YpanoBas manydaxkrypa
IIpenuciioBue OT mepeBOTUMKA.
Hannwiti mexem sensiemest nepesooom cmamou Carl Willis « Uranium Chemistry» u onucvieaem noamwiil
YUK N POU3BOOCMBA YPAHA OM PYObl 00 YUCMO20 NPOOYKMA 8 YCA08UAX 0OMALUHEU 1aD0Opamopuu.
A He npuzvlearo nosmopsams U3N0AHCeHHbvle 30eCh ONbIMbL U XUMUyecKue npoyeccyl. Beco mamepuan
nomeweH cyeybo ¢ 03HAKOMUMENTbHLIMU YeaAMU.
Bui ne nonyuume ypam, npucoomwiil 0is CO30aHUS A0EPHO20 3apsA0a Ul peakmopHo20 MONIUGd, Max Kaxk
ONUCAHHbBLE 30eCh NPOYECChl He NPeonoaazarm obozaujerue npupooHo2o ypara uzomonom 235.
Baw Onez Aitzon.

«Xumus YpaHay.

YucThlil ypaH U €ro COEAUHEHUS B HACTOSLIEE BPEMS
HE JOCTYITHBI JIJIs1 YY€HOTO-JTF0OOUTETIs,
KOJUICKIIMOHEpa WK CTyAeHTa. UTo ke nenats?
KoneuHo xe, moiny4uTs ux camomy!

(Ha ¢oTo cieBa BbI BUTUTE «OKEIITHIA KEK)»
JIOMAIITHETO TIPOU3BOJICTBA)

DTO nepBasi KOPOTKasi CTaThsl U3 CEPUU O TOM, KaK
BBIJICJIUTh YpaH U €r0 COCIMHEHUSI U3 PYyaAbl 1JIs
JUYHBIX HYK. ECTh pa3nuuust B TOM, KaK 3TO
JIeIaeTCsl B IPOMBIIINICHHOCTH U KaK 3TO MOXKET OBbITh
MMOBTOPEHO B TUITUYHBIX JOMAIIHUX YCIOBHUSAX.
Nmerotcs Tak ke pa3inyus B HICXOJIHBIX MaTepuanax,
HEKOTOpbIE U3 KOTOPBIX MOTJIK ObI OBITH O€3 Tpyna
MOJIyYEHBI B cTapble 100pbie BpeMeHa («Bo3pmure
TraJJIOH JBIMAIIEH a30THOM KHCIOTEI U HEMHOT'O
TJIMIIEPUHA Y BAIlIET0 HAYYHOTO PYKOBOJIUTENS. ..») U TEMU OTPAHUUYEHUSIMHU, KOTOPHIE HAKJIAIbIBAET
COBPEMEHHBIN MUP HA MPUOOPETEHUS XUMUUYECKUX PEAKTHUBOB.

Bcé u3noxxeHHoe 3/1ech MpeArnoaraeT 10CTaTOUHbIE 3HaHUSI U 3PEJIO€ OTHOIIEHUE K TEXHUKE
0€30I1aCHOCTH.

Ha »Toit ¢potorpaduu nokazansl COeTUHEHUZ
" ypaHa, KOTOpbIE€ MOT'YT OBITh JIETKO MOJyYEHBI B
y JIOMAaITHUX YCJIOBHSX.

B amnynax, cieBa HanpaBo: OKCUA ypaHHIIa

. % e (UO3); Iepekucs ypaumna (UO4 « nH20);
3aKkHMCch-0okHCh ypana, U308; nuypaHat HaTpus
(Na2U207 « 6H20); tetpadtopun ypana (UF4
2.5H20); [lepypanat HaTpus B pacTBOPE;
xnmopun ypaumia (UO2CI12) B pacTBope.
Ha nepennem ruiane npeacTaBieH
rajJbBaHUYECKUH CJIOM JUOKCH]IA ypaHa.

* Yacts [: CO0p ypaHOBOI py/ibl

* Uacts II: JIpoGienue, n3menbueHne; KUCIOTHOE BhIIIETaulBaHHe

* Yacts [1I: OcaxxneHne aMMHaKoM M MoJTydyeHue KapOoHara.

* Yacts [V: [lonydeHne «GKeIToro Kekay - mepeKucH ypaHuia.

* Yacts V: Okcuapt ypana (UO3); U308; conu ypanuia.

* Yacte VI: ITonyuenune neyokucu ypana (UO2) myrem 31eKTpoIu3a.
* Yacte VII: Terpadropun ypana (UF4).

* Yacte VIII: CtpanHoe BemecTBo: "mepypaHaT HaTpusl .

* Yacts IX: [TosydeHune MeTajuIMyecKkoro ypasa.



YacTs |.
CoOop ypaHoBoii pyabl

Kax nepegoouux, mozy omocramo Bac k
OpUSUHATLY MeKCma cmambwi, U 8bl noeoume 8
conneunyro FOmy, 0obvieams ypanogyio pyoy, HO
5 0y0y munocmus u 6oaee O1U30K K HAUUM
peanusim.

Jocmamu xycku ypanosoii pyost Bel 6e3 mpyoa
Modiceme HA CIMAapbiX 3a0POULeHHbIl YPAHOBbIX
Kapbepax, 00po2ax, 6e0yuux y ypaHosbim
waxmam u omsanam. Taxux mecm noaHo Ha
npocmopax dwvisueco CCCP. Haubonee
uzgecmuule uz Hux — Keamoie Boowl,
Kuposoepao u Cmonuno na Yepaune.
Kpacnokamenck u eopa bvik 6 Poccuu. Cmoum
HEMHO20 «HOKONAmby» 8 UHMepHeme no UCMopuu
000bIUU YpaHa u OAHHBIL 8ONPOC He Oydem O

sac npoonemoi.- npum. Ilepes.

EaunHcTBeHHO, MPUAETCS CHAPSIIUTH HEOOBIIYIO KCIIEAUIIMIO Ha MAIIMHE C BBICOKUM KIIUPEHCOM H
XOpOIIIEH MOBECKOH WIIM UATH TIEIIKOM, C PFOK3aKOM, OT OJIMKaNIIeH /1 CTaHIUH.

Bawm He HY>KHO OBITH T€0JI0TOM, HO BaM
00s13aTenbHO MOTPeOyeTCss XOPOIIHii
panuoMeTp, 9TOObI OTITUYUTH PATHOAKTHBHYIO
MOPOJY, COAEPIKALLYIO YpaH, OT «IyCTOW».
Jlydie Bcero i 3TUX Lejied MOoAXOqUT
CUMHTUJUISILIUOHHBINA JETEKTOP.

VCHEWHO UCNOIb308ANMb PAOUOMEMPbL C
Heckonbkumu cuemyuxamu I eticepa muna
CEM-20 unu co cnio0aHbiMu CYUemyuKamu. —
npum. nepes.

EctectBenHo, s He pekOMeH 10 Bam TamuTh
B ITOXO0J xpyHKHe JaTYUKU C OI’pOMHBIMI/I nu
JOPOTUMH KpHUCTAJUTaMu Hoaua Hatpusi. Jlydie Bcero s 3TOH ey NOJ0UIyT CHUHTHILISTOPHI Ha
ocHoBe miactuka wim BGO. Ha ¢hoTo BB BUIHUTE M300pakeHNE MOETO CIIMHTHILIAIIMOHHOTO TTOMCKOBOTO
paaroMeTpa.

Hermoxo nMeTs y ceds 1oMa KycodeK YpaHOBOM Py/Ibl B Ka4eCTBE CTAHIAPTHOTO UCTOYHUKA U
MIPOBEPSATH IO HEMY PabOTOCIIOCOOHOCTD BaIIeTro MprUOopa mepes MoucKaMu. A «B TIOJIE» MOKHO
MPUOJIU3NUTEBHO IPUKUHYTH PaIHOAKTHBHOCTD TIOMTABIIEHCS PyIbI OTHOCHTEIBHO Balllero oopasia.

Ecam paccyxnars 31paBo, TO BaM MOHAA00UTCS €IE KOe-4To:
e Prokzaxk.
e ['ecomornueckuii MOJIOTOK.
e Tomnorpaduueckue kaptsl U GPS-HaBurarop.

