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BBenenue

[Ipu co3manuy TPOMBINUICHHBIX TPEANPUATAN MO IMepepadoTKe
OOJMYy4eHHOTO  SiACpPHOTO  TOoIUIMBa B Poccum  BO3HHMKAET
HEOOXOMMOCTh ~ MHTEHCH()MKAIMU  WCCIEAOBAHUI  IPOIIECCOB,
CBSI3aHHBIX C TEPEepabOTKOW MHOTOKOMIIOHEHTHBIX cHucTeM. Jliis
pelieHus TakuxX 3a7ad HeoOXoauMo OoJiee JeTanbHOE H3Yy4EHUE
MPOIIECCOB  BBUICJICHWS  OYEHb  MalbIX (TaKk  Ha3bIBAEMBIX
«PATMOXMMHYCCKUAX») KOJIWYECTB PATUOAKTHBHBIX BEIIECTB B
MPUCYTCTBUU  MAaKPOKOMITOHEHTOB, WMEIONIMX Ha HECKOJBKO
MOPSIIKOB  MCHBIINK PAJMOAKTUBHBIN (OH W HAXOIANIUXCA B
HEMPOMOPIUOHAIEHO OOJNBIINX KOJMYECTBAX IO CPABHCHUIO C
1EeTeBBIM  (BBIACISIEMBIM)  dJIeMeHTOM. [lodToMy B y4eOHBIX
3aBe/ICHUSAX MPOBEACHME LUKIA J1abOpaTOpHBIX paboT 1o
HCCIICIOBAHUIO BBINICYKa3aHHBIX TPOIECCOB CTAHOBHUTCS aKTYaJIbHON
3a/1a4uen.

JlaGopaTopHast paboTa, MO WCCICIOBAHUIO BJIHMSHUS HUTpaTa
HaTpUsT Ha TOJIHOTY OKCTPAaKLUMUU YypaHa, IO3BOJISIET MOJIYYUTh
MpEeACTaBICHHUE 00 OCOOEHHOCTSX, MPEUMYIIECTBAX W CHelu(UKe
MOBEJICHUS ypaHa B AKCTPAKIIMOHHBIX IPOIECCaXx.

[Ipennaraemas nabGopatopHas paboTa Hambonee ymoOHa B
OCBOCHHMU COBPEMEHHBIX METOJOB BBIJCICHUS, pa3AeiCHUs U
KOHLIEHTPUPOBAHUS PAJIMOAKTUBHBIX 3JIEMEHTOB M O3HAKOMIJICHUS C
Hambojiee 4YacTO BCTPEUAIOUIUMUCS MPAKTUYECKUMH IpUEMaMH
paboThI ¢ paluOAKTUBHBIMU BEILIECTBAMHU.

[TockonbKy B COBpPEMEHHOH MPAKTUKE SKCTPAKIMOHHBIA METO
BBITECHHJI BCE MPUMEHSBIIIUECS PaHEe METO b, 3HaHHE 0COOEHHOCTEN
OKCTPAKIIMOHHBIX TIPOIECCOB SIBISETCS KIIOYEBOM 3amadedl mpu
03HAKOMJICHUU C PAJHOXUMHUYECKUMHU MPOIIECCAMHU.

1 TeopeTnyeckue 0CHOBBI NPoOLECCA

1.1 O6mas xapaKTepuCTHKA IKCTPAKIHHA

JKCTPAKIUSA — 3TO U3BJIEUEHHE KAaKOr0-JIM0O BEIIECTBAa U3 OJHOM
¢a3sl B pyryro (0T JaTUHCKOro eXtrago — BRITATHBAIO, U3BJIEKa0). B
0oJiee y3KOM CMBICIIE MOYKHO TOBOPUTH O HUJKOCTHOM 3KCTPAKIIMH.
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KuaKocTHaAs1 SKCTPAKIMSA — 3TO MPOLIECC U3BJICUCHHUS BEIIECTBA U3
OJTHOM KUIKOH (ha3bl (0OBIYHO BOJIHOTO pAaCTBOPA) B APYryI0 (OOBIYHO
opranuveckyr). B Hacrosimiee BpeMs KHIKOCTHYIO SKCTPAKIIHIO
IIMPOKO MPUMEHSIOT B aHAJMTUYECKON W MPETapaTUBHOW XMMHH, B
(U3NKO-XUMHYECKUX HCCIIEIOBAHUAX, B TEXHOJIOTHH JJISl U3BJICUCHUS
M OYHUCTKM IBETHBIX M pPEIKHX METAUIOB, B PAAHMOXUMUU U
PaIMOXUMHUYECKOW TEXHOJOTHM Ui pasfeleHus ¢ OYUCTKH
pPalMOAaKTUBHBIX DJEMEHTOB W  OTHCIBHBIX  PAJAUOHYKIHIOB.
Opranuyeckasi ¢aza mpu dKCTPAKIUU MOXKET COCTOSITh U3 OJHOTO
BEIIECTBA, KOTOPOE HA3BIBAIOT IKCTPATE€HTOM HITH MOKET COJIEPIKATh
pa3zbaBuTenb, a Takke Apyrue N00aBKH. DKCTpareHT oOpasyer ¢
BEIIIECTBOM, H3BIIEKAEMBIM W3 BOJHOW (pa3sl B OPraHMYECKYIO,
IKCTPAKIMOHHOE coequHenne. Kak 1 9KCTpareHT, SKCTPaKIMOHHOE
COCJIMHEHUE MaJI0 PACTBOPHUMO B BOJHOW M XOPOIIO PAacTBOPUMO B
oprannveckoii ¢aze. [Tpu 3ToM M3BIIEKaEMOE BEMIECTBO TIEPEXOTUT U3
BOJHOU (a3bl B opranmyeckyr. Ha mpaktuke opranunueckas ¢asa
yale BCEero MpeacTaBiIseT co00ii MHOTOKOMIIOHEHTHBIH pacTBOp, B
KOTOPOM KpoMe 3KcTpareHTa (D) W 3KCTPAaKIMOHHOTO COCTUHEHUS
(OC) mpucyrcTByeT pa3doaBuTeNb, @ UHOTJA U JPYTHE€ KOMITOHEHTHI.
Pa30aBuTeslb —  HMHEPTHBIM  OPraHUYECKHd  PACTBOPUTEIIb,
UCIOJb3yeMbI JUII PAcTBOPEHUS TBEPIBbIX OSKCTPAreHTOB, JUIs
MOBBIIIEHUS] PACTBOPUMOCTH 3KCTPAKIIMOHHOTO COEAMHEHHsS B
OpraHu4eckoil gase, a Take A8 YITy4IIECHHUs] TUAPOJUHAMUYECKUX
CBOMCTB OpraHuyeckoil (aspl (yMEHbILIEHUS BA3KOCTH, U3MEHEHUS
WIN YBEIMUYEHUSI IJIOTHOCTH).

