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JOCJILJIP)KEHHS B3AEMO/II T'YMIHOBUX KUCJIOT
3 IOHAMMU ®EPYMY, AJIIOMIHIIO I XPOMY

O Ouniginux JI. I1., 2017

Hocaimxeno B3aemonito ioHiB @epymy, AnoMiHiio Ta XpoMy 3 T'yMiHOBUMH KHCJI0TaMH
3a pi3Hux 3HayeHb pH cymimi. KoHuentpauis ioHiB MeTany, 3B’f3aHHX 3 TyMIHOBOIO
KHCJIOTOI0, € MPONOPUiiiHOI0 10 KOHUeHTpaWii ioHiB MeTany y BogHomy po3uuHi nmpu pH 3 ta
HHU3BKUX KOHIEHTpAalisX ioHiB MeTasiB. BinHomeHHns KiibKocCTi ioHiB @epymy, OB A3aHUX 3
IryMiHOBOIO KHCJIOTOI0, Bil KJILKOCTI KMCJIOTHUX IPyN Y TyMiHOBUX KHMcjaoTax Oinbmie 1.5, 3a
BHCOKOI KOHIeHTpauii ioHiB 3a1i3a y po3umHi. Ile moB f3aHo 3 yTBOpeHHsIM IuMepiB ioHIB
TpuBajJeHTHOro Mepymy Ta ix B3a€MOAI€I0 3 KUCJIOTHUMM I'PyNaMH T'yMiHOBUX KucJa0T. Paniye
YACTUHOK, YTBOPEHHUX y peakuii ryMiHOBHX KHCJIOT 3 ioHamu ®epymy, He 3aiexuTthb Big pH i
3MeHIIYE€Thc B peaknii 3 ionamm Xpomy Ta Aumominiio 3a pH Bume 4. 30inbmenHs
KOHIeHTpauii ioHiB MeTany Npu3BOAUTHL A0 30iJbIIeHHs pajJiyca YACTHHKHU 32 HHU3bKOL
KOHIeHTpauii ioHiB MeTady, 10 AOCIAra€e MOCTiiiHOrO 3HAYEHHSI 32 BUCOKHUX KOHUEHTpauii
ioniB meranis i pH 6,1.

Kuro4oBi ciioBa: rymiHOBI KUC/JI0TH; iOHN 3aiti3a, aJIIOMiHIiIO i Xpomy.

L. P. Oliynyk

INVESTIGATION OF THE INTERACTION OF HUMIC ACIDS
WITH FERRIC, ALUMINUM AND CHROMIUM IONS

O Oliynyk L. P., 2017

Theinteraction of ferric, aluminum and chromium ions with humic acids at different pH
values of the mixture has been investigated. The concentration of metal ions bound with the
humic acid is proportional to the concentration of metal ions in aqueous solution at pH 3 and
at low concentrations of metal ions. The ratio of the amount of ferric ions bound with the
humic acid to the amount of acidic groups in humic acids is over 1.5 with a high ferric ion
concentration in the solution. This is due to the formation of dimers of ferric ions and their
interaction with the acidic groups of humic acids. The radius of the particles formed in the
reaction of humic acids with ferric ions does not depend on the pH value and decreasesin the
reaction with chromium and aluminum ions at the pH values above 4. An increase in the
concentration of metal ions leads to an increase in the particle radius at a low metal ion
concentration reaching a constant value at high metal ion concentrations and at pH 6.1.

Key words: humic acids, ferric, aluminum and chromium ions.

