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Ioxazana soamoxcnocmns AOMAUUORH020 U36ACHEHNUA COCOURERNE AGHMaRa U He-
pua (1) uz pazbasnennvix cymphamnuix pacmeopes ¢ noMowibIo MORK 0dUCHepey-
DOBAHHBIX meepduix pacmeopos pochurokcuda pasnopaduassio2o 8 napapiite.
Yemanosnenn onmumanvhie ycaosua nposedenusn haomanuuy. Hzyueno eauanue
dobagox anexmpoaumos Ha appeimustocmy npoyecca. Ipednoowcen mexanuzm
83aumodeiicmans coeduneRuil pedi 03eMeabHBX MeManos ¢ cobupamenem.

Kmwgensie cioBa: peqKozeMeNbHEE MeTANIH, pasHOPaTHKATTBHE (ocdu-
HOKCH, (DIOTAIlHA.

Beenenue. PenkozeMeribHbIe BeMeHTH (P383) W coeIUHEHHS HA WX
OCHOB¢ 00JIaTal0T YHUKAIBHBIMHA CBOMCTBAMH, MeIalOIIIMH HX He 3aMeHH-
MBIMH BO MHOTHX OTPaC/ISIX TéXHUKH, TAKAX, KaK MeTAJUTYPrHs A He(hTelIIe -
pepaboTKa, IMIPOM3BOACTBO U 00paboTKA OIITHYE CK MX MATePHAIIOB, KBAHTO -
Bas H PaIHO3IIEKTPOHUKA, SNepHAs TeXHHKA, OIITHKA, ITP OM3BOICTBO HOBBIX
KOHCTPYKIIHOHHBIX MaTepHayIoB H Ap. [1]. B ¢Ba3u ¢ OYpHBIM pasBUTHEM
3TUX OTPACTR pacTeT MOTPeOHOCTh MIPOMBIIIIEHHOCTH B P35, uTo IpHBO-
IHT K YBeJIMYCHHIO KOJTMYeCTBA CTOYHEBIX BOM, COMEPKAIIHX COCMHHECHHAS
P33, KoTOpEI¢ ABISMIOTCA TOKCHIECKIMH BellleCTBAMH [2], HeraTHBHO BJIH-
SIOIIHAMHA HA XUBble 0praHnu3Mbl. [1osToMy akTyaneH oMK () ) eKTHBHBIX
CIT0C000B OUMCTKH BOMHBIX PACTBOPOB OT CoeMAHEHHIT P35,

Jmd M3BIeUeHHA MAalBIX KOMHUYSCTB PACTBOPEHHBIX COSTUHEHWH M3
O OJBITHX 00BEMOB BOAHBIX PACTBOPOB I8JIeCO00Pa3HO ACIIOJIb30BATh IIPO -
mece Guotanuu [3]. JIg u3BIedeHH S HOHOB PeIKO3eMeIbHBIX 3/IeMSHTOB
(B TOM UHCIIE, TIEPHS M JIAHTAHA) B KauecTBe (WIOTAMOHHBIX cobMparTesei
IIPEIJIOKSHO HCIIONB30BaTh KAJIMEBble MBLIA XXHPHBIX KHCIOT W adHeTar
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Kaymd [4], indenmwryanunus [5], momadoc [6], mrankuigochopHbIe KHUC-
J10TH [7], momenmicysbdar HaTpus [8 — 10] m xp. [11]. OmHAaKo pacxon 3THX
cOOHpaTesIell JOCTATOUHO BIHK (00BIUHO HeoOXomumo 3 Moib IIAB Ha
1 Mo P33), 3arpynHeHa UX pereHepanusd. I W3BIedeHN S HOHOB TSKe -
JIBIX METAJIIOB METOAOM COPOITHOHHON (PIIOTAITHH, WITH (IIOTAITHHA ¢ HOCH-
TereM [3] TpelyIokeHO HCIONb30Barh TOHKOAUCIIEPTHPOBAHHBIE TBEPIBIE
pactBopsl ITAB B mapadune [12]. Takue peareHTH (HOCHTEIIH) OTIHYAIOTCA
IIPOCTOTON pereHepallii M BOSMOXHOCTHIO TIOBTOPHOTO HCIIOb30BAHASA,
CYLIECTBEHHBIM CHHXXEHHEM PacXola, OTCYTCTBIEM BTOPHUHOTO 3aTPsI3HE -
HIA OUHII[aeMBIX pacTBopoB [TAB.