1.2 Kuaaccupukamuss  IKCTPaAareHTOB W MEXaHU3MOB
IKCTPAKLIMU COeIMHEHUIl ypaHa

PaccmoTpuM skcTpareHThl W HauOoliee XapakTepHbIe ISl HUX
MEXaHU3MBI 10 KJIacCU(UKALUU, TPUHATOHN B TexHOJoruu [1].

IlepBas rpynna — HedTpajibHbIE JKCTPAreHThI.

K a3T0i1 rpynmne 3KCTpareHTOB OTHOCATCS KHCJIOPOJICOJEpIKalIlne
PacTBOPUTENIN: CIUPTHI, MPOCTHIE U CIOKHBIE 3(UPHI, albIAETHIBI,
KETOHBI W  HeHTpanbHble (ochOopopraHuvecKue COeTUHEHHUS.
Hanpumep, HEUTpaIbHBIM IKCTPAreHTOM SIBIISIETCS TPHOYTHJIOBBII
3¢up pocdopHoii kucaorsl — TpudyTHIAGOchaT (THD):



N
CiHo—O—P—0
CH,— 0/

Th® crnocobeH AKCTparupoBaTh YETHIPEX- M ILIECTHUBAJIECHTHBIE
aKTHHOWIBI W3 Aa30THOKHCIBIX BOJHBIX pacTBOpoB. Hampumep,
HKCTPAKIUS YETHIPEXBAICHTHOTO TOPHS, TIPOTEKALET 10 YPaBHEHHIO:

Th4+(]3) + 4N037(B) + QTBCD(O) = Th(N03)4‘2TB®(o) (l)

Huxuue nnnekcel (B) 1 (0) 0003HA4arOT BOJAHYIO M OPraHUYECKYIO
(ha3zbl.

Oopasyromieecss mo peakiuu (1) SKCTPAKIMOHHOE COCITUHCHHE
Th(NO3)42TBD MIPECTABISET co00l  KOOpAWHAIIMOHHOE
(KOMITIEKCHOE) COeTMHEHHE, B KOTOPOM DJIEKTPOHO-TOHOPHBIN aTOM
Kkucaopoaa GochopuiabHON TPYIIIBI

—P=0

/

o0Opa3yeT [TOHOPHO-aKIENITOPHYIO CBSA3b C OKCTPArupyeMbIM
METaJJIOM.

O6pazoBanue TaKoro AKCTPAKIIHOHHOTO COETMHEHUS
paccMaTpuBalOT KakK IPOLIECC COJIbBaTallMM SKCTPAarupyeMou cou
MeTaljia SKCTPareHTOM.

B peakuuu (1) obpasyercst aucoabBaT HuTpara topus ¢ Thd.

PaccMoTpeHHBI MeXaHHM3M JKCTPAKIMU C OOpa3oBaHUEM B
OpraHnueckod (asze coJbBAaTOB HA3bIBACTCA COJbBATHBIM WJIH

KOOPAUHAIMOHHBIM.
2-1 rpynma — OpraHd4YecKue KHCJIOTbI, HampuMep,
alleTHIIAIETOH, TCHOUITPU(DTOPALIETOH, KUCITbIE alKII(OCaThI:
Rlo\ Rlo\
HO—P=0 R,O0—P=0
HO/ HO/
MoHoankmidocdar muankungocdar



OKCTpaklusi ypaHa 3KCTpareHTaMu 2-0¥l Tpynmbl IPOTEKaeT I0
KaTHOMOHOOOMEHHOMY MEXaHHU3MY. B 3TOM ciydae sKcTparupyemslii
MeTayul B hopMe KaTHOHA TIEPEXOIUT B OPTaHUICCKYIO a3y, 3ameriast
BOJIOPOJI OPraHUYECKOUN KHUCIIOTHI, SIBJISIOMIEHCS IKCTPArEHTOM.

/o ) y o)
2(RO), P\ + UO; (, == | 2(RO), P\ UOz ) + 2H( (2
OH © OH

3-11 Tpynna 3KCTPareHTOB — OpraHuYeckue aMHHbI. AMUHBI —

9TO MPOJYKTHI 3aMEIIECHHs BOJAOPOJa B aMMUAKe Ha OpraHWYecKue

paauKabl

| v "
Ri—N—H Ri—N—H Ri—N—R;
NIEPBUYHBIN BTOPUYHBII TPETUYHBII

K amuHaMm OTHOCATCA Takue 4YeTBepPTHYHbIE aAMMOHHEBBIE
ocHoBaHnast (UAO) u ux coum:

R, +

| _
Ri— N—R; | (OH)

A
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B ammnax, kak 1 B aMMHaKe, a30T HMeeT HeloeJeHHYI0 Napy
3JIEKTPOHOB, 4TO O0YCIIOBJIMBAET UX CIIOCOOHOCTH K 00Pa30BaHUIO
KOOPIAMHAIMOHHBIX COeTUHEHUIA.

[Togo6HO aMMHaKy aMUHBI pEearupyroT ¢ KUCI0TaMU, 00pa3ys Cob
aMyHa (QJIKAJIaMMOHU)

2R3N + H2SO4 — (R3NH)2SOa.

Conu aMHUHOB M CITyXaT dKCTpareHTaMu:

(RaNH);S04 () + UOx(SO4)5,y <= (RaNH)UOx(SOu)z () + SOLG,  (3)

DTOT MEXaHHU3M DJKCTParupoBaHUs SABIAETCS MO CYIIECTBY
AHMOHOOOMEHHBIM U aMHHBI BEAyT ceOs MOJ0OHO aHMOHOOOMEHHOU
cMoJi€ (TOJIBKO JKUJIKOM).



