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Ilpuseoennt pezynvmamol UCC1€008aAHUA IKCMPAKYUU HUMPAMOE PEOKO3EMETbHbIX JJle-
Mmenmog (P33) cmecamu neiimpanvuuvix pocgpopopzanuueckux coeounenuii (H®OC), ¢ uacmno-
cmu, uzomepos mpuoymungocghama (Th®@): mpuuzodoymungpochama (Tub @), mpuemopoymu-
dochama(Temb @) u mpuankuamemunammonus numpama (TAMAH). U3yuenot 3aKoHOMePHO-
cmu IKCMpPAKyuu HUMpPama HeoOUMa MemoOOM U3OMOIAPHBIX CePUIl U3 PACHEODPO8, COOepHCa-
wux 5 -10* monv/om® neoouma, 8 monv/om® Humpama ammonus npu pH = 2,6. Ycmanoeneno, umo
cunepzemmulil Ihghexm, onpedenenHvlii KAK OMHOUIEHUE PEAIbHO20 KOIpduuuenma pacnpeoe-
JleHusA npu IKCMPAKUUU CMecbl0 K cymme KoI(hguuuenmos pacnpedeseHus npu IKCMpPAKyuu
Kaicovim u3 IKcmpazenmos, ymenvuiaemces 6 nopsaoke: Th® > Tub® > Tembd. Ilpu sxcmpax-
uuu Mukpokonuenmpayuii P33 maxcumanvnozo 3snauenusa cunepzemuulii Ihpexm oocmuzaem
npu coomuoutenuu: [HOOC] : [TAMAH] =2 : 1 ona THbE®, u 4-5 : 1 ona TUB®, Temb® u no
adconomnoil enuuune Koneonemcs é npedenax 10-50. Ommeuaemcsa, umo memoo u30MOAAPHLIX
cepuii Moxcem nPpUMeHAmMbCA 071 OnPedeeHUsA COCMAGA CMEULAHHBIX COIbEAMOE NRPU NOCMOAH-
HOIl HOHHOII cule pacmeopos, nPu 0OPA308AHUN 8 CUCHEMe MOAbKO 00HO20 COb8AMA, A XUMU-
YyecKue peaKyuu He OCAOHCHAIMCA NOOOUYHBIMU npoyeccamu. B Gonvmuncmee uccnedosanuii
MEMOO0OM U3OMOJIAPHBIX CEPUIl YKA3AHHbBIE YC108UsL HE COOII00alomcsa, CuHepzemublil Ihghexm
ABNIAEMCA CYMMAPHBIM PE3YTbMAmMOM 6030€elCmEus pa3iudHblX (aKmopos u ne moxcem ovims
OCHOBAHUEM 0715 YMEEPHCOEHUA (PaKkma 00pa3z0eanHus CMEUAHHBIX conbeamos. /lna donee Kop-
PEKMHO20 NPUMEHEHUA MEM00a UOMOTIAPHBIX CEPUTL RPEOJIOHCEH MEN 00 MHOZOKPAMHO20 HACHI-
wenusa (MMH), 3akniouarowuiica 6 mom, Ymo Op2aHUYecKylo hpazy Hacvlujarom MHOOKPAMHO
(5-6 pa3) ucxoonvim 600HBIM PACMEOPOM 00 OOCHUICEHUA ROCIOAHHO20 COCIABA 800HOIL (ha3bl
60 6cex MOYKAX UBOMONAPHOU cepul. Ycmanoeneno, 4mo npu npoeeoeHuu IKCMpaKyuu memo-
00M u3omonapHoil cepuu 6 pexcume MMH cunepzemustii Igpghekm cmpemumcesn K eOuHuye uiu
npakmuuecku ucueszaem. llpu sxcmpaxyuu P33 cunepzemmuuiii 3ghghexm 0na cmecu peokozemennp-
HBIX 271eMEHM 06 OIU30K K eOunuye, a unousudyanvhuvie P33 pacnpedenamesn ¢ coomeemcmeuu ¢
0CO0eHHOCmAMU IKCIMPAKYUU KAXHCObIM U3 IKCmpazenmos ¢ omoenvnocmu. Ilpu nanuyuu ceo-
0600H020 IKCMpazenma 06paA306anUe CMEULAHHO20 COJILEAMA MOMHCHO 00BACHUMD CHEPUYECKUM
aghpexmom, komopwtii ucuezaem npu HACLLEHUU IKCMPAZEHINOB.