IMocTanoBka mpodaeMu Ta aHAJi3 JocCHiIXKeHb i myOaikamiii. ['yMiHOBI KHUCIIOTH € OCHOBHHM
OpraHiYHUM KOMIIOHCHTOM IPYHTY, 1 BOHU € BaXJMBUMH Ui #oro pomtodocti [1]. T'ymiHOBI cromyku,
YTBOpPEHI 3 MOOYTOBUX BiAXoiB [2—4], MO)KHA BUKOPHUCTOBYBATH y CUTbCHKOMY I'OCIIOAPCTBI. 3aXHCT Bij
BOJIHOI epo3ii IPYHTIB IOB's3aHWU 3 YTBOPEHHSM HEPO3YMHHHX T'YMIHOBHX CIOJYK 3 HEOpraHIYHHUMH
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Matepianamu. HaTpieBi conmi TYMIHOBHX KHCIOT BUKOPHCTOBYIOTHCS y TMPOMHUCIOBOCTI Ui cTabimizamii
MiHepaJIbHUX Aucrepcid. ['yMiHOBI KHCIOTH — II€ CyMIll MOJiENEKTPONITIB, MO OXOIUTIOIOTH ITUPOKHH
Jiana3oH MOJICKYJISIPHOT MacH 1 MICTATh KapOOKCHJIBbHI 1 TIpOKCUIbHI (YHKIIOHATIBHI Tpynu [5]. Bonu
3B’SI3yIOTh 0arato HEOpraHiuHUX I0HIB, 30KpeMa TakuX, 5K AsroMiHiid [6, 7] 1 @epym [8]. Hocmimkenns
ajcopOIrii ioHiB Mimi GioBigxomamw, MO MICTATh TYMiHOBI KUCITOTH, mokasanu [9, 10], 1o KoHIeHTpaIis
ioHiB Miji, 3B’ I3aHUX 3 TYMIiHOBOIO KHCIIOTOIO, 3MEHINYEThCs, Komu pH cymimi 3poctae. KinbkicTh 10HIB
Mini, 3B’ s3aHOI 3 OpraHiYHUMH PECUOBHHAMH, JIIHIHHO 3pOCTA€E 13 30LIBIICHHSIM ITOYATKOBOI KOHIICHTPALIIT
ioniB Mini [11]. Ioun Depymy i Kaubiiito, 3B's3aHi 3 TYMIHOBUMH pPEUYOBMHAMH, IMMOOLTI30BaHI Ha
CUJTIKareni, 30aTHI yTBOPIOBATH TipodoOHi i rimpodinbHi moBepxHi [12]. 3naTHICT TYMIHOBUX KHCIIOT
YTBOPIOBATH 3B’ SI30K 3 BUIBHUMH 10HAMH METajy y JyXe po30aBIeHUX BOJHHX PO3UYMHAX 3MEHIIYETHCS Y
nopsinky Pb?, Cu?, Cd?*, Zn®* [13]. Ile OB’ s13aHO 3 AKTHBHICTIO XeIaTiB (hEHOIBHUX i KApOOKCHIBHUX
IpyI TYMiHOBHX KHCIIOT T2 aKTHBHICTIO KOOPJIMHOBAaHUX 10HIB METaIy.

MeTta poGOTH — BHBYMTH B3aEMOJII0 TYMIHOBHX KHCJIOT 3 10HAMH TPWUXBAJCHTHHX METAIIB 1
YTBOPEHHSI HEPO3UNHHUX Y BOJII PEYOBHUH.

ExcnepumenTajibHa yactuHa. ['yMiHOBI kuciotH, 1m0 mictsate 1,02 % azory, 49,10 % Byruero i
5,15 % Bonuto, Oynu npumbani Ha ONalHCHKOMY 3aBOJI XIMIYHUX PEaKTHBIB. BMICT KHMCIOTHUX Tpyil,
3HAMICHUX MOTCHI[IOMETPUYHUM TUTpPYBaHHAM — 3,6 MMmoinb /1. hepymy cynbdar, amoMiHiro cyabdar i
XpOMY HITpaT — pPeareHTH MapKH X.4., TOMY IX BHKOPHUCTOBYBaJIM 0€3 MoAayblioro ouuineHHs. Cyminii
TYMIHOBUX KHCIIOT 3 COJSIMH METaTiB OyJIM IMOMepenHbo MiAroToBieHi. Po3paxoBanuii 06'em 2-15 %
BOJIHOTO PO3YMHY CONI METally JoAaBayd 10 po3paxoBaHoro o0'emy 2-10%-ro BogHOro po3unHy abo
nmcriepcii TyMiHOBUX KucIoT 3a Temmeperypu 18 °C min yac mepemimyBanHsi cyminmn. pH maucnepcii
peryJoBalid J0JaBaHHSAM PO3YMHY XJIOPUCTOBOJHEBOI KHCIOTH a00 TiIpPOKCHUAy Hatpito. Jlucrepciro
nepemimyBaiy npoTsroM 2 ron 3a temreparypu 18 °C, a mortim xopurysanu pH. Jlocmin moBToproBaiu
onuH abo nBa pasu. Komu pH mmcrmepcii He 3MIHIOBAjIOCh MPOTAToM 4 roa, TO CYMIII BiJLEHTPH-
¢yroBysanmu. [ToyaTKoBi KOHI[EHTpAIlii 10HIB METaTIB i TYMIHOBUX KHCIIOT y CyMiln OyiH po3paxoBaHi 3
ypaxyBaHHAM 00’ eMy cymirtri, 1 ioriB Metany Bix 0,5 1o 200 mmosnbe/i ta Big 1 o 50 r/i ams ryMiHOBHX
kucnot. KoHneHTpanisi ryMiHOBUX KHCIIOT y BOAi Oyja 3Haii/ieHa IpaBIMETPHYHHUM 1 KOJIOPUMETPHYHIM
MeTOoaMH mics neHTpubyryBanHs wiei cyminti 3a 10,000 ¢ nporsrom 30 XB. ONTHYHY I'yCTHHY PO3YHHY
BuMiproBamu Ha crekrpodoromerpi Specord 40 npu 400 HM. Pi3HuIld MDK OTpUMaHMMH JTaHHUMHU 3a
JIOIIOMOr 00 [IMX JBOX METO/IB CTAHOBUJIA MeHIIe SIK 3a 5 %0.