1.3 DkcTpakuus Hel TPaJbHBIMHU IKCTPATeHTAMH

W3 HelTpaJIbHBIX SKCTPAr€HTOB B XUMHUYECKONW TEXHOJIOTUM YpaHa
HauOoJIbIIee pacnpocTpaHeHne Noiaydnmn Tpudyruiadocpar. ThD
aBisieTcss  SQQGEKTHBHBIM ~ OKCTPareHTOM  JUIS  YeThIpeXx- |
LIECTUBAJIEHTHBIX aKTUHOUJIOB U3 @30 THOKHCIIBIX BOJIHBIX PACTBOPOB.
Tb® ynoBIETBOPUTENBHO 3KCTPArupyeT TSKEJIblE TPEXBAJICHTHBIC
AJIEMEHTHI IIPU CO3JAHUM COOTBETCTBYIOIIMX YCIOBUN U IJIOXO WUIIU
COBCEM HE IKCTPArupyeT OJHO- U JIBYXBaJIEHTHBIE.

DKCTpaKIUsl a30THOKUCION coyin ypaHwia TpuOytuidochaTtom
MPOTEKAET MO YPaBHEHUIO:

UO2% @) + 2NO3 () + 2TBD (o) 2 UO2(NO3)2- 2Th®D (o) 4)

N3 ypaBHeHus BuaHO, yTto Th® 3KCTparmpyer ypaHWJIHHTpaT B
BHUJle O€3BOJHOTO COJbBaTa C MOJIEKYJISPHBIM COOTHOILIEHUEM
Hutpata Kk Thb®, paBHpiM 1:2, T.e. B BHJAE AMCOJbBaTa HUTpaTa
YpaHHIIA.

Peakuuro sKCTparupoBaHMs ypaHa MOKHO OXapaKTEPH30BaTh
KOHLIEHTPALIMOHHOW KOHCTAHTOM PaBHOBECHs, KOTOpas Ul peaKkLuu
(4) umeet BuI:

, = [Uoz(Nos)z 'ZTB(D](O) Yo

bor, o, [rsof, 727
r7le KBajJpaTHble CKOOKM 0003HAYalOT PaBHOBECHBIE KOHLEHTpALUU
COOTBETCTBYIOIINX BEILECTB;

Yacs V3, Y+ — KOI(MOUIMEHTHI AKTUBHOCTHU COJIbBATA, SKCTPAreHTa u
cpeaHuit K03(pPUIMEHT aKTUBHOCTH JIEKTPOJIUTA.

C KOJIMYECTBEHHON CTOPOHBI JKCTPAaKLMs JAaHHOIO MeTajula
XapaKTepU3yeTcs K03 uLreHTOM pacnpeneneHus a,
MPEACTABIISIONIUM COO00K OTHOIIEHHWE OOmuX (aHATUTHYCCKUX)
KOHIIGHTpallui MeTaljla B OpraHM4eckoil M BoJHOU (a3ax,

HaxoJdIHuXCsA B paBHOBCCHUU!
__Cy(o) __ [U02(NO3)2-2TBD] (o) (6)
W05 * ]

K (5)

CU(B)
[MoacraBmsas (6) B (5) monmydaeM ypaBHEHHEe HM30TePMBbI
IKCTPAKIMHU a30THOKHUCIIOTO ypaHuia Tpulytuidocdarom (2):



= Ky - [NO3 2, - 52 .
ay =Ky - [ 3](3)'],3C- (7)

IIpupona »3kcTparmpyeMoro coeiMHeHHMsl, JKCTPareHTa H
TeMIlepaTypa  OKa3blBAlOT  BJHsIHHe Ha  Kod(duuueHr
pacnpenenenus 4epe3 koHcranty K. U3 ypaBHeHus wu3oTepmbl
AKCTPAKIMK BUJIHO, YTO KO3(P(PUIIMEHT pacipeieleHUsl IPEICTaBIsET
cO0OH CIIOKHYIO (DYHKINIO KOHIIEHTPAUK aHUOHOB U SKCTPAreHTa, a
Takke Kod((UIMEHTOB aKTUBHOCTH pEarupylolluX BELIECTB, M
MOATOMY B 0O0IIIEM CITydae SIBJISIETCS IEPEMEHHOM BETUYUHOM.
3aBucumocth 0 oT koHueHTpanud UO2(NOgz)z, momydeHHast
JKCIEPUMEHTAJIbHO, IOKa3aHa Ha puc. 1.

auy

CU6+

Puc. 1. 3aBucumocts k03 duimeHTa pacnpeaeacHus ypada oT ero
KOHIICHTPAIIUK B BOJIHOM (haze rnpu sxcrpakuuu Thd

HN3oTepmbl IKCTPAKIMHU OTPaKAIOT u BJIMSIHHE
HEIKCTPArupyomeicss cojaM MM KHCJIOTHI ¢ OJHOMMEHHBIM
anmonom. Takume coequHeHMsi TIPpUM BBeJIeHMH UX B
JKCTPAKIMOHHYK) CHCTEMY YBEJIMYHBAKT KOIPPUUIMEHTHI
pacnpeesieHls IKCTPATMPYIOLIUXCS COeJMHEHUI ¥ HA3bIBAIOTCH
BbICAJIUBATEJISIMU.

IIpn skctpakuuu Tb® HUTPATOB aKTMHUIOB, JAHTAHUIOB B
KaueCTBE BBICAIMBATENICH INPUMEHSAIOT A30THYK KUCIOTY M
HEJKCTparupyeMmble HUTPATBI OJHO-, JBYX- U TPEXBAJIEHTHBIX
MeTaJIoB (IIEIOYHBIX, IIeJoUYH03eMeIbHbIX, Al, Fe u T.1.).



Kak BugHo u3 ypaBHeHus (7) yBeJlHYeHHE KOHIIEHTPAIUH
anuoHoB NOs3™, OTHOCAIIMXCA K BBICAJTUBATENI0, MPUBOIUT K
yBeJIMUeHNI0 kod(dpuuuenta pacnpenejeHus o. IOT0T 3hdexT
BBITEKAET M3 3aKOHAa [eHCTBYIIIMX MAacC U HE 3aBHCUT OT
WHIVUBUAYAIBHOCTH BbIcamBareis. OJHAKO, SKCIEPUMEHTAILHO
YCTaHOBJICHO, 4YTO ¢, 3aBHCHT OT MPHUPOAbI U KOHUEHTPAIUH
KATHOHA BbICAJTUBATEJS, YTO OOBACHSETCS ero ruaparamnueii. Yem
00JibIIIe THAPATHPOBAH KATHOH BbICAJINBATEJIsl, TEM CHJIbHEe OH
yBejinuuBaer kodgduuueHt pacnpenejgeHus. IOTOT 3dhdexT
00yCIIOBJIEH TEM, YTO KATHOH BbICAJMBAaTe/sl B BOAHOM pacTBope
NMOHUKAET KOHLEHTPAI[UIO CBOOOTHOM BOBI 32 CUET COOCTBEHHOM
THApaTAlMM.

