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KPUCTAINNOOBPA3YIOWMNE KOMIMEKCHI: MEXAHU3M ®A30BbIX
N XMMUYECKUX NMPEBPALLEHMN FeOOH B BOAHbIX PACTBOPAX

P.P. Knewesa, M.A. lTonos, A.B. Tonyes, [].I'. Knewee

HccnepoBanbl 3akoHomMepHocTH (azoBbix (B a-FeOOH) u xumuvecknx (B a-Fe,0;)
npespauleHuii HepaproBecHbIXx FeOOH npn Tepmoo6padoTke B pasnHYHLIX 1O CO-
cTaBy BOJHBIX PACTBOPaX. AHATH3INPYIOTCH BONIPOCHI 0 BO3MOKHOM COCTABE H KOH-~
durypanun KpHcTaan006pasylomuX KOMIUIEKCOB, peaKUuusiX, NMPOTEKAIOMHX Ha
rPaHMUE «PACTBOP — KPHCTAIY H NPH BCTPAUBAHUH KPHCTAIOO0Pa3YIOIIHMX KOM-

MUIEKCOR B Pa3jIMYHble ATOMHO-TIaJKKeE rpaHn o-Fe,0;.
.

Beenenne

Hepasnosecreie MenxoaucnepcHsle (MJIC) okcuruapokeuast xenesa (III) y-u d-momudukaumii,
dopMHUpyIOILHECH B YCTIOBHAX BBICOKHMX MEPECHILEHHUH NMpH GHICTPOM OKMCIIEHHH PacTBOPOB COJieH Jxe-
neza (II) n (wmm) cycnensuit runpokcuia xenesa (1), npu naneneHmeil repmoobpaboTke B pacTBopax
MOryT McnbITbiBaTh (asosoe (DIT) mnu xummnueckoe (XIT) npeppaiiieHus B PaBHOBECHYIO ISl I@HHBIX
TepMoJHHaMNueckux ycnoeuii ¢asy a-FeOOH win a-Fe,O; cootBercTBenHo, a daza a-FeOOH — XI1 B
a-Fe,O5 [1-3]. U3 anasnuza nureparypHbIX AaHHBIX CIIELyeT, YTO KMHETHKA U THIT NIPEBPaLIEHHUs, a TaK-
JKe TabuTyC U CpefHHH pasMep KPUCTalIoB (GOpMHUpYIOUMXCs (a3 3aBUCAT OT MHOTOYHCIIEHHbIX (aK-
TOPOB: TeMNepaTypsl TepMoobpaboTky, ¢asoBoro u aucmepcHoro cocrasa MJIC, woHHOro cocrasa
(prmrouas pH) pacteopa u ap. [4-8]. MHenMs pasnu4HBIX aBTOPOB O TOM, KaKMe U3 YKa3aHHbIX (pakTo-
pPOB OKa3biBAET JOMMHHpYIOLIee BIusHue Ha npeBpamienns MJIC, Bo MHorom nporusopeuussl. Octa-
10TCA AUCKYCCHOHHBIMU BoNpockl 0 MexaHusMax @I u XTI, uX TUMHTHPYIOWMX CTaaMAX, NPHYHHAX,
NPUBOASAIIMX K 3aBUCHMOCTH rabuTyca KpUCTJLUIOBR OT NapaMeTpoB TepMoobpaboTku. B aToit crathe Ha
OCHOBAHMH JIMTEPATYPHBIX U COOCTBEHHBIX 3KCIIEPUMEHTANBHBIX AaHHBIX aHAIH3UPYIOTCS BBILIENEpe-
YUCIICHHbIE BOTIPOCHI.

JKCnepUMEeHTAIbHAS 9aCTh

OO6bexkTamMu HccrieJoBaHKMA CITYKWIH oiHodasHele o0pasusl a-, y- 1 6-FeOOH, xotopsle nonyuanu
MO CTaHJAPTHLIM MeTOAuKaM [2] myTeM OKMCJIEHHS KHUCIIOPOACOAEPIKALIMM areHToM (BO3IyX, KHUCIO-
pox, pacteop H,0,) Bonnsix pactBopoB FeSO, u (unn) cycnensuit Fe(OH), npy kBa3MnocTosHHBIX 3Ha-
yeHusIX Temnepatypsl M pH peakuuoHHO# cpenbl, a Takoke GuHapHble cMecH o- U O-FeOOH. Cpennnid
pasmep kpuctanios FeOOH BapbupoBalty fyTeM W3MEHESHHS TEMIIEPATYphl M CPefHeil CKopocTH V pe-
akuuu okucerus Fe?” — Fe®* (eM. rabnuwuy).