Iesb nanHON paboTH — H3YUYeHHE BO3MOXHOCTH UCIIOJIb30BAHNUS TOH-
KOJHCIIEPTUPOBAHHOTO TBEPAOro pacTBopa (POCHUHOKCHIA PAZHOPAIAH-
KanpHOTO (POP) B mmapaduHe B Ka4ecTBe HOCHTEIA MpH (IIOTAITHOHHOM
W3BJIEUCHUH COSNMHEHNH PeIKO3eMEJIBHEIX MeTAJUIOB (Ha IIpHMepe JIaH-
TaHa " mepus (I11)) 13 pa3daBIeHHBIX BOIHBIX PACTBOPOB.

MeToauka skcnepumenta. OOBEKTAMHU UCCIISNOBAHNS CITYXKWIH CYJIb-
tarabie pacTBOPH TanTaHa U mepus (111) ¢ kormenTparmeit 5 — 50 Mr/mme.
Konnentparmusa cynbbhar-noHoB cocrapimsyia 0,02 momb/mme. HMcxonHbie
sHaueHHA pH pactBopoB — 2. JloOaBKH corleiil (HHTParoB HATPH s, KaIbITHS
W AMOMWAHHS, CYTb()aTOB HATPHS M MATHHS, XJIOPHIA KATTBITHA) BBOMHMITH B
YKa3aHHBIE PACTBOPHI B B¢ 1%-HBIX BOTHBIX PACTBOPOBR MHepen nobapiie-
HUEM HOCHTEJIA.

B RauecTBe HOCHTENSI WMCIIOIb30BAIIM TOHKOAUCIIEPTHPOBAHHEIN 0,5
MOJIAJIBHBIN TBepablii pacTeop POP B mapadure. I ero IpUTOTOBIIEHHA
HCIIOJIh30BAIIH TOMOT€HU3HPOBAHHBIN MapadrH ¢ TeMITepaTypoll IIaBiie-
HEA 53 £ 2°C. @OP uMeeT CIIeNyIolIee CTpOoeHMeE:

@)

T

o~

Bri6op @OP 611 06YCIOBIIEH €70 BHICOKOH YCTOMUMBOCTHIO K KUCITBIM
cpelaM, XOPOUIMMH KOMIIJIEKCOOOpasyIOIIHME CBOMCTBAMH, OHOJIOIHYE-
CKOIT 5e30IACHOCTHIO, TOCTYITHOCTHIO (TAHHBIN PeareHT IIPOU3BOANTC HA
OIIBITHOM IpoM3BoAcTBe MHCTHTYTA OopraHndeckoi xumun HAH Vkpa-
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uHEl). Teepasie pacteopsl POP B r1apadiiHe TOTOBIIN IYTEM PACTBOP CHUSL
B HarperoM g0 60 — 70°C (kmakoM) map athHHe Heo GXOTIMOr0 KOTHIeCTBa
POP u OCTeAYIONETO OXTAXKISHUSA PACTBOPA.

Jucneprupopanne TBepABIX pacTBopoB POP B mapaduHe OCYIIECT-
BJISLJIH ¢ TIOMOIIBIO YIbTPa3BYKOBOT O Auciiepraropa ¥3I'13 — 01/22 ¢ gacto-
TOH crpukTopa 22 kIl B Teuenne 300 c. [lepen guctepripoBaHMeM BOOY U
TUCIIEPTHPYEMO€ BellleCTBO (IS IUIABIeHHA ) Har pepaym a0 60 — 70°C. Ilpn
THCIIePTHPOBAHUH TBepHoro pactsopa POP B mapadmme MoeKyisl ITAB
OPHEHTHPOBATMCH HA ITOBEPXHO CTH YACTHIT ITapahHA TAKUM 00pa3oM, UTo
MMOAPHBIMA TPYIIIAMHA OHHM O0palllayTich B BONY (TIOJIAPHAA XKHUIKOCTB).
IlonyueHHYIO B pe3yIbTaTe SMYJIbCHIO OXJTAXKTAJIH 0 KOMHATHOM TeMIIe -
paTyphL

