 7,19
3 Propane 6,63 6,52 5,22 12,2
4 Isobutane 2.43%, 2,39 1,37 3,18
5 N-butane 3,84% 3,77 1,83 4,23
6 Isopentane 1,89 1,86 0,5 1,13
7 N-pentane 0,77 0,76 0,17 0,37
8 Propylene 2,18 2,14 1,79 4,19
9 Butylenes 0,13 0,13 0,07 0,16
10 Pentenes 0,34 0,33 0,09 0,19
11 Hydrogen sulphide 0,76 0,01 0,01 0,02
12 Nitrogen 3,77 3,71 4,11 9,66
13 Hydrogen 45,9 45,1 50,77 12,4
14 Carbon dioxide 0,02% - - -
15 Water - 2,48 1,0 1,08

Further, the desulfurized gas is sent for compression to the inlet of a liquid-ring compressor, where
8 t/h of raffinate from the aromatic hydrocarbon extraction unit is used as working fluid and compressed
to 0.8 MPa. After that, the compressor is cooled to 40 °C and separated to produce 2730 nm3/h of lean gas
and 8.6 t/h of absorbate, which is sent to pyrolysis, and 37.9 kg/h of water condensate, containing
dissolved monoethanolamine vapor, which is mixed with an aqueous solution of monoethanolamine
saturated with hydrogen sulfide and sent for regeneration. An increase in the mass of the absorbate by
0.6 t/h (8.6 t/h against the initial mass of the working fluid of raffinate, 8.0 t/h) is associated with the
absorption of valuable C4+ hydrocarbon fractions contained in the initial flare gas. It allows to reduce
their content in the gas, as can be seen from Table 1, and by this reduce their losses due to combustion in
the fuel gas

Then, to separate the hydrogen, the lean gas is sent to a membrane gas separation unit, which
produces 1.35 t/h (1160 nm3/h) of fuel gas and 0.45 t/h (1570 nm3/h) of hydrogen-containing gas with a
content of 79% vol. of hydrogen. The resulting hydrogen concentrate is compressed for short-cycle
adsorption (SCA) process, which produces 1240 nm3/h of pure hydrogen, as well as 330 nm3/h of fuel
gas. After mixing the fuel gas from the membrane unit and the SCA, the gas is sent to the fuel network of
the refinery in the amount of 1490 nm3/h, the composition of which is shown in Table 1.

Conclusions. Thus, the proposed method of gas processing can be used in the oil and gas, oil refining,
and petrochemical industries for the utilization of hydrogen- and hydrogen sulfide-containing refinery
flare gases. The application of the method can partially cover the demand of the oil refinery in hydrogen
by reducing its losses, as well as return valuable hydrocarbon fractions to processing, and the gas purified
from hydrogen sulfide - to the fuel network of the plant.
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KYPAMBIHJA KYKIPTTI CYTETT BAP 3AYBITTBIK
MYHAM AJIAY I'A3BIH KOJIETE ) KAPATY

AnHotanusi. MO3-1iH Ka3ipri 3aMaHFBl ajlay OIApYyallbUIBIFBI TACTAJAaThIH KOMIpCYTeKTi ra3 OeH OyabIH
naiiara achlpbUIYbIH KaMTaMachl3 €Te aJIMaii/ibl, HOTW)KECIH/e, anay IIaMIapblHAa JKaFbUIAThIH KOMIPCYTEeKTi Tas-
JbIH KeJIeMi a3aiThUIMali/ibl oHe aTMoc(epaHbIH JIaCTaHybIH a3aiiTyFa MYMKIHAIK OonMaiabl. AJlay Mmapyarbuib-
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FBIHBIH JKYMBICBIH TYPaKThl )KOHE anaTka YIIbIpaMaiThIHOal KaMTaMachl3 €Ty VILIiH JKOHE TOriHIi Ira3mbl Kouere
)KapaTy THIMIUIITIH apTTBIPy YIIiH MEXaHHKaJIbIK HEMEece arbIHAbl KOMIIpeccopiapasl NaiiiallaHa OTBIPHII, OJNApAbI
AJJIBIH aJ1a KOMIIPUMUPJIEY XKoHE ra3 Ta3ajay KOHABIPFbIIAPBIH cally Tajal eTiuIe/l.

