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VYuer ocoOeHHOCTEH TPAaHCIOPTa BOJBI KaK OCHOBHOI'O KOMIIOHEHTA CHCTEMBI Ba)KECH IIPU HCCIIENIO-
BaHWUM KMHETHYECKHX XapaKTEPUCTHK COPOLMOHHOIO IIPOLEcca ¢ y4acTHEM IPHUPOIHBIX alTOMOCHIHKATOB,
KOTOpPBIE HaXOIIT LIMPOKOE NPHMEHEHHE B KayeCTBE COPOEHTOB AKTHBHBIX M BCIIOMOTAaTEJbHBIX BEIIECTB
(apmarieBTHUECKO poayKiuu. [Ipy H3ydeHNH KHHETHIECKUX 3aKOHOMEPHOCTEH ancopOIHy BOJIBI allFOMO-
CHJIMKaTaMH NPEACTABISET HHTEPEC PelIeHne 3a1a4i KOJIMIECTBEHHOTO MOEIUPOBaHHUS poLecca.

B kauyecTBe 0OOBEKTOB HCCIIEIOBAaHUHN BBIOPAHBI AJTFOMOCHIINKATBI: KIMHONTUIONUT CIOBAIKOTO Me-
CTOPO’K/ICHHSI M TJAYKOHUT MECTOPOXKAEHHs loro-3anajga BopoHeXCKol aHTEKIIM3bI, OTIMYaIoIInecs Kpu-
CTAJUNIMYECKUM THUIIOM CTPYKTYPHI U 00J1aJaioliye CliocoOHOCThI0 K MOHHOMY 00MeHy. Kunetnky agcopOiyn
BOJIbl ITIOMOCHIIMKATAaMH M3YyYaJld METOJOM H3OMUECTHPOBAHMS IPU AKTHBHOCTH BOJBI B Hape, paBHOM
0.980, u Temneparype 2954+2K. KonnyecTBo ancopOUpOBaHHON BOJBI ONPEACISIN METOJIOM I'PaBUMETPHHU.
Kunerndeckoe McclieloBaHNE IPoOIecca THAPATANNH ATIOMOCHINKATOB BKIIFOYANIO B ce0s SKCIICPUMEHTAIIb-
HOE OIpelesIeHHe 3aBUCUMOCTH KOJIMYECTBA aICOPOMPOBAHHON BOABI OT BPEMEHH U MaTeMaTHYeCKylo o0pa-
0OTKy JaHHBIX C MCIIOJb30BAHUEM KWHETHYECKUX ypPaBHEHUH, OCHOBAHHBIX Ha KOHKPETHBIX MOZAEISX TBEP-
J0(a3HOTO B3aNMOICHCTBYS.

BeisiBiieHO, 9TO GoJiee BBICOKAs THIpaTalMoOHHas cocoOHOCTh (IpuMepHO B 1.4 pasa) u yBenude-
HHE CKOPOCTH YCTAHOBIICHUS PABHOBECHS B CHCTEME ATIOMOCHINKAT — MOJICKYJTBI BOJBI JUTSl KIIMHONTHIIONH-
Ta 00ycJI0BIIEHBI 0OJbIICH KOHIIEHTpAIMe OOMEHHBIX KATHOHOB U 00JIee pa3BUTOM MOPUCTOCTHIO U ITOBEPX-
HOCTBIO TI0 CPAaBHEHHMIO CO €1ab0 HaOyxaroluM IiayKoHHTOM. BbiOop dyHKkimm g(o), COOTBETCTBYIOMIEH
MEXaHN3My Ha KaXKJIOM 3Talle Ipoliecca TUApaTaluy, OCyIIeCTBIISUIN CI0cOOOM IPOBEPKH JIMHEWHOCTH 3a-
BUCHMOCTH lg g(0)=T U1 paccMaTpuBaeMbIX YpaBHEHHH, OITUCHIBAIOIINX MEXaHU3M a/copOIuu Boabl (o -
CTEIeHb JIOCTIKEHUS] paBHOBecHs). VI3 ypaBHEHHUIT BBIOMpay Takoe, KOTOPOE B 3a/laHHOW 00JIacTH o OTBe-
YaJ0 MUHMMAJIbHOMY 3Ha4€HUIO Jucnepcuu. sl KakIoW CTaJnuy, JIMMHUTHPYIOLIEH Mpolecc B ONpe/eseH-
HOM MHTEpBaJIe 0, OLCHUBAJIN KHHETUYECKUE XapaKTEPUCTHKH, UCTIOJB3YS 3aBUCUMOCTH 1g g(a) OT T.