- Tabnuua
Ycnosus nonyyeHus, raburyc n cpepHunii pasmep kpuctannos FeOOH
s Ycnosud \E/onyqeﬂm Taburyc Cpemuii pasvep
pH > 4 t, °C KpPHUCTaJLJIOB Kpuctanios d, HM
MOJIB/ (M 1)
a-FeOOH | 4.5 01..05 | 30..60 | Hromsuarsiii d, ot 100 10 500,
dbopm-dakrop ~ 4
d, or 100 no 1000;
v-FeOOH 6...7 1...3 10...30 IInactunyareiii d. ot 50 mo 500;
dy~3
5-FeOOH(T) 10,5 2 15 DUHICONAANIBHBIH d, ~10;
dopm-caxrop ~ 2
§-FeOOH(II) 12 2 80 TabauTuaTsIi dé ~ 22(());
o~
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Xumua

[TosryuenHble ocaky OTACIAIN Ha BOPOHKE BroxHepa oT MaTO4HOro pacTBOpa, OTMBIBAIH THCTHII-
NIMPOBaHHOW BOJOH 0 OTCYTCTBHUS B puiIbTpaTe Cynb(aT-uoHOB U pernynsrmpoBand B HyO (pH ~ 7), a
Takke B BoAHbIX pactBopax H SO, (2 < pH < 6), NaOH, NiSO,, CoSO,, Fex(SO4);, FeSOq, Tix(SO4): u
SnCl, paznuuHofi KOHUEHTPALMH. DTH CYCHEH3UM MOJABEPraln TepMooOpaboTke Kak B peakTopax OT-
KpBITOTO TUNa npy Temmneparypax (t) or 60 no 100 °C, Tak 4 B aBTOKIABax B YCIOBHAX MOBBIMIEHHOrO
napuHaibHOrO NaBJieHus napoB BoAbl B uHTepsaie ot 110 go 240 °C B Teuenne ot 0,1 1o 30 4. Bpems
Harpesa CyCNeH3HMH [0 3aJaHHOH TemnepaTypsl coctapisuio oT 0,1 go 1 4; TouHocTs NOAAEpKAHUS 110~
CTOSTHHOH Temnepatypsi — 13 °C.

Da3oBbif ¥ JUCTIEPCHBIH COCTaB 00pa3lOB KOHTPOJIMPOBAIM METOAAMH PEHTTeHO(A30BOr0 aHAIH-
3a ¥ TPAHCMHCCHOHHOM 2IEKTPOHHON MHKPOCKOIHMH, a2 XMMHUYECKHMI COCTAB PacTBOpPa — METOJJaMU aHa-
auTHyeckod xuMuH. KuneTnky Maccoo6MeHna Mexny TBepaoy ¢aszoii 1 pactBopom B mpoueccax OIT u
XI1 nccnenosany METONOM HEHTPOHHON AKTHBALMH U Y-CIEKTPOMETPHH.

PesyanTarsi

A. Daxmoper, erusiowyue na xunemuxy PII u XI1. Hiwxuaas TeMrtepaTypHas rpanaia t; MaKpocko-
nuueckoro npossierus OIT u XIT 3aBucur ot ¢azoporo u aucnepcroro cocrasa FeOOH, noHHOro co-
CTapa pacTBOPa M MaccoBOH JOJH TBepAOH a3kl B CYCIIEH3UH, @ KHHETHKA M TUIT MPeBpPaLleHHs — Hapsi-
Ay ¢ 3TUM 3aBUCAT elle M OT Temueparypsl TepMooGpaborku. IloaTBep;kaeHneM 3TOMY SBISAIOTCA Clie-

AYIOILME KCIIEPUMEHTAIbHbIEC (aKThI:
/X -X K K K a) npH NpUOCIHM3UTENBHO OJVHAKOBBIX
YCIIOBHAX TepMo0OpaboTKH, BKJIIOUas cpef-
Huil pasMep kpucTauioB d, Temmeparypa t
s ucenenosadHeix FeOOH usmensercs B
TOCTIEAOBATENBHOCTH:
ti(a) > ti(y) = ,(8) [9];