KypambiHga KykiprcyTeri Oap 3aybITTBIK MYHAil ajlay ra3blH KOJEre J>KapaTyIblH a3 MIBIFBIHIBI TOCLTI
YCBIHBULABL, OYJI TOCULAIH KypamblHIa ajKaHOJAMHWHHIH Cy epITIHAICIH CBIFYIbIH OIpiHIII CaTBICHIHIA >KYMBIC
CYHBIKTBIFBI PETiHJE Naiaaany apKblibl CYHBIKTBI-CAKWHAIBI KOMIIPECCOPMEH €Ki CaThUIBI ra3zbl ChIFy, COHIA aK
CBIFy/IBIH OIpiHIII caThIChl OOMBIHIIA KOMIIPECCATTHI cenapauusiay apKbUIbl KYKIPTCI3ZECHIIPUIreH ra3 aiy >KoHe
KOMIpPCYTEKTI KOH/IEHCaT IIeH KYKIPT CyTeriMeH KaHbIKKaH aJIkaHOJIAMHH aOCOpOEHTIH ally KapacThIPbUIFaH.

TexXHUKANBIK YCBIHBICTBIH HETI3T1 epeKImeNiri — KypamblHAa KYKipTcyTeri 6ap Qakembai Ta3mbl CYWBIKTHI-
CaKWHAJIBI KOMIIPECCOPMEH CBIFY TPOIIECi €Ki caThlAa JKY3ere achIphUTYBIHA: OipiHIII caThiia KYMBIC CYUBIKTHIFBI
peTiHae aMUH epiTiHAici maimamaHbDIagbl, all eKiHII caThlga KYKIPTCI3ACHIOIPUITeH Tra3fbl CHIFy 0acKa JKYMBIC
CYWBIKTBIFBIMEH, SIFHU, KOMIPCYTEKTI aO0COPOEHT apKbJIbl KYpPri3iiei.

ExiHmn caTbia KYKipTCI3[A@HAIPUITeH ra3/ibl ChIFY/Ibl )KYMBIC CYHBIKTBIFBI PETIHIE KOMIPCYTEKTI aOCOpOCHTTI
maiiianaHy apKbpUIBI CYHMBIK-CAKMHAIBI KOMIPECCOPMEH JKYPri3endi, CBIFyAbIH eKIiHIII CaTbIChl OOWBIHIIA
KOMIIPECCATThl CAJKBIHAATY JKOHE Clapanusaiiay apKblbl 6eH3I/lH)IeH6eFeH rasjabl, Cy KOHACHCATBIH KOHC
abcopOatThl anajgpl. Cy KOHAEHCATHIH KaHBIKKAH KYKIPTCYTEKIIeH, aJKaHOJaMHUH aOCOpOEHTIMEH apanacThIpajibl
JKOHE pereHepaiysFa mbiFapaabl, kemipceyreri konaeHcatbiH JKKK®-ap1 ((keHiT keMipcyTeKTepaiH KeH (QpaKiischl)
anaThlHOal eTinm abcopOaTreH apajacThlpaabl, an OCH3WHIENTIeH Ta3 CyTeri MEH OTBIH Ta3blH ally apKbUIbl
MeMOpaHaJIbIK 0eJyre YIIbIpanbl.

Kommnpeccarrapasl cenmapamusiiay Ke3iHae 0OeJIiHeTiH KeMipCyTeKTi )KOHE Cy KOHACHCATTaphIHBIH OOIYHI )KOHE
OJIapIbIH MOJIIepi, 3ayBITTBIK MYHall anay Tra3fapblHBIH KypaMblHa, TEMIIepaTypachlHa JKOHE KbICHIMBIHA,
AIKaHOJIAMUH JKOHE KOMIpCYTeKTi abCOpOCHTTEepIiH IIBIFBIHBI MEH TEMIIepaTypachlHa, COHAAN-aK, CKIiHII CaTBLIBI
KOMIIpeccaTThIH opOip caTbIOarbl CHIFBLTY KbICBIMBIHAH JKOHE OHBIH CAIKBIHAATY TeMIepaTypachlHa OailJIaHBICTHI
Oonazapl. Y IepicTiH TEXHOJIOTHSUIBIK HapaMeTpliepi OThIH ra3bl MEH CyTeriHiH (KypamblHIa cyTeri 6ap ras) Kypamsl
MEH CHUIATTaMaJlapblHa, COHIAaW-aK OTBIH ras3bl 0ap KeMipcyTeK (pakuusulapbl LIBIFBIHBIHBIH pPYKCaT eTUIreH
JIeHreliiHe KOMBIIaThIH TalanTapra CydeHe OThIpbII Oepinei.

Kewmipcyrekri abcopOeHT periHie OeH3MHIEP, KEPOCUHIED, IU3eb OTBHIHIAPHI )KOHE TYTKBIPJBIFEI TOMEH Ke3
KeJreH 0acka Jia KeMipCyTeKTi Kocranap naiiajgaHbuTybl MyMKiH.