[Ipouenypa moucka 3aBUCUT OT UHAUBUAYATHHOTO CTUIISI U TEXHUKH. MHE 0COOCHHO HPABUTCS IBUTaTh
JATYUK CIMHTHIUISITOPA «IOIMETAIONMI IBUKCHUSIMHU BBEPX-BHH3 110 TOPHBIM TIOPOAAM WIIH
TOPU30HTAILHO HaJl OTBaIaMu. ECTh BEpOSTHOCTD, UTO M3-32 ITHX MOTAHUN MOKET BBIUTH U3 CTPOS
BNC pa3zbeM K0akCHUIBHOTO Kabess, T0ITOMY s Bcerzia 0epy ¢ co00i B AKCIIETUIINIO HEKOTOPHIE
3armyacTu.



S cobuparo ynbTpa-akKTUBHBIE 00pa3iibl pyIbl ce0e B KOJIICKIIUIO MUHEPATIOB, a TaK K€ HU3KOCOPTHYIO
Py, B3 KOTOPOH 5 TIOITY4aro ypaH JUIst SKCIIEPUMEHTOB.

Pa3zHuia B ToM, 4TO BEICOKOAKTUBHASI py/ia OyeT JeTKO 3alIKaTuBaTh PaJuoMeTp Ha HUKHIX
MOJI/IMAIa30Hax, B TO BpeMsl, Kak cyo(heOpHIbHBIN (MaJIOAaKTHUBHBIN) MaTepuan OyaeT nokaspiBath S000-
10000 CPM na gatunke CDV-700

IIpu noucke paouomempom co cuemuuxom muna CH5M-20 evicokoakmusenas pyoa noxaxjcem
200....500mK36/4 npu cHamMOoI Kpbluike purompa cuemuuka, a Husko-akmueuas — 0o 30....50mx36/4 —
npum. Ilepes.

Mo>KHO 3alOJTHUTH Mapy OOJBIIMX BeAep HU3KOCOPTHOM PYIOi 3a OUH JIEHb, @ MOKHO BEPHYTHCS
JIOMOM TOJIBKO C ABYMSI-TPEMs KyCKaMU BBICOKOAKTUBHBIX 00pa3IIoB.

Hukorna u HM NpH KakuX YCIOBHUSX HE CIEAYET BECTH COOP B MOJ3EMHBIX IIaXTHBIX BHIPAOOTKAX.

B mTonpHSAX MOHO SI0BUTHIX Ta30B U APYrux onacHocted. K ToMy ke, o0mmumii paauaimoHHbIN (OH B
[1aXTaX HACTOJIBKO BBICOK, YTO CHJIBHO 3aTPYJHSET MOMCK CIMHTHILIATOPOM OTEIbHBIX KaMHEH.

Om nepesoouuxa:

e [locne nouckog xopowio motime pyku, 00y8b u cmupatime 00excoy, a 3amem npogepsiime ux Ha
PAOUOAKMUBHOE 3a2PAZHEHUe PAOUOMEMPOM.

e Hexomopbvie sHMy3uacmol peKomMeHOYIom UCKamy paouoaKkmuervle pyovl N0 XapaxKmepHoMy
BHeUHeMy 8U0Y, HO 20 OOCMYNHO MObKO CNEYUATUCAM-2€0]I02AM.

o Tax dice, HeKOMOpPbvLE COBEMYIOM UCNOL308AMb YIbMPADUOLEMOBYIO IAMNY OJis HOUCKO
yparosoli pyosl. OOHaKo, 0aneko He 8ce pyobl ypaHa c8emamcs 8 yivmpaguoneme, KaK npumep —
VPAHUHUM.

o Vbeoumecwv, umo meppumopus, 20e bl cobupaemecv 8ecmu HOUCKU, He A8/19eMmCsl OXPAHAEMOL.

® B Hnexomopwix cmpanax, exnouas Poccuro, konnekyuonuposarnue, nokynka u npooasica oopasyos
PAOUOAKMUBHBIX PYO YACMHBIMU TUYAMU Npeciedyemcs no 3akony. Ilomuume 06 smom!

Yacrts 1.
JApobsienune, u3mesibuYeHHe U KMCJIOTHOE BbIlEJIAaYUBAHME.
Bonpiive kaMHU ciieyeT TIATeIbHO U3MENBYHTh, YTOOBI 0OJErYUTh PpAaCTBOPEHUE ypaHa B pEaKTUBaX.
Bonsmme KYCKH OYCHbD IIJIOXO U AOJTO paCTBOPAIOTCA B BBIIICIIAYUBAIONINX paCTBOpax.
S ucnonp3yr0 04eHb MPOCTOM METO JUIsl MPEBpAIlleHUs] OONBIINX KYCKOB PY/bl B MAJICHbKUE.
PacnionoxxuBmmcek y cedst Ha 3aJHEM JBOPE, s MPOCTO HAYMHAIO Pa30MBaTh MOJIOTKOM OOJIBIITNE KYCKH
PYIbI HA TBEPOH MIIUTE, TOMEIIEHHOM B OOJBIIYIO MIACTUKOBYIO KOPOOKY.
51 6p10 KaMHU CHOBA M CHOBA, MU3MEJNTbYasi BCE KYCKH JI0 pa3Mepa TOPOIIMHBL. DTO THKEIIBIM PyUYHON TPYII.
3aTeMm sl MPOCEUBAI0 BCIO MACCY YEPE3 METAIUIMYECKYIO CETKY JUIsl KYPSITHUKOB C pa3MEpOM STUEHKH 6 MM,
a TIOTOM U 4epe3 KyXOHHOE CUTO.
Ob6pa3yercs TpH ppakiuu:
1. ®pakmus, KoTopas He MPOoIIIa Yepe3 CeTKY 6 MM — OTIIPABIISETCS OMATh HA APOOJICHHE
MOJIOTKOM.
2. ®paknus, KOTopas MpoIIa 4epe3 ceTKy 6 MM, HO He TIPOoIIlia Yepe3 KyXOHHOE CUTO —
OTHPABIISIETCS B IIAPOBYIO MEJILHUILY.
3. ®paknus, KoTopas MPOIUIa Yepe3 CUTO CUATACTCS TOTOBOM K BBIIIEITAYMBAHHIO.



Mos mapoBas MenpHUIIA Oblla KymuieHa Ha eBay u
BECUT 0KO0JI0 6,5kT. OHA BIOJHE MPHUTOAHA JIJIS
XOpOIUIEro nepeMalibiBanus pyabl. YToObl 6apaban
MEJIbHUIIBI UMEJT JIy4Illee CIeINIEHUE C POJIUKAMU, 5
00MOTAJI €0 TI0 OKPYKHOCTH KJICHKOM JIEHTOH, a Ha
POJIMKU HAHEC HECKOJIbKO Kamellb Mefa.

JLyist i3MenbYeHUS] CMECH TPHOOPETUTE CTaTbHBIC
apUKu AuameTpom ot 1,2 10 2cm.

Takue wapuku MOACHO 8b16UMB U3 NOOUUNHUKOS
pasHozo pasmepa. — npum. Ilepes.

51, xak npaBuiIo, JI0XKY 10 2,4KT 11apoB U 10 2,4 Kr
pyZasl. 3a 1eHb METbHHIIA MOXKET U3MEIbYUTH MOPIHIO PY/Bl 10 COCTOSIHHS MOPOIIKA, KOTOPBIH OyneT
MPOXOJUTH CKBO3b KYXOHHOE CHUTO.

BeimesaunBanue ypana MoskeT ObITh IPOU3BEICHO
KHCJIOTAMH WM KapOoHaTaMu. B poMBIIIIEHHOCTH
BbIOOpP 3aBUCHUT OT XMMHUYECKOT'0 cocTaBa pyabl. Ecin
pyZa UMeeT B OCHOBHOM KapOOHATHBIN COCTaB, TO
HCIOJIb30BATh KUCIOTY HE SKOHOMHYHO, HO 3aTO
KHCJI0Ta 0oJiee arpecCuBHA.

bo6 JIazap u3 UnitedNuclear.com noapo0OHo onucan
mporecc KapOOHATHOTO BhIIIEITAYNBaAHU.

(A coenato nepesod smoti cmamou N0 KApOOHAMHOMY
gvlyenavusanulo nosdice. — npum. Ilepes.)