KiroueBble c10Ba: pejKko3eMelbHbIE 3JIEMEHTHI, KCTPAKIIHS, H30MEpPhl TpUOyTHIGOChaTa, TPHATIKH-
JJAMMOHHH HUTPAT, CMECH 3KCTPAreHTOB, METOJI H30MOJISIPHBIX cepuii, KO3 pumeHT pacpeneneHus, CHHEp-
reTHbIN 3¢derT
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Results of studying of extraction of nitrates of rare-earth elements (REE) and trialkylme-
tylammoniya nitrate (TAMAN) are given by mixes of isomers of tributyl phosphate (TBP). Tri-iso-
butylphosphate and tri - sec-butylphosphate are investigated as isomers of normal tributylphosphate.
The water phase contained 8 mol/dm? nitrate of ammonium and 5.10-4 mol/dm? of neodymium ni-
trate at pH = 2-3. The content of extractants in isomolar series was varied in the range of
0-0.3 mol/dm?®, It was established that synergistic effect decreases in a series of TBP> TIBP> TvtBP.
Synergistic effect is calculated as the distribution coefficient relation at extraction by mix of extract-
ants to the sum of coefficients of distribution at extraction by each of extractants. Synergistic effect
reaches its maximum value at the ratio: [NPOC] : [TAMAN] =2 : 1 for TBP and 4-5 : 1 for TiBP,
TvtBP, and the absolute value fluctuates within 10-50 at extraction of microconcentration of REE.
It is noted that the method of isomolar series is applied incorrectly in many researches with the vio-
lation of the fundamental requirements (variable concentration of rare earth metals and acid in the
agueous phase, an assumption of a possibility of simultaneous existence of several solvate, variable
concentration of salting-out owing to extraction into the organic phase, the association and polymer-
ization in the organic phase, etc. .), which must be followed when using this method. Multiple satu-
ration method (MSM) is offered for a correct application of the method of isomolar series. The
method consists in the fact that the organic phase is saturated repeatedly (5-6 times) with the original
agueous solution until a constant composition of the aqueous phase at all points of isomolar series.
It is possible to believe that the organic phase is responsible for the deviation from the additivity in
this case. It was established that synergistic effect tends to unity or virtually disappears in the extrac-
tion of REE macroamounts method of ofisomolar series of multiple saturation. It is shown that value
of synergistic effect approaches unity at gadolinium nitrate extraction by isomolar mix in the MSM
mode. Synergistic effect for a mixture of rare earth elements is close to unity in the extraction of
REE mixtures macroamounts of TiBP and TAMAN, and the individual elements are distributed in
accordance with the extraction characteristics of each of the extractants alone: synergistic effect for
several elements of cerium is greater than one, and yttrium - somewhat less than one. It is suggested
that if there is free extragent the formation of mixed solvate may be explained by the steric effect,
which disappears at saturation of extracgent.

Keywords: rare-earth elements, extraction, tributylphosphate isomers, trialkylmethylammonium nitrat,

extractants mixes, isomolar series method, distribution coefficient, synergistic effect

J1s nuTupoBaHus:

BanpkoB A.B., Xmenesckast H./l. DkcTpaknus peaKo3eMeIbHBIX 2JIEMEHTOB CMECSIMH H30MEpOB TpudyTmidochara ¢ HUT-
paTtoM TpHAIKHIMETHIAMMOHUS. H36. 8y306. Xumus u xum. mexnonocusi. 2018. T. 61. Bem. 7. C. 55-61

For citation:

Val'kov A.V., Khmelevskaya N.D. Extraction of rare-earth elements by mixes of isomers of tributylphosphate with nitrate
trialkylmethylammonium. lzv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 7. P. 55-61