YcTaHOBJIGHO, YTO Ha HAYaJIEHOM JTale THAPATALMIO aIFOMOCHIMKATOB KOHTPOIUPYET XUMHYECKast
craaust. CKopocTh Tporecca onpenensiercss GOpMHUPOBaHHEM LICHTPOB ruiaparannd. Ha naHHoM srame Kim-
HONTHIIOJUT ajicopoupyet 57%, a rmaykoHuT — 51% oT 00miero KoyimuecTBa MOTJIONIEHHON BOJIBI. Ancopo-
IIMIO BOJbI HA BTOPOM 3Talle TPOoIiecca OMMCHIBACT ypaBHEHUE peaklMu Ha Mexxga3HoU rpanuue. s riay-
KOHHTa XapaKTEePHO 3aMETHOE CHIKCHHE CKOPOCTH T'MAPATALlMK HA JaHHOM JTalle, YTO IPOSBISETCS B 3HA-
YUTCJIbHOM YMEHBUICHUU €TO FI/I[lpaTaHI/IOHHOI‘/’I CHOCO6HOCTI/I. Ha xoneuHom sTare TuapaTtaly MmpossBJIAI0T-
csi 1uddy3nOHHBIE OTPAaHUYEHHS, IPOLIECC ONMHUCHIBACTCS YpaBHEHHEM TpexMepHoil auddy3nu, 4To oTMeya-
€TCsl CHIDKEHHEM O0LIel CKOpoCTH afcopOuuu. [ KIMHONTUIIONUTA XapaKTepHO Ooliee Mo3Hee MposBiIe-
Hue AU HY3MOHHBIX OTPAaHUYEHHH, YTO 00YCIIOBICHO €r0 CTPYKTYPHBIMH XapaKTepPUCTUKAMH.

KaroueBble cjioBa: AJIIOMOCHUJIMKATBI, KWHETUKA r'upaTaliuu.

TUYECKOe TIPUMEHEHHEe B KauecTBe A dek-
BeepneHue TUBHBIX COPOEHTOB, KaTaJW3aTOpPOB, akK-
TUBHBIX ¥ BCIOMOTraTeIbHBIX BEILECTB
¢dapmaneBTrueckor npoaykuu [1-4]. 3a-
KOHOMEPHOCTH TpPaHCIOpTa BOJbI, KaK OC-

B  Hacrosmee BpeMs  OpUPOJHBIE
ATIOMOCWIMKATBl HAaXOAAT LIMPOKOE ITpak-
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HOBHOTO KOMIIOHEHTa COpOIMOHHON CH-
CTEMBI, B 3HAYUTEJIBHOW CTENEHU OIpeje-
JAIOT  KAHETUYECKHE  XAPAKTEPUCTHUKHU
COpOIIMOHHOTO  TpoIecca C  ydacTHEM
ATIOMOCWIMKATOB. ['mMaparanioHHast cIo-
COOHOCTB AJIOMOCHJIMKATOB ONpeAessieTcs
UX KPHUCTAUIOXUMHUYECKOU CTPYKTYpPOH,
TEKCTYPHBIMH XapaKTEPUCTUKAMH, TPHUPO-
O M KOJMYECTBOM OOMEHHBIX KaTHOHOB
[5-8]. B mpupogHBIX aTIOMOCHIMKATAX,
Ha3bIBAEMBIX TaKK€ BOJHBIMU ATFOMOCHUIIH-
KaTamH, BOJIa HAXOJUTCA HE TOJBKO B aj-
COpOMPOBAaHHOM COCTOSIHUH, HO TaKKe SB-
JSI€TCSI OCHOBHBIM 3JIEMEHTOM KPHUCTAJUIH-
YECKOM CTPYKTYpbl MUHEPAJIOB (KOHCTHUTY-
LMOHHAsl BOJa) B BHUAEC THIPOKCHUIIBHBIX
Ipynn pa3jiudyHOro XxapakTtepa (MOCTHKO-
BbIX, CHJIAHOJBHBIX, AJIOMHHOJBHBIX). B
CBS3U C 3TUM, CTPYKTypa aJOMOCHIIMKATOB
OYEHb BOCIPUHMMYMBA K TAKUM MapameT-
paM, Kak JaBJ€HUE MAapOB BOJbI, TEMIIEpa-
Typa # Ap. GaKTOpPOB, U MOXKET CYIIECTBEH-
HO MEHATbCA NPHU HW3MEHEHUUBHEIIHETO
OKpyXeHHs: MuHepanoB [6,9,10]. Ilpu wuc-
CJIE€IOBAHMM KHHETHMYECKUX 3aKOHOMEPHO-
CTel afcopOIMK BOJBI ATIOMOCHIMKATAMU
BO3HMKAET 3a/1a4ya KOJUYECTBEHHOI'O MOJE-
JUpOBaHUA Ipolecca. Bsaumonencrsue
MOJIEKYJI BOJIBI C QIFOMOCUJIMKATaMH C KH-
HETUYECKOM TOYKM 3PEHUS MOYKHO Ipen-
CTaBUTh KaK IPOCTYIO T€TEPOre€HHYIO peaK-
LUIO.