TIO Mepe yBeJIH4eHUs d npyu PHKCHPOBAHHO
TeMiepaType TepMooGpaboTKH yMeHbILIAeT-
cs ckopocts ©II u XI1 u, HanpoTuB, BO3-
pacTaeT TemIlepaTypa YCTOHYHBOCTH MeTa-
crabunpHOH (assl (puc. 1);

6) Temnepatypa t; BO3pacTaeT, a CKO-
0 5 10 15 20 25 30 pocts ®IT u XI1, HanpOTHB, YMEHBHIAECTCH C

Bpewms, 4 yBennuerneM Maccosoil gonu FeOOH wu

BA3KOCTH CycrieH3ud [9];
Puc. 1. Kusetuka XN (t = 95 °C) oGpasua 5-FeOOH(l) B8 H,0 (1),
0,25 M pacteope FeSO, (2) n oGpa3ua 3-FeOQOH(Il) B H:0 (3), B) MpH NpOUMX OAMHAKOBEIX yC/IOBHAX
0,25 M pacteope FeSO, (4) ckopocts OI1 u XIT MoHOTOHHO BO3pacTaet

C yBeJlMYeHWeM Temreparypbl Tepmoobpa-
Gorku (puc. 2);

r) B cucremax ¥(8)-FeOOH-H,O npu
t<80°C FeOOH wucnwiteizaer @DII B

100 T

80 t+

60 -

40 4

Crenenb XM, %

100

80

® o-FeOOH, a npu Gonee BBICOKHX TeMiiepa-

% 60 —o—1 typax — XII B a-Fe,03 [2]. Do cornacyercs

g 40 ——2 ¢ auarpaMmoi cocroguus cuctemsl Fe,Os—

§ —_—3 H;O [10] u cBUReTenseTBYET O TOM, UTO POCT

o 20 kpucraios npy OI1 u XI1 nporekaer B yc-
0 ” " — JIOBHAX, OJIM3KHX K PABHOBECHBIM;

0 0,5 1 1,5 2 2,5 lI) BCE UCCICAOBAHHBIC AHCIICPCHOHHBIC

cpejibl M0 CTefleHW HHMUMUPYIOLIEro BIIHs-
Hus Ha kuHeTuky OI1 n XTI FeOOH, a Tak-

Puc. 2. Brinsnue reMneparypiki TepmootpaboTku e B 3aBUCMMOCTH OT MpOTEKaloUX MpH

Ha KWHETUKY XMMNHYECKOro npesBpaweHdna 6 6

5-FeOOH(l) - a-Fe,0y: TepMooOpaboTke 3NIeMEHTapHbIX Tpolec-

1-125; 2- 150; 3-175 °C COB, MOXKHO pa3feliuTh Ha YeThIpe IPYIIfbl

[11,12]: nepeas — H,O u pactopst H,SOq,
NaOH (Cpaon € 0,5 moms/am’), NiSOy,

Bpewma, u
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COSO4, F€2(SO4)3, FeSO4, T]Q(SO4)3 H SHCIQ;

Bropas — pactBopel NaOH ¢ Cy,on > 0,5

MOJNIB/IM’; TPEThA — pactBopbl FeSO,; yersep-

Tasi — pactBopsl Ti,(SO4); u SnCl,. B pactso-

pax FeSO, no cpaBHEeHHIO ¢ pacTBOpaMH mep-

BO# ¥ BTOpO#H rpynm ckopocts DI u X1 Bo3-

pacraer B 10...100 pa3 (puc. 3), uro csune-

TeJBCTBYET O KATANHTHYECKOM BiHsHuM Fe’'-

noHoB Ha mnpespamenus FeOOH. @I u XI1

FeOOH B pactBOpax 4erBepToii rpynmbl B

OTJIMYHE OT BBILIEPACCMOTPEHHBIX AHCIIEPCH~

OHHBIX CPeJl COINpPOBOXAAKOTCS H3IMEHEHHEM

UX MOHHOro cocrasa. Ha nepsoil cragum

Puc. 3. BnvsKue HOHHOro cocTaBa pacTBOpa Ha KWHETUKY (0<t<t) ormeueno YMCHBIICHHC B paCTBOPfj

