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OU3UKO-XUMHNYECKHUE ITPOBJEMbI AJICOPBIIMA U TEXHOJIOI'A
HAHOIIOPUCTBIX MATEPHUAJIAX

Marepuaiiel Bcepoccniickoro HHTEpHET-CUMITO3UYyMa ¢ MEKYHAPOIHBIM Y4acTHEM,
19 okts6psi—15 HosOps 2020 r., MockBa, Poccust

B cOopHuke npeacTaBieHbl MaTepuaibl BeepoccHiickoro MHTEpHET-CUMIIO3MyMa ¢ MEXKITyHApOIHBIM
ydgactueM «DU3HKO-XMMHUYECKHE MPOOIeMbl  afAcopOlMU H  TEXHOJOTUHM HAHOMOPHUCTHIX
MaTepuanoBy, MOCBSIIEHHOTO 160- JIeTHIO cO JHS POXKACHUS BBIAAIONIET0OCS] POCCUUCKOTO YUYEHOTO
Huxonas JImutpueBnua 3eIMHCKOr0, BHECHIETO IPOMAJIHBIA BKJIAJ B MUPOBYIO HayKy, pa3BUTHE
MPOMBIIINIEHHOCTH W 3allUTy YEJIOBEYECTBA OT HEOJArompUSTHBIX BO3JIEHCTBUN OKpYKaromeh
Cpelbl.

B cOopHuke mpenacTaBieHbl pe3yibTaThl HAyYHbBIX HCCIEIOBAaHUM, OTpa)karollue MOCIeIHUE
JOCTHKCHHUST B O0JaCTH TEOPUM M TPAKTHKU aJCOPOIMOHHBIX MPOIECCOB, MpoxoauBiiero 19
OoKTAOpsi—15 HOs1Opst 2020 1. OOCyXmaroTcst akTyaabHbIE TPOOIEMBbI a1COPOIIMK HA TIOBEPXHOCTH U B
HAHO- M MHUKPOIIOPax TBEPAbIX TeJl, KHHETUKU U AMHAMUKU aJCOPOILUH B PAa3IMYHBIX YCIOBUSX,
HEMHEPTHOCTHU U CENIEKTUBHOCTHU acOpOEHTOB. PaccMoTpeHsl 3aaun YUCICHHOTO MOIECTUPOBAHUS
aZicopOIMKM B MOPUCTOM MaTepuajaXx M Ha TOBEPXHOCTU aJCOOEHTOB METOJaMU MOJEKYJISIPHON
nuHamuku, Monte-Kapno. IlpeacraBieHblpe3ybTaThl 3KCHEPUMEHTATBHBIX U TEOPETUUYECKUX
UCCIIEZIOBAHUN TEPMOJMHAMUKH aACOPOIUN Ui DHEPreTUYECKUX aJICOPOIIMOHHBIX CHUCTEM,
pa3paboTku  (EHOMEHOJOTHYECKUX TOAXOJOB U TEOPETHUYECKUX KOHIECMIUN  aacopOruu
WHMBHTyaJIbHBIX BEIIECTB U CMECEH, IPOIIECCOB CAMOOPTaHU3AIMH M aCCOIIUMPOBAHMS B afcopOare.
PaccmoTpenbl HOBBIE GU3UKO-XUMHUYECKHE MTOIXO0/IbI OTPEACTICHHS XapaKTePUCTUK 3()(HEKTUBHOCTH
pa3zeNeHns CMecei Ta3oB, acoOpOIMOHHON AedopMaIiii, 0COOEHHOCTEH MOEKYIApHON nuddy3un
B IIOpax M Ha MOBEPXHOCTH.

B cOopHuke nmpeacTaBiieHbl pe3yIbTaThl UCCIEA0BaHUN B 001aCTH CUHTE3a U aJICOPOLIMOHHBIX
CBOMCTB HOBBIX YIJIICPOAHBIX U MHUHCPAJIBbHBIX a}]COp6eHTOB, CI/IJ'II/IKaI‘CJ'IeI\/’I, MCTAJIJIOPIraHUYICCKHUX
KapKaCHbIX CTPYKTYpP, CHHTCTHYCCKHUX W HNPHUPOAHLIX KOMIIO3UIIMOHHBIX U (I)YHKHI/IOHaJ'IbHI)IX
MaTepUAIOB, a TaKXe W3YYCHHS HX CTPYKTYpbl W (U3UKO-XUMHUYECKHX CBOUCTB. OIICHEHBI
BO3MOKHOCTA TPUMEHEHHUSI HOBBIX MAaTEPUATIOB B BBICOKODHEPTETUYECKHX aJICOPOLIMOHHBIX
CUCTEeMax JUIs Ta30BOH M HedTenepepadaThIBarONIe OTpaciaeil MPOMBIIUIEHHOCTH, MOJIEKYJISIPHO-
CUTOBOIO pa3/IeJICHUs] Ta30B, MCIOJIb30BaHHUS B MEIUIMHE, a TAKXKE B TEXHOJIOTHMSIX 3allUTh
okpy:xaromeit cpenpl. [Inpoko mpeacTaBaeHbl HOBbIE BHICOKOAKTUBHBIC a/ICOPOCHTHI, MOTyUYeHHBIE
U3 OTEUYECTBEHHOTO CBHIPhS. bonbIIoi pa3aen cOOpHHMKA OTBEACH Ha IMPEICTaBICHUE MPOAYKLIUU U
HOBBIX MaTeprajoB CIIOHCOPa U OJIHOTO U3 opranu3atopoB Cummnozunyma — OO0 «3enTnHCKUN TPy