BBEJIEHUE

Penxozemenbubie anementsl (P3D) sBisrores
OCHOBOM ISl CO3[aHKsI OOIIMPHOIO CIICEKTpa COBpe-
MEHHBIX HHHOBAITMOHHBIX MaTePHAIOB. B TeXHOIOTHH
P33 mmpoko npuMEHSIOT KUIKOCTHYIO SKCTPAKIIMIO,

56

Kak JUIsl KOHLEHTPUPOBAHMS, TaK U JUIS pa3esICHUs
cymMmbl P30 Ha mHAMBH Iy aIbHBIE 5IeMeHTHI [ 1-5]. Ac-
COPTUMEHT OPraHMYECKHUX PEareHTOB, NCIOIb3yEeMbIX
B THJIPOMETAJUTYPTrUU pa3IUYHbIX JIEMEHTOB, OTHOCH-
TENbHO HEBENMK. MHOTHE TEXHUYECKUE PEIICHHS I10
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KOHIICHTPUPOBAHMIO U pasnueicHuto P33 paspaboraHsl
C HCII0JIb30BaHUEM JIBYX KATHOHOOOMEHHBIX [6-7], Ka-
THOHOOOMEHHBIX U HEUTpalbHBIX [8-9,12], aHHOHO000-
MEHHBIX U KaTHOHOOOMeHHBIX [10-11,13], anmoHno006-
MEHHBIX M HEUTpaJbHBIX [14-16] cMecell 3KcTpareH-
ToB. Panee [17-18] obocHOBaHa 3 (hEKTUBHOCTH CMeE-
ceil HelTpaJbHBIX PocHOpOpraHnIecKuX COeANHEHUN
(H®OC), nanpumep, Th®D, ¢ HuTparamu 4eTBepTHI-
HBIX aMMOHHEBBIX ocHOBaHMH (UAO) ass1 3KCTpaKuu
P33 u3 nurparneix pactBopoB. IloBeimenue 3ddek-
THBHOCTH CBSI3aHO C TEM, YTO KOIPPHUITUEHTHI pactpe-
neneHns HuTpatoB P30 mpu SKCTpakmuu Tpu-H-0Y-
tundocharom (TBD) BozpactaroT ¢ yBenuueHHEM
aToMHOro Homepa P33, a mpu 3KCTpakuuu HUTPATOM
YAO — yMeHbIIAKOTCS, U U3MEHEHUE COCTaBa cMece
MO3BOJIICT PETYJIHUPOBaTh WX JKCTPAKIHMOHHYIO CIO-
COOHOCTb B IIMPOKOM JIMAIa30He.

Lenpro HacTosMIIEeH pabOTHI SIBUIIOCH UCCIIETO-
BaHUE SKCTPaKIMM HEKOTOphIX HUTpaToB P3D cme-
csIMH psiia u30MepoB TpubyTuidocdara ¢ HUTpaTOM
tpuankunmetuiaammonuss (TAMAH) ¢ wucmonb3oBa-
HUEM METOJ1a U30MOJISIPHBIX CEpPHil.

METOAMKA OKCIIEPUMEHTA

DKCTpaKIUIO MPOBOIUIIN 10 CTAHAAPTHOHN Me-
TOAUKE NEPEMEIINBAHUEM BOJHOM M OpraHM4ecKoil
(a3 B nenuTENbHON BOPOHKE B TEUCHHE 5 MUH NpPHU
temmneparype 20+2 °C. CoaeprxaHre OCHOBHOTO Bellle-
ctBa B TAMAH u momepax Th® cocrasmsino 6osee
99% wmacc. Mcronp30Banu a30THYIO KUCIIOTY W TH-
POKCH] aMMOHHMS KBTHUKAIMN «X.4.». CopepikaHue
MukpokosruecTB P33 onpenensiu GoTokoIOpUMET-
PHUYECKIM METOJIOM, & MHAMBULYaJIbHbBIX 3JIEMEHTOB —
Ha criektpomerpe «Profail plus» ¢ mHIYKTHBHO-CBS-
3aHHOM IuIa3sMoM. [l onpesneseHns KOHLEHTpaLuu
Makpokoinuects P33 B pacTBOpe ocaxkaaiy OKcaiaThl
P33 ¢ nocnenyromuM npoKaqTMBaHUEM OKCaJaTOB J10
okcuoB P35 npu remmeparype 800-850 °C.