XN o-FeOOH —> a-Fe;0; (t = 200 °C): BIUIOTh [0 HyJst KOHLUEHTpauud HoHoB Ti

1= H;0; 2-0,05 M pacteop H;S0,; (Sn*™) u ¢opmHpoBaHHME THAPATHPOBAHHbIX

3-0,1M pacrsop FeSO, coemurennit Ti(IV) win Sn(IV) ¢ onHoBpe-

MEHHBIM TIOABJIGHHEM B pacTBOpPe DKBHBa-

JIGHTHOTO KoJTdecTBa Fe’'-HOHOB; Ha BTOpO# cTanuu TepMooGpaboTK (T > T)) OCTABIIASCS YaCTh KPH-
ctannos FeOOH ucnerrsiBarot @I win XT1 8 dazet o-FeOOH unu a-Fe,03 cootBercTaenHo.

b. @axmopui, enusiowue na cpednuii pasmep u 2abumyc kpucmannos o-Fe;0; ®aza a-Fe,0s, 06-
pasyrouiasics B pesynstaTe XI1 FeOOH B HeliTpanbHbiX, CTaOOKUCIIBIX M ¢1a00LIETIOYHBIX cpeaax (pac-
TBOPBI HEePBOH, TpeTheH U YeTBepTOH IPYIII), XapaKTepHU3yeTcsl H30MEeTpUuecKo (OopMOH KpHUCTAIIIOB.
B onuHakoBBIX MO cocTaBy pacTBopax cpenuuil pasmep d kpucrannos a-Fe,O; MOHOTOHHO Bo3pacTaeTr
C POCTOM Kak TeMrnepaTypbl TepMoo6paboTku, Tak U cpeanero pasmepa kpuctasioB FeOOH. Ilpu duk-
CHpOBaHHBIX 3HAYEHHAX Temneparypsl W aucnepcHoro cocraBa FeOOH Bennunna d kpucrannos o-
Fe,0;, obpazoBaBiiuxcs B pactBopax FeSQ,, B 2...4 pa3a Gonblie TakoBHIX, 4eM y o-Fe,Os, nonydeH-
ueix npu XI1 FeOOH B pactBopax nepsoii rpyrnnst. [lytem BapsrpoBaHus TeMIeparypsl, JUCIEPCHOro
cocrasa FeOOH u nonHOro coctaBa pacTBOpa MOXHO LEJCHANPABICHHO NOXYy4aTh PAKTHUECKH MOHO-
aucrepcHele nopouky o--Fe,0; co cpennum pasmepom kKpuctamios oT 40 no 500 um (puc. 4a, 6). V
kpucTamos a-Fe,O3 ¢ d > 150 BM nposBnsieTcs orpaHka B BUAE KyOHYECKUX M OKTadApHUECKHX MOp-
¢donornyeckux popm.

Crenenb X, %

Bpewms, 4

a) 6) B)

Puc. 4. Mukpodororpacpumn obpasuos a-Fe;0;, nonyyeHHbix npu XM 8- (a) n a-FeOOH (6)
B AKCTUIINMpOBaHHoi Boae v a-FeOOH (8) 8 3 M pacreope NaOH (t = 210 °C)

[Tpu XIT FeOOH B cuipHoMweno4HbIX pactBopax (Cyaon > 2 Monb/nM° ) ofpasyercs a-Fe,O; ¢ spko
BBIPaXKEHHBIM TabIUTYaThIM rabutycom kpucramios [13] (puc. 4B). M3 nanHbIX peHTreHorpaduu Ce-
AYET, YTO Y HTUX KPUCTAIUIOB TUIOCKOCTH IUTACTHHBI MEPHEHIHKY/ISPHAa KPUCTAIOrpadHUecKOMy Ha-
npaeiennro {001}. [Tpu TepmooGpaboTke cmeceii a- + 3-FeOOH ¢ yBennuennem maccoBoit o Gassl
5-FeOOH oTMe4eHO MOHOTOHHOE YMEHBIUEHHE CPeJHHX 3HA4CHHH TOJIMHBLI W JTHHEHHOro pasmepa
kpucrauios o-Fe,O3 (puc. 5).

C. Kunemuxa maccoobmena meoncdy FeOOH u oucnepcuonnoii cpedoii. I3 nanHeIX HEHTPOHHOH
aKTMBALMH U Y-CMIEKTPOMETpUH (pHUC. 6) creayer, uto npu TepMoobpaborke y(8)-FeOOH B pactBope
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Xumua

9
FeSO, konuentpanus Co HOHOB pajMOHyKIeHia > Fe ¢ TeyeHreM BpEMEHH MOHOTOHHO Bo3pacTaerT [ 14].
3aBucumocts Cq ot 1 B cucremax FeOOH-H,0 n FeOOH-H,0-H,SO4 HocuT 3KkcTpeManbHblii xapakTep:
cHauana Cy BO3pacTaeT, JOCTUraeT MaKCHMaIbHOro 3Havyerust Co™™, a 3aTeM MOHOTOHHO yMEHBLIAETCH.

