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AHHoTanmsl. B cratbe mpoaHaIM3MpoBaH BONPOC 00 ONTHMHU3AIMU M30TEPMHUYECKON aacopOuny 3a-
IPSI3HUTEIST KUIAKOCTH C MprMeHeHueM Mmozenu JlyounnHa-PanynikeBnya Ha Oa3e MpeioKEHHOH KOH-
HENIUH MYJIBTHAJICOPOCHTHOTO U30TEPMUYECKOTO Mpoliecca. XOpoIlo W3BECTHO, YTO MOJIENIb U30TCPMBI
Jyoununa-PaiynikeBnya B OCHOBHOM HCIOJIB3YETCS TS M3JIy4SHUsI MEXaHU3Ma aJICOPOLIMK Ha TIOPUCTHIX
ajicopOeHTax MpH HOPMaJIbHOM PACHpPECICHUH DHEPrHMU Ha TeTEPOTCHHOM MOBEPXHOCTH. DTa MOAECIb
yAauHO OTOOPaKaeT MPOILECChl aJICOPOLMK TIPH MCIIOIb30BAHUH PACTBOPHUTEIIS IIPU CPEAHUX KOHIIEHTpA-
uusax sarpasaurens. [Ipy 5Tom KOHCTaHTBI ¢, M 3 5Tl MozjeIn MOTYT ObIThH ONpesieseHbl TpadoaHau-
THYECKH, a TaKUe MOKA3aTeu KaK ¢, U £ ABISIOTCA XapaKTePHCTHKaMHU aJcopOeHTa M CIIEI0BATENbHO,
aJIcOPOCHT B LIEJISIX ONTHMHU3AIMK HEKOTOPOTO Ipoliecca aJcopOnru MOXET OBbITh BBIOpaH M0 ATHM I10-
KazaTensiM. B craTtbe uccnemyercs skcTpeMaibHble cBoiicTBa Mozenu Jlyoununa-PagymikeBrda mpuMeHu-
TEJIBHO K MPOIIECCy MYJIBTHAICOPOCHTHOM copOLuu ancopbara U3 3arpsi3HCHHOM KUIKOCTH. B kauecTBe
OCHOBBI TIOCTPOEHA JIUCKPETHAsI MaTeMaTuuecKkas MOJIeIb MYJIBTHaICOpOSHTHOTO Tporecca. B nensix mc-
CJICAOBaHUS SKCTPEMAJIBHBIX CBOWCTB MOJCIU C MPUMECHCHUEM BapUAIIMOHHOIO NpUHIWIIA ONITUMH3AIUN
OCYIIECTBIICH YCJIOBHBIH MEpPEeXoj Ha arnpOKCUMUPYOIIYI0 HENPEephIBHYIO MOJIEIb Tpotecca. [Ipu atom
HCIOJIB3YCTCA CXEeMa ONTUMU3alnU I/I3OMOp(bHO-FOJ'IOHOMHLIX cucteM. OU3NYECKUM aHAJIOTOM oCTpO-
E€HHOM MaTeMaTH4YecKOW MOJIENH SBISETCS MHOTOKIOBETHOE YCTPOWCTBO OUMCTKU X)UAKOCTH. Ompenene-
HO, YTO B IIPEIIaraéMoOM MHOTOKIOBETHOM YCTPOMCTBE OUUCTKHU JKUAKOCTEH MPU HAIMYUU MEXIY yKa-
3aHHBIMU TTOKa3aTeIsIMH B3aUMOCBS3H B Buze E = C; - m; C ,=const BO3MOXEH ONTUMAJILHBIH PEKUM
peanu3aluy MyJabTHaJICOpOIMOHHOTO Tporecca. [IpoBeaeHHbIH aHaIu3 TMOCTPOCHHOI MareMaTn4ecKoi
MOyIeNn COpOIMHK MOKa3aj, YTO NPH BBITOJIHEHUH COOTBETCTBYIOIIETO YCJIOBHUS MPOLIECC COPOIIMU MOXKET
JaTh MakcUManbHbIi 3 dext. TexHuueckas peanu3anuy MpeajiaracMoro MHOr0aIcOpOSHTHOTO Mpoliecca
IpearnonaraeT UCIoJIb30BaHHEe MHOTOKIOBETHOTO YCTPOMCTBA, B i-M U3 KOTOPBIX MPUMEHSETCSI aJICOPOCHT
C IOKasarelseM ¢, . AZcopOar o KIOBETaM PACIpEeAenseTcs paBHOMEPHO. TeopeTuyeckn MokasaHo, 4To
MaKCUMaJbHBIN 3 deKT ancopOimm OyeT MoydeH B TOM cliydae, €Clii B BBIOPAaHHBIX aJICOPOCHTaxX yBEIlH-
4eHue g, (a7copOIMOHHAst EMKOCTh MPH HACHIILIEHUH ajicopOenTa (Mr/T)); GyaeT cONpOBOXKAATECA POCTOM
BCIMYMHBI E (KaXXYIICHCs SHEPTUH aICOPOIHH).