MHe HpaBUTCSl KUCIIOTHBIN Ipoliecc ¢ Moel pynoit u3
IOTE1. Kucnora pearupyer o4eHb OBICTPO U

. MOJTHOCTBIO. S HCIOMB3YI0 KUCIIOTY U JUIS
BBIIIEJIAYMBAHUS KApOOHATOB U JIJISl U3METIbUEHUS PY/Ibl B MYJIBITY MeIb4e, YeM B MAPOBOW MEIFHUIIE.
Kucnora, kotopyto s npumensto — ComnstHast kuciaota 33%, KOTOPYIO sl HAIMBAIO MPSIMO U3 KaHUCTPBI.
(noootioem xonyenmpuposannas HCL 33...37% - npum. Ilepes.).

CHauaJa s Hachlla U3MeIbUeHHYIO pyay Ha AHO 20 JUTPOBOTO BeJpa U HEMHOI'O CMauuBaro e€ BOJOH,
nepeMenrBasi, 9ToObI OTYIUTh PABHOMEPHYIO CYCIIEH3HUI0. A 3aTeM J00aBIISIO CONSTHYIO KACIOTY. Bo
BPEMsI pEaKIUU KHCIOTHI C KAJIBIIATOM M JOJIOMHTOM B ITECUYAHHKE BBIZCISIETCS O9€Hh MHOTO
YIJIEKHUCIIOTO Ta3a. Sl mepuoaudecky mepeMenInBar CoIepKuMoe Beipa, pa3oruBas KOMKH, U J00aBIISIO
KUCIOTY, yToObl PH pacTBOpa ocraBascs Bcerja KUCIbIM.

KuCcJI0TBHI MOTYT U3BJI€Yb 3HAYHTEIbHYIO YaCTh YPaHa, TOJIbKO ecju oH HaxoauTcs B VI crenenn
okucjeHusi. Takum o0pa3om, B BEAPO C PEAKITMOHHON CMECHI0 HEOOXOIUMO TI00aBUTH eMIE 1
okucnutens, 4toosl nepesectu U (1V), compepxamuiics B pyne, 8 U (VI).

S mpenmounTaro XJIOPHBIA OTOEIUBATENb, KAK CaMbIil IeMIeBbIN 11 9TOH 11eu. (Bbl 1OmKHBI
MOJTHOCTBIO TIOHSTH CMBICIT MTPOUCXOJISIIECTO, IPEXKIE, YeM OpaThCs 3a ATO Ha MPAKTHKE).

JobGaBinsiiTe 0TOSMBATEND, TIEPEMENTUBANTE U CHOBA JOOABIISATE

Buumanue! [Ipu 3T0M U3 cMecH BbIIENSETCS SIOBUTHIN ra3 Xiop! He nbInTe UM 1 IPOBOIUTE MPOIIECC
TOJIEKO Ha OTKPBITOM BO3ayXe!

M3Ha4yanbHO MPOAYKT BBIIIETAYMBAHNS UMEET IIBET JICCHOM 3€JICHH, HO TIOCIIe T00aBICHHS OTOCINBATEIS
OH CTaHOBHUTCS CBETIIO-3€JICHO-510109HOr0 oTTeHKa Beneacrsue okucinerus Fe (11) B Fe (111). XKeneso, Ha
caMoM jiejie, SIBIISICTCS KaTaau3aTopoM B 3TOM mporiecce BoimienauuBanus: Fe (111) 6yaer okucnsars U
(V).

X7nopka 00bIYHO 3alIeTIaYMBaeT PEAKIIMOHHYIO CMECh U € HaJI0 CHOBA 3aKHUCIUTh, IIOCIE JOOABICHHS
oroenusatens. [pyrue okuciurenu (KCIO3, KMnO4, MnO2, u H202) Toxe croasrtcst st 3TOro
poIecca, Ho OHU UMEIOT 00JIee BHICOKYIO CTOMMOCTb.



B TeueHne HECKOJIBKUX THEH OTCTauBaWTE U NEPUOJUYECKU ITEPEMELINBANTE
PEaKIUOHHYIO CMECH, IIOTOM CJIEUTE €€.

Ota cMech sI0J0YHO 3€JIEHOTO [[BETa U OYEHb MYTHAs!, HE CMOTPS Ha JUIUTEILHOE
OTCTanBaHHUE.

S ordunsTpoBan €€ mpu MOMOIIH INIACTHKOBOW BOPOHKU U GIIIBTPOB [ Kode. Ho aTo
HE J1aJI0 XKEJIAeMOT'0 pe3yibTara.

Torna st npUMeHNI BaKyyMHYIO (QUIBTpAIHioO U GUIBTP U3 TOHKON U KaUeCTBEHHOMH
¢GuibTpoBaNIbHON Oymaru. Pe3ynbraT nokasaHn Ha pUCyHKE cJeBa.

Pe3rome: KucinoTHsIl mporiecc BhIeTIaYMBaHIS, OMUCAHHBIN BBIIIE, BKIIOYACT B CEOSI
CJIEAYIOUIME PEAKIUU:

Oxucnerne U(IV): UOye) + Claag — (U02)* (ag) + 2C1 )

Pacteoperue U(V1): UOsg) + 2H" ag) — (UO,)** g + H200)

Yacrs 1I1:
OcasxneHue aMMHAKOM H NOJIy4YeHHe KapOoHaTa.
KapOonaTHbie pacTBOPHI ABJISIOTCS XOPOUIUMH pacTBopuTensamu g coenunenuit U (VI),

! yIep>KUBasi ypaH B pacTBOpPE, TOT1a KaKk OOJIBIIMHCTBO JAPYTUX 3JIEMEHTOB, 00pa3yloT ¢
L/ aMMHUaKOM HEpacTBOPUMBIE COJIM, KOTOPBIE BhIMA1al0T B ocaioK. CieBa n3o0paxkeH
'\f? MPOIYKT HA ATON CTAJIUU: )KEITBIA U 0OUYeHBb (MIFOOPECIICHTHBIN PacTBOP, COACPKAIIUN
Vi voHbI ypaumikapoonata UO,(COs)s™

UTOoOBI €ro MOTyYuTh, HAJI0 MPOU3BECTH KUCIIOTHOE BhIenaunBanue u3 Yactu 11 u

PCaKInuo ¢ aMMHUAKOM, KOTOPasA OCAAUT YpaH U OCTABUT B PACTBOPC MMOOOYHBIC DJIEMEHTHI.

JUnis 5TOro0 11ara noTpeOyIOTCs caelyIonne XUMHUYECKUe BEellecTBa:
e PactBop ammuaka 25% (mipoaaercsi, kak ObITOBOE Motoliiee cpeacTBo). Ho on
JIOJDKEH OBITh YHCTBIM, 0€3 IPUMECH MTOBEPXHOCTHO-aKTUBHBIX BEIIIECTB.
e Kap6onar Hatpust Nap;CO3 — yriekucinslii HaTpuil, KadbIIMHUPOBAHHAS COJA.
[TponaeTcst B Mara3uHax ObITOBOM XMMHM KaK MOIOILIEE CPEJICTBO.
e bBukapOonar HaTpus — nuIeBas coja.

Haunewm c 3enensivm punbstpata HCL, nonydyennoro B Yacru 11

[Ipn noMenBanuu BIMBaeM B 3TO GUIBTPAT TOCTATOYHOE KOJIMYECTBO pacTBOpa aMMHaka, yToosl PH
nogHsuics 10 10 u o6pazoBasicss 00beMHBIN 0CAIOK.

B ¢unpTpar HeoOxoaumMo 100aBUTH JOCTATOYHOE KOJIMUYECTBO pacTBOpa aMMHaKa, YToObl MOAHITh pH
10 10 u obpaszoBascs o0bemMHbIH ocanok. [Ipu pH = 5 HauMHaeT MOSBIATHCS JKENTHIA 0CaTIOK
muypanara(U,07%).

[Ipu nanpHeimem npuOaBIeHUN aMMHUAKa 0CaI0K CTAHOBUTCS TEMHO-3€JIEHO-OJIMBKOBOTO I[BETA.
Hexotopsie MOTYT BO3pa3uTh, 4TO 5 AOJKEH MpekpatuTh nodasieHue NH3 npu pH = 5-7 u nobutbcst
HEKOTOPOM CeNIEKTUBHOCTH JJIs ypaHa. Bo3MokHO, 3TO Xopomias ues, s He MpoOoBal TakK JenaTh.
[Ipuumna, mo qo6asnennu 10 pH = 10, 4TOOHI:

A. OGecrieunTh MOJTHOE OCAXICHHUE ypaHa.

b. [Tonyunts n3661TOoK NH3 1715t 06pazoBanust pacTBOpUMBIX KoMIuiekcoB Zn, Cu, Ni, Ag, Cd.