Hocurems BBOMWIN B cyiIb(arHele pacTBopsl P35 B BHme 0,5%-Hoil
BOJHOH ¢ycIleH3uH B KomuuecTBe 1,25 Monb POP Ha | Moms P35 3a nee —
TPH MHUHYTH 0 HAdaia (JIOTAlMN (MCKITIOYEHWE COCTABISJIM OIBITHL,
HaIlpaBJicHHBIE HA W3YYeHWE BIMSHUA BPEMEHH arMTalliW (BBICTAMBA-
HUS) cyClieH3WH Ha 3G eKTHBHOCTH Ipolecca ¢uoTanun). OrIoTarinoH-
HYIO 00paboTKY CYCIEH3HI OCYIIECTBISUIH HA YCTAHOBKE 1A (PIIOTAITHHA
IYTEeM IPOIYCKaH WA Yepe3 pacTBOP AUCIIEPTHP OBAHHOT O IIOPHCTBIM MaTe-
pHATTOM BO3YyXa, KOTOpas IpeNcTaRIaiga cobol CTeKITHHYIO KOTOHKY
peicoroii 0,11 w mmamerpom 0,03 M. JIHOM KOJIOHKH M OIHOBPEMEHHO
THCIEPTaTopoM BO3AYXa CIAYXKWJIA CTeKISHHAdA [OPHCTas IUIACTHHKA.
O0BeM pacTBOpa, 3aTTMBAEMOT0 B KOJIOHKY, COCTARISLIT 51072 mM3; TIpooi-
KHTEIBHOCTh (IIOTArul — 15 MWH (MCKITIOUCHHE COCTABIISUTH OITBITEHL,
HaIlpaBjlcHHBIE Ha W3yYeHHe KWUHETHKH Iporecca (uortaruu). Bo3ayx
B KOJIOHKY TIOMABAJIM CHH3Y Uepe3 ITOPHUCTYIO IUIACTHHKY CO CKOPOCTHIO
5107 M%/c. OTIBITEI IPOBOAMIIA IPH KOMHATHOM TeMIleparype. CyOmarTsl
(ITpOA YK THI B3aHMOJIeHCTRHA A CoeIMHeHMI P35 ¢ HocmTeseM), 00pasyronin-
eCsl Ha TIOBePXHOCTH PACTBOPOB IIPH (QIIOTAITAH, YIAJISITH MEXaHMUESCKH.

CyCIIeH3AH (pacTBOPHI) ITOCie (IIOTAITMH IEePHOAHYSCKH aHATH3HPO -
BaJII Ha CONepKaHMUe B HAX JlaHTaHa Wi nepus (I11). AHannus ocyuiect-
BJISLJIM 110 CTaHAapTHol MeTommKe [13]. O6 3¢ ek THBHOCTH IIpoliecca (uIo-
TAIWH CYIHJIH 10 CTEIIEHH A3BJICUeHIS JTAHTaHAa U [IepHs U3 pacTBopa (o).

HK-ceKTpel HOCHTEIIS U CyOIaToB, BRIIEISHHEIX M3 pacTBopos ¢ pH
8,5 u tabnetupoBanHbIX ¢ KBr, ciumam Ha MK-crrekTpoMerpe ¢ Dypre-
mpeobpaszopareszeM Perkin Elmer 2011 s uatepnae 400 — 4000 eyt MHTEp-
MIPeTANNIO MOJMYUSHHBIX JaHHBIX OPOBOMWIM B COOTBETCTBHH C M3BECT-
HBIMH KOppersarusaMu [14 — 15].
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DHEPTHIO MPUTKEeHMsT YacTHIl cyOiara K myseIppKaM Bosayxa (U),
o0ycIoBIIeHHYIO HelicTBeM ciil BaH-nmep-Baanmbca-JIoHmoHa, paccumTsl-
BAJIH 110 YPAaBHEHHIO, OIIUCHBAIOIIEMY B3aUMONiicTRHe ABYX chep [16]:

b =_% (1)
6H(R,+R)

e A* — CJloXHasd IIOCTOSHHAS MONEKV/ISPHBIX CHJI IpHUTAXeHHS [ama-
Kepa, KOTOpYIO IpUHUMAIM papHOoi 4,04 - 10 spr [16]; Eq— VCpemHeH -
HBIH pagmyc gacTHIl cydaata (0,5 106 m) [17]; I_QH — YCPEIHEHHBIN paguyc
Iy 3SBIPHKOB BO3MYXa, PaBHEL ~ 7,5 105 M [18]; A — TomimHa ¢Iost pacTBOpa,
Pa3NMEIISIONIRTO Y 3BIPeK BO3AYXA W YACTHITY Cy0Iara.

SHEPrHIO HOHHO-3JIeKTPOCTATHYeCKOr0 B3aHMOACHCTBHS ITY3BIPHKOB
BO3YXa B 9acTHI ¢yorata (U), 00YCIIOBIe HH YIO e eKPRITHEM HX TBOHHBIX
K TPUUSCKUX CIIOEB, HAXOMIIH 110 YPaBHeH IO [16]

eRR (po+yi)| 24,9, L+e™
=— =In 7(H+111(1—e

" 4R +R) Wty l-e

=) X_” )

., @

e 7, = (8ne’Tn .z’ [ek1)"? —mapametp JMeGad (Bermamma, oGparTHas 5hdex-
THBHOM TOJIIIHHE ABOMHOTO 3JIEKTPHYECKOTO CII0s), 3aBUCSIUIHAH OT 3apaa
() M KOHIIEHTpaIUH (7, ) IPOTHBOUOHOB; K — IOCTOAHHAA BombIMaHa; e —
3aps 3eKTpoHa; T — aGCcomoTHAs TeMIeparypa.