Cunbubivu BoicamuBateasmu it UO2(NOz), seistroress LINOs,
NaNOs, Mg(NOs)2, Ca(NO3)2 u Al(NO3)s.

Koaddumuent pacnpenenenus o iMeeT BAXKHOE 3HAYECHUE C TOUKH
3pEHHsI TEXHOJIOTHUH IKCTPAKIIMOHHBIX Mpotieccos (1).

1 Yem Bbime kod3pPuiueHT pacnpeaeseHusi, TeM O0o0Jibliee
KOJIMYeCTBO BelleCTBA MOKHO H3BJeYb 32 O/HY OINepanuio
(KkOHTAKT) »JKcTparupoBaHus. [losToMy kenmaTtelqbHO UMETh
9KCTPAareHThl ¢ BBICOKUMHU KOdpduimeHtamu pacnpenenenus. [Ipu
koahdunuente pacnpeneneHus, paBHoM 10, yxe mNpu OJHOM
KOHTaKTe u3BieueHue cocrapiseT 90 %. OnHako u npu CpaBHUTEIBHO
HEBBICOKOM D M0>kHO TOOUTHCS XOPOILIEro U3BJICUEHHS TIOBTOPEHUEM
omepanuii  skcTparupoBaHus. Jlaxke A Takoro  HU3KOTO
koaduimenTa pacnpeneneHus, opaBHoro 1, 3a MATb KOHTAaKTOB
MOHO moxydutsb 97 %-Hoe uzBneuenue (0,50 + 0,25 + 0,125 + 0,063
+ 0,032 = 0,97 unu 97 %).

2 Pazmmums  ko3pUIHEHTOB pacnpeaejieHUs1 EHHOTO
KOMIIOHEHTA M NpuMeceil mo3BOIAI0T 3(PPEKTUBHO UX PA3AEIUTh
B IIpouecce IKCTPAKIUH.

3 Jlazxe HeGoIb1IOE pa3jinyue KO3(pPUIHEHTOB pacnpeaeaeHUus!
ABYX XUMHU4Y€CKHU OJIM3KHUX BeleCTB aeT BO3MOKHOCTD Pa3Ie/isiTh
HX JIKCTPAKUMOHHBIM METOJAOM H CeJeKTHBHO BBIIEJATH HX.
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Hanpumep, skcTpakius AaeT BO3MOXHOCTh Pa3le/IUTh OJU3KHE 10
ceoiicteam U Pu, Nbu Tau .11

2 DKcnepuMeHTAIbHAs YacTh

Leas padoThl: TPOBECTH HKCTPAKIMOHHOE H3BJICUYCHUE YypaHa
(6+) u3 HUTpaTHOTO pacTBOpa TPUOyTHWI(POCHATOM B CHHTHHE HIIU
OeH3MHE KaJIollla C BhICAJIMBATENIEM U 0€3 BhICAIIMBATEIS OTPE/ICIHUTD
kod(puimeHT - pacmpeneneHus ~ ypaHa, BBUICHUTh  BIIUSIHHE
BBICAJTUBATENS HA BETUYNHY KOd(PHIIeHTa pacTipeeieH s

2.1 PeakTuBbI, Mocyaa

— tpubyrundocdar (ThbD) — 20 mi.;

— CHUHTHH WM OeH3UH rajoma — 25 MIL.;

— azotHas kuciota HNO3, korneaTpupoBanHas — 20 miL.;

— yparmwiautpaT UO2(NO3)2, 0,2 M pactBop — 25 Mi1.;

— aurpar Harpus 40 %-ue1it pacTBop — 10 MII., MpUTOTABIMBACTCS
n3 kpuctawtoruapara NaNOg;

— KOJIOBI KOHMYECKHUE MIOCKOIOHHBIE Ha 50 M1 — 4 1T, ;

— aBTOMAaTHWYeCKasi MUKPOTHIETKa — 1 1IT.;

— naenutenbHble BOpoHKH HAa 100 M1 — 4 1T

— cTakaHbl 00beMoM 50 M1 — 110 4 1T, ;

— nuauHAPEI MepHble 00beMoM 10, 20 i 50 mur — o 3 .

— KoHuueckas koaba oovemom 50 ma — 2 wm.;

— KOHHYECKHe KoJIObI Ha 250 M — 4 1T, ;

— OropeTka Ha 25 M1 — 1 T,

— IITaTUB 11 OropeTKH — | mT.;

— TUTUTKA JJICKTPUYECKast;

— oprodocdopuas kucinora HzPOas, xonnenrpuposannas (d = 1,6
r/mi) — 30 miL.;

— costb Mopa (NH4)2Fe(S04)2:6H20, 10 % pactsop B 0,5 H. H2SO4
—10 mn.;

— moueBuHa (NH2)2CO, 10 % pactBop — 80 mu1.;

— nudenmnamuHocynbdonat Hatpus, 0,5 % pactBop B 2 H. H2SO4
— 2 MIL;

— Banaaat ammonust NH4V Oz, 0,042 H. pactBop — 80 mut.
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2.2 Boino/siHeHue padoTbl

2.2.1 Ilpu npoBenenun 3kctpakuuu Thb® NpUMEHSIOT JErKuii
pa30aBUTENIb — CHHTHH WM OCH3WH Kajoma. J[Jis 3Toro B KOHHIECKOM
Kos10e 00beMoM 50 MJI TPUTOTABIMBAIOT OpraHudeckyo ¢azy (OD) —
30 %-nbrit 00. pactBop Th® B cunTHHE M OeH3uHE Tanoma. OobeM
O®d — 10 mu.

[IpurotoBiieHHyl0 TakuM O00pa3oM  OpraHmveckyr  (asy
WCTIONB3YIOT ISl DKCTPAKIMOHHOTO W3BIICYCHHUS ypaHa 0e3
BBICAJIMBATENIS U C BBICAIMBATEIIEM.