EMKOCTB 3aKpbIBalOT FepMETUYHO KPBIIIKOM U TAIOT OCAAKY
OTCTOSITBCSL.

ITocne orcrauBanus, MPO3payHyIO YPIYPHYIO KUIKOCTb,
COJIEprKallyr0 KOMILIEKCHI aMMHAaKa CIMBAIOT, a OCaJ0K OTAEISAIOT
Y IIPOMBIBAIOT 3...5 pa3 KUIALIEH BOJOH ISl yAaJeHUsl aMMHaKa 1
pacTBOpHUMBIX coJield. CyIIuTh 0CaIoK He 0053aTeIbHO, HO €CITH
CIENATh 3TO, TO MOJIYYUTCS KEITO-KOPUYHEBBIN ITOPOILIOK, KAK Ha
doro cresa.

KapOonaTHoe BblleJJaYuBaHHe aMMHAYHOI0 0CA/IKA UCIIOJIb3YETCs JJIs OTJIEJICHUS ypaHa C
HEOOJIBIIUM KOJTMYECTBOM APYTUX pumMecei (Boab(hpamMoM U MOJIHOIEHOM) OT BCETO OCTAIBLHOTO,
TJIABHBIM 00pa3oM, xerne3a. S Mor Obl MpoCTo cpasy BHIIIETAUYMBATH PYyIy KapOOHATOM, HO, IO MOEMY
OTIBITY, KapOOHAT OYeHb MEJICHHO pacTBOpseT pyay u3 KOToL.
Kenesucmo-keapyumogo-necmamumosvie pyovl YKpaunsl modice npaKkmuiecku He no00aromcs npAmomy
Kapbonamuomy vliyenavusanuio. — npum. Ilepes.

KucnoTrHoe BhIIeTaYnBaHNe M OCAXKICHUE AMMHAKOM ITO3BOJISIET IMOYYUTh 00Jiee KOHIICHTPHUPOBAHHBIM,
MEJIKOJIMCIIEPCHBIN U OKUCICHHBIN MPOAYKT AJisi KapOOHATHOTO BhIIIETAYUBAHUS.

Moii penent KapOOHATHOIO BHIIIEJIAYUBAHUS TAKOB:
B 20-u nutpoBoM Beape pacTBOPUTH 2 KT coAbl B 13 1. ropsiueii BOABI.
PacTBOp nuIeBoit cobl 10CTaTOYHO ILEIOYHOM, YTOOBI pacTBOPUTH YPaH, Tak U JOJKHO ObITh, bydep
pH 10,5. ITorpedyeTtcs 2-3 ynakoBku coapl. ATMochepHblii CO2 Takke SBISIETCS YacThIO 3TOT0
paBHOBECHS.
Cam nporiecc BbIIIeTaqYuBaHU
BeChbMa 3aHATHBIN: 5 clienal
YCTAHOBKY, BKJIFOUAIOMIYIO B
ce0s1 HeOOIBIIYIO
MHUKPOBOJIHOBYIO TI€Ub,
JUTMHHYIO TUTACTUKOBYIO
TpYOKY, BEIpO U TIOTPYKHOMN
aKBapUyMHBII Hacoc (cM. GoTo
CJIeBa).
B 60K0BOIi CTEHKE yXOBKH
CBEPJISITCS JIBA MATEHBKHUX
OTBEPCTUS AJIs TPYOKH (3TH
OTBEPCTHSI CITUIIKOM MaJIbl,
YTOOBI U3JTy4aTh MUKPOBOJIHBI)
A i ke _ JlnuHHAs TUTacTHKOBAs TPyOKa
. e . 4 TR CBEpHYTa B CIUPaJIb U
CBOOOJTHO JIGKHUT BHYTPH MUKPOBOJIHOBOH TI€UH, a €€ KOHIIBI BBIBEACHBI HAPY)KY Uepe3 OTBEPCTHSI.
[TorpyxHoi1 Hacoc HAXOIUTCS B BEAPE U MIPOTOHSET PACTBOP 1O KPYTy U3 Beapa Mo TpyOke uepe3
MHUKPOBOJTHOBYIO TTI€4h OOpaTHO B Belpo. TemrepaTypa HarpeBa pactBopa B TpyOKe BHYTpH
MHUKPOBOJIHOBKH JOJbKHA Mpuban3uTcs k §0C mocie Toro Kak cucteMa nopadoTaeT HEKOTOpOe BpeMsl.
OueBUIHO, YTO OHAAOOUTCS HEMHOTO [TOKCIIEPUMEHTHPOBATh, YTOOBI ONIPEACIINTh JUTMHY TpyOku. He
JIOITyCKaiTe 3aKuNaHus pacTBopa!
Benpo 3anuBaroT 10 MOJOBUHBI paCTBOPOM KapOOHaTa U 100aBIIsIOT aMMHUAuHBIN OCaJI0K AMYpaHaTa,
NOJIyYECHHBIN B pe3yJIbTaTe HEUTPAIU3aLUH 2 JINTPOB MATOYHOT'O KUCIOTHOTO pacTBOPA.
[Tocne 3amycka Hacoca 1 MUKPOBOJIHOBOM MEUH, KENThIN LIBET ypaHa MOSABIAETCS PAKTHUECKHU Cpasy.
Sl 3amyckaro 3Ty cucTeMy Ha HECKOJIBKO YacOB €KEJIHEBHO B T€UEHUU 2...3 THEM.




Vpan normnomaer CO3”, M0O3TOMY HEOGXOIUMO TEPHOINIECKHI
J00ABIISATE coy s moanepxkanus pH oxoio 10,5.

OO6oramieHHbli pacTBOP CIUBAIOT MOPLUUSMH, TPU HEOOXOAUMOCTH,
HarpasJisis BEIBOJHYIO TPYOKY U3 neduku Ha GuiibTp i1 kode. B cocyn
10JT BOPOHKOM ¢ GMIBTPOM cOOMpPAETCs MPO3PAUHBIH KENTHIA PacTBOP.
3areM He0OXOMMO MPOBECTH BAKYYMHYIO (PHIIBTpALMIO Ha Ooee
TOHKOM M Ka4eCTBEHHOM (HIIbTPE, YTOOBI yIAIUTh BCE CIICIBI
MYTHOCTH.

IGINEERED SYSTEMS & O

O, ¥ 51 10JDKEH YIIOMSIHYTb, (piryopecieHunio!
HoHbI ypaHuIia CBETATCS SIPKUM 3€JICHBIM
CBETOM B JUTHHHO- H KOPOTKOBOJTHOBOM
ynbTpaduonere.

Yacrs IV:
Monyyenne «Kearoro keka» - nepeKucH ypaHuJjia.

[Ipexne Bcero, ciielyeT YIIOMSHYTh, UTO <GKEJThII KEK» - 3TO He
BEIIIECTBO C KOHKPETHBIM COCTABOM. B IPOMBIIIEHHOCTH TaK
Ha3bIBaIOT KOHIIEHTPATHI-NI0Ty(aOpuKaThl ypaHa, HE 3aBUCUMO OT UX
XuMH4ecKor popMyiibl. «KenTolil KeK» COCTOATh U3
ypaHuikapOoHaTa, ypaHaTa UM UypaHaTa aMMOHUS, OKCHJIOB ypaHa.
CeroniHs O0JBIIMHCTBO YPaHOBOM MPOMBILIUIEHHOCTH BBIITyCKAET
KoHLEeHTpaT coctaBa U308, KOTOPHIN 1a)e He KEJITOro nseral
31ech MbI Oy/ieM 0CAXKIAATh «KeJIThIH KeK» epeKucH ypaHujia
(UO4 » nH20), xoTOpHIii JEHCTBUTENHFHO UMEET HACHIIIICHHBIN JKEeITHIN
uBeT. Uto emé 6osee BaXKHO — 3Ta peaklus OCAKIACHHS OYEHb
u30upaTenbHa K COeTMHEHUsAM ypaHa. [lepekuch ypaHa sBiseTcs
OJIHMM U3 HEMHOTMX HEOPTraHWYECKHUX IIEPOKCUIOB, KOTOPBIE HEPACTBOPUMBI B BOJIE.