VepeHeHHBIE LITePHOBCKIE IIOTEHITHAIIBI YACTHIT Cy6imaTa ( Y, ) 1 Iy -
3BIPBKOB BO3AYXA (P, ) H3-3a HEBOSMOXKHOCTH HEIIOCPEICTBEHHOIO H3Me-
peHHS IPHHUMAIIA PABHBIMHA WX IeKTPOKHHETHYECKHAM &-TIOTeHITHAIAM.
&-TloTeHITMAMBI YACTHIL CyOlaTa W LIApUKOB MapaduHa, UMHTHPYIOIIAX
Ty 3BIPbKH BO3M VXA, OTIPEIe IsSITH MeTOJ0M MEKpoIeKTpotopesa [19]. Bos-
MOXXHOCTE HMHTAITHH 1 Y3bIPEKOB BO3NYXa IIapHKaMH [IapaguHa 0CHOBAHO
HA TOM, UTO TIOCTIGHIE, KAK W IIY3bIPbKH BO3MYX4, THIPO( 00HBI; IIOBEPX-
HOCTB IIAPHKOBIIapahMHA M ITY3BIPHKOB BO 30y Xa HETIOABH K HA (ITPH pasMepe
Iy 3BIPBKOBE 7,5 -10°° M MX MOXHO CUMTATh XKeCTKUMH chepaMmu); hopMIpo-
BaHWe ABOMHOTO 3JIEKTPHYECKOTO CI0A Ha IIapHKax napaduHa 1 IY3bIphb-
KaX BO3/IyXa OCYIIeCTRIASTCA II0 OHMHAKOBOMY MeXaHH3My [20, 21].

CyMMapHYIO BeTMUHNHY SHEPTHH B3aMOIeHCTBA A MTY3BIPHKOB BO3MYXA
W YACTHIT cyOIIara, WiIH 3HepreTHUe CKUi Oapbep OTTAIKUBAHUA U, BHIUHC-
JISUTH I10 YpaBHeHHTO [17]
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U=U0 +U. (3)

3ragenns pH pacrBopon m3Meramm ¢ momolrsio 1 M pacrsopa KOH i
H3MePSIH YHHBSPCAIBHBIM HOHOMEPOM BB-74 O C¢TeKIIHHBIM 2JIRKIPO-
TOM.

PesyabTaThl M MX 00cyKneHue. [IpoBeneHHBIe MCCISTOBAHMS ITOKa3aJIH,
UTO TOHKOJAHUCIIEPTHPOBAHHKBIN TBepIbIit pacTBop POP B mapadrHe MOXKeT
OBITH HCIIOJIb30BAaH B KA9€CTBE HOCHTENS IIPH (PIIOTAMMOHHOM H3BIeYeHUH
COSMUHEHUH PEAKO3eMENIBHBIX MeTaILIOB (JTanTaHa | nepus (II1)), mpucyT-
CTBYIOIIMX B Pa3GaBIeHHBIX CYJIb(ATHBIX pacTBOpax (puc. 1, 2). D d ek THB-
HOCTB IIPOIECCa 3aBHCUT OT COCTaBa pacTBopa (ero KoHIleHTparuu 1 pH,
COIEPKAHASA 3JIeKTPOIIUTOB), KOJTMYECTBA BBEEHHOTO HOCUTEIIA, YCIIOBHI
IIPOBeIeHUS ITPoIlecca (ITPOMOIIKHATIILHOCTh (IIOTAITUH W ATHTAITHH).

0% o,%
a 801 6
80 -

60 - 6or
40

20 -

0 3 6 9 22 0 0,5 l 1,5 2
2= Ng op/Pge

Puc. 1 Sasucumocme cmenenu usanenenun aanmana (1) v uepua (2) us quwgpam-
HBEX PACBOPOS ¢ ROMOUBIO MORKOOUCHEPUPO8anio2o maepdozo pacmeopa POP 8
napagune om pH pacmeopos (g) u pacxoda (ng;,/ny ) (6) nocumens (pH pacmeo-
pos — 8,35). Hexodnas konyenmpayua pacmeopog peok03eMeabtbix 2AeMenmos —

50 me/om®, dobasky 2AeKMPOAHIMO8 OMCYMCMBYIOM.