Toxipubenik Kypic jkoHe ecenTik 3eprreyiep HaTkenepi OoibiHIa NASH dupmacsiaein NAM-2500 map-
KaJIbl CYMBIKTBIKTBI-CAKMHAIIBI KOMIPECCOP HETI31HIETT KOMIIPUMUPIIEY 6JI0TBIH KaMTHTBIH oHiMainiri 3000 am3/car
(2,4 1/car) MO3-HbIH (akensi ra3piH K9fIere )KapaTy TopaObIH jxo0aliayFa TEXHOJIOTUSUIBIK, PErJIaMEHT 931 pJIeH .

¥YchHBUTFAH oficTi KonmaHy MO3-HIH cyTeriferi KaXeTTUINH OHBIH HIBIFBIHBIH a3aiiTy eceOiHeH imriHapa
’kaOypl, COHmal-aK ra3fbl KoHE KOMIpCYTeKTi (pakumsiapApl KailTa eHIeyre HeMece 3aybITTHIH OTBIH JKENiCiHe
KalTapyIbl KAMTaMachl3 €Tyl MyMKiH.

Tyiiin ce3aep: anay KOHIBIPFBICHI, MYHAWHIbI KaiiTa ©HACY; TOTIH/I Ta3; KYKIPTTi CyTeri; ra3iapibl Ta3apTy;
rasziapJbl KOMIPHMHPIIEY; CYHBIKTHIKTHI-CAKHHAIIBI KOMIIPECCOP; CYTEKTi KOJEre jkapary; OThIH ra3bl.
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YTWIN3ALIMS CEPOBOJOPOICOAEPKAIIINX HE®TE3ABOICKIAX
®AKEJBbHBIX FA30B

Annoranusi. CoBpemeHHoe (akenbHoe Xo3stiictBo HII3 He oOecreunBaer Mojie3HOE HCIOIb30BAHHE
cOpachIBaeMbIX YIJICBOAOPOJHBIX T'a30B M MApOB, YTO HE IO3BOJISIET YMEHBLIATH 00BEM CXKHUIaeMbIX B (DaKeIbHBIX
CBeuax yrieBOIOPOJHOTO Ta3a M CHIXKATh 3arpsisHeHne armocdepsl. st obecrieuenns ycToiunBoii 1 6e3aBapuitHON
paboThl (haKeIbHOTO XO3SMCTBA M JUIS NMOBBINIEHHS >(QQEKTUBHOCTH YTHIM3ALMH COPOCHBIX ra3oB TpeOyeTcs HX
MPeABAPUTENHHOC KOMIIPUMHPOBAaHHE C HCIOJIb30BAaHUEM MEXAHWYECKHX WM CTPYHHBIX KOMIIPDECCOPOB U
COOPYXEHHUE T'a30049HUCTHBIX yCTAaHOBOK.

[TpennoxeH Mano3aTpaTHBI CIIOCOO YTHIIM3AIUMU CEPOBOJOPOJCOAEPKAMIMX He(Te3aBOACKUX (haKeTbHBIX
ra30B, BKIFOUAIOIUH ABYXCTYIIEHYATOE CXKATHE Ta30B XKHUJKOCTHO-KOJIBIIEBBIM KOMIIPECCOPOM C HCTIOIb30BaHUEM HA
MEpBOH CTYHNEHM C)KaTWd BOJHOIO pacTBOpa aJKaHOJAMUHA B KadecTBe pabouel JKUIKOCTH, CEHapanuio
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KOMIIpeccaTa IIepBOH CTYNEHM CKaTHs C IOJIyYeHHEM OOECCepeHHOr0 TIasa, YIJIEBOAOPOAHOTO KOHJIEHCAaTa |
HACBIIIEHHOTO CEPOBOIOPOIOM ATKAHOJIAMHUHOBOTO a0COpOEHTA.

OCOOEHHOCTBIO TEXHUUYECKOTO MPEAIOKEHHs SBIISETCS TO, YTO MPOLECC CKATHSI CEPOBOJOPOJICOAEPIKAILIETO
(hakenpHOTO ra3a >XHJIKOCTHO-KOJIBIIEBBIM KOMIIPECCOPOM OCYLIECTBIISIOT B JIBE CTYIEHU: Ha IIEPBOM CTYNEHU B
KavyecTBe pabouell >KMAKOCTH HCIIONIB3YIOT aMHHOBBIM PacTBOp, HA BTOPOH CTyNEHH ckathe o0eccepeHHOro rasa
MPOBOASAT Ipyroi paboyei )KUAKOCTHIO — YIJIEBOJAOPOIHBIM a0COPOEHTOM.