PE3VJIbTATBI U NX OBCYXJIEHNE

[Ipexne Bcero, M3ydeHbl 3aKOHOMEPHOCTH
9KCTPAKLUUHK H30MOJISIPHBIMH CMECSIMH SKCTPareHTOB
13 BOJHBIX PacTBOPOB, cofepxkammx 5-10* moms/mm®
HUTpaTa HEOAMMAa, 8 MOJL/AM® HUTpaTa aMMOHHUS U
pH = 2,6. Ilony4yeHHbIe pe3ynbTaThl WITIOCTPUPYIOTCS
JTAHHBIMH, KOTOpbIE TIPUBEIEHBI Ha puc. 1 u 2.

MOXHO BUJIETh, YTO B M3YYEHHBIX CHCTEMax
HaOJIIoaeTcss CHUHEPTU3M. 3HAueHHs] CHHEPreTHOrO
a¢dekra (S) paccunThiBaI, KaK OTHOIICHUE peallb-
Horo ko3(pduimenta pacnpexneneHus (Kp) npu skc-
TPaKLUHUU CMECBIO KCTPATreHTOB K cyMMe K03 duim-
€HTOB DPAacCHpeACIeHUs] TPH SKCTPAKLUU KaKIBIM M3
9KCTPAareHTOB B OTAEIHHOCTH. MaKCHMalbHOE 3HAYe-

A.B. Banskos, H.Jl. XmeneBckas

HHE CHHEPTeTHBIA 3P EeKT TOCTUTAET TIPH COOTHOIIIE-
vuu [HOOC] : [TAMAH] =2 : 1 gna THB®, u 4-5:1
it Tub®, Terb® (puc. 2). AbcomoTHas BenUYHHA
cuHepreTHoro ko3ddummenra B cmecsx ¢ TAMAH
yMenbpmaercs B psay: THB® > Tub® > Terb®, uro,
MO-BUAUMOMY, CBSI3aHO C POCTOM CTEPHUYECKHX 3a-
TPYAHEHUN.

0 0,1 0,2 0,3

Crpe» MOJIB/ M3

Puc. 1. V3ameHeHne K03 PUINEHTOB paclpeaesieH s HeoIuMa IIpH
skerpakim TAMAH (1), THB® (2), pacuerHoro 3HaueHus B
NpeANoOJI0KECHNN aJINTUBHOCTH (3), TIpU SKCTPAKIIUA UX CMECBIO
Kpx10' (4) u usmenenue cunepretHoro s¢dekra (5) ot cocrapa
opranu4eckoii paspl. KoHmeHTpaims HuTpaTta aMMOHHS B BOJHOM
daze — 8 Monb/mv®, HuTpaTa Heomuma — 5107 Mons/nve, pH = 2,6
Fig. 1. The change in the neodymium distribution coefficients
upon extraction of TAMAN (1), TBP (2), of calculated value in
the assumption of additivity (3), at extraction by their mix Kpx10™
(4), and the change in the synergistic effect (5) on the composition
of the organic phase. The concentration of ammonium nitrate in
the aqueous phase is 8 mol/dm?, neodymium nitrate is 5-10
mol/dm3, pH = 2.6
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Puc. 2. 3Menenne cuHepreTHOro 3¢ dexra npu SKCTPaKIUU HAT-
para reomma cmecsivd TAMAH u THE® (1), TAMAH u Tub® (2),
TAMAH u Tetb® (3) oT cocraBa opranmyeckoii ¢hazer. KoHmeH-
Tpalysl HUTpaTa aMMOHHS B BOAHOI (pase paBHa 8 MOJIb/IMS, HUT-
parta Heoauma 5-10 mons/am3, pH = 2,6
Fig. 2. Change in synergistic effect at neodymium nitrate extrac-
tion by mixes of TAMAN and TBP (1), TAMAN and TiBP (2)
TAMAN and TvtBP (3) on structure of an organic phase. Concen-
tration of ammonium nitrate is equal to 8 mol/dm? in a water
phase, nitrate of neodymium is 5-10 mol/dm3, pH 2.6

