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KMHETUKA 1 TEPMOAVMHAMUKA COPEIIMIN KOMIIJIEKCOB
XPOMA C 1,5-IUOEHNJIKAPEASJIOM 11 KAPMOA3MHOM
NOHUTAMU KY-2-8 1 AB-17-8

C moMoIplo AMHAMUYECKUX W KWHETUYECKUX KPUBBIX, YUUTBHIBAIOIIUX M3MEHEHUE
(GyHKIIMY 3aM0JIHEHUS TpaHyJl MIOHOOOMEHHUKA BO BpEMEHHU, a TakxKe Kputepusi buo u
3HAYEHUI COPOIIMOHHOI OOMEHHOUN €MKOCTH MpOBeeHa OlleHKa MeXxaHu3Ma GopMu-
pOBaHUs aACOPOLUMOHHOTO cllosl Mpu u3BiedeHUM KoMmruiekcoB (KC) nudeHunkapoba-
3oHaTa xpoMa(lll) u xkapmoaszonara xpoma (III) (KAOH-Cr(Ill)) moBepXHOCTHIO HOHOO0-
MmeHHNKOB KY-2-8 u AB-17-8, coorBeTcTBeHHO. PaccunTaHHbBle TepMOIMHAMUYECKIE
napametpsl nipu ussineyeHun KAOH-Cr(11I) yka3biBaloT Ha npeodiagaHue XeMocopo-
LIMOHHOT'O MeXaHM3Ma copOLIMU, corpoBoxkaarieecs apdekrom nepeopueHTauuu KC
OTHOCUTEJIbHO MOBEPXHOCTU MOHUTA.

Kmouessie caosa: xpom(VI), 1,5-mudennnkapbasun, KapMoasnH, COpOIMsl, KWHETUKA,
TePMOIMHAMUKA.

CopOuusi MUKPOKOMIIOHEHTOB Pa3IMIHON IIPUPOIBI B JTHHAMHYCCKUX YCIOBUSX, KAK H
000 (PH3UKO-XUMIYECKHIA IIPOIIECC MACCOOOMEHA, XapaKTePHU3yeTCs] KHHETUIECKUMHI
(KII) u repmonnnamuyecknmu napamerpamu (TTI) [ 1-5]. B Toxxe BpeMst, KOMIUTEKCHBIH
MOAXOM K UCCIEIOBAHUIO TEPMOKUHETHKH TeTeporeHHbIx cucreM (I'C), comepxammx B
KadyecTBe copbaTa opraHMUYecKre BellecTBa WM KomiuiekcHbie coeauaenus (KC) me-
TaJJIOB C OPTraHWYECKUMH JIHTaHIAMH U OPTaHOMOJMMEPHBIE HOHHUTHI MPEACTABIIICT
ocoObIit mHTEpec. [lomyueHHast mHOOpPMAIHSI UCITONB3YeTCsl IPU Pa3padOTKE METOOB
BBIACJICHUS, PA3ACIICHUA U OYUCTKU BCUICCTB, I[aéT BO3MOXXHOCTb YTOYHHTH JIC)KAIIUC
B OCHOBE TCOPETHYCCKHX MPEICTABICHUH TPUPOIY M MEXaHU3M IMPOIECCOB COPOIIUH,
a TaK)Ke COOTBETCTBUE UX CTPYKTYPHBIM U COPOIIOHHBIM OCOOEHHOCTSAM MOBEPXHOCTH
HOHUTOB. HpI/I OTOM CYHIECTBCHHOC BJIMSIHUC HA JOCTUIKCHHC PABHOBECUS B CUCTEME
OKa3bIBACT PEKUM HM3BICUCHUS BEIIECTBA, T. €. CTATUYECKOE MM TUHAMHYCCKOE KOH-
LeHTpupoBaHKe. Ha mpakTuke A OmucaHus peamu3yIonuXCsl MPOIECCOB YUUTHIBAIOT,
KaKOW MMEHHO BKJIAJI OKA3bIBAIOT BCE COCTABIISIOIINE TIOMOOHBIX COPOLIMOHHBIX CHCTEM:
Macca HOHHTA W ero (paKIMOHHBIA COCTaB, 00BEM M KOHIICHTpAIHS pacTBOpa copba-
Ta, BpeMs €ro KOHTaKTa C MOBEPXHOCTHIO MOHUTA U T. I. Ilpm m3ydeHun copOumu B
JTMHAMHYECKOM PEKUME C IENBI0 TOMYYeHUs OoJiee TIONHONW W JOCTOBEpHON HH(OP-
MaIii HEOOXOIMMO WCIIOIB30BaTh MAKCHMAFHO BO3MOMKHOE UHCIIO XapaKTePHUCTH-
YeCKHX MapaMeTpoB Tporecca Macconepenoca [6]. Hampuwmep, pacuér kputepus buo
(Bi) 1 IOCTpOCHHE KMHETUYECKUX KPUBBIX MOHHOTO OOMEHA MOMOTAIOT OXapaKTepH-
30BaTh CreIU(UKy 3armodHEHHUs rpaHyl HoHuTa Monekynamu KC Bo BpeMeHH, a Tak-
K€ BBIACHUTH: BHEIIHUI WIN BHYTPEHHUM MacCOIEPEHOC ONPENEisieT B KOHKPETHBIX
YCJIOBUAX OIbITa KUHETUKY ancop6u1/n/1, T. €. OTHOIICHNUEC BHYTPCHHETO CONIPOTUBIICHU
MAaccoIepeHocy B 3epHE aJcOpOCHTA K BHEIIHEMY CONPOTUBIICHUIO MACCOIEPEHOCY U3
KHUIKOCTH TMyTéM auddy3uu yepe3 MOrpaHUuuHbIN BSI3KHN CION K MOBEPXHOCTH 3EpHA
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[1-2, 6]. Kpome Toro, mpu 00paboTke U HHTEPIPETALNT 3KCIEPUMEHTAIBHBIX JAHHBIX
HY>KHO YUHUTBIBATh IPUPOY U3BIEKAEMOr0 BellecTBa. Tak, Ipu N3BICUECHUN IIPOCTHIX)»
Heopranndecknx HoHOB B ['C peanm3yroTcs MpoIecchl, ONHCaHIE KOTOPBIX BO3MOXHO C
MTOMOIIIBIO KJIACCHYESCKUX TIOIXO/IOB TEOPUH U MPAKTHKU HOHHOTO oOMeHa [1, 5, 6]. Ilpu
COpOIIMHU CIIOKHBIX OPraHUYECKUX (KOMIUIEKCHBIX) HOHOB [7] HEOOXOIUMO PUHUMATH
BO BHMMaHHUE HE TOJIbKO UX XMMHUYECKYIO MPHUPOAY M HaJM4YUe 3apsSIKCHHBIX IIEHTPOB,
HO U CTPYKTYPHO-IIPOCTPAHCTBEHHBIE pa3Mepbl COPOMPYEMbIX YacTHull. B cBsA3M ¢ A THUM,
nzydyenne KII u TII mo3Bonser oneHUTH () (HEKTHBHOCTE COPOLIUH U CAETATh BHIBOIBI
0 XapakTepe W MeXaHH3Me COpOINH, a Takke ONTUMU3NPOBaTh nporecc. C TOuKu 3pe-
HUS aHAJIMTUYECKON XUMHHU PE3yJabTaThl TAKKX MCCIICIOBAHUI MOTYT OBITh ITOJIOKCHBI B
OCHOBY pa3pabOTKH TeCT-CHCTEM, padOTAIONIMX B IIPOTOYHOM PEKUME TIpU OOHapyxe-
HUU BELLECTB TOKCUKAHTOB, COAEPIKALIMXCS B BOJIAX PA3IMYHBIX KaTETOPHA.