2.2.2 Jkcrpakuus 0e3 BbICAJIMBATEIS.

2.2.2.1 TIpoBomsAT SKCTpakIMOHHOE W3BieueHHe ypaHa ThD u3
BOJIHOTO 230 THOKHCIIOTO pAaCTBOPA YpaHIIIHUTpaTa 0e3 BhICATUBATEIIS
IpHU coOOTHOIIEHNH 00bemMoB O:B = 1:2.

J71s1 5TOT0 B KOHUYECKYIO KOJIOY 00BeMoM 50 mit ¢ poOKO# BHOCSIT
5 mn 20 %-Horo pactBopa ypaHwi-Hutpara u 2,5 mu 30 %-Horo
pactBopa Th® B cunTHHE nin OeH3uHe Tanonra. KoHndeckyro Kooy
3aKpbIBAIOT PE3MHOBOM MPOOKO U BCTPAXUBAIOT HA aBTOMaTHUYECKOM
BCTPSIXMBATEJIEC B TEUCHUE O MUHYT.

2.2.2.2 TlomydyeHHYI0 CMECh TIEPEHOCAT U3 KOHUYECKON KOJIOBI B
NeNMATeNbHYI0 BOpoHKY o0bemMoMm 100 mur. Ilocne pacciauBanus a3
(~3 MUH) HIWKHUA BOAHBIA CIION (paduHAT) OCTOPOKHO CIHMBAIOT C
MOMOIIBI0 CTEKIISIHHOTO KpaHa U3 JIEIUTEIbHOM BOPOHKU B CTakaH
o6veMom 50 mi1.

Buumanue!  Ileped0  ucnonvzosamuem — CMeKIAHHbIU — KPAH
O0enumenbHOU B0POHKU HEOOX0OUMO CMA3AMb BA3EIUHOBLIM MACIOM,
umodvl obecneuums NIAGHOCMb €20 6PAUeHUs U MeM CAMbIM
MOYHOCMb U NOJIHOMY OmOeleHUss B00HOL (hazbl OmM Op2aHUYECcKOU.

2.2.2.3 Opranndeckyto ¢a3y (BepXHHMH cl0H) U3 JETUTEIbHON
BOPOHKH CJIMBAIOT B CIIELUAIIBHYIO KOJIOY JUISl OTXO0JIOB, COJEPIKAIINX
OopraHuyeckue >KuakocTd. M3 BomHOW (a3pl aBTOMaTHUECKOH
MUIETKONH B KOHMYECKYIO0 KoJI0y oObeMoM 250 mi orbupator 1 mi
BOJIHOTO pacTBopa (paduHara) Ha aHanu3 (Hyesas npoda).
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2.2.3 DKkcTpaKknms ¢ BbICAJIMBaTeIeM.

2.2.3.1 TIpoBousAT SKCTpakUMOHHOE H3BieYeHue ypana ThD u3
BOJHOTO a30THOKHCIJIOTO PAaCTBOPA YPAaHWIHUTPATA C BBICATMBATEIEM
IIpHU cOOTHOIIEHNU 00bemMoB O:B = 1:2.

[IpurotaBnuBator 3  npobbl  ypaHWUJIHUTpPAaTa C  Pa3HbIM
KOJIMYECTBOM BBICATTUBATEIIS.

st mpurotoBiienus 1-ou npo6si B KOHUUECKYIO KOJIOY 00BeMOM
50 M1 ¢ npoOkoii BHOCAT 5 mut 20 %-HOro pacTBOpa ypaHUJI-HUTpaTa
UO2(NO3)2, 2,5 M 30 %-noro pactBopa Th® B cunTHHE Wik OCH3UHE
raoma U 1 ma 40 %-noro nutpara Harpust NaNOz. Konmueckyro
KOJIOY 3aKphIBAIOT PE3MHOBOM TMPOOKONM W BCTPSAXMBAIOT Ha
ABTOMATHYECKOM BCTPSIXMBATEJIC B TECUCHUE D MUHYT.

JIJIs IpUrOTOBIIEHUS 2-01 nPoObl B KOHUYECKYIO KOJIOY 00heMOM
50 ma ¢ npoOkoit BHOCAT 5 Mi1 20 %-Horo pacTBOpa ypaHUI-HUTpaTa
UO2(NO3)2, 2,5 M 30 %-noro pactBopa Th® B cunTHHE Mk OCH3UHE
raoma u 3 mJa 40 %-noro Hutpara Hatpust NaNOs. Konnueckyro
KOJIOY 3aKphIBAIOT PE3MHOBOW TPOOKONM U BCTPSAXHBAIOT Ha
aBTOMAaTUYECKOM BCTPAXHUBATENIEC B TCUCHUE 5 MUHYT.

Jlst mpuroToBiieHHs 3-etl nPooObl B KOHUIECKYIO KOJIOYy 00beMOM
50 ma1 ¢ mpoOkoit BHOCAT 5 Mt 20 %-HOro pacTtBopa ypaHWUI-HUTpATa
UO2(NOs3)2, 2,5 mit 30 %-noro pactBopa Th® B cuHTHHE WK OEH3UHE
raoma u 5 mi 40 %-noro Hutpara Hatpuss NaNOs. Konnueckyro
KoJOy 3aKphIBalOT pPE3MHOBOM TMPOOKOW W BCTPSIXUBAIOT Ha
aBTOMAaTUYECKOM BCTPAXHUBATENIC B TCUCHUE 5 MUHYT.

2.2.3.2 Kaxayio u3 3-x HOMy4eHHBIX MPOO MO OTACIBbHOCTH
MEPEHOCAT U3 KOHUYECKUX KOJO B JICTUTENbHBIE BOPOHKH 00BEMOM
mo 100 mi xaxmas. Ilocne paccnamBanus a3 (~3 MUH) B KaXa0H
JeNUTENbHOW BOPOHKE HIDKHUN BOAHBIN Ciloi (paduHAT) OCTOPOKHO
CIIMBAIOT C MIOMOUIbIO CTEKISIHHOTO KpaHa U3 JIeNUTEeIbHOW BOPOHKU
B cTakaH oobeMoM 50 M.