Konmentpartiiro ioHiB MeTainy y po3unti nipu pH ~ 3 Oyno 3HaiiieHO KOJOPUMETPHIHIM METOJIOM TIICIIS
neHTpudyryBanus cymimn. Jlo posunHy comi (epymy JomaBaid pO3YMH aMOHIIO POMAHIAY I YTBOPSHHS
KomIiekey 3 ioHammu Depymy. ONTHUHY TYCTHHY KOMIUIEKCY (epyM ponaHimny BHMIproBam 3a 364 HM.
KoHrieHTpalliro ioHy XpoMy Y po34rHi 0yJ10 3HAMICHO MICIIs OKUCIICHHS HOro XJIOPHOO KMCJIOTOIO Ta YTBOPSHHS
Komruiekey 3 1,5-mudeninkapookcrasunoM. ONTUYHY TYCTHHY PO3YMHY KOMIUIEKCY BUMiproBamd 3a 540 HM.
KoHIIeHTpallifo 3B’ A3aHUX I0HIB METaly PO3PAXOBYBAIM SK PI3HHUIIO MDK IOYATKOBOK) KOHIICHTPAILIIEIO i0HIB
MeTaJTy y CyMillli i KOHIICHTPAIIIEIO I0HIB METAJTy Y PO3UHHI ITICTS IEHTPH(PYTYBAHHSI.

Cepenniit pajiiyc 4acTHHOK OyB BU3HAUCHHH He()eIIOMETPHYHAM METOIOM 1 PO3PaXOBaHHH 3a JIOTIOMOTO0
piBasiaAs [ndpina-Cnonima [13]. OnTuuHy rycTUHY CyMillli BAMIPFOBAIIA Biipasy ITICIIsl 3MIIITyBaHHSI PEareHTiB
i crabimizyBanus pH. Yactuny mucriepcii BimueHTpH(yroByBamy i BUMIPIOBAIM ONTHUYHY T'YCTUHY PO3UYHHY.
Pizauig Mk HUMH OyJ1a BUKOPHCTAHa JUTS PO3PaxyHKY CEPEIHbOro pajiiyca YaCTHHOK.

Pesynbratn Ta ix oO0roBopeHHs. JIOCHiIKEHHS PO3YMHHOCTI T'yMiHOBHMX Kuciaor mpu pH 6,8
JOJIaBaHHSAM COJICH allIOMIiHIIO, XpoMmy, (epyMy Mokasajid, IO 32 KOHIICHTpaIid cojiell HuX4Ye, HDK
1 MMonb/n yTBOPIOETHCS aucrepcis. 30UTbLICHHS KOHIGHTpAIll COMi MPU3BOAUTH A0 30UIbIICHHS
KOHIIeHTpalii aucnepcii. KoHIeHTpallis r'yMiHOBUX KHCJIOT y pPO3UUHI Micis eHTpudyryBaHHs nucrepcii
i BigauieHHs ocamy 3MeHuryetbes (puc. 1), KOHIEHTpalis Coii MeTalay y cyMimn mepen ueHtpudy-
T'YBaHHSAM 30LTBIIYETHCA. BiNbIlla YacTHHA TYMIHOBHMX KHCIIOT ocimae mpH momaBarui 40 MMoms/i coseit
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XpoMy abo aioMiHiI0. BimHOMmIEHHS KOHIEHTpAIii CoJli MeTalny y CyMIlll 0 KOHIEHTpaIlii KUCIOTHUX
TPyl TYMIHOBUX KHCIOT Onm3bKa 10 3. BonHowac pH poszunny 3MeHmyeTbest mpuoinsno 1o 4, pH cymimi
TYMIHOBUX KHCIIOT 3 CyJb(aToM GepyMy 3MEHIIYEThCS 10 3 32 KOHIIEHTPAIIii COMi TpUBaJeHTHOTO hepymy
y cymiti, 6mu3bkii 10 30 MMOIB/JT, TYMIHOBI KUCITOTH (paKTHYHO HEPO3YHMHHI 1pu 1boMy pH.
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Puc. 1. Bzaemo36’ 530Kk Midic KOHYESHMPAYIEO 2yMIiHOBUX Puc. 2. 3anexcnicmo konyenmpayii 2yMiHOBUX KUCIOM
KUCAOM Y POSYUHI A NOYATNKOBOI0 KOHYEHMPAYIEo ¥y po3uuni 6i0 pH po3zuuny, 3a nouamko6oi Konyenmpayii
ionig Xpomy (1) ma ionie Amominiio (2) 3a nowamxosoi eyminosux kuciom 12,5 2ln (1, 2), ionie Anominiio
Konyenmpayii 2yminosux kuciom 12,5 2ln i pH 6,8 62 mmonvln (2),ionie @epymy 58 mmonvln (3)