OnHIM U3 U3BECTHBIX TOKCHKAHTOB, OKA3bIBAIOIINM HETaTHBHOE BIMSIHUAC HA KUBEIC
OPTaHU3MBI ¥ OKPYXKAKOIIYIO Cpey B 1enoM, siisiercs xpom (VI). s ero oOHapyxe-
HUS 9aCTO PUMEHSIIOT pa3lindHbIe opraHnnueckue peareHTsl (OP), mpu aTOM B pacTBOpe
oOpazytorcst KC, koTopble HCTIONB3YIOTCS B BUAE aHATTUTHYECKUX (HOPM, KaK UCTOUHUKHI
aHaAJIMTUYECKoro curHaia. B paborax [8, 9] u3ydeHbl 0COOEHHOCTH MacCOOOMEHHBIX
nporieccoB u3BiedeHus: xpoma (VI) B Buje ero KOMIUIEKCHBIX COCIUHEHUH C PEIOKC-
pearentamu 1,5-mudennnkapoazunom (APK) u kapmoaznnom (KAH), ucmons3yeMbIx B
KauecTBe aHaMTHIecKuX (hopm xpoma (VI): nudenunkapodazonar xpoma(Ill) (APKAT-
Cr(1II)) u xapmoasonar xpoma (III) (KAOH-Cr(I1l)); HocutensiMu yKka3zaHHbBIX (HOpM
CITy)KaT OPTraHOMOIUMEPHBIC HOHUTHI — CHIIbHOKHACIIOTHBIN KaTnoHoOOMeHHUK KY-2-8
CWJIBHOOCHOBHBIN aHHOHOOOMeHHUK AB-17-8. BeiOop mociemHux oOycloBiieH 3apsi-
noM u3BnekaeMbix KC, a Takxe BO3MOXKHOCTBIO pa3paObOTKH METOUK, OCHOBAaHHBIX Ha
TBEP0(]PA3HO-CIEKTPOCKOMUYECKOM JCTEKTUPOBAHUH aHATTUTUYECKOTO CUTHANA B BApH-
aHTax CIEeKTPOCKONUU AU((y3HOro OTpaxKeHUs: U BU3yaIbHOW KOJOPUMETPHH.