CylllecTBeHHOS BIUAHNE HA CTEleHb (IOTAI[HOHHOIO HM3BJICUCHUS
naurtana u mnepus (II1) okassiBaetr pH cpexsl (cM. puc. 1, @). MakcuMaITb-
Has CTeTeHb (PrioTallHoHHOT 0 M3BIeUeHI S P35 HadmonaeTcs ripi pH 8.5. B
pe3yIbTare IHAPONH3a CYIb(AaTHBIX KOMIUIEKCOB JaHHBIX MeTAJUIOB o0pa-
3YIOTCS KATHOHHBIE THAPOKCOKOMIUIEKCHI JIAHTAHA W IePHsl, a TaKXKe WX
THIPOKCHIBI [9] MOTEK YIISIPHOH CcTeNeHH QUCITEPCHOCTH, CTI0COOHbIe B3aH-
MOMeHCTBOBATD ¢ MO PHEIME IpymmaMu POP 1 U3BIeKaThes (GroTAITHEH.

JIITd M3ydyeH A MeXaHW 3Ma B3aUMOI el CTBH S U 3BJIEKA6MBIX COSIMHE HIAI
¢ HocHTeIeM ObUTH mpoBefeHB M K-CrieRTpoCcKOmHYecK e HCCIeIOBAHN S
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HOCHTeJIS, JIAHTaH- U [epuiiconepXkaliux cy0IaToB, BeIAeTeHHBIX (proTa-
e U3 pacTBOPOB COJIEH METAIIIOB ¢ ONTHMAJIBHBIMH 3HadeHUIMHA pH.

Comocrapinenre MK-crekTpoB HOCHTENIA M CYyOIaToB IIOKA3ATIO
(Tad. 1), 9T0 BHUX ITPUCYTCTBYIOT IOJIOCH ITOTTIONIEHH 1, COOTBETCTBYIOLIHE
BaJICHTHBIM | J¢(OPMAITHOHHBIM KOJIeOaHHAM YIJIEBOMOPOTHBIX pagHKa-
710B 1 noJ pHEIX Tpymi [TAB. Ommiunie coctonT B T0M, uTo B MK-CriekTpax
CYOJIATOB ITPHUCY TCTBYIOT CJIA0BIE TTOJIO ChI ITOTITOLIEHT S ¢ MAKCHM YMAMH ITPH
890 m 850 ¢cM™, KoTOpBIe MOKHO 0THeCTH [16] K gedopMaIlHOHHBIM K0JIe6a-
HUSIM Tpymnsl Me — OH, a TakXe ITOJIOCHI MOITIOIIEHHUS ¢ MAKCHMYMaMK
mpu 618 cM™, KOTOPBEIe MOXHO OTHECTH K BaJICHTHBIM KoJieGaHUSAM CBA3H
Me — O. COBOKYITHOCTB ITOJTYYeHHBIX JaHHBIX ITO3BOJISIET ITIPENIIOIOKHUTS,
UTO B COCTAB CyGaToB Hapsaay ¢ POP BXOOAT THAPOK CHABI M THIPOKCOKOM-
TJIEKChI M3BJIeKAEMBIX MeTaIUIOB. CMEIgHHE TTOJIOCH BAJIGHTHBIX KoJie0a-
Hui rpynmel P = O Hocutensa (1157 em™) B cTopoHy G0JIee HU3KHX YaCTOT,
uMemonee Mecto B MK-crekTpax o0pasiioB TaHTaH- W [epHHCONePXKALTAX
cybmaroB (cooTBeTcTBeHHO 1124 m 1123 cM?), CBHIETeNBCTBYET O B3aHMO -
meticTBUE Hocd OpIIBEHOM TPYIIIHI ¢ COSMUHSHUAMH M3BIEKASMBIX METAT-
JIOB B Pe3yJIbTaTe 00pa30BaHU A KOOPAWHAITMOHHBIX H BOJOP OMHBIX CBIA3EH.

IIpn m3BmeueHrH nanTaHa | mepus (III) ©3 pacTBOpOB ¢ OITHMANb-
HBIMHA pH 18 TOCTHKeHHS MAaKCHMATbHOM CTeleHH M3BIeUeH A Heo0X0-
THMO BBecTH 1,25 Moms @OP Ha | MoJIb MeTaslIa, IMPHCYTCTRYIONISTO B pac-
TBOpe (cM. pHc. 1, 6). [IpH MeHBIIIEM PAcXoe HOCHTEIIA He BCE H3BJICKAeMBIS
coemuHeHu A P35 cBA3BIBAIOTCA B ¢YOIIaT, a IpH BBeI¢HUH B PaCTBOp BOIIb-
LIOT0 M30BITKA HOCHTEJIS CTEIICHD M3BJIeueHWA P35 yMeHbBIIaeTCA B CBIA3H
¢ KOHKYpEHIIHeH JacTuIl cydiata i HOCHTEISA 3a MeCTO Ha MOBEPXHOCTH
ITY 3bIPbKOB BO3AYXA.

