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IHTEHCU®IKALIA COPBLIMHUX NPOLECIB OUUIIIEHHS
CTIYHUX BOJA KOMIVIEKCHUMMU NTPUPOTHUMHU COPBEHTAMUA
HHTEHCUPUKALUA COPBIHIMOHHLIX ITPOLHECCOB OYUCTKH
CTOYHbLIX BOA KOMIIVIEKCHBIMMU ITPUPOIHBIMH
COPBEHTAMM
INTENSIFICATION OF SORPTION PROCESSES FOR WATER
CLEANING OF COMPLEX NATURAL SORBENTS

Anomauia. [locniodxceno 6naug 2iOpoOOUHAMIYHUX YMO8 HA KIHEMUKY
ougy3itinux npoyecie npu O4YUWEHHI CMIYHUX 600 8I0 NPAMUX OAPBHUKIE.
Busnaueno eenuuuny cmenemni 3anoeHeHHs nNOp NpupoOHUX ma KOMHIEKCHUX
copbenmis.

Kniouosi cnosa: aocopbenm,, bapsrux, Kinemuka, oughy3is.

Annomayusn. Hccrnedosano enusnue 2UOpPOOUHAMUUECKUX YCA08UL HA

KUHemuKy Oug@y3uvix npoyeccos8 npu O4UCMKE CHMOUHBbIX 600 OM NPSAMbIX
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Kkpacumerneti. Onpeodenena enuduHa cmMeneHu 3anojHeHusi nop NPUpoOHbIX U
KOMNJIEKCHBIX COPOEHmMO8.

Knrwoueswie cnosa: aocopbenm, kpacumeinv, KuHemuxd, oughgysusi.

Summary. The influence of hydrodynamic conditions on the kinetics of
diffusion processes during purification of sewage from direct dyes was
investigated. The degree of filling of pores of natural and complex sorbents has
been determined.

Key words: adsorbent, dye, kinetics, diffusion.

1. Beryn

AncopOr1is Ha MOBEPXHI TBEPJUX TiJ Ma€ BEJIMKE MPAKTUYHE 3HAYCHHS.
Maiixe Bci aicopO€HTH, K1 BUKOPUCTOBYIOTh B PI3HUX rajy3sX MPOMHUCIOBOCTI
€ TBEPAUMH TUTaMH. BHACTIIOK 11bOTO Tpoliecu aacopOiiii Ha TBEPAUX TUIAX €
IPEIMETOM YUCIEHHUX JOCI1KEHb.

Excrutyaraiiiiini BIacCTUBOCTI HEOpPraHIYHMX COPOEHTIB B 3HAYHIA Mipl
3ajexaTh HE TUIBKU BiA (GOpMH 1X KPUCTATIYHOI pennTkd, ane i ¢Gopmu
€JIEeMEHTapHOI YacTUHKHU. JlOoCHIUKEeHHS KIHETUKH COpOUIMHHUX MpPOLECIB
O0a3yeTbcsl Ha CTalisX, SKI PO3AUIEHI MK co00H B 4Yaci 1 HpPOCTOPI.
BukopuctanHs BIIOMUX KIHETUYHUX PIBHSHB aJIcOpOIIii, SIKI OMUCYIOTh TIPOLIEC
3 JIOCTaTHRO JOBI'MM YacOM HACHYEHHs aJCOpOCHTy 1€ JOBTOTPUBAJIHIA
PO3paxyHOK Ha OCHOBI €KCIIEPUMEHTAIbHUX JIaHUX.

3 BpaxyBaHHSM CTYNE€HS HACUYEHHsS aJCOpOEHTY 3a KOPOTKHM uac,
nu(y31MHUI Omip B YAaCTHUHLI MOXE€ OyTH HACTUIBKM Majuil, 110 HaWOiIbII
3HAYHUN OMIP CTBOPIOETHCS B 30BHIMHBOAU(DY31MHIN obnacti. Ile crnpuunnse
HEOOXITHICTh MPUUHATTA [0 yBark camMe€ LbOro MapaMeTpy B KIHETHYHUX
PIBHSIHHSIX.

ITpomuciioBi ajcopOITiiHI TPOIECH MPOTIKAIOTh HAYACTIIIE B aCOITiaIlisIX
YaCTHUHOK, PO3MIPH SIKMX € KpaTHUMH OaratboMm JiaMeTpaM 3epeH aIcopOeHTY.