KiarwueBsble ci10Ba: onTHMU3AINS, a7COPOIIHSI, 3arPA3HCHIE, )KUIKOCTh, OYHCTKA

XOpoIIo M3BECTHO, YTO B HACTOSIIEE BPEeMS IS
MOJISIIUPOBAHUS PA3IMYHBIX MPOIECCOB aICcOPOINN
WCTIONB3YIOTCA YpaBHEHHsS paBHOBecusi JleHrmiopa,
Opetinanuxa u Jlyonnnnaa-Pagymkesuda [1-5].

Hacrosimiass ctarbs mocBsilieHa BOIIPOcaM OMTH-
MaJIbHOTO BBIOOpa afcopOCHTOB B IPOIIECCE MHOTO-
aJICOPOEHTHOTO aJICOPOIIMOHHOTO YIAJIEHUS 3arpsi3-
HEHUIl M3 KHUIKOCTH C HCIOJH30BAHWEM MOJIEIN
n3otepmbl JlyOmnmnnHa-PagymikeBnda. Xopomo wu3-
BECTHO, YTO MOJAENbs n3oTepmbl JlyOmHwmHa-Pamgyr-
KeBHYa B OCHOBHOM HCITONIB3YETCS JUIS M3ITy9ICHUS
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MEXaHHM3Ma aJCcopOIMM Ha IMOPHUCTHIX ajcopOeHTax
MIPU HOPMAJILHOM PaclpellelIeHnH YHEPTUN Ha TeTe-
poreHHoi#l noeepxHoctu [6-10]. Dta Monens ynauHo
0TOOpaXKaeT TMPOIECCHI AICOPOIUU TPU HCTIOIH30-
BaHUM PACTBOPHUTENS MPH CPETHUX KOHIICHTPAITHIX
3arps3HUTeNss. OCHOBHBIE YpPaBHEHUS 3TOW MOAeId
cnenytomue [11]:

Ing, =Inqy, — f&? (1)

E=RyT-In (g—i) (2)
1

b= ®
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TIe: g, — KOJMYECTBO ajcopbara B ancopOeHTe
B PaBHOBECHOM COCTOSTHHH (MI/T); [3 — MOCTOSIHHAsI
n3orepmbl  Jlyoununa-PamymkeBuda (mol*/kJ?); (B
orpezensieT CBOOOJAHYIO JHEPrHIO COpPOLMH MOJb
copbara; ¢, — anCopOLUMOHHAs EMKOCTh NPU HACHI-
HIeHUH aJicopOeHTa (Mr/T); € — koHcTaHTa JlyOuHuHa-
PagymikeBuya, xapakTepusyromas CTerneHb copoLuuu
ajcopbara Ha TIOBEPXHOCTh cOpOeHTa; R, — ra3osas
noctosinHast, paBHas 8.314 Jx/monw K; T — abco-
motHas Temneparypa (K); C, — KoHUeHTpanus pac-
TBOPEHHOTO BEUIECTBA B aJCOPOIIMOHHOM CIIO€ TIPH
paBHoBecuy; C, — KOHIEHTPAIUs paCTBOPEHHOTO Be-
mecTsa B pactBope (Mr/am’) B paBHOBECHOM COCTOS-
HUM; E — KaKyliascs SHEprusl afcopOIuu.