ITo cBoeii Benuuune Co™* B H,O u pacrBope H,SO4 cootBercTBeHHO B 12 1 3,5 pasa MeHbIle, 4€M B

pactBope FeSO,.
Ob6cyxkaenne
100 A. Mexanuzm @I u XII FeOOH ¢
pacmeopax. TlosBneHHe B pacTBOpe HOHOB
175 *Fe ¥ M3MEHeHHE ¢ TeYeHHeM BpEMEHH HX
KOHLEHTPALHH CBHAETENLCTBYET O HATMYUH
1 50 S MaccooOMeHa Mexy TBepRoil ¢asoit u pac-
= TBOpoM. B cucremax FeOOH-H,O wu
———t FeOOH-H,0-H,SO,; poct C, ofycnopner
npoueccom pacteopenus FeOOH, a skcrpe-
0 Rt . MasbHBIA BHI 3aBUCHMOCTH Cy OT T 0O0Bsic-

HS€TCs MEHBIIEH BEHUUHON PaCTBOPHMOCTH

0 003005008 01013 0,5 0,75 1
o-Fe,O; nmo cpaBnenuro ¢ FeOOH [15] u

X, Maccosas nons YBEJIMYEHHEM CO BPEMEHEM MAacCOBOM 10

Puc. 5. 3aBncumMocTu cpeaHero NUHeNHoro pasmepa D ATOU ¢a3]>l B CYCIICH3HH. OTcyTCTBPIe 3KC-
¥ TONWMHbE h NNAacTUMH4YaTbIX KpUcTannos a-Fe,0;, "

thopmupyoWMXEcs npyu TepmooBpaboTke cMeck a3 TpeMyMa Ha KpuBoii 3aBucumocti Co OT T B

a- + 5-FeOOH {t = 235 °C; Cyaon = 6 Monb/am®) cucreme FeOOH-H,0-FeSO,, mosHoTOHHOE

oT maccosoi ponu 5-FeOOH yBesudeHre Cjp, B TOM 4MClie M 10 OKOHYa-

nuu  XI[I, npu TpakTHYeCKH IOCTOAHHOU
obmeir konuenTpamuu Fe** B pactsope cBs-
3aHO C TeM, YTO B JAaHHOH CHUCTEMe Hapsay ¢

]

o
i

N

a1 IPOLIECCAMH  PacTBOPEHHA H KOHAEHCALHH

16 | —&—2 1,6 HMeeT MecTO 00MeH CTaOHNIBHBIMM M PajHo-

= T ——3 5 aKTUBHBIMH wu3oTonamu mexny FeOOH u
é 12 1,2 § pacteopom FeSOy.

s 2 CoOBOKYNHOCTb 3KCIIepUMEHTaIbHBIX

s 8 08 5 JAHHBIX O HAJTHYUM MaccooOMeHa MexIy

© © TBepHO# (a3oif ¥ pacTBOPOM, B3aHMOCBS3H

41 0.4 MEXIy €ro MHTEHCHBHOCTbIO H KMHETHKON

0 Y A I OIT u XII, 3aBucumoctd Mopdonoran u

o 1 2 3 4 5 & 10 20 30 CpeIHero pazmepa KpPHCTaJIOB PABHOBECHBIX

¢da3 or cocraBa pacTsBopa M Ap. NO3BOJIAET

Bpems, 4 caenarth BeIBoJ 0 ToM, yto PIT u XIT FeOOH

B PACTBOpPaxX OCYIIECTBIAETCA O MEXAHU3MY

Puc. 6. Kuneruka maccooGmeHa Mexgy TBEPOON M XMAOKOA «pacTsopenus — ocaxzaenus» (POM). B ka-

pasamu B cucremax §-FeOOH(I) - H,0-FeSO, (a), YectBe 3neMeHTapHbeiXx POM BrIlouaer cine-

$-FeOOH(l) - H,0 — H,S04 (6) u 5-FeOOH(l) — H,0(B) (t = 95 °C) JyIOliIHe TPOLECCHi:

a) pacTBOPEHUS KPHCTAJUIOB HEPaBHO-
BecHOH ¢asnl ¢ obpazoBaHneM axBaruapoOK-
cokomrutekcos (AT'K) xernesa (I11);

6) BzaumoneiictBus mexay AI'K ¢ obpazoBaHuem 3apoipiiieil HOBOH (a3pl H MOMHARECPHBIX KPH-
ctasoobpasyommx komruiexcor (KOK);

8) BcrpauBanus KOK B noBepXHOCTHBIH C/IOM 3apoipiia (KpUCTaNIa), OCIOKHEHHOE PeaKHIMM
AerufpaTauyy 1 (Uiu) onsuny, v (Man) oxcosuun [2].