[IBUAKICTH TIPOIIECY BU3HAYAETHCS MIBUAKICTIO HACHYEHHS! OKPEMHX YaCTHHOK.
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binburicTe rimorte3, SKi BUKOPUCTOBYIOTBCS i1 TMOOYIOBU MaTeMaTHYHOI
MOJEN MacooOMiHy B mporeci amcopOmii Ha 3epHI  aACOpOCHTY Ta
BCTAHOBJICHHS IIBUJIKOCTI aJCOPOLIIIHOTO MPOIIECY, TOMYCKAOTh, 110 aJCOPOITis
MPOXOJNUTh Ha AOCTYMHIN IS PiAWMHM TpaHuili ¢a3 piIduHa — TBEPAE TLIO.
[ToBepxHst i€l rpanmii Ga3 CKIATAETHCS K 13 30BHINTHBOI MOBEPXHI YaCTUHKH
copOeHTYy, Tak 1 3 MoBepxHI Horo mop. KiHeTnyHa XapakTepucTuka cCOpOCHTY
NOB’si3aHa 3 TMOPHUCTICTI0O YACTMHKH aJCOpOEHTY, a CyMapHa IIBUJAKICTb
0araToCTyIeHeBOTO MPOIECY BU3HAYAETHCS MIBUAKICTIO HAMMOBIIBHINION CTAII
(Tak 3BaHOI JIMITYHO4Oi cTajii). Y BUMAAKYy BUKOPHUCTAHHS B aJICOPOLIMHUX
nmporecax KOMIUIEKCHMX COpPOEHTIB BHHUKAE HEOOXIAHICTh OCIHIIKEHHS
BITMBY XapaKTEPUCTUKH PO3IMOLTY TIOp HA MIBUIKICTH MPOIIECY.

Tomy, AOCHIPKEHHS  Tpolecy KIHETUKH aJcopOIlii 3a0pyIHHKIB 3
CTIYHUX BOJ KOMILJIEKCHUMH COPOCHTaMH € MUTAHHS aKTyaJlbHE HE TUIbKU JJIs
TEXHOJIOTIYHOT CTOPOHH, IO JO3BOJISIE BCTAHOBUTH IIBUJKICTH JOCSITHEHHS
pIBHOBaru, MakCUMaJllbHy COpOLIIHY €MHICTh KOMIUIEKCHOTO aJCOpPOEHTY IS
MEBHOTO CKJIQJy PO3YMHY, MEXaHI3M COpOIIHHOTO MpoIecy a TaKoX 1 JUIs
paIioHAIBHOTO MPUPOIOKOPHUCTYBAHHSI.

2. Meta po6oTun

JlocmauTH BIUIMB T1APOAWHAMIYHMX PEKHUMIB Ha CTEIIHb 3alIOBHEHHS
NOp KOMIUIEKCHUX COpOEHTIB (Ha TMPUKIAAl MPUPOJHUX COpPOEHTIB -
aKTUBOBAHOT'O OCHTOHITY Ta IIYHTITY) 3a0pyIHUKAMU CTIYHUX BOJ TEKCTHIJIHHOI
MIPOMUCIIOBOCTI HA OCHOBI METOIY KIHETUYHOT Iam’sITi.

3. Pe3yabTaTH I0CaiIKeHHs Ta iX TeOpeTHYHA iHTepnpeTanis

JInst BUBYEHHS KIHETUKH COpOMii mpsiMux OapBHUKIB 3 CTIYHHX BOJ
KOMITJIEKCHUMH MPUPOJTHUMH COPOEHTaMH B JaHii poOOTI BUKOPUCTAHUN METO.
KIHETMYHOI TMaM’aTi 1 peakTop 3 Mimaikow. B peakTop moMimanu
MIPUTOTOBJICHUI PO3YMH 3 KOHIEHTparliero 6apBHuka — 10mr/n. Konmentpartito
copbaTa y BCiX TOYKAaX pO34MHY 1 Oe3mocepeHbO Ha MOBEPXHI COPOEHTY Mpu
MEBHUX YHCIIaX OOEPTIB JIOMATEBOI MIMIAIKKA TPUAMaId TMOCTIHHOIO, TOOTO

posrasiganu Audy3io 3 MOTJsAy 1JealbHOro mnepeMimryBaHHs. J[aHuit Meton
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JI03BOJIIE 3 BHCOKOIO TOYHICTIO BU3HAYUTH TPAHCIOPT MacH PEUOBUHHU 3
pPO3YMHY 110 TIOBEPXHI COPOCHTY MpH BIACYTHOCTI, a00 HE3HAYHOMY BILIMBI
UG y31HHOr0 MOrpaHUYHOTO 1mapy Ha audysio [ 2].