B nanHoit paGoTe mpuBeNeHbI pe3ybTa-
Thl HUCCIIEJOBAHMSI KMHETUYECKOW 3aKOHO-
MEPHOCTH aJcOpOLIMU BOJIbI ATIOMOCHUIIUKA-
TaMH, pa3INYarOIIMHC KPUCTATUIMYECKUM
TUTIOM CTPYKTYPBI U (PUZUKO-XUMHYECKUMU
CBOMCTBaMH.

3KCI19pVIMeHTaJ1bHa$I YyacTb

B kadectBe OOBEKTOB HCCIIEIOBAHUH
BBIOpaHBI ATFOMOCUIUKATHI KIIMHONTHIIOIUT
CrnoBanikoro mecropoxaeHust (Kmx) u ria-
YKOHHUT MECTOPOXKJEHUsI foro-zamaga Bo-
poHexckoi antexau3bl (I['11T), oTiiMyaromm-
€Csl KPUCTAJNIMYECKUM THUIIOM CTPYKTYPBI H
obyagaronue BBIPAKEHHON CITOCOOHOCTHIO
K HIOHHOMY 00MeHy. KITMHONTUIIONUT sIBTISI-
eTCsS TPEACTABUTENIEM KapKACHBIX alFOMO-
CHUJIMKATOB C MOJIbHBIM OTHOmIIeHHeM Si/Al

B €ro CTPYKTYype paBHbIM 5,5. OTpuliaTeb-
HBIA 3apsin kapkaca marpuubl (AlOs) u
KOMITEHCUPYIOIIHE €r0 TMOJOXKHUTEIbHO 3a-
psOKEHHBIE BHEKapkacHble KartuoHbl (K7,
Ca®" u Na") onpenensior gokambHOE pac-
IIpesieJIeHNE 3apsja Ha IOBEPXHOCTHU MOJI0-
CTe M KaHAJIOB, TOCTYMHBIX ISl MOJIEKYI
Boabl. CymMMapHBI 00BEM TOp IJIA KIIH-
HonTunonuta paseH 0.44 cwm’/r, cpemHmii
nuametp nop — 11.05 um [11,12].

['maykoHUT — IpUPOIHBIA MUHEPAN CJIO-
UCTOM CTPYKTYpHl psiaa wiinTa. BeiOpan-
HBIH 17151 uccienoBanus oOpasel] IiayKoHU-
Ta MPEJICTABICH CMEIIAHHO-CIOWHBIMH MH-
Hepanmamu psiga wimuT-cMektut (I @ S) B
cootHomieHnu 50:50 u 50:80. B mexcinoe-
BOM IPOCTPAHCTBE MPHUCYTCTBYIOT OOMEH-
uble katuous! (K*, Mg?" u Ca?") u monexy-
bl BOAbI. JlJIsl TJIayKOHUTAa CyMMapHBIi
00bEeM TOp M CPEIHUN IuamMeTp Mop co-
CTaBIAIOT cooTBeTcTBeHHO 0.31  cm/r
uS5.78m [13].

Kuneruky aacopOuuu BOABI alllOMOCH-
JTUKAaTaMu U3y4alld METOJJOM HU30IUECTHPO-
BaHuA [14]upu aKTUBHOCTH BOJbI B Mape
(aw), paBHoii 0.980 u remneparype 295+2K.
OOpasupl  aTOMOCWIMKATOB  Ipe/IBapH-
TeNbHO JAeruapaTupoBaHHele npu 473 K
(Kmn) u 423 K (I'nT), 3aTem BbIIEpKaHHBIC
Hajg P>Os no mocrossHHOM Maccsl [15], npu-
BOJWJIM B M30MUECTHUYECKOE PAaBHOBECHUE C
HaceleHHbIM pacTBopoM KoCrO7. Komu-
4YeCcTBO aJcOpOUPOBAHHON BOBI OMpEeNis-
JM MeToJoM TpaBumerpuu. OOpasisl cop-
OCHTOB TNEPUOANYECKU B3BEIIMBAIU B Te-
YeHHE BCEro BPEMEHHM YCTAHOBIIEHUS paB-
HoBecHs B cucteMe. 11o n3MeHeHuto macchbl
TIOMOCHJIMKATOB PACCUUTHIBATIN CTENECHb
JNOCTHKEHHsST paBHOBecHst (0) B MOMEHT
BpEMEHH (T): 0=Nt/Nw, TJI€ Ny — KOJTUIECTBO
aJIcopOMPOBAHHON BOJBI B JAHHBI MOMEHT
BpEMEHHU T (MMOJIB/T), N — KOJTUYECTBO al-
COpOMpPOBaHHOW BOMABI TPHU JTOCTHKEHUU
paBHOBECHsI B UCCIIEyeMON CHCTEME BoJia
— aIFOMOCWJIMKAT (MMOJIB/T).