Po3unHHICT TYMIHOBHUX KHCIIOT 3aeXuTh Bil pH po3unny. 3 noAaBaHHSM PO3YHHY TiIPOKCHIY
HATPIIO JI0 JucIiepcii TYMIHOBUX KUCIIOT Tipy pH 6113bK0 3 pO3YMHHICTS TYMIHOBHUX KHCIIOT 30UIBITYETHCS
i BoHU (hakTHUHO po3uuHstOThCs npu pH, Onu3bkomy 1o 8 (puc. 2). [lomaBaHHsS pO34MHY COJi TpUBa-
JIEHTHOTO MeETally J0 JHCIepcii TyMiHOBHX KHCIOT 3MEHINYE HOTro PO3YMHHICTB. ['yMiHOBa KHCJIOTa
¢daktnuHo pozumnHa npu pH Bume 10 3a mpucyrtHOCTi comi amoMiHiro. Lle, odeBHaHO, MOB’s3aHO 3
YTBOPEHHSIM HATPIiO aIFOMIHATY 1 HATPit0 TyMaTy y wiit oomacti pH (puc. 2). 3a mpucytHocTi coni hepymy
PO3YHMHHICTh TYMIHOBUX KHCIIOT 3pocTae mpu pH Buie 7, ajne 4acTHHA PO3YMHHHUX T'yMIHOBHUX KHCIOT
cranoButh He Oinmbire 60 % npu pH 11. V npoMy BUNAIKy YTBOPIOIOTHCS HEPO3YMHHI YACTHHKU COIi
(depyMy siKi copOOBaHI Ha MaKpOMOJIEKYJIax T'YMIHOBUX KHCJIOT. JlocimKeHHsT B3a€MOIil 10HIB METalliB 3
ryminoBoro kucioror mpu pH 3,2 mokasamu (puc. 3), 10 KOHI[EHTpaIlis iOHIB MeTaly, 3B’ s3aHHX 3
T'YMIHOBOIO KHCJIOTOIO, MPOMOpIiHA 0 KOHIIEHTpAIlil i0HIB MeTaly y PO34MHI. 32 HHM3bKOi BUXIiTHOI
KOHIIEHTpalii 1ioHIB (¢epyMy y CyMilli, KOHIICHTpAIlsi HOro y po3dmHi Onn3bka 1o Hyns. [louaTkoBe
3HaueHHs pH rymiHOBUX KuCIOT B niana3oHi 3-6.8 (akThuHO He 3aJeKUTh BiJ KOHIIEHTpAIlil 10HIB
depymy, 3B’sA3aHOTO TyMiHOBOIO Kuciororo (puc. 3, kpuei 1, 2). CoiBBigHOIIEHHS KOHIIEHTpAIlii 10HiB
depyMy, 3B’ sI3aHUX 3 KOHIIEHTPAIIEID KUCIOTHHUX TPYI T'YMIHOBHUX KHCIIOT, Aocsirae 1,5 3a KoHIeHTpaIii
ioHiB MeraniB y poszunni 40 mmonb/i. Lle Bkasye Ta Te, M0 TUIBKM YacTHHA iOHIB METAJiB 3B’si3aHa 3
KHACIOTHUMH TpyNamMyd TYMIHOBHX KHCJIOT XIMIYHMMH 3B’ S3KaMH, a YacTHHA 3 HHUX aJcopOyroThecs 3
YTBOPEHHSIM 4acTUHOK. KoHIeHTpallis i0HIB XpoMy, 3B’ si3aHUX 3 TYMIHOBUMH KHCIIOTaMH, HMIKYa, HIK
ioniB ®epymy (puc. 3, kpusa 3).
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Xpomy (3) 3a nouamxosozo pH 2yminosoi kuciomu L

6.8 (1) ma 3.2 (2,3) konyenmpayis eyminosux

xucnom 10-15 2/n

10
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BigHomeHHsT KOHIIGHTpaILlil 10HIB XpoMy, 3B's3aHMX T'yMIHOBHMMH KHCJIOTaMH, 10 KOHIIEHTpAIIii
KHACJIOTHUX TPYI T'YMIHOBHUX KHCIOT y cymimli MeHIIe HiX 1 3a KOHIEHTpallii 10HIB XpoMy Yy pO3uHHI,
Omu3bkoMy 10 60 MMob/1. BimMiHHICTE MK peakili€l0 TyMIHOBHX KHCJIOT 3 i0OHaMH XpOMYy i ioHaMH
depymy Moxe OyTH OB’ si3aHa 3 PI3HUIICIO y CTYIEHI TiApomi3y 1X coneld. Y Hammx eKcriepuMeHTax Oyiu
BHKOPHMCTaHI p030aBJIcHI PO3YMHM COJICH MeTamiB, sKi OyaM YacTKOBO TiApONI30BaHi y HHUX Mepen
B3a€MOJII€I0 3 TYMIHOBUMH KHCJIOTaMH. Peaxilisi mpoXoauTh MK TyMiHOBHMH KHCIIOTAMH Ta MPOAYKTaMH
rimpomizy comeit meraniB. JlocmimkenHss pH BOIHUX pO3YHMHIB CONie MeTaly A€ 3MOTY BCTaHOBUTH
MexaHi3M Tepuioro eramy (GopMyBaHHS T'yMiHOBUX coied mux meraiiB. [igpomi3 coneil MeraniB Moxe
repediraTy BiAMOBIAHO A0 TAKMX PEAKIIii:

[Me(H,0)e]**=[Me(OH)(H,0)s]*+H", 1)
2[Me(H,0)e]* =[M &(OH)(H,0)¢] > +H"+2H.,0, 2)
2[Me(H0)g] *=[M &(OH)2(H20)g] *"+2H"+2H;0. 3)

V1Bopenns akBakationHux (I11) mumepis 3a m0moMoror riapomisy coseil TPUBAJICHTHHX METalliB
onucano y [14, 15]. 3 piBusub (1) — (3) Oyau oTpuMaHi piBHSHHS Ui BU3Ha4YeHHs pH BiJ moyaTkoBOl
KOHIIEHTpAIIi] i0HIB METaJiB Y PIBHOBAYKHOMY CTaHi:

1 1
PH = E log(K 5) + N Iog([Me(HzO)G]:;-F -H), @
-pH =; Iog(Kp[H20]2) + '09([M6(H20)6]g+ +-2H")), ©)
1 2
“pH = Iog(Kp[HZO]z/Z) + 3|og([Me(H20)6]?5+ -, ©)

nie [Me(H ,0) 6]3(;+ —II0YaTKOBA KOHIEHTPALlisl iI0HIB MeTamy.

Sk Gaunmo 3 ¢dopmyia (4) — (6), mis KX PIBHSAHb 3HAYCHHS KOCQIII€HTIB mepen JorapupmMom
KOHIIEHTpAIIil i0HiB MeTaly pi3Hi. OTKe, OCHOBHA PeakKIlis TipoJIi3y colli MeTairy Moxke OyTH 3HaliieHa 3a
JIOTIOMOTOI0  aHANI3y eKCIEPUMEHTAJIbHUX  JaHUX 32 3alekHICTIo pH po3unmHy  Big MOYaTKOBOI
KOHIIEHTpaIlil coii Metany. ExcriepuMeHTabHi TaHi 10 TiAPOJIi3y aloMiHIIO Cyab(aTy, XpOMYy HITpaTy Ta
bepymy cynbdary nexarh Ha HpsAMHX, BianoBigHo 1o (4) — (6). IIpore 3HAYCHHS JOTUYHHX HAXHITY
npsaMux Oau3bKi 10 1 it amominiio 1 conerr xpomy i 0,75 — mist coneti pepymy. OTe, OCHOBHA peakilis
rigpoinisy cosel amoMiHifo i coneit xpoMy € peakiist (2), a comi  depymy e peakmiero (3). TIpsmi mimii
BIAMOBIHO 10 piBHsHHSA (5) Ui TiApomi3y coiell altOMiHII0 1 XpOMy 1 BiAMOBIAHO 10 piBHsHHSA (6) mis
comi depymy mnokaszani Ha puc. 4. Koedinientn kopemnsiii mopisaiooTh 0,996, 0,991 i1 0,988; noruuni
Haxuiy npsamux gopisaioroTs 1,01 £ 0,07, 0,98 £ 0,08, i 0,77 £ 0,10 mis coneii anrOMiHIO, XpOMY 1
bepymy, BimnosigHo. Jlorapudm pIiBHOBOKHHUX KOHCTAaHT po3paxoBanuii 3a Qopmynoro (5), mis
aJFOMIHIEBHX coJiel 1 cojeil Xxpomy mopiBHioe -4,31 + 0,08 i -3,15 + 0,161*/mons? i, BigmosimHO 10
dopmymn (6), wms comi ¢pepymy nopismioe -2,39 * 0,191%moms’. JlorapudM piBHOBaKHHX KOHCTAaHT
rigpomizy iony ®epymy OIu3bKHIA 10 BigoMoro 3HaueHHs -2,91 [16] peakitii (6).

25 20 a5 log(IMe™],- [H)

pH

25

Puc. 4. 3anexcnicmo pH posuumny
610 Konyenmpayii xpomy nimpamy (1), pepymy
-3.0 - ..
cynopamy (2) ma anrominiro cynogpamy (3)

35

-4.0 1 1 1 1
-2.5 -2.0 L5 og(Mé€™], - 2[H])
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V [17, 18] noka3aHa BiIMIHHICTb y MeXaHi3Max riapodi3y ioHiB AnoMiHito, Xpomy Ta Depymy, ska
3YMOBJICHA PEAKIIIEI0 I[UX IOHIB 3 10HAMH JBOBAJICHTHOTO METAIy.

Buacmigok B3aemonii depymy cynbdaTy 3 rigpokcua kaiiem 3a criBBigHomeHHs Fe(S04)s: KOH
K 7:3 yrBoproeThes citb 4Fey(S04)s 10Fe(OH); K,SO4- 6H,O [15]. Ls cins, oueBuaHO, TepebyBae y
piBHOBa3i i3 posumaEEM ioHOM [Fe3(OH)s(H;0)7]*" y posunmmi. 3umienns crisBigHomenus Fe*: OH
=0.34-0.40 npuzsomuth a0 ocaxy comi Fe(OH)SO, Fe(OH); [15], mo moke OyTH y piBHOBa3i 3 i0HOM
[Fes(OH)15(H20)17]* 'y posunmmi. Orxke, momiionn ¢epyMmy 3 pi3HOK KiIBKICTIO y HHX iOHIB MeTaliB
PO3YMHSIOTECS ¥ BOJI 1 iX CTpyKTypH 3anmexats Bix pH posunny. [FE(OH)3(H,0),] xoMiuiekc Moxe OyTH
PO3YMHHUH y BOJII, KOJH € YacTHHA nofiioHiB @epymy 3i 3MiHOIO 3apsiay Bix 2+ g0 5+. ChiBBiIHOMICHHS
KOHIIEHTpAIIil Pi3HKX 10HIB epyMy Yy po3urHi MOXKe OyTH po3paxoBaHe BiAMOBIIHO 10 piBHsHB [16, 17]:

log([[Fe(OH)]*1/[F€*]) = -3,05 + pH; (7)
log([[Fe(OH)]*1/[F€) = -7,17 + 2pH; (8)
log([[Fe(OH)]**)/[Fe*]) = -11,95 + 3pH, (9)

ne Fe*, [Fe(OH)]*, [F&OH),]" i FE(OH); — KOMIUIEKCHI iOHM 3 Pi3HHM YHCIOM MOJEKYI BOIH Y
KOOpAMHALIKHIN cdepi.
KoncranTu y piBasHHsX (7) — (9) 3anexarts Big ioHHOT cuim po3unny [17]. KoHcraHTa piBHSHHS
(9) obumcena 3 MiHIHHOT 3aJIKHOCTI KOHCTAHT JIOrapu(My TiIposi3y 3a KiTbKICTIO aTOMIB BOIHIO Y BOJI
KoMILIekcy ioHiB Depymy.
3anexxHicTh KOHIIEHTpallii i0HiB @epymy, 30KkpeMa, CKIaTHUX MOJiiOHIB, Y PO3UMHI BiJ] TOYaTKOBOT
KOHIeHTpallil ioHiB PepymMy MoXkHA 3Ha#TH 3 piBHAHB (7) — (9) Ta
[Fe™] = [Fe"o/(1 + ([[FEOH]*]+ [[FE(OH)2] ] + [Fe(OH)d])/[Fe™]), (10)
ne [Fe*] — mouaTkoBa KoHIIeHTpaLLis i0HIB (BepyMmy.
AKBaKOMIUIEKCH 10HIB (epyMy, IO MICTATh TiAPOKCHIBHI TPYMH, MOXYTh Y BOTHOMY PO3UYHHI
(dhopMyBaTH CKJIa/IHI MOJIIIOHU 3 IBOMA 1 OUIbIIE ioHAMU (hepyMy BIAMOBIAHO A0 pPeaKIlii
2[Fe(OH)x] "= [Mey(OH)2] 1€+ 2H,0,
log (K, [H20]%)= 3.19. (11)
Jlorapudm KOHCTaHTH pIBHOBAard Ili€l peakiii po3paxoBaHU 3 BHUKOPUCTAHHSM Jorapupmy
KOHCTaHTH PiBHOBAard JBOX peakitiii [16]:
[Me(H0)s]*" = [Me(OH)(Hz0)s]*" + H;

log (K4[H,0]%)= -3,05; (12)
2[Me(H,0)e]*" = [MeOH),(H,0)s]** +2H", + 2H,0;
log (K, [H20]%)= -2,91. (13)

VY nepuiomy HabIMKEHHI KOHCTaHTa piBHOBAru peakiii kouaencarrii (K, ) He 3a1eKUTh BiJ KiITbKOCTI
ioniB depyMy y KOMIUIEKCI MONIIOHY 1 3apsiiy LBOTO IMOJiiOHY, TOMY IO BOHa OOMEKEHa peaKIli€ero
YTBOPEHHS BUIBHUX KOOPAMHAIIMHUX LIEHTPIB:

[Meg(OH)(H,0)s]*" = [M&(OH)(H,0)4] ** + H.0. (14)

Kon1eHTpaltis riaponizoBanHux ioHiB ®epyMmy y cymii pospaxoBana 3a hopmyiaamu. (7)—(10) i e
3aJIeKHUTh BiJ] KUTBKOCTI 10HIB epyMy y KOMIUIEKCHOMY TIOJNiiOHi. YTBOPEHHs CKJIaJHUX MOJIIOHIB 3
qoTupMa 1 Oinmblre ioHamMu depyMy y HUX oOMexeHa cTepuuHUM (akropoM. BimHomeHHs 3apsay 1ux
MOJiiOHIB 10 Yucna ioHiB @epyMy y HUX JIyXe HU3bKA 1, OYEBUIHO, BOHU OyIyTh YTBOPIOBATH CTaOLIbHI
arperaty 3 HEpO3UMHHUX YaCTHHOK 13 3aps/IOM Ha MOBEPXHi arperaris.