[IpuHATO CUMTATh, YTO HAIMYHE MaKCUMyMa
OTKJIOHCHHS CHHEPTeTHOTO 3(peKTa CBUACTEIhCTBYET
00 00pa30BaHHMU B OpPraHUYeCKOH (haze CMelIaHHBIX
conbBatoB [17]. OxHaKO, METO N30MOJISIPHBIX CEPHIA
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MPUMEHUM TOJIBKO TPU COONIOCHUN ONpEIeIIeHHBIX
ycnoBuii [19], a uMeHHO:

1) noHHast cuiia paCTBOPOB M30MOJISIPHON cepuu
COXpaHsieTCs MOCTOSHHOM;

2) B cucTeMe o0pazyeTcs TOIBKO OJJHO KOMITIIEKC-
HOE COeIMHEHNE,;

3) xumHUecKasi peakusi MeXIy pearupyroiniMu
BEIIECTBAMH HE OCJIOKHACTCS HUKAKHMH TTOOOYHBIMHU
npoleccamu (IUCCOIMAIUS, aCCOLMAUS U T.I1.).

[IpumenuTensHO K ABYX(A3HBIM SKCTPAKIH-
OHHBIM CHCTEMaM 3TO 03HAYAET MMOCTOSTHCTBO KO3 u-
[IUEHTOB aKTUBHOCTH IKCTPAarupyeMOro COETMHEHUS B
BOJIHO# (haze, ciie1oBaTeNNbHO, U KO3 (HUITUEHTOB pac-
MIpeJIeIICHNs IPU U3MEHEHUH KOHIIEHTPAIUY SKCTParH-
pyemoro 3mementa [20]. Ograko, Kak BHIHO U3 PHC. 3,
Jaxe 11 MI/IKpOKOHHCHTpaL[I/Iﬁ HUTpaTa HEOAUMa KO-
3¢ GULMEHTHI pacpeieICHNs U3MEHSIOTCS TIPU U3Me-
HEHUM KOHIICHTPAIlMM HHUTpaTa HEoIuMa B BOJHOW
(aze. Eciu mpu n3MeHeHnH KoHIleHTpanuu P33 B BojI-
HOH (haze n3MeHsieTcs: KOAPPULIUEHT pacipeeNeHus,
TO SKCIIEPUMEHTAIBFHO ONpeAeNeHHBINH KOd(PPHUIIHESHT
pacmpeneneHus eCTh pe3yJIbTaT U3MEHEHHUS He TOJIBKO
KOHIIEHTpAIK 3KCTpareHTa, Ho U cogepkanusg P30 B
BOJIHOI1 (paze, UTO JemaeT HEBO3MOKHBIM ITPUMEHEHHE
METO/a U30MOJISIpHBIX cepuil. KoppekTHoe mpumeHe-
HUC MCTOJa U30MOJIAPHBIX CepI/II\/'I BO3MOKHO IIpU OT-
CYTCTBUHM PAa3HOJIUTAHAHBIX KOMIIJICKCOB B OpraHmnye-
CKOH (haze, a TaKKe TUCCOLMAINH HITH ACCOLIUAIIH Pe-
arupymomnx KOMIOHEHTOB B OpraHnyueckoi ¢ase. B To
K€ BpeMsl M3BECTHO, YTO KaTHOHHOOMeHHBIEe (ocdo-
pOpraHUYecKHe YKCTPAreHThI IPU pa30aBIeHUH MOHO-
MEPH3YIOTCS, @ COJIM YETBEPTUIHBIX aMMOHHEBBIX CO-
eIIMHEHUH 9acTO TUMEpr30BaHbl [21].
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0 5 10 15 20 25 30 35 40
Cng» Mr/mm3
Puc. 3. 3menenne ko3 GUIMEHTOB pacpeaeneHns] HUTpaTa
HeomMMa npu 3kcTpakiuu 0,3 mons/mm° pacteopom TAMAH (1)
1 0,3 Mons/nm® pactBopom TB® (2) B yaifT-criupuTe OT cojepika-
HHS HeoJMMa B BOJHO# (a3e. KoHIleHTpanust HUTpaTa aMMOHHMS B
BoxHOI1 (aze 8 mos/am®, pH = 3
Fig. 3. Change in coefficients of distribution of nitrate of neodym-