O6cyxaeHue pe3ynbTaToB

[Ipu paccMOTpeHUM KUHETUYECKHX 3a-
KOHOMEPHOCTEH THUApaTallui aTOMOCHIIH-
KaTOB MPUHUMAIIA BO BHUMAaHUE PE3yJbTa-

Komosa n np. / Copbrmonnsie n xpomatorpaduueckue nporeccsl. 2021. T. 21. Ne 2. C. 169-176



171

ThI UCCJIEJIOBaHMSI PABHOBECHO azcopOuun
BOAbI [5]. M3otepmbl aacopOuuu BOABI Ha
KJIMHONTUJIONUTE W TJIAyKOHHUTE HMEIOT
S-00pa3HbIil BUJI, CBSI3aHHBIM CO CTyNEeHYa-
THIM 3allOJIHEHHEM MEXKIIaKeTHOTO Ipo-
cTpaHcTBa copOeHToB. B oOmactu HHU3KOI
AKTUBHOCTH PAaCTBOPUTENS] MOJIEKYJIBI BOJIbI
JIOKQJIM3YIOTCS Y aKTUBHBIX LIEHTPOB, B Ka-
YeCcTBE KOTOPHIX BBICTYIAIOT BHEKAPKACHbBIE
KaTUOHBI W DIJIEKTPOOTPUIIATEIHHBIC IIEH-
TPBI KapKaca copOeHTa, o0pa3yst MOHOCIIOH.
C noBBIIICHHEM aKTUBHOCTH BOBI aJICOPO-
Usl IPOTEKAaeT B pe3yibTare oOpa3zoBaHUS
acconuaTtoB Bojbl. [Ipu akKTMBHOCTH BOJBI
Bbile 0.700 cymiecTBeHHOE 3HAYEHUE MPHU-
o0OpeTaeT KanmuJuIsIpHas KOHJIEHCAIIUS B Me-
30Mopax cOpOEHTOB, MPUCYTCTBHE KOTOPBIX
OOyCIIOBJICHO ~BTOPHUYHOH IMOPUCTOCTHIO
[16,17]. [TokazaHo, 4TO pa3iuuuMe B TUIpa-
TAI[MOHHON CIIOCOOHOCTH KapKacHOTO U
CJIOMCTOTO aIFOMOCHJIMKATOB BO Bcel 001a-
CTH aKTHBHOCTH BOJIbI OOYCIIOBJIICHO MpH-
pOlOil M KOJMMYECTBOM OOMEHHBIX KaTHO-
HOB, BEIMYMHON CBOOOOHOro o0OBEMa U
pa3mMepa 1nosiocTeil B CTpyKType COpOEHTOB.

Kunernueckoe wccnenoBaHue mpoiecca
rUApaTalii  aTIOMOCUIMKATOB BKIIIOYAJIO
JIBA dTama: dKCIEPUMEHTAIILHOE Ompe/elie-
HUE 3aBUCHUMOCTH KOJHMYECTBa acopOupo-
BaHHON BOJBI OT BpemeHnu (puc.l, a, 6) u
MaTeMathyeckas o0paboTka IMOTy4eHHBIX
KMHETUYECKUX JTaHHBIX C MCIOJIb30BaHUEM
KMHETUYECKUX ypaBHEHUH, OCHOBAHHBIX Ha
KOHKPETHBIX MOJIEISIX TBepAO(ha3HOTO B3a-
umopercrus [18].

n,
Mmonb/r

a

[Ipupona akTUBHBIX LIEHTPOB, UX IJIOT-
HOCTh pacmpelesieHuss Ha TOBEPXHOCTH
copOeHTa OKa3bIBAIOT BIUSHUE HA XOJ KU-
HETUYECKOU KPUBOHM, BpEMs JOCTHIKECHUS
paBHOBECHS] U KOJMYECTBO MaKCHMaibHO
IIOTJIOIIEHHOr0 pactBopuTens. HauanbHbli
Y4acTOK KMHETHYECKUX KPUBBIX B TEUEHUE
48 yvacoB s Kiin u 24 yacos ['nT xapakre-
pusyercst 0ojiee BBICOKOH CKOPOCTBIO IO-
TJIOLIEHHUs BOABI copOeHTamMu. B nmanpHeii-
IeM MpOoLEecC TUApaTaluy aTloMOCHIINKA-
TOB 3aMEJIJISIETCS. U IPUBOAUT K YCTAHOBJIE-
Huto paBHoBecus st KimH wepes 144, a nns
I'nt — 216 gacoB. KonudectBo agcopOupo-
BaHHOI BOJIBI B COCTOSIHUU PaBHOBECHS JJIst
Kin u I'nT cocTaBuiao coOTBETCTBEHHO 8.6
1 6.5 MMOJIB/T.