C yd4éToM BBIIIEC H3II0KEHHOTO HACTOSIINC HCCICIOBAHUS MMOCBSIICHBI H3YyUYCHHIO
BIIMSTHUSI TEMIICPATYPHI Ha CIICIM(UKY 3arIOTHEHIUS TPAHyJI HOHUTa KOMIUIEKCAMH XPO-
Ma BO BPEMCHH, a TAK)KE OIICHKE TEPMOJUHAMUYCCKUX M KMHETHYCCKHX IMapaMeTpOB
MaccornepeHoca B rereporeHHbix cuctemax: (I) — KY-2-8 — JIOKAT-Cr(I1I) u (IT) — AB-
17-8 — KAOH-Cr(I1I).

DKcliepuMeHTaAbHas 4acTh

Bognsre pactBops! komrmiekcoB JJOKAT-Cr(I1T) u KAOH-Cr(I1I), roroBunm cornac-
HO METOJMKaM NPUBEIECHHBIM B [8, 9], ¢ HauanbHOM KoHUEHTpanuek (¢, ) xpoma(VI),
nu3MeHstomeiics B quanazone ot 0,10 go 0,65 mxr/mia. Konnenrpanuto xpoma (VI) B
pactBope koHTpoupoBainu ¢poromeTpudecku Ha KOK-2 mpu A = 540 um st JJOKAT-
Cr(Ill) m & = 590 am mms KAOH-Cr(IIl) B kfoBeTax ¢ TONIIMHOW ONTHYECKOTO CIIOS
/= 5cm.

W3yuenre nuHAMHUKU cCOpOLIMU TPOoBOAMIN B copOrronHoi konoHke (CK) ¢ BHY-
TpeHHUM JuametrpoM 10 mwm, comepxkameit katmonut KY-2-8 (H-popma) n annoHut
AB-17-8 (Cl-popma) ¢ muamerpom 3épen (d) pasnu4HbIX (Qpakiuif, MOTYyYEHHBIX
cutoBeiM oTOopoM (0,33+0,40 mm; 0,40-0,43 mMm; 0,43+0,50 mm; 0,50+0,75 mwm;
0,75+1,00 mm). Yepes cioii copOeHTa TpoIycKaiyu pacTBopbl kKomruiekcoB JIDKAT-
Cr(IlI) 1 KAOH-Cr(III), peructpupysi 0CTaTOYHYH KOHLIEHTPALHMIO (C, ) Ha BBIXOJIE U3
CK dotomerpuaeckum Metonom. MccnenoBanus B cucteme | mpoBomuimch Ipu ciieay-
tommx yenosusx: ¢, =0,10+0,30 mxr/mi1, macce copbenta m_ = 0,5 1, 00bEMHAs CKOPOCTH
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nponyckanuspacteopacopbaraV =8,0mn/mun. sacucremsill:c  =0,43+0,65Mkr/m,
m = 1,05, V= 6,0 mi/mun. [lna obenx cucrem temneparypa (T) Bappuposanack ot
293K mo 313K (uar 5K).
B : R(Z) i COCT
Ha4 ! D ’
rie B — MaccooOMeHHbIH ko puiment, ¢'; R — pajryc rpaHyibl HOHUTA, MM;
D — xoaddunment quddysun HoHOB B pacTBope, M?/c [6].
UwcrieHHble 3HaYeHHs (GYHKIIMH 3arIoiTHe Hust Tpanyin nonnToB (F) 1 6e3pasmepHoro Bpe-

[pu pacuére kputepus buo ncrnonszosamu popmyny Bi=

MEHH (Tmp») PaCCUMTHIBAIIUCEH 110 HIXKE MTPUBEICHHBIM (opmyram [10].
[aesinfi-12.T, VY 1
1-|0,5+sin ; 2| mpu T, SE
F= 1 )
]._1, pH Tﬁﬂp_ EE
t, D
Toesp 07
Ro(1+T ) 2
I‘Pacnp- = Q ‘ mc ?
cuaq : VcopG & (3)

I7ie t, — Bpems BbIXoja Ha miaro, ¢; ' — koshduuuent pacnpenenenus; Q — xo-
JTHIECTBO copOHpOBaHHOTO BelecTBa B hase copbenta, Mr/r; V- — 00bEM copOenTa B
COPOLIMOHHOM KOJIOHKE, JI; & — IIOPO3HOCTD CII0A MOHUTA; M_— Macca HOHHUTA, T.

s mocTpoeHuss u30TepM aACcopOLMH B KOOPIUHATAX A= =f (c ) (A — agcopOuus,
MOIIB/T; ¢ — PABHOBECHAs KOHIIEHTPALHS copbara B pacTBope, MOJ'H)/JI) MIPOBOUIIN 00-
paboTKy COOTBeTCTBy}OH.II/IX BBIXOJHBIX KPHUBBIX, IIOJyYCHHBIX TIPH Pa3HBIX TEMIIepary-
pax, a 3aTeM PacCYUTHIBAIH TCPMOTMHAMUUECKUE ITapaMeTPHI aICOPOIHU IO yIacTKaM
uzorepM [4], oTBeyaroux ypaBHeHHo Jlenrmiopa B nuHeitHoi Gopme (4).

Lo, @
A A, AK

rie A_— npesenbHas ajacopOuus, Moib/T; K — KOHCTaHTa aJcCOPOLMOHHOIO PaBHO-
BeCHs, I/MOJIb.