ium at extraction of 0.3 mol/dm® TAMAN (1) solution and 0.3
mol/dm® TBP(2) solution in white spirit from the content of neo-
dymium in a water phase. Concentration of nitrate of ammonium
in a water phase is 8 mol/dm?, pH =3
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IIpy 3KCTpakMyM MaKpOKOJIMYECTB U OIHO-
KpaTHOM KOHTakTe (a3 Takue M3MEHEeHus eule Oojee
3HAYHUTENILHBI: KOHIEHTpaus cyMMbl P30 B kaxmoi
TOYKE HM30MOJIIPHOW CEpHM DPa3INyuHa, COICpPKAHUS
WHAMBUAYaIbHBIX 3JIEMEHTOB B BOAHOM (aze Tak ke
OTJIMYAIOTCA TI0 TOYKaM HM30MoJIsipHOW cepuu. Ilpm
HAJIMYUH HEOPTraHWYECKOM KUCIOTHI WM BBICATIMBA-
TeJIsl, UX KOHIICHTPAIWS B BOXHOH (Da3e M30MOIIIPHOM
CepuH MPHU OJHOKPATHOM KOHTAKTE HE COXpaHSET Mo-
CTOSIHHOTO 3Ha4yeHus. TakuMm oOpa3om, HE COOJoja-
I0TCSI TPeOOBAaHUSI KOPPEKTHOTO MPUMEHEHUSI METOAA
HA30MOJISIPHBIX cepuil. B 3TOM ciyyae cuUHepreTHbIil
3¢ GEKT MPOSBISIETCS KaK CYMMAapHBIA pe3ybTaT BO3-
NEeMCTBUS Pa3InYHbIX (PAaKTOPOB, U OTKIOHEHHE OT aj-
IJUTHBHOCTH HE SIBJISIETCSI OCHOBAaHHEM ISl YCTaHOBJIC-
HUs pakTa 00pa30BaHUs CMEIIAHHBIX COIBBATOB B Op-
raHuueckoit daze. s Toro, 4ToObl CTAOMIN3UPOBATH
ycloBUST B BOAHOW (haze, aBTOpPOM MAaHHOM CTaThbu
npeiaraeTcs MpOBOJUTH IKCTPAKIIMIO METOAOM MHO-
TOKpPaTHOTO HACHIIICHUsI opraHndeckoi ¢asel. Opra-
HUYecKas (pa3a B KaXKIIOW TOYKE M3OMOJSPHOU CEepUU
HACBIIIACTCS MCXOIHBIM BOJHBIM PacTBOPOM MHOTO-
KpaTHO JI0 JIOCTWKEHHsI paBHOBecHst. OOBIYHO ISt
3TOTO JOCTATOYHO 5-6 pa3 00paboTaTh OPraHUYECKYIO
(a3y BoIHBIM pacTBOpoM. B 3ToM cityuae coctaB Boa-
HOM (a3bl OIMHAKOB BO BCEX TOUKAX M30MOJIPHOM ce-
puH, T.e. K03QOUIMEHTH aKTUBHOCTH M aKTHBHOCTH
BCEX KOMIIOHEHTOB BOIHOW (pa3bl (B TOM YHUCIE U aK-
TUBHOCTb BOJIBI) OCTAETCS MOCTOSIHHOW BO BCEX TOYKAX
HA30MOJISIDHOM CEpUU U, 110 KpalHEeH Mepe, YaCTUYHO
YIIOBJIETBOPSAIOTCSl YCJIOBUSI KOPPEKTHOTO TNPHMEHE-
HUSI METO/1a U30MOJISIPHBIX CepHi. SICHO, YTO NpHU U3-
JIOXKEHHOM BapHaHTe MPOBEACHUSI IKCIIEPUMEHTA OT-
BETCTBEHHOH 33 OTKJIOHEHHS OT aJINTHBHOCTH MOYKET
ObITH TONBKO OopraHuueckas Qasza. CuHepreTHslil 3¢-
(eKT B 3TOM cllyyae MOKHO PacCUUTHIBATh KaK OTHO-
[ICHWE KOHIIEHTpAIMH M3BJIEKAEMOTO 3JIEMEHTa B Op-
TFaHWYECKOH (asze MpH 3KCTPAKLUU CMECHIO SKCTpareH-
TOB K CyMM€ KOHLEHTPALUI IpU SKCTPAKLUN HHIUBH-