Urak, 1 nutp ypaHuikapOOHAaTHOTO pacTBopa, noiaydenHoro B Yactu ll1, paznensem Ha aBe nmopruu —
700m1 1 300Mmu.

Bonpmas gacts (700mi1) HelTpanu3yeTcst CONTHON KUCIOTON 10 pH = 3, 4T0 conmpoBOKIaeTCS
BbIJI€JICHHEM OOJIBLIOr0 KOJMYECTBA YIIIEKUCIIOTO ra3a. 3aTeM 3TOT PacTBOP CIEAYET NPOKUISTUTD,
4yT00BI ynanutk pactBopeHHbIi CO2. B npouecce HelTpanu3auy MOKET BHIIACTh HEMHOTO OCaJIKa,
KOTOPBIN CJIENYET OCTaBUTh B PACTBOPE.

Mamnas nopuus (300Mi1) OTKIIAABIBAETCS HA MTOTOM.

Ilepexuch Bogopoaa B M30bITKe 100aBJsIeTCH B 1era3uPOBAHHbINA PacTBOP, MIOKA OH €IIE TOPSUMl.
UYem ropsiuee pacTBOp, TEM JIy4UIll€ BBIAIAET OCAJOK.

S mpenmounTaro uncTyro 27% mnepexkuch Bogoposa. Jlobasnsem e€ B komudectBe 20 M Ha JIUTP
pacTBopa.

Ob6parure BHUMaHuE: 27% nepekuck Ooiee onacHa, 4eM oObIYHAs alTeyHast — OHa CIIOCOOHA BBI3BIBATh
CUJIbHBIE 0’KOTH Ha KOXKE.

B pesynbrare MbI IOJIy4HUM CBETIIO-XKEITHIH 0Cal0K, KOTOPBIN OBICTPO BBINAAAET U3 pacTBOPA.

u pH ToXxe pe3ko najaer.

DopMyIIbl HUKE WILTIOCTPUPYIOT, YTO PEAKIHs UIET ¢ 00pa30BaHHEM KHUCIOTHI, KOTOPask COMPOBOXKIAET
o0Opa3oBaHue NMEPOKCUIA ypaHUIIA.




Teneps 0 BTopoi, mainoit (300mi1) mOpIuK pacTBOpa ypaHUIKapOOHaTa.

S ucnonb3yio e€, 4ToObl HENTPaTH30BBIBATH U3IHUIIKH KUCIOTHI B IPOLIECCE PEAKIIUU EPBOM MOPIHH C
MEePEeKUChIo Bogopoaa 10 Bo3Bpara pH k 3-4. Jlob6aBiisieM 3TOT pacTBOp K peaKIIMOHHOW CMECH, ITOKa OHA
ocTaeTcsl MoYTH Kunsinie. Eciu octanyTes W3MUIIKY — BEpHUTE UX B BEAPO C ypaHUIKApOOHATOM,
OTKYJa ¥ OBLIO B35TO, IO TOTO MOMEHTA, KOT/1a COOepeTech JeNaTh CICAYIONIYIO TapTHIO.

[Tpu noGaBneHNM KapOOHATA MOKET MOSABUTHCS HEOOIBIIOE KPACHOBATOE UIIM OPAH)KEBOE OKPALTUBAHUE
- cM Yacts VIII Huxe aiist o0ObsicHEHUS.

Oxonuanue: [103BoIbTE OCaKy BBINAAATh U PETYJIUPYUTE STOT MPOLECC B 3aKPHITOM EMKOCTHU B
TEYEHUU HECKOJBKUX YacoB. ClelTe KUJIKOCTh U MIPOMOUTE OCAJOK HECKOJIBKO pa3 JUCTUILIMPOBAHHOMN
BOJIOM. BhIcylmuTe 0caok B CTEKJISTHHON TEPMOYIOPHOM KaCTPIOJie, B MUKPOBOJIHOBOU MEYH.

Pe3tome: Heounnenusiil ypanmwikapOoHat, HoJydeHHbINH B yacTy 111, HeHTpaM3yroT KUCIIOTOM ¢
o0pa3oBaHUEM pacTBOpa ypaHWiIa. 3aTEM OCAKAAIOT U3 ATOTO PacCTBOPA MEPOKCHUJ ypaHa. DTa peaKius
OUYEHb CEJIEKTUBHA U MO3BOJISET OTJACIIUTh YUCTHIM YpaH OT IPYTUX IpUMECcEH.

Crnenyetr OTMETUTD, YTO CTEXMOMETPUUECKOE COOTHOIICHNE aHMOHOB YpaHWIKapOoHaTta, BOAbI U
o0pa3yrolierocs MepoKcHia ypaHuia 3aBUCUT OT HEKOTOPBIX HEKOHTPOIUPYEMBIX TIEPEMEHHBIX
YCIIOBUH, MTOATOMY (POPMYJIBI, IPUBEICHHBIC HUXKE, TOMEIIECHBI TOJILKO B KAYECTBE 00pasia.

Heitrpanuzanusi: 6H+(aq) + UOz(COg):;A_(aq) — (U02)2+(aq) + 3C02(g) + 3H20(|)

Ocaxnenue:. (U02)2+(aq) + H202(|) — UO4'2H20(5) + 2H+(aq) + 2H20(|)

Yacrs V:
Oxcuasbl ypana (UO3); U30O8; cosm ypanuaa.

///!

VYpaHn B BuJIe IepoKcHa Ha cTajuu [V MOXKET ObITh JJOTIOJTHUTEIHHO
ouulleH, myreM nepesenenus ero B okcuasl UO3 mm U308. Spko-
opanxeBblii UO3 sBnsieTCs KOHEUHBIM MPOJTYKTOM MOEH pyTHHHOMN
OYHMCTKH U BpaTaMH K JIPYyTUM YPaHOBBIM coenHeHus M. OH
TOJTy4aeTCsl TyTeM HarpeBaHus cyxoro nepokcuaa ypana UO4 ¢
NH20 B otkpsIToii ocyne npu 300 ° C. B npouecce Harpesa
WCTIAPSIOTCS JIETYYre 3arpsA3HSIONINE BEIIEeCTBA - BOJIA, KHCIOPO/I,
aMMMaK, TaJoreHbl, HePEeKUCh BOJIOPOIA.

C camoro Hayasya HarpeBaHUs XOPOIIO NepEeMENTUBANTE IEPOKCHT
ypaHa 70 TeX Mop, oKa BeCh MPOIYKT HE MPHOOPETET SPKO-
opamkeBbIi 1BeT. Eciin TeMnepaTypa moaep>KuBaeTcs HauIeKaim
00pa3oM, TO MPOAYKT Oy/eT UMETh YNCTBIN OopaHxkeBblil iBeT. Eciu Bel meperpeere peakinoHHyr0
cMmech, To opamkeBblii UO3 HauHeT mpeBpamarbes B KopuaHeBo-3eneHbiii U308.

Msue Hpasutcs UO3 B kauecTBe KOHEUHOTO pe3yJIbTaTa TeM, YTO OH JIETKO paCTBOPSIETCS B KMCIIOTAX,
MMEET OIPEICIIEHHYIO0 CTEXHOMETPHIO, 1 He TpeOyeT MHOTO TeIlIa, Ik CBOero oOpa3oBaHus. S XpaHio
CBOM 3amachl ypana uMeHHo B Buge UO3.

Ecmu sxenatensro momyunts nMeHHO U308, To pocto Harpesaiite opamkessiid UO3 10 Tex mop, moka
OH HE CTaHeT PAaBHOMEPHO TEMHO-KOPHYHEBO-3€JIEHOT0 LIBETa. DTOT MpoIecc TpeOyeT MHOTO Teria U
IPOM3BOJUT MPOAYKT CMEIIAHHOM BaJICHTHOCTH M IMTEPEMEHHOTO CTEXHOMETPHUH, UTO 3aTPyTHSET
pacTBOPEHHE €ro B KHCIIOTE.

Ectb omun noBkwuii Tprok utst ipurotoBiieHrst U308. OH cOCTOUT B HCITOJTB30BAaHUU €70 OOJBIIIOTO
TaHIeHca yIia AU3JIEKTPUUYECKUX MTOTeph NMPH 3aBepiieHuu peakiu u3 UO3 B MUKPOBOJIHOBOM MEYH.
Hacpimbre B 00JbII0N KepaMUYECKHUI TUTETh TOHKUM cioeM ToToBbii U308 u 10CKIIBTE CBEPXY 10
nosioBuHbI cBexxUM UO3. Oxcun U308 cuitbHO HarpeBaeTcst OT MUKPOBOJIH U TEIIO 3aBEpILAET
npeBpaienue cexxero UO3.




