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Ikcrpakuug Am(III), U(VI) u» Pu(IV)
au@geHUuI(AuOyTHIKapOaMonJIMeTHI)(PoCPNHOKCUIOM U3
pactsopos HCI
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UccnegoBana sxcerparkmua Am(III), U(VI) u Puw(IV) pacrBopamu pudennm(zubéyTuiaxapbaMonIMeTHI)-
dochurorcnma B guxsopsTade u droponose us pacrsopor HCI. IlokasaHo, 4TO Ha KPUBBIX 3aBHCHMOCTH
skcerpakuuu Am(III) u U(VI) or koruenTparun Kuciaorsl uMmeeres Mmuaumym npu [HCI] = 1 mosas/a, a saTem
Pe3KUIl MogbeM IPU JajTbHeIIIeM yBelIWYeHUN KOHIIeHTPAIlMHU KUCJIOTHI. JlorapudMuiecKre 3aBUCUMOCTHU
K02dhPHUIINeHTOB pacupeesleHNA OT KOHIIEHTPAIIUN PeareHTa HeIMHeNHBI, HAKJIOH KPUBLIX B BepXHelH 4acTu
6muzok K 2 u 1 gma Am(III) u U(VI) coorBercTBenro. Pu(IV) skerparupyerca zamerHo xysxke, uem U(VI).
Tlokasano, uro B pactBopax HCI nposasngercsa sHaunTeabHBIN 9dQeKT aHOMAIBHOTO apUIBLHOTO YIPOUHEHNA.

Hapsaay ¢ asoTHOKMCABIMY BBICOKOAKTUBHBIMU OT-
xomamu (BAO) cyiecTByOT, XOTA U B BHAYUTEJBHO
MEHBIITNX KOJUYeCcTBaX, cojiaHokucasle BAO, a cie-
[I0OBaTeJbHO, CYIIECTBYyeT U IpobjieMa ux mepepaboT-
ku. KosmuecTBo ucciiefoBaHUIl IO 9KCTPAKIIUN aKTH-
HOUJOB U3 COJSTHOKWCJBIX PACTBOPOB Ou(YHKI[MO-
HAJBHBIMU (PochOPOPTaHUUYECKUMU PeareHTaMu He-
BesquKo. Takr, McciefoBaHa SKCTPAKIMA HEKOTOPHIX
TPAHCILIYTOHUEBBIX U PEIKO3eMEJbHBIX 9JIeMEHTOB
U3 COJNIAHOKHWCJBIX CPeJ PacTBOPAMU MUOKCHUAA TeT-
padberunmernnengudochuna (ATOPMIAD) [1]. Usy-
yena skcrparkmusa Np, Te, Pa, P39 mubyruakapba-
momametmiadochonarom [2], Cm u Es gubyrun(gu-
sTunakapbamounmetui)dochouarom [3]. B padore [4]
usyuena skcrparkiud Am, Nd u Er gubyrun(gu-
sTuIKap6amMonaMeT)pochonarom us cmeceit HNO;
u HCIL. Cucrematmuecku wusydeHa SKCTPAKIUA
Am(IIl) [5], a rarwke Th(IV), Np(IV), Pu(IV) u
U(VI) [6] us pactBopor HCl u ee coneii oxTuiade-
HWI(guns3obyTuaKapbaMonaMe T )hpochMHOKCUIOM
B TeTpaxJiopaTuieHe. B aTux paborax wucc/egoBaHO
BANSHNE Ha SKCTPAKIIUIO BJIEMEHTOB TaKuX (haKTo-
POB, KaK KOHIEHTPAIMA KWUCJIOTHI, aKTUBHOCTh XJIO-
pun-uoHa, TeMIepaTypa pacTBopa, mobaBku TBD,
KOHIIEHTPAIINS PeareHTa, a TaKsKe BIMAHIE BBICAJIU-
BaTeseii. Ha ocHOBe »TMX WHCCIeJAOBAHUII aBTOPBI
npemnoxkuian TPYIKC-xmopuauelii mpomecc BbLAe-
JeHusa aKTUHOUAOB u3 coasunorkucabpix BAO. Ciaengyer
OTMETHUTH, YTO BO BCEX IePEeUMCIEeHHBIX BbIIIe pabo-
rax [1-6] sxcTparmusa snemenTor us pactsopor HCI
CyIlecTBeHHO HI:Ke, UeM u3 pacTBopo HNO;.

