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AnHOTauus1. V3y4yeHo 5KCTpaklMOHHOE M3BJICUCHHE MHUKPOKOJIUYECTB MOHOB ypaHa M TOPHSI U3
BOJIHBIX PACTBOPOB C PA3JIMYHBIM COJIEPKAHUEM COJIEH IMIETOYHBIX METAJIJIOB XJIOPUPOBAHHBIMU
Ha(TCHOBBIMHU KHCIIOTAMH. YCTAHOBJICHO, YTO SKCTPAKIIOHHOE M3BICUCHIE MUKPOKOIMYIECTB ypa-
Ha ¥ TOpHS W3 BOAHBIX PACTBOPOB XJIOPHPOBAHHBIMH HA(TCHOBBIMH KHCIOTaMH 3aBHCHT OT pH
pacTBopa U J0OABKH COJICH INEIOYHBIX METAJUIOB. DKCIICPUMEHTAIBHO BBISIBICHBI ONTUMAJIbHBIC
coornomenus XHK: Th* =3.4 u XHK: UO§*> 6, OTBEYAIONINE MaKCUMAaJIbHOMY U3BJICUEHUIO JaH-
HBIX HOHOB XJIOPHPOBAHHBIMHU HA()TCHOBBIMU KHUCIIOTAMHU.

KiroueBsle ciioBa: ypaH, TOpHi, XJIOpHPOBAHHbBIE HAQTEHOBBIE KHCIIOTHI, CETICKTHBHAS 3KCTPAKIIHS.

BBEJEHHWE

OKCTpaKIMOHHOE U3BJICYCHHE, OUNCTKA U paszie-
JieHne OJIM3KUX M0 CBOWCTBAM IIEHHBIX JJIEMEHTOB BbI-
JIBUTAIOT HEOOXOJMMOCTb CO3JaHus I roadopa ce-
JIEKTUBHBIX IKCTparentoB. [lombop Takux coemmue-
HUH OCIIOKHAETCS OTCYTCTBHEM TEOPUH CENIEKTHBHOTO
JIEMCTBHSI DKCTPAreHTOB MO OTHOUIEHUIO K BAYKHEUIITHM
C IPAKTUYECKOU TOUKHU 3peHus MetasuiaM. Mccienosa-
HHE PEaKIMOHHOHN CIOCOOHOCTH OPraHNYECKUX COCAN-
HEHUI pa3jIMuyHON CTPYKTYPbI CIIOCOOCTBYET MO00PY
9KCTPAreHTOB C ONTHMAaJIbHBIMU CBONCTBAMH.

[lnpokoe mprMeHeHne, KaK B TEXHOJIOTHYECKUX
mpolueccax,Tak 1 B aHAIUTUYECKON MPAKTHUKE, MTOJTY-
YHJI METOJI OKCTPAKIIMOHHOTO U3BJICUCHHUS, KOHLIEHTPH-
POBaHUS ¥ OUYHCTKU YpaHa U3 KUCIBIX U BOJHBIX pac-
TBOPOB OPTaHUYECKUMU peareHTami [1, 2].

VYpan erko o0pas3yeT FIKCTparupyeMbie KOMIUIEK-
CBI M TIEPEXOUT B oprannveckyio ¢asy. 13 opranu-
4ecKor (as3bl BBIACIAIOT YpaH TEM XK€ METOIOM, Kak
Y TIpY TOJTYYEHUH ero U3 pyn [3, 4].