Yacrs VI:

IHoamyuyenne nByokucu ypana (UO2) nmyrem 3Jj1eKTpoJin3a.
Tonxkuii cinoit UO2 MOXKET OBITh TIOJIYYCH
raJIbBAHUYECKUM IIyTEM Ha METAJUIMYECKOM KaToJIe U3
cojiel ypaHuia. DTOT IpoLecC He ABIsAETCA
3¢ EKTUBHBIM C ANEKTPOXUMUYECKON TOUKH 3PEHHS, T.K.
OosblIasi YaCTh YHEPTUU PACXOAYETCs Ha
ra3o00pa30BaHuE U BBIJICJICHUE TEIUIA, HO IIOTCHIUAIBHO
OYeHb y100€H JIJIsl U3TOTOBIICHUS MOIYIPOBOIHUKOBBIX
KOMIIOHEHTOB JIJIsl SKCIIEPUMEHTAIIbHBIX «Kamep

v JICTICHHSI.
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Linac Systems, u.c “"Linac Builders Do It Straight
6105 Coronado Ave. NE, Albuquerque, NM 87109 (505) 797-5614 wwwlinac.com

etttk el «Kamepa oenenusy - smo cneyuanvbhas Moouguxayus
uOHMS’aquHHOﬁ Kamepul, npe()HGBHalleHHa}l ons

peaucmpayuu Heumponos. — npum. Ilepes.

Bam nonano0sTcs ciieayomue MHCTPYMEHThI H MaTepHAJIbI:

e UO3 (cm Yacts V).
paz0aBieHHasl cepHasi KUCJIOTa (AKKyMYJISITOPHBIN 3JIEKTPOJIUT).

e PactBop amManaka (TEXHUYECKUI HAIIATBIPHBINA cupT 25%).

e Tounsiii pH-meTp.

Karox mist ocaxkaenus. S ¢ ycriexom HCIONIb3YI0 MEIHBIN JTUCT U KOPOOKY C JIC3BUSIMH.

e He oxucnstomuiics anoj. S peKOMEHAYI0 TUTAHOBBIN AJIEKTPO/ C TUIATUHOBHIM HarbuieHneM. OH
OYEHb U3HOCOYCTOWUUB. (Aea, kak paz onsa nac! TumaHoswlii...c NIAMUHOBLIM HANBLIEHUEM...
Cmoum nonpo6osams 00vbikHOGeHHbIU 2paghum. — npum.llepes).

e briok nutanus nocrostHHOro Toka 15BonsT, 10A. (Ilodotioem 3apsionoe ycmpoiicmeo 0
AKKYMYsmopos,. — npum. Ilepes.).

o [lmacTukoBas WM CTEKJISIHHAS] €MKOCTb.

B Moem skcrnieprMeHTe sl UCTI0Nb30Ball INIACTUKOBBIN ~ 300 MJI KOHTEHHEp AJIs MUIIEBBIX MPOIYKTOB B
KadyecTBe 3JIeKTposiniepa. B Oyayiem s niaHupyro MCHOIb30BATh CTEKJISTHHYIO €MKOCTb U3-3a Harpena
AJEKTPOJIHTA.

UYUToObI MPUTOTOBUTH AIEKTPOJIHUT, s pacTBopuI 6 T UO3 B akKyMyJISITOPHON CEpHOU KUCIIOTE, a 3aTeM
YaCTUYHO HeWTpanu3oBai ammuakoM 10 pH = 2,0. [Tony4ueHHbIi pacTBOpP 5 TOMECTHII B SJIEKTPOJIU3ED U
pasz6asuia 10 ~ 300 mit pactBopom 0,2 M (NH4) 2SO4, npuroToBieHHBIM paHee U3 KUCIOTHI U
HammaTeIpHOTO criupTa (25% p-p ammuaka). Hakonerr, nosen pH 10 2,5 ¢ moMoIIb10 HECKOJIBKUX Karelb
KUCIOTHL. Tenepp HacTano Bpemsi, YTOObI BKIIOUUTH TOK!

B snektponuzepe aHo1 ycTaHaBIMBAETCS B BUJE LIMJIMH]Ipa
BEpPTUKAIIbHO, a KaToj Bo3ye cTreHku. CM oto creBa. S momyunn
HAWTYYIIUE Pe3ylbTaThl, KOTJa KaToJ UMeN TUIOIIaas He Oonee
yeMm 15 cM2 B ctopony anoga. OOparHasi cTOpoHa KaTtoja OyaeT
UMETh MHHUMAJILHOE MTOKPBITHE, 32 HCKIII0UEeHHEM Tepudepu.
[Toce BKTIOUEHUS UCTOYHUKA MMATAHUS JIEKTPOJIN3 HAUYHMHACTCS
¢ OypHOTO BBIJIEJICHHSI Ta3a HA 000MX NEeKTpoiax. B mporecce
AJIEKTPOJIN3a PACTBOP HArPEBACTCS U TOK MOXKET PAaCTH WITH
naaath. S mepemenan aHoa OJIMKe U aibllie OT KaToaa, YTOObI
YCTaHOBUTH TOK 0k0JI0 10A.

Ocaiok HaYMHAET MOSBISTHCS B BUIE 0apXaTHCTOrO YePHOTO
ciosi. Mou 351eKTpo bl MOKPBIBATUCH OCAIKOM MPUMEPHO 32 5
MHUH. boiee TOJICTBIN CIION OCajKa Ha 3JIEKTPOAa XOTh U
coaepxut 6oawiuii ciioir UO2, HO MeHee MPOYEH U JIETKO
OTBAJIMBAETCS OT AIEKTpoaa. Mexay (azamu 3JIeKTpom3a



http://nuclphys.sinp.msu.ru/experiment/detectors/ion.htm

YPOBCHB 3JICKTPOJIUTA MOKXHO BOCCTAHABJIMBATD, I[O6aBJ'I$I$I I[HCTHJIJIPIpOBﬁHHOﬁ BOJBI.

[Tnactunku karonoB patot npumepHo 2000-3000 CPM nHa
TOpLEeBOM cueTuuke [ elirepa-Mroiuiepa, 4To yKa3bIBaeT Ha
neiicreurensHoe Hammuue UO2,

Ecnu katoapl ucnaukanbl OCaXICHHBIMH COJISIMH YpaHUJIa, TO UX
MOKHO OTMBITh OBICTPBIM OTIOJIACKUBAHUEM B PacTBOPE
paz6asnennoit HCL, u cnoit UO2 npu sToM He Oyzer
MOBPEX/ICH.

51 ycnenrHo ucroab30Bal MEIHBIC JICHTHI C TOI00HBIM
MOKPBITUEM TUOKCUIIOM ypaHa B KaUeCTBE MOJIYIPOBOJIHUKA TS
JETEKTOPHOTO MPUEMHHKA C TUOIHBIM ITEPEXO00M,
00pa30BaHHBIM MEX]y CIOEM JTUOKCHAA ypaHa U MYyYKOM
CTAJIbHBIX TTPOBOJIOYEK. Takoe paauo padboTaer, HO mI0x0. MHe
HE00XO0IMMO SKCIIEPUMEHTHPOBATH C YCIOBUSIMHU M UCXOIHBIMU
MaTepHaIaMu, YTOOBI JTyUIIe TOHSTH IMOJIYIIPOBOJIHUKOBBIE
cBoiictBa UO2.

Pesrome:

U (VI), nepexoaut B U (IV) Ha KaToje 3IEKTPOXUMUIECKOH stueiiki. O MPOMEKYTOUHBIX M TOOOYHBIX
IPOJIYKTaxX 3TOrO MpoIecca, MOX0XkKe, He OYSHb XOPOLIO H3BECTHO.

Orta npoueaypa B3sta u3 Maya and Gonzalez o nazeanuem “Electrodeposition of uranium dioxide
films,” J. Radioanalytical and Nuclear Chemistry, 261(3) 605-607 (2004).

$1 He X04y J1aBaTh MOJIHYIO CCBUTKY Ha TeKCT Springer, T.x. Crpunrep siBnsiercst u3BectHbiM Google-
CIIaMepOM | He 3aCITy’KUBAET CBOEH MPHOBLIH.