Bonee BbicOKast ruapaTalluOHHAs CIIO-
coOHocTh (mpuMepHO B 1.4 pasza) u yBenu-
YEHUE CKOPOCTU YCTAHOBJICHUSI PAaBHOBECHUS
B CHCTEME aIIOMOCUJIMKAT — MOJIEKYJIbI BO-
nel s KitH 00yciioBieHbl OOMbIIeH KOH-
IeHTpaIeli OOMEHHBIX KaTHOHOB U Ooiee
Pa3BUTON MOPHUCTOCTBIO U TMOBEPXHOCTHIO
10 CPAaBHEHHMIO CO cJ1abo HaOyxaromum [Tk
[11-13].

Habmionaempie pa3nuuusi B CKOPOCTH
aJIcopOIIMU BOJIBI, HE3aBUCHMO OT €€ KOJIH-
4yecTBa, MOJATBEPHKIAIOT CYIIECTBOBAaHUE B
ATIOMOCHJIMKATaX OMNpPEAENIEHHON CTPYKTY-
PBI BOJBI U3 CETKH BOAOPOHBIX CBsi3ei [19,
20]. OkcnepuMeHTaJIbHbIE JIaHHbIE, TMPEI-
CTaBJICHHblE B KoopauHaTax -lga — 1t
(puc. 2) yka3bplBalOT Ha pPa3IMYHYIO CKO-
POCTb TUpATAllUU B ONPEIETICHHOM UHTEp-

T, 4

0
Puc.1. Kunetndeckue KpuBbIe aicOpOITHN BOABI KIMHONTHIIONNATOM (1) 1 rmaykoHuTOM (2)
B KOOpAMHATAX: a) n — T; 6) o — T.
Fig. 1. Kinetic curves of water adsorption by clinoptilolite (1) and glauconite (2)
in the coordinates: a)n—1; b) o — 1.
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Puc.2 Kunernueckue KpuBbIE aqcOpOLMK BOABI KITUHONTHIOIUTOM (1)
Y TJIayKOHUTOM (2) B KoopauHaTax —lgo — 1
Fig. 2 Kinetic curves of water adsorption by clinoptilolite (1) and glauconite (2)
in the coordinates —loga — T

Bajie O W IMPEAINOIAralT TPpU KMHETUYECKU
HEPaBHOLIEHHBIE (DOPMBI CBSI3U BOBI.

ITocTpoeHre MAaKpPOKHHETUYECKOH MO-
JeNyd aJicopOIMM BOJABI C Y4E€TOM CTaauidi-
HOCTU TIpoliecca IMPOBOJIUIM, HCIOIb3Ys
KMHETUYECKUE ypaBHEHHUS, OCHOBAHHBIE Ha
KOHKPETHBIX MOJIENISX TBEpPAO(a3zHOrO B3a-
umojencteud [18]. B xauectBe muMHUTHDY-
IOLEeH craguu (Onpenendmomell CKOpOCTh
mpolecca Ha JIaHHOM JTarle) paccMaTpuBa-
JM CIEAYIOIIHUE MPOLECChl: a) 0OBEMHYIO
muddy3u0 MOJEKyld BOABI UYEpe3 CIOM
IPOAYKTOB peakuuu; 0) B3auMoneiCTBHE
MOJIEKYJI BOJbl C AaKTHBHBIMU LIEHTPaMH B
pEaKkLMOHHOW 30HE Ha TIpaHULE pazjena
¢da3; B) oOpa3oBaHWE W POCT 3aPOJIBIIICH
HOBOU (ha3bl, SBISIOUICICS MPOIYKTOM pe-
aKLHUU.