HyaJ'II)HBIMI/I BKCTpaFeHTaMI/Il
CcMm

T Cc1+C2
Ha puc. 4 npejcTaBieHbl JaHHBIE TI0 SKCTPaK-

1IMK HUTpaTa raJioJIiHUs U30MOJISIpHBIMU cMecsaMu ThD
1 TAMAH MeTooM MHOTOKPAaTHOTO HACBIIIIEHMS.

MOoXHO BHAETH, 4YTO OKCIEPUMEHTAIHLHO
OTIpEe/IeTICHHOE COZEp)KaHNe TaIOJMHHS B OpraHHYe-
CKOI1 pa3e MpaKTUYECKH COBIAJIACT C PACUCTHHIM 3Ha-
YeHHEM, OTKJIOHEHHs OT aJJIMTUBHOCTHU JJII HUTpAaTa
TaJ0JUHUS HEBEIMKHA TPHU ITOCTOSHHON aKTHBHOCTH
BCeX KOMIIOHEHTOB B BOJHOH (a3e M CyIIECTBEHHO
MEHBIIIE aHAJOTHUYHBIX 3HAYCHWU IPH 3KCTPAKIIUU
MHJUTUTPaMMOBBIX KoimdecTB P33, Benwmanna cunep-
reTHoro 3dexra OJIM3Ka K IUHHUIIC.
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Puc. 4. I3meHeHue coepKaHus HUTpaTa TafoJIMHNS B OpraHuye-
ckoit aze npu sxcrpakimu ThD (1),TAMAH (2), cmeckio
TAMAH u TB® (3), a Taxke pacueTHOE 3HAUCHHUE TP PKCTPaK-
UK CMEChIO (4) OT cocTaBa opranuueckoit pasel. Conmepxanue
rajouHus B BoaHoH dase 260 r/mv®, pH = 2,1
Fig. 4. Change in the content of gadolinium nitrate in the organic
phase during extraction of TBP (1), TAMAN (2), with a mixture
of TAMAN and TBP (3), and the calculated value at extraction
with mixture (4) on the composition of the organic phase. Content
of gadolinium in a water phase is 260 g/dm?, pH = 2.1

IIpu sxcrpakuum P33 cunepreTHblid 3¢ ¢dexT
JULL CMECH PEAKO3EMENBHBIX JIEMEHTOB OJIM30K K e/1U-
HULE, a UHIUBUAYalIbHbIe P33 pacnpenensiTcs B cOOT-
BETCTBUU C OCOOCHHOCTSIMU SKCTPAKLMU Ka>KAbIM U3
9KCTPAareHTOB B OTAeNbHOCTH (Tabnuia). BeemeHue
YETBEPTUYHOTO aMMOHHMEBOI'O OCHOBAaHHMS B OpraHUye-
ckyro (azy, conepxarryto Th®D, mo3BoiseT H3MEHUTH
3HaueHue Ko PUIEeHTOB pacnpeaesneHus B psay P30,
C yBenuueHueM Kod(h(HUIMEHTOB pacrpeneneHus de-
MEHTOB LIEPUEBON U YACTUYHO UTTPUEBOU rpymi. s
9TUX 3JIEMEHTOB HaOII0JaeTCsl HeOOMbIION CHHEpreT-
HBIH 2 eKT, KoTOphIl M3MeHsieTcs B ipeaenax 1,2-1,8.