SuaueHus aupGepeHINATBHBIX CTAHAAPTHBIX TEPMOJMHAMHUYCCKUX (DYHKIUI
PaCCUNTHIBAIKCH 110 YpaBHEHUSM (5).

. dinK AH® — AG®°
AG®=-RT - InK; AH’ =RT’ ;T ;AS =T (5)

Pe3yAbTaThl 1 UX 00CY>KAEHUS

Kaxk ykazano B paborax [1, 2, 6] kuHEeTHYIECKHE KPUBBIE BBIPAXKAIOTCS 3aBUCHMOCTSI-
MU (YHKIUH 3aII0THEHNS TPaHy]l HOHUTOB MOJIEKYTaMH KOMIUIEKCOB OT 0€3pa3MepHOro
BpPEMEHH IIpH (PUKCHPOBAHHBIX (PPAKIMAX COPOCHTA, KOTOPHIM OTBEYAIOT COOTBETCTBY-
omue 3HadeHust kpurepust buo. Ilpu Bi—oo — npouecc BHyTpuauGPy3HOHHbIH, mpu
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Bi—0 — BaemHequ(p}y3nOHHBINA. 3aBUCUMOCTD KPUTEPHs Bi OT paauyca rpaHyIibl HO-
HHUTAa B NICPBYIO OUCPCb MO3BOJISCT SKCIICPUMEHTAJIbHO OTIIMIUTDH BHCHIHC,Z[I/I(i)(I)y?;I/IOH—
HOE TOPMOKCHHUE OT CTAJIMH CTOKA HOHOB B TBepAYyIO (hazy. [Ipn oTHOCHTETBHO OOIBIINX
3HAUCHMAX Bi BHEmHsS Anu(dy3ust OKa3bIBaeT 3aMETHBIN BKJIAJ B KHHETHUKY IMPOIIEC-
ca. Kak BujiHO M3 npuBeACHHBIX B Tabin. 1 3HaYeHHMid Bi mporiecc, peamu3yonuiics B
HCCIIeTyeMBIX COPOIIMOHHBIX CHCTEMaX, KOHTPOIUPYETCS TOIBKO BHEITHEH Tu(py3uei,
a 3HaYCHUS KpUTepHsl Bi koeomoTes B quamazone 0,13+1,32.

Tabmnuna 1
UYuciennsle 3Ha4eHnst Kputepus buo ot 1mamerpa 3épen rpany. copdenta
d, mm
Cucrema
0,33+0,40 0,40+0,43 0,43+0,50 0,50-0,75 0,75+1,00
I 0,13 0,29 0,59 0,92 1,32
Bi
11 0,24 0,46 0,77 1,08 1,28

Heo0xomuMo oTMeTHTh, YTO MPOBEICHHBIC paHee HccienoBaHus B cuctemax I u 11
[8, 9] mo3BomMIM BBIOpaTh ONTUMAJIBHBIE MapaMeTphl (m, d,, V ) IIpU KOTOPBIX OCY-
LIECTBISUIM JalibHelue uccnenoBanus. llocTpoeHne KMHETUYECKMX KPHUBBIX IPO-
BOIIIIM ITyTEM 00paOOTKH COOTBETCTBYIOMIMX BBIXOMHBIX KPHUBBIX C TIOMOIIBIO (hop-

myn (1-3). Tpadudeckue 3aBUCHMOCTH, TIOCTpoeHHbIe B koopauHatax F = f /T, ,
MO3BOJISIIOT OLEHUTh, KAKUM 00pa3oM MPOXOAMT MPOLECC 3aroHEHHUs IPaHyl HOHHUTA
KOMIUIEKCHBIMUA HOHAMU BO BPEMEHHU C yUETOM clielr(PUKU PeKUMa KOHIIEHTPUPOBAHUSL.
Jns nonnmanus pusndeckoro cmeicna T mpoBeaeHa aHaIOrus ¢ 006EMOM pacTBOpa
copbara, He0OXOUMOTO JUIS TOCTIKEHHSI JMHAMUYECKOTO PABHOBECHS B F€TEPOr€HHBIX
cucremax (puc. 1).

. oo . N F
0,05 | 0.95 t
|
! 0,85 |
0.85 | : 075 |
|
|
075 | 0.65
! 0,55
0,65 } : ' : 0,45
048 038 058 078 098 11 L6 21 26 31
|
|
|
L

\} I‘Gar
=1 =

0,2 03 04 05 0,6
Vppa, 1

\/72.,,,1

0 5 10 15 20 25 30

p-par 11

Puc. 1. Kunernueckue kpusble: a — cuctema I; 6 — cucrema II.
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Tak Kak nogoGHeie 3aucumocts F =/ Ts., npu Bapeuposanun ¢,V ud nme-
0T UICHTUYHBIN BUJI, HA pUC. | TIPECTaBICHBI PE3YIbTATHI TOJIBKO MPH (PUKCHPOBAHHBIX
3HAYEHUSAX YKa3aHHBIX MapaMeTpoB. HeoOxonumo otmMeTuts, uto ¢yHkuus F sBugercs
MHOTO()aKTOPHOM, yuuThIBatoIeil, coracHo ¢popMynam (1-3), BausHUuE NMOpsAAKA JAecs-
TH XapaKTEPUCTHUYECKUX MMapaMeTPOB OKA3bIBAIOIIUX BIIMSHUE HA KHHETHKY COPOIINU B
reTeporeHHsIx cucremax [10].