B. Peaxyuu s3aumodeiicmgus Ha epanuye «meepooe meno — pacmeop», OUEBUIHO, YTO HHTCHCHUB-
HocTb Macconeperoca B MJIC BO MHOrOM 3aBHCHT OT MPHPOBI JUCTICPCHOHHO# cpeibl. B dacTHOCTH. B
cpenax, B3aMMOIENCTBHE KOTOPBIX C OKCHAAMH METa/UIOB NPEHEOPEXKUMO Maso (BO3/yX, HHEPTHBIE Ta-
3bl), KOHIEHTPALKMS aToMOB, focTaToyHad Juisi aktuBauny B MJIC npoueccoB KoaleCLeHLMH U cneka-
HH$, JOCTUTAeTCs TPH OTHOCHTENBHO BBICOKHMX Temmeparypax (Hanpumep, ms o-Fe,Os npu ~ 500 °C
[11]). Hanporue, B Xxvimudeckd akTuBHbIX kK MJC cpenax TemnoTa, BEIAEAAIOMIAACA NPH XHMHUYECKOH
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peakLMu, NPUBOANT K JiokanbHoMYy feperpeBy KOK noBepXxHOCTH KpHcTania U paspbiBy ero cesseii ¢
KPUCTAIHIECKOH PEMIETKOH H, KaK CIEJCTBUE, K CHIKEHHIO TEMIIEPaTypbl MaKpOCKOITHYECKOTO 1po-
seaenust POM [16].

[poananusupyemM BO3MOXHbIE XuMHu4eckue peakiun mexay FeOOH u uccienoBaHHBIMH pacTBoO-
pamu. B pacTsopax nepBo¥ rpynnel Ha NOBEPXHOCTH KPHCTAJUIOB MOXET NMPOTEKATb PEAKLHMA HAPATA-
umn nona sxenesa (III), B pesynsrate xoTopoit Fe(lll) u3 kpucTanna nepexoiuT B pacTBOp:

{FeOOH},, + 4 HO — {Fe(OH)33H,0},,. (1)

B konuenrtpuposanuelx pactBopax NaOH, no-Bugvmomy, mnpoTekaeT peakiys B3auMOIEHCTBUSA
FeOOH co wenousto, npusogsmas k yeeauuennio koHuentpaupu AIK xenesa (III) B pactBope u, Kak
cnencteue, k yekopenmo @I y XI1 FeOOH no cpaBHEHHIO ¢ pacTBOpaMH MEPBOH IPYTHIbL:

{FeOOH},, + 3 HoO + OH —> {Fe(OH);2H;0} .. )

PaccMOTpHM BO3MOXHBIN MeXaHW3M Kataiuruueckoro sausanus Fe’'-nonop na ®IT u XTI Hepas-
noBecHeix FeOOH. M3menenne cocrasa TBepaoi U xuakoil ¢a3 Ha neppoit cranuu TepMooOGpaGoOTKH
FeOOH B pactsopax Ti,(SO4)s u SnCl, nossonser caenats BHIBOA O NPOTEKAHMU B CUCTEME CIIEIYIO-
UIMX B3aUMOAEHCTBHIA:

a) OKMCJTUTE/ILHO-BOCCTAHOBUTEILHON PEaKIHUH, JIOKAIM30BAaHHOM Ha IpaHHULe pa3jiesia KpUCTasul —
pacTBop:

n {FeOOH},, + M*",, = n {[FeOOH],} "+ M*™" €))

+ - 2 .
rae M* = Ti'"', Sn™; n = 1(2) ana Ti** (Sn*") cooTBeTcTREHHO,
6) ruaponusa 1 nonmkoHaeHcaun M@ ™ -ponos:

M+ (240) HyO = {M(OH),1n} oy + (z40) H'; €
{M(OH) v} pp = M(O,0H),'yH,0O + m H,0; $)

B) pacTBOpeHHa Kommiekcos {[FeOOH],}
n {[FeOOH],,}” + (z+n) H - n Fe** + (z+n/2) H,0 + (z-2n) H". (6)