[TpuBenennsie B MaTepuaiax CUMIT03UyMa pe3yJIbTaThl MPEACTABISAIOT HHTEPEC IS IHUPOKOTO
Kpyra XMMUKOB, (PU3UKOB, HH)KEHEPOB, CIEIIUAIHMCTOB, paOOTAIONIUX B HAYYHO-UCCIIET0BATEIBCKUX
HHCTUTYTAax M BYy3aX, aCIIUPAHTOB U CTYACHTOB, 4Ybs ACATCIIbHOCTL HCIIOCPECACTBCHHO CBsA3aHA C
MCCIIeIOBaHNEM aJICOPOIIMOHHBIX TIPOIIECCOB, CAHTE30M aICOPOCHTOB U MOPUCTHIX (DYHKIIHMOHAIBHBIX
MaTepHaioB, pa3pabOTKON HOBBIX aICOPOIIMOHHBIX TEXHOJOTHUM.
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KaHauaaT GU3nKo-MareMaTrueckux Hayk E.B. Xo3uHa
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SELECTIVE SORPTION OF ETHANE FROM NATURAL GAS BY CARBON

ADSORBENTS WITH A TAILORED POROUS NANOSTRUCTURE
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The adsorption method is one of the most promising for creating energy-efficient systems
for separating gases and vapors. At present, the separation of a methane/ethane mixture is one
of the most demanded in practical terms, which is determined, on the one hand, by the
relatively low ethane content in methane, and, on the other hand, by the wide application of
ethane in industry, in particular in the large-scale polymer production. The problem of
separating hydrocarbons contained in natural gas is of great current interest, especially for
Russia, in connection with the new gas fields commissioning, as well as gas chemical
production and gas-energy centers developed in Siberia, the Far East, and Yamal.

The key element of the adsorptive gas separation technology is a special adsorption material
with high selectivity to one of the components of a binary gas mixture. In this case, the
principle of separation of substances can proceed according to one of two mechanisms —
kinetic or adsorption. The first mechanism is characterized by using so-called molecular sieve
adsorbents, the second — adsorbents with a higher energy of adsorption of one of the
components, usually with a lower concentration. Currently, from the point of view of the
technical implementation of the separation process, pressure swing adsorption (PSA) units are
the most common technique.

It is important to note that high requirements are currently imposed on gas separation plants,
involving, in particular, an ability to flexibly vary operational conditions in wide ranges of
temperatures and pressures at different stages of the processing chain of natural gas production
and applications — from the bore-well (upstream) to the end consumer (downstream). In this

regard, the development and optimization of the state parameters of the "P-T-concentration-
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adsorbent" system for the most efficient gas separation process is an important and urgent
scientific and practical task is of scientific and practical significance.

Nanoporous carbon adsorbents are the most promising materials for PSA units intended to
separate a binary "methane-ethane" mixture, due to the possibility of varying the parameters
of their structural and energy characteristics, the specific volume of micropores Wy, the
standard characteristic adsorption energy Eo and the average effective radius micropore xo, in
a wide range of values. In contrast to a new class of advanced materials such as metal-organic
framework structures (MOF), carbon adsorbents have a chemically and mechanically stable
structure resistant to moisture. The low-cost production of activated carbons makes them
suitable for use in PSA units.

In this work, the structural and energy characteristics of carbon adsorbents with strongly
different porous structures were studied. In accordance with the Dubinin theory of volume
filling of micropores [1], the specific volume Wy and the effective radius xo of micropores
varied in the ranges 0.4-1.5 cm?®/g and 0.40-0.80 nm, respectively. The absolute adsorption
isotherms of the pure methane and ethane on the studied adsorbents were measured
experimentally in the range of pressures from 0 to 100 bar and temperatures from 0 to plus
60°C. Based on the experimental data on adsorption and the Ideal Adsorption Solution Theory
(IAST) [2], the adsorption equilibria of co-adsorption of the CH4/CoHs mixture with the
composition of 95/5 vol.% were calculated, and the effective gas separation factors were
determined.

It was shown that in separation systems operating at pressures below and near atmospheric,
it is most advantageous to use adsorbents with ultra-micropores, while at high pressures over
10 bars, materials with high micropore width and volume are more efficient. The obtained
results and optimization parameters can be used in designing the scaled pilot plants for the
separation of the CH4/C2Hs mixture under various operating conditions.
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