OKCTpakIus TOpUsl HEUTPaIbHBIMU SKCTpareHTa-
MU U oTAeneHue ero ot P33, ypana, TupKoHUS U ApY-
I'MX METAJIJIOB U3y4eHa I0BOJILHO oAPOOHO. OcobeH-
HO JIETaJIbHO MCCIIEA0BAaHA SKCTPAKIIHS TOPHUS TPUOY-
tundocdarom (TED) B 3aBUCHMOCTH OT KOHLIEHTpA-
WU a30THOM KHCIIOTHI, IPUPOIBI U KOHICHTPALUU
BBICAJIMBATENs U APYTUX MapaMeTpoB [5—6]. meroT-
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Csl TaKXKe CBEJICHUS 00 SKCTPAKLUK TOPHS U3 a30THO-
KHUCJIBIX PACTBOPOB MONM(PYHKIIMOHATHHEIME (hocdo-
POpPraHUYECKUMH KUCIOTaMH [7] U APYTUMH 3KCTpa-
renTamu. OJTHaKO B INTEPATYPE OTCYTCTBYIOT AaHHbIE
00 KCTpaKIMK ypaHa u TOPHS XJIOPUPOBAHHBIMH Ha-
(hTECHOBBIMH KHCJIOTaMHU.

B nacrosimeit paboTe npuBeeHbI pe3ynbTaThl IK-
CHEPUMEHTAIIBHBIX JAHHBIX 110 BBISICHEHUIO YCIOBHUM
JKCTPaKLMKU MUKPOKOHLICHTPALUH ypaHa ¥ TOpUs Ha-
¢drenoseivu (HK) 1 xopupoBanHbIME HA)TCHOBBIMH
kucinoramu (XHK) u3 a30THOKUCITBIX paCTBOPOB COOT-
BETCTBYIOIINX COJIEH, a TAK)KE XJIOPUPOBAHHBIMH Ha-
¢renoBeiMu kucnotamu (XHK) B mpucyTcTBUm XI10-
PUIOB U Cy/Ib()aTOB IIEIOYHBIX METAIIIOB.

IKCIHHEPUMEHTAJIBHAS YACTb

B xauecTBe 3xcTpareHTOB Mcnoabp3oBanu 0.5 u 1 M
pactBopsl HapTeHoBBIX (HK) 1 xmopupoBaHHbIX Ha-
(drenoBeix kuciot (XHK) B kepocune, 6eH30571€, XJI0-
podopMe 1 "eTBIPEXXJIOPUCTOM yriiepose. PacTBopbl
coJiel ypaHa U TOpUs TOTOBWIJIM PACTBOPEHHUEM COOT-
BETCTBYIOLIMX a30THOKHUCIIBIX COJICH B JUCTHIUIUPO-
BaHHOW Bojie. BpeMst ycTaHOBICHHSI paBHOBECHS CO-
CTaBIsieT MeHbIle 3 MUH, pH pacTBOpOB KOHTPOIUPO-
Banu Ha nonomepe OB-74. Coneprkanue TOpuUs B BOI-
HOW 1 OpraHn9IecKoi (hazax OIpeaeIIsuIy IPSMBIM KOMIT-
JICKCOHOMETPUYECKHM THTPOBAHHUEM B NMPHCYTCTBUH
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HMHAMKATOpa KCHJICHOJIOBOI'O OPAHXEBOIo MK (OTO-
METpUYECKU peareHToM apceHaso III, kak u B ciayuae
OIIpe/IeICHUs ypaHa.

PE3VIIBTATBI 1 OBCYXJIEHUE

Pesynbrarel nccneqoBaHNA dKCTPAKIUA TOPH- U
ypanuii- noHoB (0.5 M u 1 M cooTBeTCTBEHHO) pacTBO-
pamu HadreHOBBIX KHcioT (HK) 1 ximopupoBaHHBIX Ha-
¢renoBeix xkucnot (XHK) npencrasnens! Ha puc. 1.