C TOuKM 3peHHs TePMOAHHAMHUKH peakuus (3) 403BoseHa wis MOBbpIX M* -HOHOB, HMEIOIHX HEOT-
pULATENbHYIO alre0panyueckyrd CyMMYy OKHCIHUTENbHO-BOCCTAHOBUTENIBHLIX TNOTEHLMAIOB ¢ HOHAMH
Fe(Ill),, a cnenosaTesibHO, U UlA Fe’*-nonos. CoBoKyNMHOCTBIO peakuuii (3)—(6), B koTopsix M* = Fe*,
an =1, n obbacHseTca KaTanuTHyeckoe Bmuaume Fe* -uonos na ®IT u XTI FeOOH 8 pacreopax.

C Cmpyxmypa KOK u pocm xpucmannos. CornacHo npeicTaBleHHUAM, pa3paboTaHHbIM B pabote
[17], poer kpucTannoR OKCHIAHBIX coenuHeHuil >keneza (III) B pacTBopax ocyilecTBIAeTCS MMyTEM
BCTpauBaHuA B MX noBepxHocTHbl ciiolt KOK, coctas u cTpyKTypa KOTOPBIX OnpeneNseTcs COCTOSHH-
em Fe'"-1onog B pactBope. B ciaGOKHCIBIX, HeHTpaNbHBIX U c1abomenouHsIX pacTeopax (3 < pH < 10)
C yHEeTOM 3JIeKTPOHEHTPaNbHOCTH KpUCTaiia aroMHO-riazkas rpanb {100} o-Fe,O; coctout (puc. 7a)
H3 4epedyIOIUXCsl c/I0eB MosIeKy BOAb! (cnoit I) u annoHoB kuciopona (ciao# II), a rpaus {001} —
toseko n3 OH -rpyrnn, koropsle 00pasytoT Ha Hel MIIOCKYIO eKcaroHajlbHyIo ceTky (puc. 76). B Boiwne-
ykaszanHbix pacteopax AIK xenesa (IIT) umeer cocras [Fe(OH);-3H,0]° [18]. Cornacro monenu [17] u3
stux PI'K popmupyercs GusnepHbiii anexrponerirpansusiii KOK-1, cocrosmuii U3 AByX COWIEHEHHBIX
no pebpy okrasapos (puc. 7B), CIEOYIOMEro COCTaRa: [Fe(OH)¢-4H,0]°. IIpu BcrpauBannu KOK-1 B
rpasb {100) B Toukax 1-3 nmpoTeKarOT peakuuH OIALNK

H,0, + OH xox — OH  + H, O, M

B TOUKaX 4 ¥ S — peakliuy neruaparainu

0% + HyiOox = 07 o+ HoOpp; )
Ha rpanu {001}8 Toukax 1-3 — peaxuun OKCONALMH
OH", + OH'kox => 0%+ HyOpp, ©)

a B TOYKax 4 v 5 — peaxuyu OJsLKHA
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Xumunsna

OHW + HZOKOK e d OH—xp + Hzop.p. (10)

[Tpu XIT1 FeOOH B pactBopax ¢ 3 < pH < 10 dopmupyiorcs nzoMeTpuunsie 1o GopmMe KPUCTALIBE O
Fe,O3, uro cBuaeTenscTByeT 0 GAM3KHUX 3HAYEHUSX KaK KOHCTAHT CKOpOCTH pocta rpadeit {100} u
{001}, Tak u conyTcTBYIOLMX NMpoueccy BeTpanBanuid KOK xuMuueckux peakuuii.

a) 6) B) )}

Y 7 5

O

Puc. 7. ®parmenThl nnockocten {100} (a) u {001} (6) a-Fe.O; B nonuagpuyeckon nHTepnpetaumm
M CTPYKTYPa KpMCTannoo6pasytowmnx KoMnnekcos Fe{OH)s4H,0 (8) n {Fe,(OH)s2H,0}* (1)

B kouuenrpupoBannbix pactsopax NaOH (pH > 10) wenous MOxeT BCTynaTh B peakyHio Kak C
noepxHocThio Kpuctania, Tak U ¢ KOK. Ilo nanHeiM paGotsl [19] B Takux pacTtBOpax ¢opMHpyeTcs
AT'K xkene3a (III) cocrasa [Fe(OH),2H,0]". Ilo ananoruu c paboroii [17] MOXKHO NpeAnooKUTs, 4TO B
stoM caydae obpaszyercsa 6usaepusiit KOK-1' cocrasa {Fez(OH)g'2H20}2_ (puc. 7r). B cBowo ovepeab
Ha MOBEPXHOCTH KPHCTAIA BO3MOXKHBI CIIEAYIOLIME PEaKLMH B3aMMOACHCTBUS CO LIEA04bIO: HA MpaHu
{001} — okconsumu ¢ obpa3zoBaHHEM MOCTHUKOBBIX OKCOCBS3el mexay moHamu xenesa (II1); na rpanu
{100} — zameienus monekya Boasl Ha OH-rpynmel ruapokcHa HAaTpHsL.