Kak BumHO w3 mpuBeaeHHBIX = "X (puc. 1 a, 0), MakCMMaJbHbIC UYMCIICHHBIC
3HaueHus: BenwunH F=1,00 mpu T6e,,p, ~ 0,41 nns oGemx cHuCTEM MPAKTUYECKU CO-
BrajaioT. [locneqHee cBUAETENBCTBYET 00 UACHTHYHOCTH MPOLIECCOB MAcCONEPEeHOca
KOMIUIEKCHBIX HOHOB K TTOBEPXHOCTH COPOCHTA, UX paclpe/ie]IcHH B MOMEHT paBHOBE-
CHSl HE3aBUCHMO OT MPHUPOJIbI TOBEPXHOCTH HOHHUTA U MPOCTPAHCTBEHHO-CTPYKTYPHBIX
ocobennocreit KC, 1 MoXKeT OBITh 0XapaKTEpHU30BaHO C TIOMOIIBIO KIIACCHIECKUX TIPHH-
LUIO™ o oro oomena. Kpome Toro, mpakTHUECKH JTMHEHHAast 00IacTh B KOOpAHHATAX
F = £/ T6e:p. HA KPUBBIX (10 MyHKTHPHOM JIMHUM) CBUJIETEILCTBYET O TOM, YTO CKOPOCTh
a7copOIMK B MOMEHT (HOPMUPOBAHUS MOHOCIIOS HA TIOBEPXHOCTH HOHUTA KOHTPOJIUPY-
€TCsl BHEIIHUM MaccoriepeHocoM [7, 10]. B Toxe BpeMs, 00EM pacTBOPOB KOMITIEKCOB,
HEOOXOIMMBIN ISl TOCTIKEHHS JTHHAMHYCCKOTO PAaBHOBECHS B TETEPOTCHHBIX CHCTE-
Max, pa3nuaHbIi: 1t cuctemsl [ — 0,3 i, a anst cuctemsr 11 — 3,8 . CnenoBarensHo, 3a-
nojHeHue rpanyn copoenra KY-2-8 monexynamu kommiekca JIOKAT-Cr (I11) ocymiect-
BisieTcs ObicTpee, ueM B cucteme I1. [locnennee oObsAcHAETCS pa3IMyHBIMU pazMepaMu
MoJsiekyn u3piekaeMbx KC, 4To Kak IIpaBUIIO, II0O3BOJIAET YTBEPKAATh U O Pa3IUYHON
TUTOIIA/IM, 3aHNMAaeMON Ha TTOBEPXHOCTH COPOEHTA, Ha YTO YKA3bIBAIOT CYIICCTBEHHO
OTJINYAIOIINECS BEITNYNHBI Vp_pa. Heobxomumo orMeTnTh, uTo HOHUTEI KY-2-8 u AB-
17-8 UMEIOT WACHTUYHYIO0 MAaTPUUHYIO CTPYKTYPY, HO pa3jiuyHble IIOTHOCTh U pacro-
JIOXKEHHUE 3apsAJ0B Ha TOBEPXHOCTH, YTO MOXKET BIHUATH Ha CrelU(PUKY aIcOPOLIMOHHOTO
B3anmozeiictBust KC ¢ marpurieil copOeHTOB. YUUThIBas 3TO, IS TOTy4eHUs HH(opma-
UM O PACIIOIOKCHNH aICOPOIIMOHHBIX CIIOEB Ha aICOPOCHTE HEOOXOANMO 3HATh TEPMO-
JUHAMUYECKHUE NTapaMeTpbl CUCTEMBI.

s 9TOro Ha HEepBOM JTale MOJIY4YEeHbl BBIXOJHBIE JMHAMHUYECKHE KPHUBBIE THIIA
c,. =1 (V,,,) TIPH M3MCHCHHH TEMIIEPATyphl MPOBEJICHHS MPOLECCA KOHLICHTPHPOBA-
Husl. B CBA3M € TEM, 4TO HE3aBUCUMO OT ¢, (OpMa BBIXOIHBIX KPUBBIX MOCTOSHHA, HA
pucC. 2 NPUBE/ICHBI JaHHbIE, IOy YE€HHbIE TOJBKO TIPU OIHOM ¢, cooTBeTCTBYIOIMX KC
Y Pa3HBIX TeMIleparypax.