Po3paxyHOK KOHIIEHTpAIlil X CKJIaIHHUX TOJIIOHIB 3/ilicHIOBaIM BinmoBinHo 10 ¢popmy: (7)—10).
Sx mokazyroTh puc. 5 i1 6, momiionu 3 aABoMa ioHaMu  Qepymy i 3apsiom 4 yTBOpIOIOThCS mpu pH
Mik 3 1 4. Ilpu pH 61u3pko 5 KOHIEHTpaIis KOMIUIEKCHUX TIOJIiiOHIB 3 4oTUpMa abo IT AiTbMa iOHaMH
dbepyMy y HEX OUITbIIA, HDK 1HINI. 3aps HUX MOJIiiOHIB 3MIHIOEThC Bin 3 + 10 5 +. [lpu 1iboMy 3HaYEHHI
pH, oueBMaHO, YTBOPIOIOTHCS IEPBHHHI arperatd, mpore iX po3Mmip i1 KoHIeHTpalis Hu3bki. Kommn pH
nocsirae 6, 3apsa KOMIUIEKCY TIONiiOHY ONHM3bKHA O HYyNS, a YaCTHHKU, YTBOPEHI 3 IMX IOMiiOHIB,
CTa0UTI3yIOThCS 32 JIOITOMOT0I0 aJIcopOIlii KaTioHiB HATPitO Ha iX moBepxHi. OTKe, KUTBKICTh 10HIB Depymy
Yy KOMIUICKCI TIOJIIiOHIB, IO B3a€EMOIIIOTh 3 TyMIHOBOIO KHCJIOTON 3aJeKuTh, B pH po3unny comi
¢depymy. ['yMiHOBI KHCIOTH (paKTUYHO HE AMCOLIIOTh npu pH, Omusbkomy a0 3. Peakitis rymiHOBHX
KHCJIOT Ta IOHIB TPHBAJIECHTHOIO METajly I1OHIB mepebirae, OueBHUIHO, 3 YTBOPEHHSIM KOOPIMHALIMHUX
3B’ sI3KiB MpH oMy 3HaueHHi pH. [aHi puc. 5 mokas3yroTs, 0 CKIAIHI MO1i0HH 3 ABOMa ioHamMu Depymy
Yy HHUX IMEPEeBaXHO PearyrTh 3 KUCIOTHUMH TpyNaMH T'yMiHOBUX KHCIOT nipu pH Onm3bko 3. [lepBunHi
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YaCTUHKH, YTBOPEHI Y I[iil peaxilii, arperyroTrhcs ayxe mBuako npu pH 3, Komu Mu 3MilTyBaiH PO3YHH
rymiHoBux kuciot 3 pH 6,8 i pozunn pepymy cynbdary. CTabiIbHICTh YaCTHHOK 30UTbITyEThCS, Koy pH
cymiti 3pocrae. Lle moB’ s13aHo 13 30LIBIISHHSM CTYIIEHS TUCOIIiallii KapOOHOBUX TPYIl T'YMIHOBUX KHCIIOT 1
(dbopMyBaHHSIM CTAOUTLHIIINX KOJOIMIB i3 3aps/PKEHUMH YacTHHKaMH. Po3Mip OTpUMaHHX TMEpPBHHHHUX
YaCTUHOK, IO MICTATh T'yMiHOBI KHCIOTH Ta ionnm Depymy, He 3anexuTh Big pH B inTepBam pH 4-6
(puc. 7). lle roBoputh mpo Te, MIO TUTBKK YaCTHHA KUCJIOTHUX TPy YTBOPIOE MillHi 3B’SI3KH 3 i0HAMH
Gepymy. 36inbienas pH cymim, O4eBHUIHO, MPU3BOMUTH 1O 30UThIIECHHS KUTbKOCTI ioHIB Depymy y
JIAHITI031 KOMIUIEKCHUX IOMiIOHIB.

3MeHIIIEHHST PO3MIpy YaCTHHOK, IO MICTATh TYMIiHOBI KHCIOTH Ta i0HH XpoMmy abo ANFOMIiHiIO
(puc. 7), 3a migBumeHoro pH MoxyTh OyTH 3B’ i3aHi 3 yTBOPEHHSIM HOBHX MDKMOJICKYJSIPHHX 3B’ I3KiB MiXK
iOHAaMHM MeTajiB i KAUCIOTHUMHU TPYNaMH TYMIHOBHX KHCJIOT B OJIHIH YacTUHII. Y IbOMY BHIAJIKy 00’ €M
YaCTUHKH 3MEHIITYETHCS.