Hawmu 651510 mOKa3aHO, YTO KUAKASA (hasa peareHTa
audeHmaA(auby TUAKapbamMonaMeTna )pochUHOKCHUIA,
obpasymwinadca OPU KOHTAKTE TBEPAOTO peareHTa ¢
KHUCJO0TOH, KomndecTBeHHO dKcTparupyer Am(IIl) me
ToabKo u3 pacteopoB HNO; [7], Ho 1 u3 pacTBOpOB
HCIO, u HCI ([HCI] = 4 moap/xn); Ipu 5TOM UYeM
BBHIIIIe KOHIIEHTpAIlUA KMCJOTHI, TeM OBICTpee ycTa-
HaBJIUBaeTcs paBHOBecue [8].

B macToamieit paboTe wucciefoBaHa SKCTPAKINA
Am(IIT), U(VI) u Pu(IV) us HCl pactBopamu aude-
HuiI(qubyTuarkapbaMomaMeTi)bochuHOKCHa B IU-
xXJopaTaHe M (pTopomosie, KOTOPHIH paHee IIPU DKCT-
PaKIUM M3 COJSHOKUCJBIX Cpel He HCIIOJb30BaJICA.

JKCIIePUMEHTANbHAA YaCTh

daemenThl. Mcnonbp3oBaJy COJISTHOKUCIBIE pac-
tBoper 24 Am, 233U u 239Pu. 233U Gpur ounmen or
GOJBPIINX KOJIMYECTB JKejleda U JOYEPHUX IMPOAYKTOB
pacmaja aHHMOHOOOMEHHBIM METOJAOM C WCIOJIB30-
BaHMeM BOJHO-CIMDPTOBBIX pacTBopoB HNO; [9].
239Pu(IV) OBl IOJIYUYEH BJIEKTPOXUMHUYECKUM OKMC-
JIEHHEM.

Pearerntsr. B pabore mucnonpzoBanu audeHmI(mu-
oyTunkapbamonamMeTn)pochUHOKCUA U AUOYTHUI-
(musTmnakapbaMonaMeTI )hochUHOKCHU, CUHTE3UPO-
BauHbIe B Jlaboparopuu ¢ocdopopraHUUecKUX KOM-
naekconoB MHIOC um. A. H. Hecmesnora PAH mo
uspectHoil MeToauKe [10]. Pearenrtrr fgasee obosHa-
uensl Kak PhoBu, u BuyEt, coorBercTBenno. B ka-
YecTBe pasbaBUTeJeH WCIOJb30BAJN IUXJIOPATAH
([1X9) u mosApHBIH apoMaTHUecKuil (propcoaepiKa-
muii pasbaBuTeadb ¢roponos. PacTBoprl peareHTOB
TOTOBHJIM IO TOYHOH HaBecKe. Mcmosib3oBanam cosid-
HYI KHCJIOTYy KBaaupuUKamyuu OC.d.

MeToaura sxcrpakuuu. B npobupKu ¢ mpuTepTHI-
MU IPOOKaMM BHOCWIN &JIUKBOTHBIE YACTH PacTBOpA
sJeMeHTa, KUCJOTY M BOAY Ao obIiero obbema 1 M.
OKCTPAKIIUIO OCYIIIECTB/IAIN TepeMeIllnBaHUeM C PaB-
HBIM 00'heMOM PACTBOPA peareHTa B TeUeHUe 3 MUH —
BpPEeMeHU, JOCTATOYHOTO HIJd AOCTHKEeHUSI pPaBHORe-
cua naa Bcex ajaemeHTOB. llocsne orcramBanua das,
meHTpudyrupoBaHUA U pa3eleHus U3 HUX OTOUpaIn
aJuKBOTHBIe yacTH AnA usMepeHusa o-(Pu, U) mun
y-axtueHOCTH (24'Am). TIo 5TUM JAHHBIM DPACCUITHI-
BaJIU KO09(pPUIMEHTH pacupeAeieHuA ajieMeHTOB (D).