W3 puc.1 BUAHO, YTO HKCTPAKIMsI HOHOB TOPUS
(0.5 M) u ypanmi-uonos (1M) pacrsopamu XHK Ha-
ynHaercs npu pH = 1.5 u pH = 1.8 cooTBeTcTBEHHO,
a yxe npu pH =2.76 u pH = 4.6 oHU NOTHOCTHIO NE-
pexonsT B opranuyeckyio ¢asy. [Ipu aTHx xe ycio-
BUSX 3KCTPaAKLHs TOPHUS HA(TECHOBBIMU KHCIOTAMH
(HK) naunnaercs Tonpko npu pH = 2.36, a 1ns ypana
npu pH = 3.4. Tak, ontumanbHOE U3BJIEUEHHE TOPUS
nocruraercs npu pH = 3.27, a ypana npu pH = 5.2.
OTMeTHM, YTO NMPU OJIMHAKOBBIX yCIOBUAX pH aKcT-
pakLIUyU 3TUX MOHOB CMEIIAETCsl MPUMEPHO HA OTHY
eauHuIly Brpaso. JlanpHelimee yBennuenue pH Boa-
HOTO pacTBOpa Kak Uil MOHOB TOPHS, TaK MU IS UO-
HOB ypaHa IPUBOJUT K IIOCTENIEHHOMY CHUKEHHUIO KO-
3¢ PHULMEHTOB pacnpeaeiIeHus U MOSBICHUIO dMYIIb-
CHHM Ha rpaHuie (a3, BCIEACTBUE YETO 3aTpynHIeTCS
ux paccrnauBanue. Cmenenne a3 B cirydae dKCTpaK-
nuu Topus npoucxonut npu pH > 4, a B ciryuae skc-
Tpakuu ypana rnpu pH > 6. DMynbcus ierko paspy-
maeTcs Ipy A00aBICHUH B OpraHu4ecKylo $haszy Mu-
HUMAaJIBHBIX KOJIMYECTB BBICIINX CIHPTOB.

BrnusiHue paznnyHbIX KOHUEHTPALMI XJIOPHUIOB U
cyab(aToB HATPUsI HA SKCTPAKLIUIO TOPU- U YPAHUI-HO-
HOB U3 paCTBOPOB B 3aBHCUMOCTH oT pH cpensl npen-

R.%Th
100 L
80 }
60 } -
1.5 20 25 30 35 40 PH

a

crapiieHo Ha puc. 2 u 3. Kak BugHO U3 puc. 2 u 3, npu
9KCTPAKLIUU TOPH- WIH YPAaHUII-MOHOB U3 UX HUTPAT-
HBIX PaCTBOPOB, B 3aBUCUMOCTH OT pH cpensl u cozep-
JKaHUS B HUX XJIOP- WIH CYJIb(aT-nOHOB ONTUMAIbHOE
M3BJIEYEHUE UCCIIEyEMbIX HOHOB 3aMETHO CMEIaeTCs
B CTOPOHY IOBBIIICHNS WY IIOHMKEHHS KHCIIOTHOCTH
cpenpl. Tak, B MPUCYTCTBUH U C TOBBIIIEHUEM KOHIICH-
TpalMH XJIOPHUCTOrO HATPHSI CMELEHHE ONTUMAIbHON
9KCTPAKIMX HOHOB TOPHSI U ypaHa (PUKCHPYETCsI B KHC-
nyro obmacte ot pH =4.5 no pH = 3 ans noHoB ypana,
a s noHoB topust oT pH = 3.27 no pH = 2.75.

3aMeTHOE CMELEHNE MaKCUMaJIbHOM SKCTpaKIuU
TOpUsI U ypaHa HaOJIOACTCsI U B IPUCYTCTBUU B BOJI-
HOM pacTBOpE CEpPHOKHUCIIOro Harpus. B 3aBucumoc-
TH OT KOHIIEHTPALH MIOCIIEHEr0 B paCTBOPE KPUBBIE
SKCTPAKIMHN B OTIAMYME OT TAKOBOM B NMPHUCYTCTBUU
pPacTBOPOB XJIOPUCTOTO HATpHsl, HaUMHast oT pH = 4,
CIBUTAIOTCS B CTOPOHY yBenudeHusa pH cpensl, no-
CTHTas /Ul MOHOB TOpUs U ypaHa 3HaueHull pH =4.65
u pH = 5.6 coorBeTcTBeHHO. JlanpHeliee moBkIIIe-
nue pH pactBopa Benér k cmerienuto ¢as. Tak, npu
MPOYMX PABHBIX YCIOBHsX 3HaueHHe pH paBHOBec-
HOTO BOJHOTO PacTBOpa, B KOTOPOM 3KCTPArupyroT-
cs1 50 % Topu- UM ypaHUI-MOHOB, COCTABIISET COOT-
BETCTBEHHO:

NacCl

2.25 3.0 2,50,

4.6

250 NaCl 4 4.0.

[TpucyTcTBHE XIOPUA- U CYIb(aT-HOHOB MIPH OI1-
peneneHHbIX 3HadeHus1X pH-cpenpl 01aroTBOpHO BiIU-
S€T Ha MPOLEeCC IKCTPAKIHA METAJIOB, CIIOCOOCTBY-

Na, SO,

R% U

100

80

60

Puc. 1. 3aBucumocts sxcrpaxuuu Topus XHK (1) u HK (2) ot pH pactBopa (a); 3aBUCHMOCTB 3KCTPAKIIUU ypaHa
XHK (1) n HK (2) ot pH (b)
[Fig. 1. pH dependence of the thorium extraction with CNA (1) and NA (2) (a); pH dependence of uranium extraction
with CNA (1) and NA (2) (b)]
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Puc. 2. 3aBHCUMOCTB 3KCTPaKIMX TOPHS XJIOPUPOBAHHBIMU HA()TEHOBBIMU KHCIOTaMH oT pH pacTBopa B IpHCYTCTBUU
XJIOp-noHOB (@) 1 cynbdar-nonos (b): x —2 N NaCl, » — 1 N NaCl, a — 0.5 N NaCl, o — 0.25 N NaCl

[Fig. 2. pH dependence of the thorium extraction with chlorinated naphthenic acids in the presence of chlorine ions (a)
and sulfate ions: x —2 N NaCl, « — 1 N NaCl, A — 0.5 N NaCl, o — 0.25 N NaCl]

6 pH
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100
sor
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b

Puc. 3. 3aBHCUMOCTD DKCTPAKIMK ypaHa XJIOPUPOBAHHBIMH HAQTEHOBBIMH KHCIIOTaMU OT pH pacTBopa B IpUCyTCTBHA
XJIOP-HOHOB (@) ¥ cynbdar-nonos (b): x —2 N NaCl,  — 1 N NaCl, a — 0.5 N NaCl

[Fig. 3. pH dependence of the uranium extraction with chlorinated naphthenic acids in the presence of chlorine ions (@)
and sulfate ions: x —2 N NaCl, « — 1 N NaCl, A — 0.5 N NaCl]

eT OBICTPOMY M YETKOMY paccioeHuio (az 6e3 Hau-
YUs AIMYJIbCUH.

JpyruM BaxxHbIM (paKTOPOM, BIHSIOLINM Ha dKC-
TPaKLHIO YpaHa U TOPUs XJIOPUPOBAHHBIX HA(TEHO-
BbIX KucyoT (XHK), sBnsieTcst KoHIeHTpanus sKcTpa-
KLIIMOHHOTO pearcHTa B opranndeckoil ¢asze. Mccie-
JIOBaHKE 3aBUCHMOCTH M3BJICYCHUS TOPHSI U ypaHa OT
KOHLCHTPALUH XJIOPUPOBAHHBIX HAPTCHOBBIX KUCIIOT
MI03BOJIMJIO BBISIBUTD UX ONTHUMAJIbHBIE COOTHOILICHHS:
XHK: Th**=3.4 u XHK: UO;"> 6. YBenuueHnue 3Tux
COOTHOLICHUH MOYTH HE BIUSET Ha MOBBILIEHHE KOA(-
(UIMEHTOB pacrpe/eNICHHUSI.