Tatauya 1 HK-cnexmpu noctimensa, aanman (A)- 1 yeputicodepmcauux (B) cybaa-
mog

Hccnemyenmsie o6pasiist
OTHeCceHMe TI0JI0C CoGuparens A B
v, oMt
v (OH) 3436 3436 3436
v(CH,) 2957 2957 2057
ew |3 L[
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Hpodomnene madatyw 1.

(0 —H) 1632 1630 1631
3_(C—CH,) 1473 1473 1473
8 (—CH ) 1463 1463 1463
5,(C— CH,)
PO} 1379 1378 1379
WB=0) 1157 1124 1123
II0 BOTOpOTHOM CBA3H
889 891
8 (Me—OH) - 851 838
730 730 730
p(~CH,), 720 720 720
v(Me — O) _ 618 617

C TIOMOIIBI0 TOHKOAMCIIEPTUPOBAHHBIX TBEPHBIX pacTBopoB POP B
nmapatiHe MOXKHO JOCTATOUHO 3 eKTHBHO H3BJIeUb coeMuHeHus P35 13
PacTBOPOR ¢ MCXOAHOH KoHIeHTparrel (C) 30 — 50 mMr/mm® (mamTam) u 40 —
50 Mr/nm? (epmii):

C,, MI/IM ..o 5 10 20 30 40 50
(L), Beverrrrnnen 50 55 60 71 64 6
OU(CE), Borvvoreion 26 27 39 4 56 60

OnmauM U3 nyTel TOBBIIeHAA 3¢ HeK THBHOCTH H3BJICUeHUSA MeTAIUIOB
SIBJISIETCS aruTallus (BRICTAWBAHNE) CYCIIeH3HIT cyDiiaTa mepen GIoTarmeii.
DTy Oepaluio IIPOBONAT € LIEJIBI0 YIIYULICHWUS B3aUMOACHCTBHSA COOH-
paressl ¢ M3BIIEKaeMBIMU COSAUHEHUAMH, a TaKXKe YKPYIIHEHHS YaCTHI]
cy0JIaTa B CBA3M C AeTHAparTanueii UX [OBEPXHOCTH U MOTepeil arperatus-
HOH YyCTOHYMBOCTH. YCTAHOBJIGHO, UTO IIPH arUTal[iX CYCIIeH3WH JIaHTaH-
1 Hepuiicomepxalinx cy®iaTop B TeueHne 15 — 60 MUH JOCTUTaeTCsI MaK-
CHMAIBHAS (TIPH HAHHBIX YCIIOBHSX OIIBITOB) CTeIeHb M3BIeUeHHS P3B U3
pacteopos ¢ pH 8,5 (cum. puc. 2, a)

Bpems, HeoOxomuMoe NI TOCTHXKEHMS MAaKCHUMAJIBHO BO3MOXHOI
CTeIleH! (PIIOTAMOHHOIO W3BJIeUeHH S JIAHTAHA W [IePHsL ¢ IIOMOLIBIO TOH-
KOMUCIIEPTHPOBAHHOTO TBepAoro pacteopa @OP B mapabmHe, coCTaBIsALT
10 — 15 MuH (cM. pHc. 2, ). KTHeTHKA IpOolecca OIUCHIBASTCH Y PaBHeHHeM
IIEPBOTO NOPSAAKA. 3HAYCHWS KOHCTAaHT CKOPOCTH, HaliJeHHBIE 3KCIIEPH-
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MeHTATBHO, cocTaBmwin (¢): 1,58 102 (manrtanm) u 1,03-10 (epmit). [lepBerit
MO PSIOK MPOIecca CBHACTEILCTBYST, UTO MTUMUATHPYIONIECH cTamumell B -
eTCI AU Gy3usa YacTHIl ¢yOiIaTa K IOBepXHOCTH IIY3BIPEKOB BO3AYXa. JaH-
HBIH ITPOITece He 3aTpyIHeH JIAMAHAPHON KOary/IsSIiheli 4acThI] cy0iIaTa Ha
rpaHnIe pasmena has KHIKOCTb — ras.

. %

a
80 i
7> 2

70

60 1 1 1 | Cf 1 1 1 |
0 N 30 5 60 " 5 10 15 20

ty=, MUH ton MHH

Puc. 2. 3asucumocmv cmeneny haomauuionnozo usereuenus (o) aawmana (1) u
uepua (2) ¢ RomMoupio MORKOOHCHEpeUposarioze meepdozo pacmsopa POP ¢ na-
paghutie om npodogxctimenttiocmy aeumayun (a) u paomayu (6). Hexoonaa xon-
uermpanua pacmeopoes P35 — 50 me/omd, pH pacmsopoes —8,5. Hobasku anexmpo-
AUINOG OMCYMCIEBYION.