TpanumiiftHO BiAOMO, IO TIAPOAWMHAMIYHI XapaKTEPUCTHKU HE 3HAYHO
BIUTMBAIOTh HA IHTEHCUBHICTh BHYTPIIIHBOAU(DY31HHUX TIPOIECIB acopOIIii, sKi
IPOXOJATh TMOPOBOMY MpOCTOpi amcopOeHTy. Hamu mpoBeneHi TeopeTHdHi
po3paxyHKH KoeQillieHTa 3allOBHEHHS MOpP B MPUPOJHUX COPOCHTAX MPSIMUMHU
OapBHuKamMu (puc.1,2) B 3aJIeKHOCTI BijJ 4yucjiaa OO0EpTIB MIIIAJKH Ha OCHOBI
pO3po0JIeHOT MaTEeMaTUYHOI MOJIEN 3 BpaxyBaHHSIM €(GEeKTUBHUX KOE(III€HTIB
BHYTPIIIHBOI 1u(y3ii [3,4]. I'panynomMeTpuyHuil cKiiaJ COpOEHTIB Ta PO3MOALI

1o (paKIisgix OJJHAKOBUMA.

0
038 ’ RS EIes

Puc. 1. BiuiuB 4nciia 00epTiB MimajJaxku Ha Koe(ilieHT 3a0BHEHHS MOP aacopOeHTa
npsiMmuM 6apBHUKOM (aHioHHUM 4yepBoHUM 8C): A) -1- akTMBOBaHU OEHTOHIT; 2—
myHrit; b) -1 — aktuBoBanuii 6eHTOHIT IIYHTIT (1:0,5); 2- akTUBOBaHMIT

OeHTOHIT:IyHrIT (1:1); 3- akTuBOBaHuUit 6eHTOHIT: IIyHTIT (0,5:1)
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Puc. 2. BiuiuB 4nciia 00epTiB MilajJaku Ha Koe(ilieHT 3aI0BHEHHS MOP aacopOeHTa
npavMuM 6apBHIKOM (akTUBHMI amnii 47K): A) -1- akTuBoBaHMii 0€HTOHIT; 2— IIYHTIT;
B) -1 — akTruBoBanuii 6eHTOHIT:yHTIT (1:1); 2- aKTUBOBaHUI OEHTOHIT: LIYHTIT

(0,5:1); 3- akruBoBanmii OenToHiT:myHriT (1:0,5)

3 mpeAcTaBieHUX TrpapiyHUX 3aJEKHOCTEH BUIHO, IO MaKCUMaJIbHUUN
KOe(DIIIEHT 3amoOBHEHHS TMOp MPSIMUMH OapBHUKAMHU JJIA TPUPOJHUX Ta
KOMIUIEKCHUX aJICOPOCHTIB JOCATAETHCA MPU N=5 cl.

OnTuManpHe CIIBBIHOIICHHS aKTUBOBAHOTO OEHTOHITY Ta IIYHTITY 3
cTereHeM 3anoBHeHHs nop omm3bko 0,9 cknagae 1 go 1(puc.l) npu norivHaHHI
aHIOHHOTO YE€pPBOHOTO. Y BUNAAKY MPUCYTHOCTI 1HIIOTO OapBHUKA (AaKTUBHOIO
anoro 4)X) HalOUTBIIMI KOEQILIEHT 3alOBHEHHS TOp XapaKTepHUW HJis
CIIBBITHOIIIEHHS AKTUBOBAHUWA OEHTOHIT-MIYHTIT BianoBigHO 0,5:1. OueBuaHO
1€ MOKHA TIOSICHUTH BiJIMIHHICTIO HE TUIBKU MOJISIPHMX Mac MPSMHUX OapBHUKIB,
ayie 1 BHYTPIITHBOIO KPUCTATIYHOIO 0y/1I0BOIO COPOCHTIB.

BcTranoBneHHsT MexaHI3My KIHETUKH COpOlLli € CKJIaJHUM 3aBAaHHAM 1
BUMarae OOJIKYy BCiX YMHHHUKIB, 10 BIUIMBAIOTHh Ha IIBHJKICTH MacoOOMIHY,
30KpemMa jiaMeTp 3epHa aACOpOeHTy, WIBHUIKOCTI IMEpeMilllyBaHHS 1 1HII.