Ixemparyus Am(III), U(VI) u Pu(IV)
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Puc. 1. SaBucumocts npamoii (I, 3, 5) u obparuoii (2, 4)
srxcrpakinn Am(III) pacrBopamu 0.05 mons/n PhyBu, Bo
droponone (1, 2) u guxnopsrate (3—5) OoT KOHIIEHTpALIUNI
HCI (1-4) u HNO;3 (5). a — nmonymorapudmMuieckas, 6 —
6usorapudmMudecKas 3aBHCUMOCTD.
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Puc. 2. 3aBucumocts npamoii (I, 3) u obparHoii (2, 4)
srcerpakiunr Am(III) us 8 (a) u 7 moxs/xn (6) HCI pacrso-
pamu PhyBus Bo droponorne (I, 2) u guxiaoparate (3, 4) ot
KOHIIEHTpAIluN peareHTa.

PesyasTaTtel u 006CyKaeHHE

Ha puc. 1, a, 6 npencTaBieHbl 3aBUCHMOCTH IIPA-
Moit u obparHoin sKcrpakmuu Am(III) pacTropamm
0.05 mouas/1 PhyBuy Bo dproponose u guxjopsrane oT
kounentparuu HCl, a Tarkke 1A cpaBHeHUA 3aBUCHU-
mocTh sKcrpakmuu Am(III) pacteopom 0.05 moxas/n
Ph,Bu, B quxnoparane ot konnerntpanuu HNOg [11].
Kak caenyer m3 pucyHKa, 3aBUCHUMOCTH HPAMOUN U

CpaBuenue sxcrpaknuu Am(III) apun- u anxkuiasaMerreH-
HBIMU Kapbamounmeruindochunokcugamu R mz HNOg,
HCIO, u HCI

[R], Dam D p(PhyBuy)
Kucaora
MOIE/T | pyBuy | BusEty | Dam(BugEtg)*
7 wmonn/n HCI | 0.05 1.00 [3.4.107° 3.10%
7 wmomn/n HCI | 0.5 117.5 |2.9.10°2 4.10°
3 monn/1 HNOg | 0.001 | 5-10% | 6-106 80
[13]**
4 mons/n HCIO4| 0.001 | 6-10° 3.10°3 2.10°
[13]**

* Bupaumas BeauunHa >dQeKTa apUILHOIO YIPOYHCHUA.
#% PhoEty BmMecTo PhyBug.
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Puc. 3. 3BaBucumocrs skcrpaxnuu U(VI) pacrBopamu
0.05 (1, 2)un 5-1074 moxub/n (3, 4) PhyBug Bo dropomo-
ne (I, 3) u IX3 (2, 4) or rouuernrpanuu HCI (I, 2) u
HNOg (3, 4). a — noaynorapudmudeckas, 6 — OGumora-
pudmMuYecKas 3aBUCUMOCTD.

0o0paTHOI SKCTPAKIUU B OCHOBHOM COBIAJAIOT, Ha-
KJOH moJgyJjorapudMUUYecKUX KPUBBIX OJH30K K 1,
HaKJOH OwrorapuMUUeCKUX KDPUBBIX paBeH 4 BO
dropomosie u 5 B [[X3. Kpussie skcTpakuuu MMeIOT
muaumyMm B 1 moas/an HCl, m omm cyimecTBenHO
oTIM4alTca OT KpPUBBIX sKerpakmum Am(IIl) wus
HNOg. Amepunuii ns pas6apieHHbIX pacTeopoB HCI
SKCTPArupyeTcsa 3HAUUTEJBHO cjiabee, ueM M3 pac-
tBopoB HNO,;. Hambonee Bpicokne KoahdHUIIEHTHI
pacmpefie/leHUsA MOJYUYeHBI BO (PTOPOIOJIE, KAK U MPHU
sxctpaknuu us HNO; [12].

Ha pwuc. 2,a,6 mpemcTaBieHbl 3aBUCHUMOCTU
npsamoii u obpatHoil skcrparnuu Am(IIl) us 8 u
7 moas/n HCI pacreopamu Ph,Bu, B guxiopsTtane u
¢bropomosie oT KOHIIEHTpanuu pearenTa. Kak ciegyer
U3 PHUCYHKOB, B3aBUCHUMOCTH MNPAMOH U o0OpaTHOH
SKCTPAKI[UM COBIANAIOT, KPUBBIE HeJWHeilHbIe, B
BepXHeH YacTH HAKJOH uUX OJu3ok K 2.