30UTbIICHHS TOYATKOBOI KOHIIGHTpAIlii i0HIB METaliB y CyMilli, IO MICTHTh TYMIHOBiI KHCIOTH IIpH
pH 6.8, mpu3BomuTh 10 30UTBIICHHS pajliyca YaCTUHOK, IO MICTATh i0HKM AJfoMiHio, Xpomy i Depymy 3a
HU3bKUX TIOYATKOBHUX KOHIICHTpalliii ioHiB MeranmiB (puc. 8). Ile Moke OyTH MOB'SI3aHO 3 YaCTKOBOKO
HEHTpaTi3alliero 3apsiy YaCTHHOK T'YMIHOBUX KHCJIOT 1 arperaTiB MakpOMOJICKYJI T'YMIHOBMX KHCJIOT. 32 BUCOKHX
MMOYATKOBMX KOHIICHTpAIIH 10HIB AJTIOMIHIIO 1 XpoMy JTiaMeTp YaCTHHOK HE 3aJISKUTh Bijl BUXIHOI KOHIIGHTpALIl
ioHiB MeTaIiB. OYeBHIHO, CKJIa HI MOMIIOHH, 110 MICTSTh JBa a00 OUIbIIE I0HIB METAITIB, 3B’ A3yIOThCS TIAPOKCH
10HaMHy, 1110 YTBOPIOIOTHCS Y IIbOMY BHIMAJKY. 3a MOYaTKOBOI KOHIIGHTpallil ioHIB DepyMmy, 1110 € OUIBIIO, HDK
2,51/, paziiyc YaCTHHOK HE3HAYHO 3MEHIITYEThCS Yepe3 YTBOPSHHS MDKMOJICKY/ISIPHHX 3B’ 3KiB MiXK KMCJIOTHUMH
TpyIaMH Ta KOMILIEKCOM IOMiioHiB ioHiB Depymy.

¢, MMOJIB/JT ¢, MMOJIB/JT

60+ 60

40

Puc. 5. 3anesxcnicmo xonyenmpayii noniiony
v posuuni 6i0 yucia ionie Depymy 6 noniioni npu pH
2(1), 3(2), 4(3), 5(4), ma 6(5), pospaxosanux 3a
pisusannamu (7)—~9)

Puc.6. 3anescnicmo KoHyeHmpayii KOMRIEKCHO20
noaiiony y 600i 6io 3apsa0y noniiony npu pH 2(1), 3(2),
4(3), 5(4), ma 6(5), pospaxosanux 3a pisnsnnsimu (7)—9)

r10%, m r10dmf

10 -

o1
Sk o2
o3

L L
10 20 30 40 [Meo,Mmoab/a1

Puc. 7. Bzaemos6 5130k Midc padiycom 4acmuHoK,
00ePIICAHUX Pearyicto 2yMIHO80I KUCAOMU 3 IOHAMU
Depymy (1), Xpomy (2) ma Amominiio (3) 6io pH

Puc. 8. 3anexcuicmo padiyca wacmurox,
00ePIICAHUX Pearyicto 2yMIHO80I KUCAOMU 3 IOHAMU
Depymy (1), Amominiio (2) ma Xpomy (3)

PO3UUHY, ROYAMKOBA KOHYESHMPAYis 2YMIHOB0I KUCIOMU
2.52/n 3 pH 6.8, pepym cynvpam 4.4 mmonsln, anominiti
nimpam 6.0 mmonvln, xpom cyrvgham 3.6 mmonvln

810 KOHYenmpayii coui Memay
npu pH 6.1, nouamrosa Konyenmpayis 2yminosoi
xucromu 2.5 2ln — npu pH6.8
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Bucnoeku. IlokazaHo, 110 3 JoJaBaHHAM J0 T'yMiHOBMX KuciaoT npu pH 6,8 comeli amromiHiro,
xpoMmy, hepyMy 3a KOHIIEHTpAIliii cojel, HIKUMX Big 1 MMOJIB/JI, YTBOPIOETHCS AMCIEPCis. 301IbIICHHS
KOHIIGHTpAIil COJII MPU3BOIUTH JI0 30UIbIIEHHS KOHIICHTPALIIT JUCTIepCii.

30uIbIIeHHS] KOHIIEHTPAIIl 10HIB METaTy IPU3BOIUTH J0 30UIBIICHHS pajiiyca YaCTHHKH 332 HU3bKOT
KOHIIGHTpAIlil i10HIB METally, 10 J0CITa€e MOCTIHHOTO 3HAUCHHS 32 BUCOKHMX KOHIICHTpAIIH 10HIB METaiB i
pH 6,1.

Po3unHHICT TYMIHOBUX KHCIIOT 3aeXuTh Bil pH po3unny. 3 noAaBaHHSM PO3YHHY TiIPOKCHIY
HATPIIO JI0 JucIiepcii TYMIHOBUX KHCIIOT PO3YMHHICTD iX 30UIBIIYETHCS 1 BOHU (PaKTHYHO PO3UMHSIOTHCS
npu pH, 6mm3pkomy 1o 8. JlomaBaHHsS pO3YMHY COJIi TPUBAJIEHTHOI'O METANy JIO JHcCIepcii TYMIHOBHX
KHCJIOT 3MEHINye Horo po3unHHicTh. ['ymiHOBa kHcnoTa (aktuuHO po3unmHHa npu pH Bume 3a 10, 3a
MPHUCYTHOCTI COJI aJfOMiHif0. 3a MPUCYTHOCTI colli )epyMy PO3UHMHHICTH TYMIHOBHX KHCJIOT 3pOCTa€ MpH
pH Buie 3a 7, ane yacTUHA PO3UMHHHUX T'YMIiHOBUX KHUCIIOT CTaHOBUTH He Outbie 60 % npu pH 11.
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