OmHako, 1axe MPH ONTHMAJBHBIX YCIIOBHSAX IIPOBEIACHHS IIPOIEcca,
CTEIIeHb HM3BICUCHHA COCMUHEHWI JIAHTaHa He IpeBblIaya 77, a mepus
(IIT) — 74%, 103TOMY ¢ LIeJIBIO er0 HHTEHCHPUKAIIWHE OBUI0 H3YUCHO BITHA-
HHe T00aBOK HEOPTraHMUECKHX COJIEl HA CTEIIEHb (DIIOTAITHOHHOTO 1 3BJIEUE -
HUS COSTMHECHUH JIAHTAHA W [IEPHSA ¢ IIOMOIIBIO IIPEIJIAragMOoro peareHTa.

OrpenesieHB ONTHMAIBHBIE KOHIIEHT PAIHH coTiell (Tad. 2), mpu KoTo-
PHIX CTeIIeHb M3BJICUeHHS JIAHTaHa TIOBBIIIaeTcs Ha 5 — 13, atepns —Ha 10 —
16%. TlomoXkuTeIbHOS BIHMAHNE KAaTHOHOR H aHHOHOB BO3PacTaeT ¢ YCHITE -
HIEM MOJIOKHATIBHONA THAPATAIINH HOHOB [22], T. ¢. ¢ YCHIIeHUeM 3¢ P erTa
YIOPSAA0YeHHOCTH BOABL B OJIMXKHEM OKPYXKeHWH HOHOB. B3TO IIPHBOIHUT K
ragpooOH3aHl YacTHIl ¢cy0OiIaTa H OJIaronpHATCTBYeT €0 (MIOTAIlHOH-
HOMY H3BJIEUeHHIO.

B PeKTHBHOCTh Mporecca (JIOTAITHHA 3aBHCHT OT 3apsAjia KaTHOHA
MeTaslIa, BXOMAIETO B COCTAB AobapsteMott comm. Tak, HampuMep, ToOaBKH
HUTpaTa HaTpys He3HAUWTEIIHHO BIIMAIOT HA CTETIeHb W3BJIeUeHWs] JIAHTaHa
H IIepHs, B TO BpeMs KakK 100aBKH HUTpaTa KaJbI[Hs IOBBIIIAOT CTEIEHE
uspiedeHus P35 Ha 12 — 15, a 1obaBKH HUTpara AMOMAHASI — Ha 5 — 11%.
TloyueHHBIE TaHHBIE OOBICHSIOTCS TEM, UTO YaCTHIIBI JUCIIEPCHOM (Pasbl

174 ISSN 0204—3556. Xumua i mexnonoeus eodet, 2015, m.37, No2



CyOIaTOB 3apsAkKeHBl OTPHUIATENBHO (Talui. 3), IMO3TOMY KATHOHBI MeTasl-
JIOB, ABJIAIOLIHE CA IIPOTHBOHOHAMH, CXKUMAIOT JI3C gacTull cy0IaroB, TeM
CaMBIM YMEHBIIAS UX (-TIOTeHITHAI 1 SHepTeTHURCKHI Gaphep OTTAIKHBA-
HIA MeXAY YaCTHALIAMU Cy0JIara | IIy3BIPKaMHF BO3AYXA, UTO CIIOCOOCTBYET
3aK PEIUICHUIO YacTHI] ¢y 0IIaToB Ha ITY3BIPhKaxX BO3MYXA.

Tabmuya 2. Cmenerv hromatiionnozo uzaneqenus (o) coedunenuii P33 u ux ocma-
meunian konyenmpayua (C.. ) 6 pacmsope npi onRUMASHBX KOHUEHMPAUUAX
(Cyé ) 006agAeHHbIX eKMPOAUMO8 (UCXodHan Konyenmpayua pacmeopog P35 —
50 me/on®, pH pacmeopos — 8,5, npodormwcumenviocmv acumanii — 20 mutn)

Toxasa- | NaSO, | MgSO, | NaNO, |Ca(NOy, | ANO), | CaCl
TEb OIoTAIIOHHOE H3BIeYeH e COeMHCeHHH TaHTAHA
rfﬁls 14 29 1.8 2.2 0,04 0,8
o, % 90 85 70 89 82 89
Mf%{s 3.0 45 9.0 36 54 33
Cyé, Qo TaIMOHHOE H3BIEISHHE COSTHHSHIH LIepH A
I/ 1,0 16 1,8 2,6 0,04 1,4
o, % 90 00 80 89 85 87
M%ms 30 30 6,0 36 45 3.9

Tabauya 3. Koanouodno -xumureckiie XapaKmepucmuki Hacmuy 4epulicodeprse aux
CYonamos i RYBupeKo8 803dyxa (HexodHve danible 048 pacuemos) i peivma-
Wbl PACHEMO8 IMEPEII B3aUMOOEHCMBUA MexHcdY HUMIL C HCHOAB308ARIEM EOpUL