VYpaBuenue (1) Moxer ObITH MPEOOpPa3oOBaHO B
IKCIIOHCHIIUATBHYIO (POPMY 3aIluCH

Qe = qm - exp(—fe?) “4)
C yuerom (3) u (él) TaKXKe MOTYIUM
Ge = G exp (- =) Q)

Crenyer OTMETHTB, 4TO ¢, , B ¥ £ ABJIAOTCS KOH-
CTaHTaMH MoJenu u3oTepMbl JlyOmHuHa-Pangyike-
Buya. [Ipu 3toM, kak ormeuaercst B padore [12-15],
KOHCTaHTBI ¢, U [3 MOryT OBITH onpejieneHsl rpagoa-
HaJIUTHUYECKH, C HCIoIb30BaHueM ypasHeHus (1). U3
BBIILIEU3JIOKEHHOTO SICHO, YTO TAKHE MOKa3aresn Kak
g, W E ABIAIOTCS XapaKTePUCTHKAMH aJcopOeHTa 1
CIIeNIOBATEINILHO, aJICOPOCHT B LIEISX ONTUMHU3AINHN He-
KOTOPOTO TpoIiecca aacopOIMu MOKET ObITh BEIOpaH
o 3TUM nokazarenasiM. COOTBETCTBYIOIINE JIaHHBIE,
MOKHO HalTH, Harpumep, B padorax [12, 16-17].

[anee B HacCTOsILIEN CTAaThE UCCIEAYETCS IKCTPE-
MaJlbHBIE CBOMCcTBa Mozenn Jlyoununa-Panymkesnya
MPUMEHHUTENIHO K TPOLECCY MYJIBTHAACOPOSHTHOM
copOuuu agcopbata U3 3arps3HEHHOM KUIKOCTH.

OBCYXJIEHHUE PE3YJIBTATOB

PaccmorpuM  MynbTHAACOPOSHTHBIM  ITpOIECC
copOuum ajcopbara ¢ 3arps3HEHHOW JKHIIKOCTH.
[Ipouecc ancopOumu moaenupyercs uzorepmont Jly-
Oununa-PanymkeBnya ciemyromum obpasom. Omn-
TUMU3ALUS [POLECcCa OCYIIECTBISAETCS IO CXEeMe
ONTUMU3AIUU  U30MOP(HO-TOJIOHOMHBIX ~ CHCTEM,
oJipoOHo ornucaHHbIX B [18-19] JlomycTum, uTo mis
OCYILECTBICHHSI MYJIBTHAJICOPOLIMOHHOIO Ipolecca
BbIOpaHa rpynmna ajacopOeHToB, MOKa3aTelb ¢, B KO-
TOPBIX 00pa3yeT yHOPSII0UeHHOE MHOKECTBO

0 = (Gms) B (©6)

meq,.=4q,., + Ag ;1= 1n; Ag = const; n —
KOJIMYECTBO acopOeHTOB. Jlajee BBOIUM Ha paccMo-
TPEHHE MOJICIIEHYIO (DYHKIIUIO BHIOOpA TIOCTOSTHHBIX
n3zotepmbl Jlyoununa-Panymkesrnda B Bujie

E=1aq,) (7

C yuetom (5) u (7) HaIUIIEM

Ge = amexp [~ 2] (®)

[IpocymmupoBas (8) o Bcem agcopOeHTaM C Io-
PSAKOBBIM HOMEDPOM 1, l'IOJ'Iy‘-II/IM

Z?:l e = Zl 19m,i€Xp [ 2f(qm,) ] (9)
Hanee, mist onpeaencHUs ONTUMaIbHOH (DyHK-
unu f{g, ), HECKOIBKO Cy3UM NPOCTPAHCTBO HETIPe-
PBIBHBIX H IBaXKIBI TUPPEepeHINPYEMBIX QYHKIHIHA, B
KOTOpPOM OyJeT OCYHIECTBIISATh MOUCK ONTHMAaJIbHOM
(yHKUMOHANBHON 3aBUCHMOCTH f(q, )
i=1f(qm_i) =(; C = const (10)

Jid manpHEMIIero aHain3a MPUHSAB N —> O C
nmuckpetHo# ¢opmbr 3ammcu (9) u (10) mepeiinem Ha
HenpepbIBHYIO Gpopmy 3ammcu. Breipakenue (9) 3amm-

IIeM B BHUC:
f‘hn,max
0

opt’

2
9e(@m)d G = [} qmexp [~ zf(i;ﬁ] dqm(11)

Bripakenue (10) B HenpepbIBHOH GopMme 3anncu
UMeeT B

Jmme £ (qm)d G = € (12)

I'padmueckas naTEpIpeTanys BHIOOPa MOHOTOH-
HbIX QyHKUMM f(g ) moKaszaHa Ha puc. 1.