Ha Bcex BBIXOZHBIX KPUBBIX HAaOIIOZACTCS N1Ba IUIATO, KpOMe KpHBOil / Ha puc. 2
(0) — c oguuM 1uiato. Hanuuume BTOPOrO IJIAToO y BCEX OCTAJIbHBIX BBIXOJHBIX KPUBBIX
MOYKHO OOBSICHUTH CIEIYIOIINM 00pa3oM — y)Ke IIpY BO3pacTaHUU Temreparypsl Ha SK,
YBEIIMYHUBACTCS CKOPOCTh U dy3un monekyn KC B pacTBope U Kak CIeICTBHE, BpeMs
JOCTIDKCHHUS TIOBEPXHOCTH COPOCHTA 3TUMH MOJICKYJIAMH 3HAYUTEIEHO YMECHBIIACTCS.
BeposiTHO, B cityuae agcopOrum Takux 00bEMHBIX KomiriekcoB, kak KAOH-Cr(III), yuc-
JI0 aKTHBHBIX IICHTPOB Ha MIOBEPXHOCTH COPOCHTA, MPUHIMAIOIINX YIACTHE B 1COPOITH-
OHHOM B3aUMOJEUCTBUH, Oy/IeT Pe3Ko BO3pacTaTh MPH YBEIMUECHUH TEMIIEPATypbl, YTO
CBSI3aHO C MepeopueHTanueld pacnpeaeneHuss Mojekyn KC oTHOCHTENBbHO MOBEpXHOC-
TH MOHUTA C IJIAHAPHOTO PACMONIOKEHUs B BepTukaiabHoe. Tak, mpu +293K momnekyibl
rkoMruiekca KAOH-Cr(I11) 6:10KkupyrOT 4acTh aKTUBHBIX IIEHTPOB HA TOBEPXHOCTH COP-
OCHTAa, YTO MPHUBOJUT K COKPAIICHUIO BpeMeHHU (opMupoBaHus MoHOCHOs. [Ipu +298K
U BBIIIC TOSIBJICHUE IBYX IUIATO MO3BOIISET yTBEPXKIATh 00 0Opa3oBaHWUU MOHOCIOS
KOMIUIEKCa, COMPOBOXKAatoLIeecs mocreneHHon nepeopuenranueit KC Ha moBepxHocTH
aHMOHOOOMeHHHKa AB-17-8 Bo BpeMeHH.
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Puc. 2. BeixoaHble KPUBbIE, TOIYYEHHBIE IPU Pa3HBIX TEMIIEpaTypax MPOBEISHUs polecca
kourenTpupoBanus T, K: 1 —293; 2 —298; 3 —303; 4 —308; 5—313; a— cucrema I; 6 — cucrema II.

[Ipu panbHeiilieM CpaBHUTEIBLHOM aHAIMW3€ BBIXOAHBIX KPHUBBIX BHJIHO, YTO
HCCIICyeMbIC CHCTEMbI IOCTHIAIOT TMHAMIYECKOIO PABHOBECHS IPH PasHbIX V., TPo-
IIeMIKX Yepes cnoii copoenta. Hampumep, B cucteme I npu ¢, = 0,10 MKr/mMJ1 BBIXO
Ha BTOpOeE Taro mpu temreparype +293K ocymectsisiercst mpu o0béme 180 mur, mmst
+298K — 560 mi, a naunnas ¢ +303K u manpHeiee MOBBIICHUE TEMIIEPATyPhI MPH-
BOJHT K COBIAJICHHUIO BBIXOJHBIX KPUBBHIX (pPHC. 2 4, KPUBBIE 3-5), UTO COOTBETCTBYET
V_ =600 mn. B cucreme II, npu +293K o6pasyeTcst TONBKO OIHO MIIATO NpU 00bEME
460 MJI, a TIPH MOBBIMICHUH TeMmeparypsl Ha SK, Ha BBIXOAHBIX KPUBBIX HaOmIOmaeT-
csl ABa 1aro: nepBoe — npu 580 mi, a Bropoe — 900 mut, ipu +303K nepBoe mtaro —
1000 mu1, Bropoe — 1240 M 1 T. 1. AHAJIOTUYHAS 3aKOHOMEPHOCTh HAOIFOAIACh IS BCEX
UCCIIeyeMbIX KOHIEHTpauuid. Tak, usmenenue oobéma AV (AV =V_ —V_ e V. n
V.,— 00bémbl pacTBOpoB KC B MOMEHT IMHAMMYECKOTO PABHOBECHS B CUCTEME, T. €. Ha-
yaso (HOpMUPOBAHUS BTOPOTO IIATO, MOTYYECHHBIC MPU M3MEHEHHH TEeMIIepaTyphl Ha
5K) nns cuctemsl I Haxoputes B npepenax 100380 mu, a aist cuctemst 11 340440 mut,
YTO MOJATBEPXKAACT BIUSHUE CTEPEOMETpUUYECKUX (PAaKTOPOB Ha criequduKky GopMHupo-
BaHUS aJCOPOLIMOHHOIO CIIOS Ha MOBEPXHOCTHU MOHUTA. B TO ke BpeMs M3BECTHO, YTO
MTOBBIIICHAE TEMIIEPATYPBI YCKOPSET XEMOCOPOIIHIO B 3aMeIIISIeT (PU3NIECKYIO COOTBET-
cTBeHHO [3, 4]. KpomMe Toro, ciBUr 0Opa3oBaHUs BTOPOTO IIATO B OOJACTh OOJBIIMX
00BEMOB TIpM yBEIMYCHUH TEMIIEpaTyphl YKas3blBaeT Ha IpeoOiiafaHue XeMocopo-
IUOHHOTO B3aWMOACHCTBHS MEXKAY ITOBEPXHOCTBIO COPOCHTa M COOTBETCTBYIOIINM
KOMIUIEKCHBIM HOHOM.