258

[Ipu n3ydenun pacnpeneneHus: XJI0pUPOBAHHBIX
Ha()TEHOBBIX KHCIOT MEXIY Pa3JINYHBIMH OpPIaHu-
YECKHUMHU PACTBOPHUTEISIMU M BOIOH OOHApYXEHO Ha-
JIUYMe TUMEPHOH (GOPMBI 3TUX KHCIOT B MHEPTHBIX
pa3baBuTensix. B cOOTBETCTBHH € TUM pEaKIHIO IKC-
TpakLUUU TOpU- U ypaHui-uoHoB ¢ XHK moxHO Hanu-
carb B BUJIE:

Th*"+4/2(XHK)=ThR,-2HR+4H";
UO3" =4/2[(XHK), | > UO,R, -2(XHK), + 2H".

Crnemyer OTMETHUTb, YTO IPUPOIA UCCIICIOBAHHBIX
HaMU pacTBOpuTeel (KepocuH, 0eH3071, X10podhopM U
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YeTHIPEXXIJIOPUCTHIN YITIEPOT) IPAKTHYECKHU HE BIHSET
Ha CTEINEHB IKCTPAKIIUU UCCIIETYEMbIX HOHOB.

3AKIIOYEHUE

W3ydeHa sKcTpakiys MUKPOKOJIMYECTB HOHOB ypa-
Ha ¥ TOpYS U3 BOTHBIX PACTBOPOB, & TAK XK€ B IIPUCYTC-
TBUH XJIOPUAHBIX U CYJIb(ATHBIX COJICH MIEIOYHBIX Me-
TaJUIOB Pa3IMYHON KOHIIEHTPAIMH, XJIOPUPOBAHHBIMHA
Ha(l)TeHOBBIMI/I KHCIIOTaMMH.

YcTaHOBIIEHO, UTO MaKCUMaJIbHAs OKCTPAKLIUS HC-
CJIeIyeMBIX MOHOB (ypaHa U TOPHUS) MIPOXOIUT B KHUC-
JIOM 00NacTu M OnpeAessieTcsl CMEeLICHUEM 3HaYeHU
PpH cpenpl B 3aBUCUMOCTH OT aHHOHHOTO COCTaBa IMpH-
cyrcrByromux coneii (NaCl umi Na,SO,), a Takke ot
WX KOHIICHTPAIIUH.

Beisienieno, uro npucyrcrsue NaCl B pacTBope 1 1o-
BhIIeHUE KOHIeHTpatwmu ero (ot 0.25 10 2 N) criocobc-
TBYET CMEIICHUIO 3HadeHU pH cpembl B KUCTyIO0 00-
nacThb, HaunHast oT pH =4.5 10 pH = 3 a7t ypaHun-uoHos,
a 1 uoHos-Topust ot pH =3.27 no pH = 2.75.

B ciyuae conepxanus B pactope Na,SO, mak-
CHUMaJbHOE HM3BJICUCHHE TOPHUS U ypaHa OTMEdYaeTcs
cMmerieareM pH cpenst B HanpaBienuu ot pH = 4 1o
pH =4.65 u pH = 5.6 cooTBeTCTBEHHO, JaNbHElIIEe
noBeIieHne pH pacTBopa Benér k cMemmeHuto ¢as.

Tak, Ipu NpoYux paBHBIX YCIOBUSIX 3HaueHue pH
PaBHOBECHOTO BOJIHOTO PacTBOPA, B KOTOPOM 3KCTpa-
rupyorcst 50 % TOpH- WK ypaHUII-HOHOB, COCTaBIIS-
€T COOTBETCTBEHHO:

NaCl

2.25 3.0 2,50,

4.6

5. NaCl 4, —54.0.

YCTaHOBJIEHO ONTHMAIBHOE U3BJICUCHNUE TOPU- U
ypaHWI—HOHOB 1pu cootHomenusx: XHK:Th* = 3.4
1 XHK:UO;"> 6. [lanbHeiinee yBeaudeHHE 3THX CO-
OTHOUICHUII [I0YTH HE BIMSET Ha MOBBIIEHUE KO-
(ULMEHTOB pacnpeaeseHHS.