B cBasu ¢ 3Tum B pactBopax NaOH usmeHsercs Tun peakuui, NpOTEKAOWMX NPH BCTPAUBAHUH
KOK-1'. B uacrHocty, na rpanu {100} B 3TOM ciyuae B Toukax 1-3 peanusyercs peakuus OKCONALHHU
(9), a B Toukax 4 u 5 — peakuus aerngpataunu (8). Ha rpann {001}B Toukax 4 u 5 Taxxe nporekaer
peakuus neruapatauid (8), a B Toukax 1-3 ~ peakuns AerHIpOKCHINPOBAHHUS:

0% + OH ok = 0%+ OH . (1

HaunGonee BBIrOMHBIMH C TEPMOJMHAMHYECKOI TOUKH 3PEHHS ABJISIOTCS PEaKLIMH OKCONSALIMM U Jie-
rUpaTauyy, CONPOBOXKAAIOLIMECS YCTaHOBICHHEM NMPOYHBIX OKCOCBS3eH Mexay voHamu »xenesa (III)
nosepxHoctH Kpucramna 1 KOK u, kak crencTBHe, yMEHBbIIEHHEM CBOOOAHON 3HEPIHU CUCTEMbI «KPH-
cramt — KOKy. [lns aktuBaunu peakunu AeruApokcunupoBadus (11) HeoOX0aUMO 3aTPaTHTh SHEPIUIO
Ha pa3spbis cBsa3u Fe—OH', kotopas no BenuunHe 6113Ka K 3HEPrHH OKCOCBA3K. BeneacTsre 3Toro KoH-
cranTa ckopocty peaxuuu (11) no cpasuennro ¢ peakumsiMu (7)—(10) npenebpexnmo mana. tum o0b-
SICHAETCS PEHMYLIECTBEHHBIH pOCT KpUCTa/LIOB O-Fe;O3 B CHITbHOILENOYHBIX CpelaX B HANPaBJICHHAX
tuna {100}, a, ciiepoBaresbHO, M GOPMHPOBAHHE AHH3OMETPHYHBIX 110 GOPME KPUCTAILIOB.

Buisoabi

1. ®asossie (B a-FeOOH) u xumuveckue (B o-Fe,0s3) npeppalenns HepasHoBecHBIX FeOOH npu
TepMo0obpaboTke B pacTBOpax peanu3yloTcs M0 MEXaHU3MY «PACTBOPEHHE — OCAKACHHE» U COMPOBOX-
JAKTCA MaccooOMeHOM Mexay TBepaoil (da3oif ¥ pacTBOPOM. BhISBICHBI OCHOBHBIE NapaMeTpsl (TeM-
riepaTypa, MOHHBIH COCTaB pacTBopa, $a3oBeiil M aucnepcHsid cocras FeOOH), Bausiomne Ha KHHETH-
Ky W THII peBpauieHus, cpeHuii pa3mep M rabuTyc KpUCTaJIoB paBHOBECHOH a3kl

2. PaccMOTpEHB! BOTIPOCH! O BO3MOXHOM COCTaBe U KOHQHUIypalyH KpUCTAJUI000pasyolHxX KOM-
MJIEKCOB, PEaKLHAX, MPOTEKAIOUIUX Ha TPAHHULIE «PACTBOP — KPUCTAJUI» Y NPU BCTPaWBaHUH KPHCTAILIO-
00pasyroimMx KOMIUIEKCOB B pa3jiM4yHble aTOMHO-TajKHe rpanu a-Fe,0s.

Paboma ewinonnena npu noodepoicke Poccuiickoeo @oHoa @yHOameHmanbHblx UCCIe008aHUl,
epanm Ne P 2001 ypuen 03-03, a maxoce npu @unancosoi noddepocke Ilpasumenscmea Jernbuncxou
obnacmu, epanm A2003287.
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