Takum 00pa3oM, W3 aHAIHM3a MONTYYEHHBIX BBIXOIHBIX KPHBBIX MOXKHO BBICKA3aTh
MPENONIOKEHHEe 00 MISHTHYHOCTH MeXxaHu3ma copOuuu B cucremax | u Il ¢ yuérom
KHHETUKH (OPMHUPOBAHUS MOHOCIHOsI cooTBeTcTByromuX KC Bo Bpemenu. Jlns mon-
TBEPIKJCHHUS TOCIIETHEr0 TIPOBEIeHa CPaBHUTENbHAS XapaKTePUCTHKA 3HAUYEHHUI copo-
1HOHHOH o6MenHOM émkoctn (COE) cuctem I u I, a Takke oleHKa TepMOIMHAMH-
YyecKux napamerpoB cuctemsl 11 (Tabm. 2). Heo0XoauMo OTMETUTB, YTO MPeINpUHATHIC
nonsITkH pacuéra TII must cuctemsl | ¢ momornibio ypaBHeHUs JIeHrMiopa He npescTas-
JSUIOCH BO3MOYKHBIM, YTO BEPOATHO CBS3aHO C HAMYMEM BKJIaJa pa3jIMYHBIX CHJI B3a-
UMOJICHCTBUS MEXY KOMIUIEKCHBIMUA HOHAMH U TIOBEPXHOCTHIO HOHHUTA.
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_ Tabnuua 2
Tepmoaunamuyeckue napamerpsl cuctemsl 11 u unciennbie 3navennss COE cucrem

3uauenns COK, Mosb/T TepmogunamMuyeckue napamerpsl cucremsl 11

LK Cucrema K107, AGY, AS®, AHC,
1 1 JI/MMOITh k/x/mons | Jlx/(monb K) | k/[x/Moib

293 2,2 2,5 0,11 -28,2 505 119
298 5,2 5,0 0,19 -30,1 503 119
303 6,0 9,0 0,36 -32,2 502 119
308 6,0 12,0 0,38 -35,9 500 119
313 6,0 18,0 1,24 -33,5 489 119

Kak BumHO U3 Tabia. 2, ¢ MOBBIIMIEHHEM TEMIEpaTyphl HAOMIOMACTCS YBEJINUYCHUE
suauenuit COE 10 moCTmKeHust HEKOTOPOTO MOCTOSHHOTO 3HAYCHUs (JUI CUCTEMBI 1),
910 cBs3aHO ¢ 3aBepmeHneM nepeopuentannu KC JIOKAT-Cr(11l) orHocnTensHO Mo~
BepxHOocTH KVY-2-8 M OTCyTCTBHEM CBOOOIHBIX aKTUBHBIX IICHTPOB, MPHHUMATOIIIX
y4acTHe B NANbHEHIIEM aJcOpOIMOHHOM IIPOIECCe, a TaKKe HATMIUEM CMEIIaHHOTO
MexaHu3Ma copouuu. s cucremsl 11 npu yBenuueHUH TeMIepaTypbl IpoLecc nepeo-
puentauuu Moinekya KC KAOH-Cr(III) ot nmiiaHapHOTO 10 BEPTHUKAIBHOTO XapaKTepH-
3yeTcsl MOSIBICHUEM OOJIBIIETO KOJMUYECTBA AKTUBHBIX COPOLIMOHHBIX IIEHTPOB, COMPO-
BOXKJIatoNIeecs mpeo0IalaHueM XeMOCOPOIIMOHHBIX B3aUMOJICHCTBUI 1 3HAYUTEIHHBIM
ysemuennem COE. YkazanHble 0T/IMUHs, KPOME Pa3sMEPOB KOMILIEKCHBIX HOHOB, MOX-
HO OOBSICHUTH Pa3IMYHOMN JIOKAIH3AIMeH 3apsjioB, a UMeHHO BHemHechepHoro B KC
KAOH-Cr(Ill), Bayrpuctepuroro B KC JIOKAT-Cr(IIl), uro oObsICHIETCS HaIHYAEM
JUTSL TIOCJICAHETO CMEIIAHHBIX CHJI B3aUMOICHCTBUM, YIaCTBYIOMIUX B (POPMUPOBAHHUU
a/ICOPOLINOHHOTO CIIOSL.