B pesynbrate mony4yaroT 3 cmakaHa ¢ mpems B00HbLIMU
pacmeopamu  (pagunamamu), COJAEPKAIIUX pasHble OCTATOYHBIC
KOJIMYECTBA YPaHWIIHUTPATA.
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2.2.3.3 Oprannyeckytio ¢a3y (BepXHHH cJOW) U3 KaKIOU
JETUTETHLHOW BOPOHKHU CITUBAIOT B CIIEHUAIBHYIO KOJIOY JUIsl OTXOJIOB,
COJIepKAIIUX OPTAHUIECKUE JKUIKOCTH.

W3 kaxgoro u3 3-x Cmakamos ¢ BOOHbLIMU PACMBEOPAMU
(pagunamamu) aBTOMATHUECKON MUMETKOW OTOUPArOT 10 1 MJI B TpHU
KOHHYECKHE KOJIOBI Kaxaasi o0beMoM 250 mut.

B pesynbTaTte nonydaroT npody 1, npoby 2 v npoby 3.

Buaumanue! KonOwel ¢ kKaxmoil W3 TOJIyYeHHBIX TPOO: Hynesas
npoba, npoda 1, npoba 2 v npodba 3 TMOANMUCHIBAIOT BO H30ek)aHUE
OLIMOOK MpU MPOBEACHUN aHAIN3A.

2.2.3.4 Oprannyeckyro ¢a3y U3 KaKIOW IETUTEITHHONH BOPOHKH
CIIMBAlOT B CHENHAJIBbHYI KOJOy JUIsI OTXOJZIOB, COJEPKAIINX
OpraHUYeCcKHe KUKOCTH.

2.3 ®eppo-pochaTHO-BaHAATHBII METOIOM

Konrentpanuio ypana B KaX10# U3 Mpo0, 0TOOPaHHBIX U3 BOJHBIX
dba3 ¢ BblcanuBareneM UM 0€3 BBICAIMBATENS  OMPEACISIOT
AKCIPECCHBIM (heppo-dochaTHo-BaHAZATHBIM MeTOoAOM [3].

DTOT MeToA ocHOBaH Ha TutpoBanmu U®' Bamamatom ammoHms
NHsVO3 B npucyrctBun nHaukaropa — audeHuIaMuHOCYIb(oHaTa
HaTpHSI.

IIpo6y amammsupyemoro pactBopa UO2(NOz),  chauama
00pabaTeiBatoT U30BITKOM OPTOHOCHOPHOI KUCIOTHI IPU KUITSTYCHUH
JUIs yHaneHus a30THOM KMCIOTHI M TepeBopa Bcero U B kucmbrii
docdar mo peakuu:

UO2(NOs3), + 2H3PO4 = 2UO2(H2P04)2 + 2HNO31.

[IpucyrcTBHE B pacTBOpe a30THOW KHCJIOTBHI TPHUBEICT B
JaTbHEHIIEM Ha OIEpaliii BOCCTAHOBIICHHS ypaHa K YHHUYTOXCHHIO
(OKHCIIEHUI0) BOCCTAHOBHUTEIIS.

Mocne sroro U® Boccramasmusaror mo U* sxemesom (2+) B
M30BITKE TOpstuero GocOpPHOKUCIOTO pacTBOPA MO PEAKIINH:

UO2(H2PO4)2+2FeSO4+5H3PO4=

=H[U(HPO4)3]+2H3[Fe(PO4)2]+3H2SO4+2H>0.
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U36mToxk Fe** u Boccranosnennsie mpumecu (Mo, As u mp.)
OKHCIISIFOT Ha XOJIOAY Aa30THOM KHUCJIOTOW JO BBICIIMX CTENEHEH
OKHUCJICHUS TI0 PEaAKIUU:

FeSO4+ HNO3 +H2SO4= 2NO271 + Fe2(S04)3 + 2H20.

U* B 3To BpeMs HaXoOWTCS B PACTBOPE B BHJAE IMPOYHOTO
docdarHOTrO KOMIUTEKCa U pu Temmeparype 15-20 °C He okucisercs.

Jlanee M30BITOYHYIO A30THYIO KHCJIOTY CBSI3BIBAIOT MOYEBHHOM.
DTOT IpOILIeCC MPOTEKAET B JBE CTA/IUH.

Bnavane wmoudeBMHA mNOJBEpPraeTcs THUIPOIU3Y B KHCIOM H
LIEJI0YHOM Cpellax 10 PEaKIuu:

(NH2)2CO + H20 = CO21 + 2NHa.

3aTeM BBIICTUBIIMNCA aMMHAK B3aWMOJICUCTBYET C a30THOM
KHUCJIOTOM MO PEaKIIUHU:

HNO3 + NH3 = NH4NOs.

Taxum 0Opa3om, MPOIECC OMUCHIBACTCS CYMMAapHOU PEaKIuei:

(NH2)2CO + HNO3 +H20 = CO21 + NHsNO3 + NHa.

[Ipy HenmonmHOM yAajdeHWH a30THOM KHUCJIOTHI M3 pacTBOpa
OTpeJieNieHus] KOHIEHTpalui ypaHa B aHATU3UPYEMOM pPacTBOpPE
Oynet 3aHmwkeHHbIM. [Ipu3nakom moaHoTo yaanenus HNO3 sBisiercst
OTCYTCTBHE ITYy3bIPbKOB BBIACISIONIETOCS T'a3a.

Jlanee pactBop U* Tutpyror pactBopoM BaHajaTta aMMOHHSL.
CymMapHas peakiiusi OKHCIIeHHsI ypaHa (4+) nonamu BaHaaus (5+) B
CHJIBHOKHUCIIBIX PACTBOPAX BBIPAKAETCS ypaBHEHUEM:

U + 2VO3 + 2H20 = UO2?* + 2V03% + 4H".

IlociienoBaTeIbHOCTH ONeEPAIUii MPU MPOBEAEHUH AHAIN3A:

2.3.1 B xaxnayro U3 MOJy4eHHBIX IPO0 Hynesas npoba, npoba 1,
npoba 2 u npoba 3, HAXOIANIUXCS B KOHMYECKUX KoJj0ax Ha 250 M
MEpHBIM [UIUHAPOM Ha 25 w™Ma goOaBisior mo 15 wi
KOHILIEHTPUPOBAHHON OpTO(POCHOPHON KUCIOTHI.