Ha BTOpoif crymeHu cxaTtue 0OECCEpEeHHOrO ra3a IMPOBOIAT JKHUIKOCTHO-KOJIBLEBBHIM KOMIIPECCOPOM C
UCIIOJIb30BaHNEM B KauecTBE pabouell KHUIAKOCTH YIIIEBOAOPOIHOTO abCcOpOeHTa, OXJaXKIECHHEM M cerapanuei
KOMIIpeccaTa BTOPOH CTYNEHH CXKaTHA TOIYyYaroT OTOCH3WHEHHBIM Ta3, BOTHBIN KOHAeHcaT M abcopOar. BomHbrit
KOHJCHCAaT CMEIIMBAIOT C HACBHIIIEHHBIM CEPOBOJOPOAOM aJKaHOJAMUHOBBIM aOCOPOCHTOM U BBIBOJIAT HA
pereHepaIyio, yriIeBOAOPOIHBIA KOHIEHCAT CMEMINBAIOT ¢ abcopbarom ¢ moxyueHuem LIIDITY, a oTrOeH3MHEHHBIH
ra3 MoJBepraroT MEMOPaHHOMY Pa3[EJICHHUIO C TIOJly4YCHUEM BOJOPO/ia M TOILTMBHOTO Ta3a.

Hanuume u  KOJNMYECTBO YIJIEBOJOPOAHOTO W BOJHOTO KOHAEHCATOB, BBLACIAEMBIX IIPU CeNapanyun
KOMIIPECCATOB, 3aBUCHT OT COCTaBa, TEMIIEPATyphl M IaBieHHs He(Te3aBOACKUX (haKeNbHBIX ra3oB, OT Pacxona u
TEMIIEpaTypbl alKaHOJIAMHUHOBOIO M YIJIEBOJOPOIHOIO aOCOPOEHTOB, a TAK)KE OT JAaBJICHUS CXKAaTUS Ha KaXIOH u3
CTyIEeHeH M TeMIepaTypbl OXJaXICHHS KOMIIpeccaTa BTOPOW CTyNeHH. TeXHOJOTHYecKHe MapaMmeTphsl Ipolecca
3a7al0TCsl MCXOAs M3 TPeOOBaHMH, MPENBIBISEMBIX K COCTaBY M XapaKTEPUCTHKaM TOIUIMBHOTO ra3za W BOJOPOJA
(BomopojcoaepyKaliero raza), a Takke K JOIYCTHMOMY YPOBHIO ITOTEPb YTJIEBOJOPOIHBIX (PAKIMH C TOIIMBHBIM
ra3oM.

B xadectBe yrieBomopomHOro abcopOeHTa MOTYT OBITH HCIOJB30BAHBI OCH3WHBI, KEPOCHHBI, AW3EIHHBIE
TOIUIMBA M JIIOOBIE APYTHE YIICBOIOPOIHBIE CMECH C HEBBICOKOH BSI3KOCTBIO.

ITo pe3ynpTaTaM ONMBITHOTO MPOOEra M pacUETHBIX NCCIEIOBAHUN Pa3padOTaH TEXHOJIOTHIECKUI pETJIaMEHT Ha
IPOEKTUPOBAHKE y3na yTHimzamuu (axemsHoro raza HII3 mpomssommrensHocThio 3000 HMY/wac (2,4 T/4ac),
BKJIFOYAIOIIMK OJIOK KOMIPUMHUPOBAHWS HAa OCHOBE KHIKOCTHO-KOJBIIEBOTO Kommpeccopa Mapku NAM-2500
upmbr NASH.

[TpumeHenne cnocoba MOXKET YacTUYHO MOKpBITH noTpeOHocTn HII3 B Bojopone 3a cyeT CHMXKEHUs ero
MOTEPh, & TAK)KE BO3BPATUTD T'a3 M YIIIEBOJOPOIHbIE (hPAKLUK Ha NepepabOTKy WIIM B TOIUIMBHYIO CETh 3aBOJIA.

KaioueBsie ciioBa: dakenbHas ycraHOBKa, epepadoTka HeTh; COPOCHBIN r'a3; CEpOBOAOPOJ; OYHCTKA Ira3oB;
KOMITPUMHPOBAHHE Ia30B; )KUAKOCTHO-KOJIBLIEBOH KOMIIPECCOP; YTHIIN3ALHs BOJOPO/Ia; TOIUTUBHEIN Ta3.
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