A
Fltm)
Emrz.x 5 e
it L]
% 1 )’ 1
Y # 1
‘\ F i
2 . '.' i
» ¢ i
x # H
" #
» 4 i
» # ]
Emﬂ.x N -
kS e — 4
2 ..«’ N\ i
& b ]
- ‘-\ i
3 ;I LY L}
rl "I\ [
i . |
J" 4 \\. !
- % |
- A I
- "\ I
Pl W3
-
I
qm.mﬂ.x qm

Puc. 1. T'papuueckoe oTOOpakeHHE HEKOTOPBIX
yukumni f(g ) ynosnersopsromux ycnouro (12).
Cpennue 3HaUCHHMS BCEX MOKa3aHHBIX BapuaHToB (1-4)
¢yukunn f{g ) na uarepsane (0 + g ) paBHbI %

C yuerom Beipaxenuii (11) u (12) cocraBum 1e-
neBoit GyHKIMOHA Oe3yCIOBHON BapUalMOHHOM O11-
TUMHU3ALUA [

F = [7m e |~ o] d am + 2™ f @m)d 4 — €] (13)

CornacHo [20] pelieHrne ONTUMU3ALMOHHON 3a-
nauu (13) MOMKHO YIOBIETBOPSATH YCIOBUIO:

d{qmexp[ zf(qm)Z] Ar (qm)}

(14)
af(qm)
U3 ycnosus (14) nonyqaeM
~amexp |- 2f(qm)2] famr TA=0 (15)
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PaccmoTpum ciyuaid, korga
2

&
1
2f(qm)? « (16)

B stom ciyuae, Beipaxkernwue (15) 3amumiem B cie-
JYIOIIEeM BHUJIC

g2 g2
Im (1 2f<qm)2) f(@m)?
W3 (17) naxomum

+1=0

(17

2 2 y)
1— € L€ _A
( Zf(Qm)z) flam)?® dm 0
N3 (18) ¢ yuetom (16) momyuanm
g2 A -0
flam)?® dm
N3 (19) umeem:

3 2
f (Qm) = ‘/%
C yuerom (12) u (20) 3anurmrem
dmmax 3 [€2am —
Js J 7 dam=C¢

U3 (21) momyurm
31 4c

124

3e3'q13n,max

U3 (22) naxomum:
1= 2752Q$n,max

T e4cd
C yuerom (19) u (23) nmonyuum

4C3/qm

f(qm) ="z
3q13n,max

Takum obpazomM, mpu ycioBud (24) ¢yHKIHOHAI
F nocruraer skcrpemyma. UToObI ONpeaenuTh THIT
IKCTpEMyMa JOCTaTOYHO B3STh pon3BoaHyo (19) mo
f(q,) n yOenuThCs, YTO PE3yNbTar SBIAETCS OTPULIA-
TENbHOM BETMUMHON. DTOT (haKT MOKa3bIBAET, YTO TPH
pemenne (24) GyHKIMOHAN F TOCTUTAaET MaKCUMyMa.

[IpoBeneHHBIN BhILIE aHATU3 MYJIbTHAICOPOCHT-
HOTO Tpolecca COpOIMU MOKa3bIBACT, YTO MPH BbI-
MOJTHEHUH yciioBHA (24) mponecc copOuuu npHu yc-
noBuu (16) MOXET JaTh MaKCUMAaIbHBIN 3PQEKT.

Yro KacaeTcs TEXHUYESCKOW pean3alnu npeiia-
raeMoro MHOroaJcopOEHTHOTO Ipolecca copouuy,
TO €ro peanusanysi MpeanoiaraeT HCIOIb30BaHUE
MHOTOKIOBETHOTO YCTPOMCTBA, B i-M M3 KOTOPBIX
NPUMEHAETCSL afiCOPOCHT ¢ MmokasareneMm ¢, . Al-
copOar 1Mo KIOBETaM paclpeessieTcss PaBHOMEPHO.
Cornacuo (24) makcuManbHbIid 3 ekt agcopOuun
OyZeT Mmoiy4yeH B TOM cCiy4dae, €cli B BBIOpaHHBIX
afcopOeHTax yBenuIeHue g, OyleT COMpOBOXKIaThCS
pOCTOM BEJIMYUHEI E.