2.3.2 PacTtBOp HarpeBarT 10 KUMEHUS U KUTATAT 4-6 MUHYT (HE
6onee!!!), Tak KaK JUIMTETHHOE KUTISYEHUE MPUBENIET K MPUTOPAHUIO
opTodochopHOI KUCIOTHI HA THE KaKI0U U3 KOJIO.
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2.3.3 Janee pactBop oxnaxnpaor 10 80-90 °C, pa30aBisiroT
JTMCTUILTUPOBAHHOM BOJOH /10 25 M1 (1006aBiisitoT o ~10 M1 BOBI) U
TIIATEIHHO MEPEMEIINBAIOT.

3aTeM B KaXIyl KoJIOy ¢ moMoIlbio mwimHapa Ha 10 mi
no6asistor o 5 mMa 10 % pacrBopa comm Mopa B 0,5 H. cepHoi
KHCJIOTE U CHOBA TIIATEIBHO TIEPEMEITHBAIOT.

2.3.4 TlomyyeHHBIC PACTBOPHI HATPEBAIOT JI0 KUTICHUS HA IDTUTKE U
3areM oxiaxaatoT a0 15-20 °C.

2.3.5 Jlanee x pacTBOpy TpU DHEPTUYHOM TIEPEMEIIUBAHUH
noOasistoT nopuusaMu o 0,2-0,3 M KOHIIEHTPUPOBAHHOM a30THOM
KHACJIOTBI JI0 TE€X TOp, TMOKa HE HMCYE3HET MOSBIIIONIASICS BHAUYale
KOpUYHEBass OKpacka. [Jcue3HOBEHHME KOPHUYHEBOM  OKpAacCKH
yKa3bIBaeT Ha OKOHUYaHHe okucnenns Fe?*,

I{BeT pacTBOpa CTAaHOBUTCS TAKKM, KAKUM OH OBLJI JIO MPUIHBAHUS
A30THOM KHCIIOTHI.

2.3.6 Tlocne 3TOrO K Ka)XXJI0MY pacTBOPY cpasy ke J00aBISIOT MpU
ToiaTenbHoM TnepeMemmBaHuu mo 15-20 mn 10 % pacTtBopa
MoueBuHbl, 2-3 xkammm 0,5 % pacTtBopa uMHAMKaropa —
mudenunamuaocyiabdonara Hatpus U TUTPYIOT 0,042 N pactBOpom
Banamata ammoHus (NH4VO3) 1m0 mosBieHHS — yCTOMYHBOM
(bnosIeTOBOIM OKpaCKH.

Buumanue! Hnouxamop — oughenunamunocynvgponam nampus — 6
Kaxcoyio auanu3upyemyo npooy 000aeisiom moibko nocie mozo, Kaxk
ommumposana npeovioywas npooa. Imo HeoOX00umo OJisi moeo,
umoovl He NPOU3OULIO PA3JI0ACEeHUe UHOUKAMOPA Npu ONUMelbHOM
CMosiHuU npoowl.

2.3.7 Ilpu pacuere xonuuectsa U%" B mpobe npuaMMaroT, uto 1 M
pacTBopa BaHaJaTa aMMOHHUSI COOTBETCTBYET 4,99 Mmr ypana.

KoHuenTtpanuioo ypaHa B HCCIEAyeMOM ypaHCOJEpKaliem
pacTBOpe pacCYUTHIBAIOT 10 (hopmyrie:

4,99V, -1000 4,99V,
V-1000 W
rze V; —o0beM UCXOTHOTO ypaHCOoAep Kalllero pactsopa — 1 M

, T/,
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V, —o6nem 0,042 N pacTBOpa BaHa1aTa aMMOHMUS, TIOMIEAIIETO Ha
TUTpOBaHue — 28,7 MiI.

KoHnentpauus ypaHa B HCXOIHOM ypaHCOAEPKAIleM pPacTBOPE
N, coctraBmia 143,2 r/n (0,39 N*). *[Ipu pacueme neobxooumo
VMOYHUMb KOHYEHMpPAyuro ypawa 6 UCXOOHOM pacmeope (OHa
Hanucaua Ha Koabe, Uz KOmMopou omoupaiu ypaHoswvlii pacmeop OJis
nposedeHUs SIKCMpaKyuu).

2.3.8 BpUMCIAIOT paBHOBECHBIC KOHIICHTPAIlMU ypaHa B
opranmyeckux (asax, UCIOJb3ys MPU pacueTax KOHIIEHTPAIUIO ypaHa
B MCXOJTHOM PacTBOpE, paBHOBECHBIC KOHIIEHTPAILIUH B BOJHBIX (ha3ax,
a TaKKe paBHOBECHbIE 00BbEMBI BOJHOM M OpraHudeckoil ¢as mpu
AKCTPAKIMHU C PA3TMYHBIMH KOJIMYECTBAMH BBICAJIMBATEIS B O€3 HETO.

Ha tutpoBanme padunara, mosydeHHOro mocie dxctpakiuu Thd
0e3 BeIcanmBares, pacxoayercs Vo, mia tutpanta (0,042 N pactBopa
BaHaiata ammoHust NH4VO3). IIpu turpoBanuu 3-x mpo0 padunaTa
Th® c¢ BeicamuBateneM pacxonyercss Vi pap, V2 pap U V3 pag, MI
BaHaJaTa aMMOHUSI.

ITo 3akony oskBuBasmeHTOB a1 UQO2(NOs),, Haxomsmierocs B
HYJIeBOM, 1-0#, 2-0ii u 3-eif mpobax paduHara:

Vo nravos) * Novryvos) = Vio pag) * Neo pagy (8)
Va nryvos) * Noviyvos) = Viapag) * Nea pagy (9)
Ve nuyvos) * Noviyvos) = Viz pag) * Nez pagy (10)
Vs vravos) * Noviyvos) = Viz pag) * N pagy (11)

rae V(o NH4VO03) » V(1 NH,V03) V(z NH,V03) V(3 NH,V03) > 4 TAKIKC V(o pad)
v Vi pad) + Vizpad) B V(zpap) — 00bemMbl NH4VOs, a Takke ypanui-
cynbdata B padunare, mi;

Newn,vos) M N(o pag) » N1 pagy » Nez pag) 1 N3 pag) — KOHLEHTpaLuH
NH4VO3 u ypanun-uutpata B padpunarax, N.