OnHOBPEMEHHO 3JIEMEHTHI UTTPUEBOM TPYIIIBI
M3BJICKAIOTCS ¢ HEOOJBIIUM aHTHCUHEPTETHBIM 3 QeK-
oM (S =0,7-0,9). HeznauurensHOe yBeNUIEHUE CUHED-
retHOro s¢dexra A HEpUEBBIX U YMEHBIICHHE IS
utrtpueBblx P33 o0wsicHseTcs mnepepacnpenencHueM
3JIEMEHTOB BHYTPH TPYIIIHI JJAHTAHUIOB, CBA3aHHOE C
MIPEUMYIIIECTBEHHOM SKCTpaKIien nepreBbix P30.

MoskHO monaraTh, YTO OTKJIOHEHHE OT aJIH-
TUBHOCTH NPU SKCTPAKIMM MUKPOKOJIHYECTB CBSA3aHO
¢ posiBlieHHEM cTepuuaeckoro s dexra. [Ipu Hannaun
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CBOOO/THBIX 3KCTPAreHTOB IPOCTPAHCTBEHHOE pacipe-
JIEJIEHHE CONbBATHPOBAHHBIX MOJIEKYJ IPH 3KCTPaK-
LU CMECHIO DKCTPAreHTOB MOKET OBITh PEaIHM30BaHO
C MUHUMU3AIUEHN SHeprun. DHepreTudecKkas pa3Hula
TaKkol TMPOCTPAaHCTBEHHOM OpHEHTAllUM HEBEJIMKa
(4-5 xxan/mois) [22] ¥ HOCHT YHCTO SHTPOIMIAHBIN Xa-
paxtep. IIpu HackIIIeHNH SKCTpareHTa coaepxanne P35
B OpraHMYecKoi (ha3e MPaKTUIECKH COOTBETCTBYET CTe-
XHOMETPHUYECKOMY COOTHOIIEHHIO. B oTcyTCcTBHM CBO-
OOMHBIX IKCTPAreHTOB CHHEPTU3M HE NMEET MecTa.

Tabnuuya
N3menenne cuneprerHoro 3¢pdexra B pagy P33 npn
IKCTPAKIUA CMECAMHU IKCTPATEHTOB (conepma}me
cymmbl P3D B Boanoii gase 150 r/am3, pH = 2,3)
Table. Change of synergistic effect in REE series at ex-
traction by mixes of extractants (the content of the sum
of REE in a water phase is 150 g/dm®, pH = 2.3)
CocraB op- Penxo3zeMenbHbIE 3JIEMEHTHI
TAaHUYCCKOHU
hasel, La | Pr{Nd|Sm| Eu | Tb | Dy | Er | Y
MOJIB/ M3

TAMAH 051
rasp 13| 12 |L75] 1.9 |085| 0,75 055 | 050{ 0,40 | 1,0
TAMAHO2H 4 419 451155/ 1.0| 1,0 | 0,9 | 0,85 |0.:81 0,90

+Tub®1,8

BBIBO/JIbI

Wzydena sxctpakuua HutpatoB P30 nzomo-
JIAPHBIMU CMECSIMU M30MepoB TpuOyTwidachata u
TAMAH u ycraHOBI€HO, 4yTO abCONIOTHOE 3HAYEHHE
cuHepreTHoro 3¢ dexra ymenpmaercs B pagy: Thd >
Tub® > TBTH®.

Jlna M3yueHus: OTKJIOHEHUM OT aJITUTUBHOCTH
MIPY SKCTPAKIIUHA CMECSIMU DKCTPAreHTOB C UCTIONH30Ba-
HUEM MEeTOJ]a M30MOJISIPHBIX CMecell MpenyiokKeH CIo-
€00 MHOTOKPATHOT'O HACKIIICHUsI OPTaHU4ECKOH (pa3bl.

Brickazano mpenmosnoxxeHne 00 OTCYyTCTBUHU
YCIIOBUH 1Sl 00pa30BaHUs yCTOMYMBBIX Pa3HOIUTaH/I-
HBIX KOMILIEKCOB TPH AKCTPAKIMHA PEIKO3EMEIbHBIX
3JIEMEHTOB B 00J1aCTH HACHILIECHUS, T.€. B yCIOBUSIX pe-
anu3anuu npouecca pasgenenus P39 B MHoroctynen-
YaThIX MPOTUBOTOYHBIX KacKaJax.
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