AP0

Cyé’ o C_; - C.'.‘ Umax min
CucreMa MOJE/ ?’ ' ¥, CML
M ° MB kT

Ce(III) + @OP — 74 | -156| —78 | 1,610 | 29 -

Ce(II)+NaNO + ®OP | 215102 | 80 | —11,6 |—21,2[ 6,9510° | 13 | —1,5

3

(I1I)
(III)
Ce(IIl)+Ca(NO,),+@OP| 59107 | 88 | -84 | 21,6 3,6310° 11 | -2,5
(LII)

2

Ce(IIH+AKNO,) +DOP | 74105 | 85 | —5,5 | —4,8 | 18610°| 6 —6
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Pe3yapTarhl pacueToB, IIp OBeIeHHEIX ¢ MCIoNb3oBadueM Teopun JIJIPO
{cM. Ta0I1. 3), ITOKA3aIH, UTO BeJIIUMHA HEPTeTHUSCKOr 0 Gapbepa OTTAIKH-
BaHHS yMeHblIaeTcs oT 29 kT (B oTcyrerBHe 3meKTpormToB) no 6 kT (pu
nmobapnmeHun 7,4 -10° Monp/mM® HATpara aOMHHH). Benmuwina Bropmy-
HOTO MUHUMYMA BO3pACTAeT IIPH IIepeXxofie OT cyOiiara, MOTYUYeHHOrO B
OTCYTCTBHE 3JEKTPOIHTOB, K CyOIaTy, OJIY4eHHOMY B IIPUCYTCTBHH J00a-
BOK HATpara ayroMuHAA. HeOolbline 3HAYeH WS SHEPreTHYSCKHX OaphepoB
OTTAJIKUBAHUA MEXY YACTHIIAMH Cy0JIara 1 Iy 3bIPbKAMHF BO3MYXa 00BAC-
HAIOT J0CTATOYHO BBICOKHE CTEIIEHH U3BIIeueHU S P35.

Boigonpl. Takum 00pa3zoM, 3KCIepHMEHTAJIGHO MOKa3aHa [TPAHITATIA-
AJbHAA BO3MOXHOCTh HWCIIONL30BAHHS TOHKOAHUCIIRPTHPOBAHHOTO TBEP-
nmoro pacTeopa POP B mapadrHe B KadeCTBE¢ HOCHTEIIS IIPH (UIOTAITHOHHOM
W 3BJIEUCHUH PeIKO3¢MeJIbHBIX MeTAJUIOB (JIaHTaH, HMepuii). IIpu orrumans-
HBIX YCJIOBHAX IPOBENEHWS ITPOIlecca CTeleHb W3BJIEUeHMS JIAHTAHA W
mepus cocrapma 90%.

Apropsl 0marogapat B.A. Kanpuenko u C .M. Mupouranuesko ( MHCTH-
TyT opranmgeckoil xumun HAH YK pawHEI) 3a IIpeio cTaBIIeHHE JJIS HCCIIe -
moBaHMI hocHIHORCHIA pasHOPATUKATBHOTO.

Pestome. Iloka3aH0 MOXKITHBICTS (PIIOTALITHOT 0 BIUTYYeHHS CITOIYK JIaH -
Tanyinepito (II1) i3 po3daBieHNX CYIb(PATHUX PO3WHHIB 33 JOIIOMOT OO TOH -
KOAHCIIEPTOBAHOTO TBEPAOTO PO3UMHY (ochiHOKCHIY PiSHOPATUKAITBHOTO
B Iapadidi. BcTaHOBIIEHO ONITHMAJIBHI YMOBH ITp OB¢IeHHSA (piIoTarii. Bus-
UeHO BIUIUB [00aBOK eJIeKTPOJITIB HA e PeKTHBHICTH IIPOIIeCy. 3AIpOIIOHO -
BAHO MEXaHi3M B3a€MOJIi1 CIIOIVK PiAKICHHX MeTAJIiB 31 301MpadeM.

O.V. Perlova, V.V. Chernetskaya

THE FLOTATION RECOVERY OF THE RARE EARTH METALS
COMPOUNDS FROM DILUTE AQUEOUS SOLUTIONS

Summary
The opportunity of lanthanum and cerium (III) compounds flotation

recovery from diluted sulfate solutions using the thin-dispersed solid solutions
of the different radical phosphine oxide in paraffin was shown. Optimum
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conditions for the flotation implementation were investigated. The electrolyte
additives influence on the process efficiency was studied. The mechanism of
the rare earth metals compounds interaction with collector was proposed.
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