Bribop ¢ynkumm g(a), COOTBETCTBYIO-
e MexaHW3My Ha KaXkJ0M dTare mpolec-
ca TUApaTaluy, OCYHIECTBISUIM CHOCOOOM
IPOBEPKH  JIMHEWHOCTH  3aBHUCHUMOCTH

lgg(a)=t 1 paccMaTpUBaeMBbIX TEOpPETH-
YeCKH OOOCHOBAHHBIX YpPaBHEHUM, OIHCHI-
BAIOIIMX MEXaHM3M ajcopouuu Bomsl [21].
CxkopocTh mpoliecca TuIpaTaliy B onpee-
JICHHOM WHTEpBaJie CTENEHU MpPEBpAIICHUS
0. MOXKET OIPEICISIThCS B3aUMOICHCTBHEM
MOJIEKYJT BOJIbI C aKTUBHBIMH IIEHTPaMH B
CTPYKTYpE alFOMOCHJIUKATOB, ¢ 00pa3oBa-
HUEM HOBBIX PEAKIMOHHBIX IICHTPOB, a
TaK)Ke MOXKET KOHTPOJIUPOBATHCS JTUOO pe-
aknued Ha MexdasHoW rpanHuie, THOO
muddy3ueit MOJEKyn BOABI 4Yepe3 CIOU
MPOJYKTa K aKTUBHBIM IleHTpaM. U3 ypas-
HEHU, OTBEYAIOIINX OMPEIEICHHBIM KHHE-
TUYECKUM MOJIEISIM, BBIOWpAI Takoe, KO-
TOpOE B 3aJaHHOM 00JIACTH 0L OTBEYATIO MH-
HUMaJIbHOMY 3HaueHuto aucnepcuu (), To
€CTh OMHCBHIBAJIIO THApATAIUIO HAa JTaHHOM
JTare ¢ MaKCUMaJIbHOW BEPOSATHOCTBIO. [lyist
KaXJ0M CTaauu, JUMHUTHUPYIOUIEH MpOoLecc
B OIpEIEICHHOM HHTEPBAJIE 0, OLICHUBAIU
KHHETHYECKHE XapaKTEPUCTUKH, UCTIONB3YS

Tabmmma. Kuaetnaeckue xapakTepUCTHKH aIcOpOIMK BOABI aTroMOociinKaTamMu (a,—0.980)
Table. The kinetic characteristics of water adsorption by aluminosilicates (a,—=0.980)

Koadpdu- | Koncran-
n, LUEHT Ta Hucniep-
Copb6ent | MuTepsai a Brn (b(ySKHHH MMOJIB/T; mubdy3un | CKOpoCcTH cust
& (%) D-107, k102, | J1-10°
cm?/c c!

0.10-0.57 -lg (1-o)'” 4.9 (57.0) - 10.2 0.09

Hlf;f;fm 0.57-0.91 1- (1- )" 2.8 (32.5) . 5.1 2.33
0.91-0.99 [1- (1- )" 0.9 (10.5) 7.11 - 2.87

avio- 0.09-0.38 g (1-a)"”? 3.3 (50.8) - 7.4 0.12
HIZT 0.38-0.65 1-(1-wo)” 1.0 (15.4) - 4.2 2.89
0.65-099 | [1-(1-w)']> | 2.2 (33.8) 5.82 - 3.12
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3aBUCUMOCTH 1gg(a) oT T.

B Tabnune npuBeneHbl KOINYSCTBCHHBIE
XapaKTepUCTUKN KHUHETUYECKH HEpaBHO-
[IEHHBIX MOJICKYJ BOJBI, aJICOPOMPOBAHHBIX
amoMocwirkaramu npu a,=0.980, ypaBHe-
HUS, KOHTPOJUPYIOIIKME MpolLecc Ha JaH-
HOM JTare, 3HaueHus: KHHETUYECKUX Tapa-
MeTpoB u nuctepcus (/) B obnactu nuHen-
HOCTH GyHKIIUU g(0L).

Ha wHauvanpHOM »3Tame rujpaTanuio
QIIOMOCUJIMKATOB KOHTPOJIHMPYET XHMHUe-
ckas cragus. [Ipouecc onuceiBaercs ypas-
HenueMm ABpaamu-Epodeena [18]:

—lg (1-a) "=k,
IJIe N1 — TapaMeTp OIpeAesieMblid Mexa-
HU3MOM pEaKLUHU, CKOPOCTbIO 3apOjblllie-
0o0pa3oBaHUsi W TEOMETPUEH 3apOJBIIICH.
Kunernueckoe ypaBHEHHE, I KOTOPOIO
00JacTh TUHEHHOCTH COMPOBOXKAAETCS MU-
HUMAJIbHON IUCIIEPCUEH, UMEET BUJL:

g(ay=1lg(1-a)"”.