Yacrs VII: TeTrpadTopun ypana.

Terpadropun ypana (UF4), uzBecteH kak «3ejeHast COJb)
B YPaHOBOW MPOMBIIICHHOCTH U SIBJISIETCS BAXKHBIM
MIPOMEKYTOUHBIM IPOJYKTOM B IIPOM3BOJICTBE
METaJUIMYECKOTO ypaHa U, Kak U rekcadTopua ypana,
HeoOxouM st Ta30aud G y3nOHHOTO TpoIecca
oborarieHust ypasa.

OH He pacTBOPHUM B BOJIE U sIBJIsI€TCS HanboJIee TUITUYHBIM
coequnaenuem U (V). Iporiecc, onucanHbIii 37€Ch,
M03BOJISIET NTONIY4nTh Kpuctayuoruapat UF4 « 2.5H20.

ITOT Npouecc HAYHHAETCS € MOE3IKH B CyNePMapKeT JUIsl IMOKYNKH natHoBeIBoanTel st Whink Rust
Stain Remover u 6yTbutouky ¢ BuTaMuHOM «C» 1o 1000Mr B TabieTkax

Amepukanckuii nAMHOBbIB00UMENL — IO KOHEUHO 3aMeyameibHO, 0OHAKO, OH He Ol HAWUX Peanuli.
Ecnu «konnymu no 2nyoxce», mo oKaxfNcemcs, 4mo 6 COCMag 3mo2o NAmHoB8bl80OUMeIisk 6X00UM
@dmopucmosodopoonas (niasuxosas) kucioma. Yem 3ameHums 3mom OYpHCYUCKULL NAMHOBLIBOOUMEb
51, ueCmuo 208opsi, He 3uar. Ocmaemcs moavko nonpobosames docmams pacmeop 2...3M HF
(n1a8UK060U KUCIOMBL) 8 «XUMpeakmueaxy. Aemop cmamou cam He 8 60Cmopae Om UCNOb308AHUSA
9M0O20 nAMHo8bI8oOUmens. — npum.llepes.


http://www.whink.com/rust_stain_remover.htm
http://www.whink.com/rust_stain_remover.htm

Byabre octopoxnsl! B 3ToM npounecce pactsop HarpeBaercs 10 kunenusi! He gpimmure
TOKCHYHBIMH Napamu!

S npoBoixky peakuuio BoccranoBienusi U (VI) B U (IV) B
pactBope ¢ ackopOunoBoii kucnotoit u Cu (II) karanuzatopom, u
onHoBpemenHo ocaxkaaro U (1V), mpu nomommu HF. Xiopua-
WOHBI TYT TaK )K€ HEOOXOJMMBI, T.K. pa30aBJIieHHAsI COJISTHAs
KHCJIOTA BBIMOIHAET poJib pacTBopuTens. CieBa s HOMECTHI
KapTUHKY CO BCEMH HEOOXOIMMBIMH pEakTHBaMU. BOT MX CIHCOK:

e 271 CuSO4 5H20 (Menusblil Kynopoc, KpUCTaIIIOTUAPAT
cynsara Menn).

10,2 r UO3.

100 mu marroBBIBOAMTENS Whink wmm 2-3M HF.

20 M1 constHOM KUCAOTHI 33...37%.

KUIISIILAas JUCTUIUIMPOBAHHAS BOJIA.

Buramuna C 1000 Mr TadiieTku.

PactBoputs UO3 B 20 M koH1. ConstHOM KUCHOTHI ¢ 50 MJT KUTIALIEH TUCTUILIMPOBAHHOM BO/IBI B
K0J10e DpIieHMeiliepa Wi aHaJOrMYHOM COCY/JIe, ¢ 00pa30BaHMEM JKEITOr0 pacTBOPA ypaHHJIA.
Ho6apre CuSO4 1 Whink, B pacTBOp MOJIOKHUTE KYCOUKH CTEKISTHHBIX TPyOOUYEK, YTOOBI TOMOYb
npoleccy KUIEeHUs («KUIEIKN») U OTIOKUTE B CTOPOHY.

Pa3gasure Tabinerku Burtamuna C.

B npyrom cocyzae nepememaiite nopomok Buramuna C ¢ 50 M1 kunsiien AMCTUUIMPOBAHHON BOJBL,
YTOOBI PaCTBOPUIIOCH KaK MOXHO OO0JIbIIIe MaTepralia. DTOT «TPSI3HBINY» PacTBOP MPOPHUIBTPYHTE
HECKOJIbKO pa3. Jlydilie Bcero npuMeHUTh BaKyyMHYIO (PUIIBTPALIMIO U3-3a IPUCYTCTBUS CBSI3YIOLIETO B
tabneTrkax. Ecnu ecTh BOZBMOXHOCTh — HAWIUTE YUCTHINA MOPOIIOK BuTaMuHa C. MHe He MOBE3JI0 C ATUM.

Korma pacTBop ackopOMHOBO# KUCIIOTHI TOTOB, HArPEHTE TIEPBHIi
pacTBOp ypaHuiia B MUKPOBOJIHOBOM meuu A0 kureHus. Koraa on
3aKUTUT — JOCTAaHbTE U3 MUKPOBOJIHOBOW ITEYH U JJOOABHTE B 3TOT
pacTBOp HECKOIBKO MII. PAaCTBOPa aCKOPOMHOBOM KHCIIOTHI.
PacTBOp ypaHuia cpazy HaunHAET MPUOOPETaTh TOITYOOBATO-
3€eJIEHOBATHI OTTEHOK C JKEITHIMH MSITHAMU TaM, T€ BXOAUT
acCKOpOMHOBAS KUCJIOTa B 00pa3yeTcs 0CaJIoK.

CHoBa moMecTuTe K010y B MUKPOBOJTHOBKY U HarpeiTe 110
KHIICHUS, a TIOTOM OISITh T00aBbTE PACTBOP ACKOPOMHKH.
[ToBTOpSIiiTE TOT MpOIIECC CHOBA U CHOBA, MTOKA OYAET UATH
peakmusi. Ceiiuac B KOJI0€ COAEPKUTCS PACTBOP C HOHAMH MEJIU 1
ocankom UF4..

OcraBbTe KOJIOY OCTHIBATh HA Yac, YTOOBI TTOJIHOCTHIO
chopmupoBarcs ocagok. JKUIKoCcTh cleiTe, 0CaloK OTIEIUTE U
JIBOXJIbI IPOMOMTE €r0 B KUIIAIIEH BojAe. BricymmTe ocagok B

= MUKpPOBOJHOBKE. [IpOAYKT HOKEH BBHITJISAECTh KaK Ha KAPTUHKE B
_ BEpPXHEW 9acTH TOH TJIaBBI.

Moii BeIX0J1 ObUI 12,6 T, IOYTH KOJIUYECTBEHHBINH.

Mens B1oxHoBuJ Ha 310 npouecc nateHT CHIA Ne3023078 (1962), «IIpousBoactBo TeTpadropusa
ypana," Pobept Ik Annen u I'eapu I'. [TerpoB. Ho oM mpeamoynTaroT ocaxx/ieHue He ¢ aCKOPOMHOBOM
KHUCIIOTOMH, a ¢ IMOKCcUoM cepbl. OJTHAKO, 1711 KyXOHHOM XUMHH aCKOpOUHKA ropa3/o Mpoie B
UCTIOJTb30BaHUH.

51 Tak e HIKCIEPUMEHTHPOBAI C OCAXICHUEM IPU TIOMOIIM CEPOBOIOPOJIA B CI1a00KHCIOM PacTBOpE
XJIOpUIa ypaHuia u Joouics ycrnexa. Ho MHe MpHIUIOCh MPHIIOKUTH OOJBIINE YCHUITHS, YTOOBI
MOCTPOUTH anmapar ¢ 3aMKHYTHIM U T€PMETHYHBIM Ta30BBIM ITUKIIOM, a TaK K€, YTOOBI OTyYUTh
cynb(ua amoMUHUS TSl TeHepaTopa cepoBoiopoaa. CepoBo1opo 1 BOOOIE, OUYeHb HEMTPUSATHAS BEIllb.