W3 ypasrennit (8, 9, 10, 11) Beipasum Ng pag) » N(1 pag) + N2 pag) »
Nz pag)
Vo NH4v03) N(NHLV03) (12)

V(o pap) '

N(opag) =
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vV ‘N
N1 pagy =~ P (13)
v Va pat)
N _ V(2NH4v03) (NH4V03), 14
(2 pafl)) v V(z p;il\}b) ( )
_ V(3NH4V03)'N(NH4VO3)
N(3 pafl)) - V(3 pad) ' (15)

Beanunnel V(NH4_VO3)! V(O pad) V(1 pad) V(Z pad) V(3 pad) a TaKKE
u N nu,vos) » Nawavos) » Newa,vos) B N wva,vo,) B3 yCTIoBri
AKCIIEPUMEHTA U3BECTHBI.

OObIuyHO HA TUTPOBaHMeE OepyT Mo 1 MJI KaXKI0r0 U3 pagUHATOB,
103TOMY V(o pag) = Vi1 pag) = V(2 pag) = V(3 pag) =1 Ma1.

O6bem NH,V O3 cocrasun V(g yy,vo,) » MI1 — 0€3 BoICANIUBATENS, A
MIpY TUTPOBAHUH P00, copepkamux 1, 3 1 5 My BeicanuBatenst 00beM
NH4_V03 COCTaBUJI V(l NH,VO03) V(Z NH,V03) n V(3 NH,V03) MJ,
COOTBETCTBEHHO.

B pe3ynprare mnosyduM 4YeThIpE€ BEIMYMHBI KOHIIEHTPALMU
UO2(NOz3), — mpu mpoBeAeHUH SKCTPAKIIMU 03 BBICATUBATES U C
BbICAJIMBATCIIEM N(O pad) N(l pad) N(Z pad) n N(3 pad) -

KonueHnrpanus ypaHui-HUTpaTa B OPraHMYECKOM COCTaBUIA:

Neo pagy = Vo NH4V103).0,042 — R, | (16)
N1 pagy = ~NHV0I20E Ry (17)
Nz pagy = Ve NH4V103).0,042 =R, (18)
Nes pagy = Vis NH4V103).0,042 _ R, 19)
Konuenrpauus Ny o, 0€3 BbICaIMBaTENs COCTABUIA:

Ny opr — Ny — N(o pad) — Eo , (20)

Konuenrparmu Ny opr , N3 gpr 4 N3 ope € 1, 3 15 MIT BbICAIMBATEINSA
COCTaBUJIM COOTBETCTBEHHO!

Nl opr — Nucx - N(l pad) — El ) (21)
NZ opr — Nucx - N(Z pad) — EZ ) (22)
N3 opr — NI/ICX - N(3 pad) — E3 : (23)
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2.3.9. BeruucimMm k03 PHUIMEHTHI pacTipeieNieHus &g , &1 , Xy U A3
JIeIEHUEM PaBHOBECHOW KOHIICHTPAIIMH YpaHa B OpraHuveckoi daze
No opr + N1 opr + N2 opr 1 N3 opr Ha PABHOBECHYIO KOHIICHTPALUIO YpaHa
B BOJHOM (haze MpH SKCTPAKIIUU C BhICATTMBATEIIEM U 0€3 Hero:

N

@y = P2 = K, (24)
11\\’](0 pag)

ay ==K, (25)
11\\’]<1pac1>)

a, =L =K, (26)
II\\’]@ pad)

ag = (5 opr) = K3 . (27)
N(3 pag)

2.3.10. ns Toro, 9TOoOBI YCTAHOBHUTH BIIMSIHUE BBICAIMBATENS Ha
AKCTPAKIIMOHHOE U3BJICYECHHE ypaHa TpulyTunpocharom
HE00X0IMMO CPaBHUTH KOAPGUIIUEHTHI paCIIPENIENeHUs &y , A , Ay U
a3 6€3 BBICAJIMBATEIS U C PA3JIMYHBIMU KOJIMYECTBAMU BbICATHBATEIS.

3HayeHue A, 3HayeHue @y | 3HAYCHHE A, | 3HAYCHHUE A3
K, K K, K3

2.4 Bonpochl ()11 CAMOKOHTPOJIs)

1. XapakTepucTuka U OCHOBHbIE ITOHATHUS MTPOLIECCA IKCTPAKIINH.

2. Knaccudukanusi SKCTpareHTOB M MEXaHHU3MOB JKCTPaKIIMU
COEIMHEHUH ypaHa.

3. DKCTpakuusi HEUTPaTbHBIMU SKCTPareHTaMH.

4. VYpaBHeHHE SKCTpakuuu ypaHnuwiHutpata Th® u koHcTaHTa
paBHOBECHS.

5. KoadhdummenT pacnipeaenenus npoiecca ypanwiHurpata Thd
U €ro 3aBUCUMOCTb OT YCJIIOBUH MPOBEIECHHUS MpoIIecca.

6. YpaBHEHHE U30TEPMbI SIKCTPAKLIUH.

7. 3aBUCHUMOCTH KOA((ULIMEHT pacnpeesieHns OT KOHIICHTPAIuu
YPaHUIIHUTpATa B IIpolecce ero B3anmoaencreus ¢ Tbd.

8. IlomsTe BBICAIUBaATENsT M €ro pojdb B Ipoliecce
SKCTPAKLIMOHHOTO BBIJICTICHUS ypaHa.

9. OcoOeHHOCTH TpPOBEACHUS Ipolecca HKCTPAKIUM ypaHa C
BbICAJIMBATEJIeM U 0€3 Hero.

10. OcHoBsl peppo-hocdaTHO-BaHAAATHOTO METOA ONIPEACTICHUS
KOHIIEHTPALIUH YpaHa.
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11. OcHoBHbIe peakiuu Tpu mposeneHuu Heppo-hocdarno-
BaHA/IaTHOTO METO/Ia OTIPE/IeICHUsI KOHLIEHTPAIlUH ypaHa.

12. TlocnenoBarenpbHOCTh OTEpAlMidi MPH TPOBEACHUM aHATN3a
dbeppo-thocdaTrHO-BaHATATHBIM METOJIOM.

13. Meroauka pacyeta ko3 (UIMEHTAa pacrpeaeiieHus ypaHa C
BBICAJIUBATENIEM U O€3 HEro.
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