Momnekynbl BOJbI KOOPJIWHUPYIOTCS Y
aKTHUBHBIX LIEHTPOB aJFOMOCHJIMKAaTa B pe-
3yJabTaT€ HMOH-TUIOJBHOTO W JAUMOJb-
JIUTOJILHOTO  B3auMonecTBuil. CKOpOCTh
npoiiecca ompenensercs (hopMupoBaHHEM
HeHTpoB Tuaparauuu. [lo mepe ux pocra
CKOpOCTh Bo3pacraeT. CoriacHO IOJydyeH-
HBIM JIaHHBIM Ha HadaJbHOM 3Tarle Mmporec-
ca KIMHONTHJIONHT ajcopoupyet 57%, ria-
YKOHUT — 51% oT 00mIero KoJaudecTna Io-
TJIOILEHHOM BOJBI.

AncopOumio BOJbI Ha BTOPOM 3Tame
Mpoliecca ONMUCHIBAET YPAaBHEHHE PEaKIUU
Ha Mex(ha3HOW rpaHuIe:

gla)=1-(1-a)?.

CkopocTh mpolecca Omnpefensercs Be-
JUYUHOW JOCTYIMHON Mex(a3HOW TOBEpX-
HOCTH, T.€. 1 dy3ust MOJIEKy BOJBI Yepes
CJION ajacopOeHTa MPOUCXOAUT JTOCTATOYHO
obicTpo [18,21]. Jlns rmaykoHHTa Xapak-
TEPHO 3aMETHOE CHUXEHHE CKOPOCTH TH-
patauuy Ha JJaHHOM 3Tarie, 4TO MpPOsIBIIIET-
Csl B 3HAUUTEIbHOM YMEHBUICHUH €ro M-
paTalMoOHHOM CITIOCOOHOCTH.

Ha koHeuHOM 3Tamne ruaparaiuu mposiB-
nstoTest U y3HOHHBIE  OTPaHUYEHUS.
[Iporecc ommchIBacTCs yYpaBHEHUEM TpeEX-
MepHOU Tuddy3uu:

glo) =[1 (1 -],

OcoOeHHOCTh TPOTEKAaHUs Ipolecca B
YCIOBUSX JTUMUTHUpOBaHUS nuddy3uein or-
MeYaeTcs B CHIDKCHHH OOIIeH CKOpPOCTH
amcopOumu. JIns KIMHONTHIIONHATA Xapak-
TepHO OoJiee Mo3aHee mposBieHue AUPdy-
3MOHHBIX OTPaHHYEHH, YTO OOYCIIOBIICHO
CTPYKTYPHBIMU ~ XapaKTepUCTHUKAMU COp-
Oenra [11-13].

3aknoyeHue

Taxkum oOpa3oM, paziauuue B NPUPOJE U
KOJINYeCTBE OOMEHHBIX KAaTHOHOB, MOPH-
CTOCTH U MOBEPXHOCTH KIMHONTHUJIOIUTA U
IJIAYKOHUTA BIMSIOT HAa XOJ KMHETHYECKOU
KPUBOMH, BpeMsl TOCTUKEHUS PaBHOBECHUS B
cHCTEeMe, THJPATAlMOHHYI0 CIHOCOOHOCTH
QJIIFOMOCHUJIMKATOB M KMHETHYECKHE Xapak-
TEPUCTUKU OTACTBHBIX CTaIuil ancopOuu-
OHHOro mpouecca. bonee BbICOkHE TrHIpa-
TAI[MOHHAasI CIIOCOOHOCTh M CKOPOCTh yCTa-
HOBJICHHSI PAaBHOBECHUS B CUCTEME «aJIFOMO-
CHJIMKAT — MOJICKYJIBI BOJBD» Ul KIMHOI-
TUJIOJIUTA CBSI3aHbl C OOJIbIIEH KOHIIEHTpa-
el 0OMEHHBIX KaTHOHOB U OoJiee pa3BH-
TOM TOPHUCTOCTBIO M TOBEPXHOCTHIO 110
CpaBHEHHIO CO cia00 HalOyxaromuM TIJay-
koHuTOM. Ilpn paccMoTpeHMH MakpOKHHe-
TUYECKON MOJenu aacopOIMu BOABI yCTa-
HOBJICHO, YTO HA HayaJbHOM JTale rujapa-
TAIMI0  AJIOMOCWJIMKATOB KOHTPOJIUPYET
XUMUYECKas CTausl, BTOPOM 3Tan ruapara-
LIUH OINMCBIBAETCS] YPAaBHEHUEM pEaKIMH Ha
Mex(da3HOll rpaHuIle, KOHEUHBIH HSTam -
ypaBHeHHEeM TpexmepHou nuddysuun. s
KIMHONTHJIONHUTA XapaKTepHO Ooiiee Mmo3j-
Hee mposiBieHuEe AUG(Y3MOHHBIX OrpaHU-
YEeHUH, YTO 00YCIOBJICHO €0 CTPYKTYPHBI-
MU XapaKTepUCTUKAMHU.
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Formal kinetic approach for the description

of the kinetics of hydration of aluminosilicates

© 2021 Kotova D.L.!, Krysanova T.A.!, Novikova L.A.?, Krysanov V.A.!