AHanu3upys JaHHblE TEpPMOAMHAMUYECKUX pacu€roB il cucremsl AB-17-8 —
KAOH-Cr(III) (tabm. 2), MOXXHO cJejaTh BBIBOJ O peajM3alMd CaMOIPOU3BOIBLHOTO
Ipolecca, CONpoBOXKAAIOIIErocs yBenuuenueM ynopsaoueHHoctu B I'C. Kpome Toro,
MIOJIO’KUTEIBHBIC M JOCTATOYHO OOJNBIINE 3HAYCHHS YHTAIBITUH CBUICTEIBCTBYIOT O J10-
CTAaTOYHO CHJIBHOM M HEOOpaTUMOM IpOolLecce, XapaKTepHU3yHolleM MpeoldnagaHue xe-
MOCOPOLIMOHHOTO MeXaHu3Ma B3auMojiecTBus. Ilocnennee yTBepxkaeHIe HAXOAUTCS B
MIOJTHOM COTJIACHU C M3JIOKEHHBIMH PaHEe PacCy>kKACHUSIMHU O crenuguke GopMupoBa-
HUSI aICOPOLMOHHBIX ClI0EB B cucteme 1.

Takum 00pa3oM, pacCMOTpPEHHBIC B ITAaHHONH pPabdOTe KHHETHYECCKHE KPHTEPUHU

(F, \/ Toesp. ), IMHAMMYECKHE (€00 Cour Vp»pa u ap.) u repmoauHamudeckue (K, AG®, AS°,
AH®) mapameTpsl MO3BOJMIM CIEJaTh BBIBOA O MEXaHU3ME COpPOLIMOHHOIO B3aUMO-
neiictBus KomiiekcoB nudenmnkapoazonara xpoma(lll) u xapmoasonara xpoma(lll) ¢
opranononumepHsiMu HoHuTamu KY-2-8 u AB-17-8. Heo6xoauMo OTMETUTB, UTO CY-
IIECTBCHHOC BIMSHHUCE HA YKa3aHHBIC TPOIIECCHI OKA3BIBAIOT TaKHe (PAKTOPHI KaK: 3apsiz
U pa3Mep KOMIUIEKCHOI'O MOHA, a TAK)Ke YUCIO U PACIONIOKEHHUE AKTUBHBIX LIEHTPOB
Ha noBepxHOocTH HOcuTens [8—10]. C yu€rom cka3aHHOTO, BCE JK€ MOKHO YTBEPKIATh,
YTO TOJ00Me MEXaHHM3MOB MaccorepeHoca B cuctemax KY-2-8 — JIOKAT-Cr(I1l) u
AB-17-8 — KAOH-Cr(IIl) B uemnom Oyaet onpeaesnsTbcs COOTBETCTBUEM IUIOTHOCTH 3a-
PAI0B IOBEPXHOCTU COPOEHTA K MJIOTHOCTH 3apsAI0B U3BIEKAEMbIX KOMIUIEKCOB.
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KIHETHUKA TA TEPMOJMHAMMKA COPBIIII KOMITJIEKCIB
XPOMY 3 1,5-JTUOEHIJIKAPBEA3JIOM I KAPMOA3MHOM
IOHITAMU KV-2-8 TA AB-17-8

Pe3siome

3a JOMOMOTro0 TMHAMIYHHUX i KIHETUMHUX KPUBHX, 110 BPAXOBYIOTh 3MiHY (DYHKIIil 3a110-
BHEHHSI rpaHyJl HOHOOOMIHHMKA Y 4aci, a TakoxX KpuTepito bio it 3HaueHb copOLiitHOM
0OMiIHHOI €MHOCTI TpoBeJleHa OlliHKa MeXaHi3My (opMyBaHHS aJCOpPOLIIHOTO 1Iapy
npu BuiaydeHHi komruiekciB (KC) nudeninkap6azonary xpomy(Ill) i xkapmoaszoHa-
1y xpomy(Ill) (KAOH-Cr(IIl)) moBepxHero itoHooOMiHHMKIB KY-2-8 i AB-17-8,
BimmosigHo. Po3paxoBani TepmoanHamiuHi mapameTpu 1ipu BrurydeHHI KAOH—Cr(I11)
YKa3yloTh Ha IepeBary XeMocCOpOLIifHOTO MeXaHi3My cOpOllii, 1110 CYIPOBOIXKYETHCS
edekroM rnepeopieHTalii KC BiTHOCHO MTOBEpXHi iOHITY.

Kmouosi cmoBa: xpom(VI), 1,5-mudeninkapbasua, Kapmoa3uH, coOpOLisi, KiHETHKa,
TepMOAMHAMIKa.
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THE KINETIC AND THERMODYNAMIC OF CHROMIUM
COMPLEXES SORPTIONS WITH DIPHENYLCARBAZID AND
CARMOAZINE USING ION-EXCHANGE RESINS CU-2-8 AND AV-17-8

Summary

There was organized estimation of the shaping sorption layer mechanism at extraction of
coordination compounds (CC) chromium (I11) diphenylcarmoazonate and chromium(I11)
carmoazonate (CAON-Cr(I1I)) by ion-exchanger resins CU-2-8 and AV-17-8 surface, by
using dynamic and kinetic curves, that consider functions of the filling the granules ion-
exchange resins’ change at time, Biot number and sorption exchanging capacity value. The
calculated thermodynamic parametersat CAON-Cr(I11) extraction pointto chemosorption
sorption’s mechanism prevalence, that is accompanied by the reorientations CC effect for
ion-exchangers resins’ surfaces.

Keywords: chromium(VI), 1,5-diphenilcarbazide, carmoazine, sorption, Kkinetics,
thermodynamics.
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