Ha ocHOBaHMM HAIIMX MCCIEJOBAaHUMN U ITOJyYCH-
HBIX HKCIIEPUMEHTAJIbHBIX JaHHBIX BBISBICHBI YCIIO-
BHUS, TMOBBILIAIONINE U30MPATEIBHOCTh HKCTPAKIUH
ypaHa M TOpHS U3 BOJIHBIX PacTBOPOB XJIOPUPOBAH-
HbIMU HapTeHOBBIMH KHcnoTamu (XHK).

Na,SO,
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OF URANIUM AND THORIUM FROM WATER SOLUTIONS
BY CHLORATED NAPHTENIC ACIDS
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Abstract. The paper present the results of the investigation of the extraction of micro-concentrations
of uranium and thorium by naphthenic acids (NA) and chlorinated naphthenic acids (CNA) from the
water solutions of corresponding salts, as well as by chlorinated naphthenic acids in the presence of

chlorides and sulphates of alkali metals.

Based on the results of the extraction of thorium and uranylions (0.5 M and 1 M, accordingly) by the
solutions of NA and CNA it is shown, that the extraction of thorium ions (0.5 M) and uranylions
(1 M) by CNA solutions starts at pH = 1.5 and pH = 1.8 accordingly. At pH =2.76 and pH = 4.6 they
completely transfer into the organic phase. At the same conditions the extraction of thorium by NA
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starts only at pH = 2.36, and for uranium- just at pH = 5.2. It must be mentioned, that under the same
conditions, the pH of these ion extractions shifts approximately in one unit to the right. Further in-
creasing the pH of the water solution, both for thorium ions and for uranium ions, leads to a step-by-
step lowering of coefficient distribution and an emulsion appearing on the boundary of phases, as a
result of which their stratification becomes difficult.

The phases shift, in case of thorium extraction, takes place at pH > 4, and in the case of uranium
extraction at pH > 6. The emulsion is easily destroyed when adding the minimum quantities of high
alcohols into the organic phase.

It has been shown, that extraction recovery of microquantities of uranium and thorium out of water
solutions by chlorinated naphthenic acids depends on the pH of solution and addition of the salts of
alkali metals.

It has been found, that the presence of NaCl in the solution and the rise of its concentration (from
0.25 to 2 N) leads to the shift of pH medium of optimum extraction to acidic field, starting from
pH = 4.5 to pH = 3 for uranyl-ions, and for thorium-ions from pH = 3.27 to pH = 2.75.

In case of containing Na,SO, in the solution, maximum extraction of thorium and uranium is marked
by the shift of pH medium in the direction from pH = 4 to pH = 4.65 and pH = 5.6 respectively,
further rise the pH of solution leads to a the shift of phases.

Thus, under equal conditions the pH of equilibrium of a water solution in which 50% of thorium and
uranyl ions are extracted correspondingly results in:

595 NaCl_, o Na,SO,

4.6

and

25 NaCl 5, Na,80, 0

The distribution of CAN between the different organic solvents and water the presence of a dimer
form of these acids in the inert diluents has been discovered.

It should be mentioned that the nature of the investigated solvents (kerosene, benzene, chloroform
and carbon tetrachloride) doesn’t influence the degree of the extraction of the studied ions.

In accordance with this, the extraction reaction of thorium and uranyl-ions with CNA can be written
as follows:

Th**+4/2(XHK) = ThR,-2HR+4H";
UOJ" =4/2[(XHK), | <> UO,R, -2(XHK), +2H".

The optimum ratios CNA:Th* =3.4 and CNA:UO;">6 have been discovered, that is equal to maxi-
mum extraction of presented ions by chlorate naphthenic acids.

Keywords: uranium, thorium, chlorated naphthenic acids, selective extraction.
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