NuTrepecHo oTMeTUTb, 4YTO 3(PeKT apUIbHOTO
yIpouHeHUsl MposBiaseTcs B pactBopax HCl smaunm-
TenbHO cuiabHee, ueM B HNOj;, BHO ciabee, uem B
HCIO, (cm. Tabaumy).

Ha puc. 3 mpefcrtaBieHa 3aBUCHUMOCTH 9KCTPaK-
nun U(VI) 0.05 mons/n PhoBu, B mauxioparane u
¢dropomosie ot Kouuentpaiuu HCl, a Tak:ke 3aBucu-
mocts sKcrpakmumu U(VI) 5.107% moxs/x Ph,Bu,
B JAuxJjiopaTaHe u ¢Topomosie OT KOHIEHTPAIUU
HNOg [14]. Kpussle skcTpaxknuu ypaHa B 060HX pac-
TBOPUTEJIAX ONHOTHUIHBI M uMelOT MuHuUMyM B 0.5
(propomon) u 1 moan/x (IXI3) HCIl u satem pesruii
ImogbeM IIPU JAaJbHelleM yBeJWYEeHUU KOHIIEHTpA-
mun Kucjaorsl. Haubosiee BricOKMe K09 UIMEHTHI
pacupenenenus U(VI) TakiKe mosaydeHB Bo (pTOpO-
noste. Kpussle skcrpakmun ypana us HNOg stum xe
pearentom B [[X9 u ¢propomosie COBEPIIEHHO OTINY-
HBI OT HUX ¥, HAIIPOTUB, UMEIOT MaKCUMYyM IIPU KOH-
HEeHTPaIluu KucJoTel 5—7 moan/a [14].
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Puc. 4. 3aBucumocts sxcrpaxiun U(VI) (I-4) u Pu(IV)
b8 us 3 (1, 2, 5, 6) u 7 mons/x (3, 4, 7, 8 HCI pac-
tBopamu Ph,Bu, Bo droponone (I, 3, 5, 7) u guxjopsra-
He (2, 4, 6, 8) OT KOHIIEHTpAIlUU peareHTAa.

Ha puc. 4 mpencTaBiieHbl 3aBHUCHMOCTH 9KCTPaK-
nun U(VI) us 8 u 7 moxns/n HCI pactBopamu PhyBu,
B X9 m ¢ropomosie oT KOHIEHTPAIMKA pPeareHTa U
amajgornynbie fauasie Aas Pu(lV). Sasucumoctu ansa
ypaHa BO BCeX cJydYasX HeJUHellHble, HAKJOH KPU-
BBIX OJMMBOK K 1.

HNuTepecHo ormerutsh, uro Pu skcrparupyerca 3a-
MeTHO Xy:Ke U, uTo O6BLIIO OTMeueHO U B pabore [6].
Kpome Toro, aBTOpHI TOM sKe PabOThI OTMETHJIN Ha-
pyuienne Ganamca npu [HCI] > 8 mons/a; B Haleii
pabore MBI He HAGJIIOAANU TAKOTO (PaKTa BIJIOTH MO
KoHneHTpanuu 11.6 Mouas/J.

Takum o0pasoM, HCXOAs W3 BBIMIENIPUBEIeHHBIX
pPesyJbTATOB MOJKHO cCHeJaTh BBIBOJ, YTO CHCTeMa
Ph,Bu,~HCl mnepcnexruBHa AN OCYIIECTBICHUA

M. H. JJTumeurna u 0p.

KoJindecTBeHHOIT sKeTpakuuu Am us pacteopor HCI
BBICOKOU KOHIIEHTPAIINU U IOCJAEYIOIIEH PesKCTPaK-
uuu caaborucasimu pacreopamu ([HCI] < 2 mous /).

Pabora BRImOJIHEeHa TpU (PUHAHCOBOI HOAmep;KKe

Poccuiickoro ¢orna dyHIaMeHTAJIbHBIX HCCJIEAOBa-
Huit (xoxsl mpoekTtoB 00-15-97391 m 02-03-33111).
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