[TonepenHbO BU3HAYEHUN ONTUMAJIBLHUN O€3MEepEepPBHUN PEKUM MEPEMIITYBaHHS
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N03BoJIsIE€ tocAarHyTH creneHi copoiii 50 - 80 % mnpsmux GapBHUKIB 3 CTIYHUX

BOJI IPUPOJTHUMHU copOeHTaMH Ta 55-85% KoMIIeKCHUMU copOeHTaMu (puc.3).
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Puc. 3. Kineruka copouii npsimux 6apBHUKIB (A - anionHoro yepsonoro 8C; b —
akTuBHOTrO aJ1010 4KT) npupoaHumMu copéeHTamMu: 1- aKTUBOBaHHM OEHTOHIT; 2 —

LIYHTIT; 3-aKTUBOBaHMIi OeHTOHIT: IIyHTiT Bignosinno(1:1)-puc. 3A; 0,5:1 — puc. 3b.

Ha ocHOBI (opmH KIHETMYHHX KPUBUX MOXKHA CTBEpKYBATH, IO
mporiec 3 30BHIIHbOAU(Y3iMiHOTO, a00 3MIIIAHOTO, MEPEXOIUTh Y
BHYTPIIIHbOIUDY31MHUM, SKUH XapakTepuzyeTbes yuciaoMm bio (Bi—o0).

3 MeTow 30UIbIIEHHS aIcOopOLIHHOI €MHOCTI MPUPOJHUX COPOEHTIB
HAMU TIPOTMIOHYETHCS BHUKOPUCTAHHS KOMIUIEKCHHUX COpPOEHTIB Ha OCHOBI
aKTUBOBAHOIO0 OEHTOHITY Ta IIYHTITY 3 PI3HUMU MAacOBUMH CIIBBIIHOLIEHHSMU
B 3QJIEKHOCTI BiJ BUIY NPSAMUX OApBHHKIB.

Bigomo, mo morpaHu4HMI TIap HA YACTHUHIN aJCOPOEHTY YacCTKOBO
CHOBUIBHIOE HIBUIKICTh 30BHIIIHBOAU(Y3IMHUX TMpoleciB afcopOiii. MoxHa
OPUITYCTUTH, [0 TMpH TMEepeMIlIyBaHHI YacTHHA [OTPAHUYHOIO IIapy
PYWHYETBCS BHACHIIOK CHJI IHEPIi 1 TepTsA, aje pa3oM 3 TUM BHACIIIOK
TypOymi3amli  eJeMEHTapHUX  MOTOKIB  3MEHIIYEThCS ~ IHTEHCUBHICTD
aJICOPOIIITHUX MPOIIECIB.

Hamu mnpoBeneHi nociipkeHHS KiHETUKH AUQY31MHUX MPOIECIB Ha

OCHOBI MeTOJy niepepuBaHHs abo "kineTnuHOi mam'sti" [1,2 ].
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Ha puc.

4 mpencraBieH1

KIHETHYHI1

KpuBi copOrii OapBHHKIB

OPUPOJHUMHU Ta KOMIUIEKCHUMU COpOEHTaMHM B JOCHiaX 3 TEpepUBaHHAIM

nepeMinryBaHHs 4depe3 S5 xB. TpuBaiictio B 10 xB. (At=10xB) I'panmientn

KOHIIEHTpAIlli B 3epHI aJICOPOCHTY BUPIBHIOIOTHCS MPOTATOM Hacy MepepruBaHHS

KOHTaKTy COpOeHTa i po3uuHy, TOOTO, KOJIu mpoiec Audy3ii COBUIEHIOETHCS.

Tomy micis BIJIHOBJICHHS KOHTAaKTy IIBUIKICTh

OOMIHY  BUSBIISIETHCS

OLITBIIOIO B MOPIBHIHHI 3 MIBHJIKICTIO, KOTpa OyJia 10 mepepuBaHHs.
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Puc. 4. Kinernuni kpusi cop0uii 0apBHUKIB Npu 3MiIHHMX peKUMAaX nepemimyBaHHs (A -

a”HioHHoro 4epBoHoro 8C; b — akruBHoro anoro 4KT) akTHBOBaHUM OEHTOHITOM Ta

LIYHTiTOM NpH cHiBBiAHOIIEeHHAX BignmoBinHo: A-1:1; B-0,5:1.

TakuM YMHOM, BHCOKI KIHETHYHI XapaKTEPUCTHUKHU JJIs JOCIIIKYBaHHUX

NPUPOAHUX COPOEHTIB BKAa3yIOTh HAa NEPCHEKTUBHICTh iX BHKOPHUCTAHHS B

TEXHOJIOTIYHUX MPOIECaX OYUIICHHS CTIYHUX BOJ Bl MPAMHUX OapBHUKIB.
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