(18)

(19)

(20)

e2y)

(22)

(23)

(24)

3AKJIIOYEHUE
[IpennokeHa KOHUENLUSI MYJIBTHAJCOPOCHTHOTO
H30TEPMUYECKOTO Tporecca copOun 3arps3HUTENCH
KHUJIKOCTH. B kauecTBe TeOpeTHUeCKOl OCHOBBI B3sITa
n3orepMuueckas mopens Jlyoununa-PamymkeBuua.

Ilokxazana BO3MOXKHOCTH OlITUMU3allUM  MYJIbTHA/-
COPOIIMOHHOTO MpoIiecca NP HAJOKECHUH HEKOTOPOTO
OIrpaHUYUTEIIBHOI'O YCJIOBHS Ha MCKOMYIO ONTUMAJIb-
HYI0 (YHKIMOHAIBHYIO CBSI3b MEXKIY KaKyLIeHCs
SHepruu ajcopOmu £ ¥ ajacopOLMOHHON EMKOCTU
TP HAChIIEHUH ajicopbenta (g, ). Onpeneneno, 4o
IIpyU HAJIMYUHU MEXKAY YKa3aHHBIMU MOKAa3aTcIsIMU B3a-
umocss3u B Buge E = C; - M; C; = const Bo3-
MOXKEH ONTHMAIIBHBIN PexXUM paboThl MYJIBTHAICOPO-
[MOHHOTO YCTPOMCTBA COPOLIMH B TMPEAIOIaracMoM
MHOTOKKOBETHOM YCTPOMCTBE OUUCTKH KUIAKOCTEH.
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OPTIMIZATION OF AN ISOTHERMAL MULTIPADSORBENT
PROCESS OF LIQUID POLLUTANT ADSORPTION
ACCORDING TO THE DUBININ-RADUSHKEVICH MODEL

F.G. Agayev, H.H. Asadov, B.R. Jabbarly

National Aerospace Agency, Baku, Republic of Azerbaijan

Abstract. The article analyzes the issue of optimization of isothermal adsorption of a liquid contami-
nant using the Dubinin-Radushkevich model based on the proposed concept of a multiadsorbent isothermal
sorption process of liquid pollutants. It is well known that the Dubinin-Radushkevich isotherm model is
mainly used to radiate the adsorption mechanism on porous adsorbents with normal energy distribution
on a heterogeneous surface. This model successfully displays the adsorption processes when using a good
solvent at medium concentrations of the pollutant. At the same time, the constants q_ and B of this model
can be determined graphoanalytically, and indicators such as q _ and E are the characteristics of the adsor-
bent and, consequently, the adsorbent in order to optimize some adsorption process can be selected based
on these indicators. The article investigates the extreme properties of the Dubinin-Radushkevich model in
relation to the process of multiadsorbent adsorption of adsorbate from a contaminated liquid. A discrete
mathematical model of a multiadsorbent process is constructed as a basis. In order to study the extreme
properties of the model using the variational optimization principle, a conditional transition to an approxi-
mating continuous process model was carried out. In this case, the optimization scheme of isomorphic-ho-
lonomic systems is used. The physical analogue of the constructed mathematical model is a multi-cuvette
liquid purification device. It is determined that in the proposed multi-cuvette liquid purification device, if
there is a relationship between these indicators in the form of E = C; - W; C =const, an optimal mode
of implementation of the multiadsorption process is possible. The analysis of the constructed mathemati-
cal model of sorption showed that if the corresponding condition is met, the sorption process can give the
maximum effect. The technical implementation of the proposed multi-adsorbent process involves the use
of a multi-cuvette device, in the i-th of which an adsorbent with the index g, , is used. The adsorbate is

i

distributed evenly through the cuvettes. Theoretically, it is shown that the maximum adsorption effect will
be obtained if the selected adsorbents have an increase in g, (adsorption capacity at adsorbent saturation
(mg/g)); It will be accompanied by an increase in the value of E (apparent adsorption energy).

Keywords: optimization, adsorption, pollution, liquid, purification
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