"Voronezh State University, Voronezh, Russian Federation
2Voronezh State University of Forestry and Technologies Named after G.F. Morozov, Voronezh, Russian
Federation

The consideration of the peculiarities of water transport as the main component of a system is im-
portant when studying the kinetic characteristics of the sorption process with the participation of natural alu-
minosilicates, which are widely used as sorbents for active and auxiliary substances in pharmaceutical prod-
ucts. When studying the kinetic regularities of water adsorption by aluminosilicates, the problem of quantita-
tive modelling of the process is of interest.

The objects of study were aluminosilicates: clinoptilolite from the Slovatsk deposit and glauconite
from the south-west of the Voronezh anteclise, which are characterized by a crystalline structure and have the
ability to perform ion exchange. The kinetics of water adsorption by aluminosilicates was studied by isopie-
sisation with water activity in vapour equal to 0.980 and a temperature of 2954+2K. The amount of adsorbed

Komosa n np. / Copbrmonnsie n xpomatorpaduueckue nporeccsl. 2021. T. 21. Ne 2. C. 169-176


https://www.ncbi.nlm.nih.gov/pubmed/?term=Boudissa%20F%5BAuthor%5D&cauthor=true&cauthor_uid=30384246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miril%C3%A0%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30384246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arus%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=30384246
https://www.ncbi.nlm.nih.gov/pubmed/30384246
http://dx.doi.org/10.1016/j.jhazmat.2018.09.070
https://www.sciencedirect.com/science/article/abs/pii/S138718111500579X#!
https://www.sciencedirect.com/science/article/abs/pii/S138718111500579X#!
https://www.sciencedirect.com/science/journal/13871811
https://www.sciencedirect.com/science/journal/13871811
https://www.sciencedirect.com/science/journal/13871811/223/supp/C
https://www.sciencedirect.com/science/article/abs/pii/S016729910681880X#!
https://www.sciencedirect.com/science/article/abs/pii/S016729910681880X#!
https://www.sciencedirect.com/science/article/abs/pii/S016729910681880X#!
https://www.sciencedirect.com/science/article/abs/pii/S016729910681880X#!
https://www.sciencedirect.com/science/journal/01672991
https://www.sciencedirect.com/science/journal/01672991
https://www.sciencedirect.com/science/journal/01672991/97/supp/C
https://pubs.acs.org/author/Borowski%2C+Markus
https://pubs.acs.org/author/Wolf%2C+Ingo
https://pubs.acs.org/author/Gies%2C+Hermann

175

water was determined by gravimetry. The kinetic study of the process of hydration of aluminosilicates in-
cluded the experimental determination of the dependence of the amount of adsorbed water on time and math-
ematical processing of the data using kinetic equations based on specific models of solid-phase interaction.

It was revealed that a higher hydration capacity (by about 1.4 times) and an increase in the rate of
reaching the equilibrium in the system of aluminosilicate - water molecules for clinoptilolite were due to a
higher concentration of exchangeable cations and a more developed porosity and surface compared to weakly
swelling glauconite.

The choice of the function g(a) corresponding to the mechanism at each stage of the hydration pro-
cess was carried out by checking the linearity of the dependence log g (a) = t for the considered equations
describing the mechanism of water adsorption (a0 - the degree of reaching the equilibrium). From the equa-
tions, we chose the one that, in the given region o, corresponded to the minimum value of the dispersion. For
each stage, limiting the process in a certain range of a, the kinetic characteristics were estimated using the
dependence of log g (o) on 7.

It was found that at the initial stage, the hydration of aluminosilicates was controlled by the chemi-
cal stage. The rate of the process was determined by the formation of hydration centres. During this stage,
clinoptilolite adsorbed 57%, and glauconite adsorbed 51% of the total amount of absorbed water. The adsorp-
tion of water during the second stage of the process was described by the reaction equation at the interface.
Glauconite was characterized by a noticeable decrease in the rate of hydration during this stage, which was
manifested in a significant decrease in its hydration capacity. During the final stage of hydration, diffusion
restrictions appeared and the process was described by the equation of three-dimensional diffusion and it was
characterized by a decrease in the overall rate of adsorption. Clinoptilolite was characterized by a later mani-
festation of diffusion restrictions, which was due to its structural characteristics.

Keywords: aluminosilicates, hydration kinetics
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