Pe3tome: U (VI), kocsenno neperoautcs B U (IV) ackopOrHOBOIM KHUCITIOTOM (KOTOpasi OKUCIISAETCS J10
JETUPOACKOPOMHOBOM KUCITIOTHI) U ocaxaaercs (ropom. MoHBI Mean U XJIopa UTParOT POJIb
KaTaJIn3aTOPOB U HE YUYUTHIBAIOTCS B (POpMyIIaX HUKE, XOTS UTPAIOT OYCHBb BAKHYIO POJIb.

Boccranosienne: (UO,)** g + CHgOp(ag) + 2H (ag) — U™ (aqy + CeHsOs(agq) + 2H20)

Ocaxxnenue: U4+(aq) + 4HF(aq) + 2.5H20(|) — UF4'2.5H20(S) + 4H+(aq)

Yacrs VIII:

Crpannoe BemecTBo: «Ilepypanar Harpusp»

Peaxius nepexucu ypanuia u kapOoHata HaTpust 00pa3yeT KpoBaBo-
KpacHBIN pacTBOP, KOTOPHIH NP pa30aBICHUH CTAHOBUTCS TEMHO-
OpaH)KEBBIM.

Yto 0coOEHHO CTpaHHO B 3TOM COCTUHEHHUH, TaK 3TO TO, YTO OyaAydH
pactBopeHHBIM B 70% u30IponaHosie, OHO pa3eisieTcs Ha JIBa
MIPO3PAYHBIX CIIOS KUAKOCTU: OJIUH KPOBABO-KPACHBIH, a AIPYToii
30J10TOH. BBI MOXeTe TPSACTH ATy KUIKOCTh KaK MOXKENIaeTe, HO B
KOHIIE OHa BCE paBHO pa3JIeIUTCS Ha CJIOH, KaK Maclio U YKCYC, C
«ypaHOBOi KpOBBIO» Ha JTHE. O0€ KHUIKOCTH PACTBOPUMBI B H30BITKE
BOJIBI.

Hwu xapOoHaT HaTpusi, HU IEPOKCH] YpaHUIIa caMH 1o cebe He
00pa3yroT TaKoe «Macioy ¢ U30MPOMAHOIOM. YHUCTBINA THIPOKCHT
HaTpUs 00pa3yeT KENTHI pacTBOp: KapOOHAT, OYEBHTHO,
HE00X0uM /17151 00pa30BaHUS KPACHOBATOTO CJIOS )KUIKOCTH.

B 1903 rony, B noknane J. Aloy, HazBanHoM «HoBBII Kitacc
nepypaHaToBy», KOTOPHIHA MosBMICS B «HOBOCTAX XUMHUMY,

YIIOMUHAETCS CIEYIOIIee:
"PacTBOp HUTpaTa ypaHa 00pabaThIBalOT MEPEKUCHIO BOAOPO/A B KOJINYECTBE, JOCTATOUHOM JIS
OCaXJIEHHs BCETO ypaHa, KOTOPbIM OTMBIBAIOT JeKaHTalel U J0OaBISIOT HEKOTOPOE KOJIMYECTBO
HIesI04HOro kapOoHara. Takum oOpa3oM, MBI [TOJIydaeM KpacHbI pacTBOpP, KOTOPBIH, Mpu 00paboTKe
OOBIYHBIM CIIUPTOM, JIaeT KpacHoe mMacio [...] "

Aloy nepexouT K ONMCAHUIO METOa JJISl OCAXKICHHS C METaHOJIOM TEMHO-KPAaCHOTO HECTaOMIIBHOTO
TBeporo «repypanata».OH BbiBeln ero popmyny kak UOSNa2 « SH20 Ha 0cHOBE KOJTMYECTBEHHOTO

aHalIn3a.

Yacte IX:
IHonyyeHune MeTAIIMYECKOT0 yPaHa.

Bo-nepr,Ix, A JOJDKEH OTMETUTD, YTO HEKOTOPBIC aCIIE€KTHI 9TOI'0 BEICOKOTEMIIEPATYPHOT'O
MCTAJUIOTCPMHUYCCKOI'O MTpO1eCcCa HE COBCEM JIA 'IKYXOHHOﬁ xumunn." Sl BoccTaHaBINBAI 6C3BOHHLII>'I
UF4 mMenko u3MenbueHHBIM METaIINIeCKUM KaJIbIMEM B CIICHIHMAJIBHOM THUIJIC U3 OKCH A MarHusi MgO

BoT cniucok HE0OXOAMMBIX MATEPHAJIOB:
e UF4 +2.5H20 (u3 Yactu VII).
e ~ 25T METaNIMYECKOTO TPaHyIHPOBAHHOTO KalblUs (pa3Mep TpaHyd — 8 CUTO), TPHOOpETaeTCst
Ha eBay, 55 $3a 500 .
100-mut Turens u3 MgO ¢ npsmeivu crenkamu, ot Ozark Technical Ceramics ($ 35)
1 kr MgO noporka, or Ozark Technical Ceramics ($ 10).
[Tycras xxectsHas 6aHKA U3-TIOJ] KPACKH.
[Tecox.
KopoTtkuii kycok M( JIeHTBL.
~ 5 I I3BMEJILYEHHOTO HOoJ1a.



http://www.ozarktech.com/products_crucible.html
http://www.ozarktech.com/products_crucible.html

JlensHas ykcycHas KMCIIOTA.

ALeTOH.

BakyymHslii Hacoc.

Bakyymnas kamepa, paccuntannas Ha ~ 400 ° C.

DTO IJIMHHBIA CIIMCOK BEIICH, HEKOTOPBIE U3 KOTOPBIX
SIBJISIFOTCS TOCTATOYHO JIOPOTOCTOSAIIMMHU U SK30THUYECKUMU.
Kpome Toro, 3Ta peakuus 0THO3HAYHO JOHKHA MPOBOAUTHCS
Ha OTKpBITOM BOBI[YXC, BOaJIN OT FOpIO‘-II/IX MaTCpI/IaJIOB 158
JIPYTUX JIIOJICH.

[Tepen Tem, kak 3aropeThbCsi FHTY3Ma3MOM U JJOCTATh CBOM
KOIIIEJIEK, 03HAKOMBTECh C HIKETIPUBEICHHBIMU
pe3yJbTaTaMu.

XOTs 3Ta peakuus U NPOU3BOAUT METAINIMYECKUN YpaH, HO
MAacIITa0 TaKOTO MPOU3BOJICTBA CIIUIITKOM MaJl, YTOOBI
BBIJCIUTD YMCTHIA METAJII U3 €r0 CMECH CO IIJIaKOM B
«KOTEJIKE.

UF4, ucnoJib3yemMblii B Iporecce MeTAJNI0TEPMUYECKOT0
BOCCTAaHOBJICHHUS, 10JI7KeH ObITh 0e3BOAHBIM. Eciu 310 He
JOCTUTHYTO, TO BJIara U3 KpUCTAJUIOTHpaTa OyJIeT OTHUMATh
TEIUIO OT MeTaJl1a, 00pa3oBaHKe Mapa BbI30BET PEaKIUI0 CO
Benbinikoi u Opeizramu. UF4 ¢ 2.5H20 He MoxeT ObITh
00e3BOKEH Ha Bo3ayXxe (OH OyaeT pearupoBath ¢
KHCJIOPOAOM, OKUCIISSACH B OKCHBI YpaHa), TaK 4TO
HE00XO0AMMO UCHOJIb30BATh BAKYYMHYIO CUCTEMY.

S ucnionb3yro 2,75 n10MMOBBIH IITYLIEP, CBA3aHHBIN JIIMHHON
1,4 mroiiMoBOI MeTHON TPYOKOM € IBYXCTYyIEHYaThIM
BaKyyMHbIM HacocoM. Hekoropoe xomudectso UF4 « 2.5H20
3aIe4yaThIBaeTCsl FTEPMETHYHO B KaMepy, 3allycKaeTcss Hacoc U
KaMepa CHJIbHO HarpeBaeTcsl Ha razoBoil mmte. [Iponece
BaKyyMHUPOBaHHs MOKHO KOHTPOJIUPOBATh ITPHU MOMOILU
0€32JIEKTPOTHOM Ta30pa3psIAHON TPYOKH, YCTAaHOBJICHHOM Ha BBIXOJI€ HAcOCa M BO30YKIaeMOit
katymkoi Tecna. Ecnu paspsin cepo-hroneToBblif — 3HAUUT BOAA BCS MCMapuUiaach. Y MEHS Ha 3TO YIIIO
1104TH 3 Jaca.

CMemmmBaHue M BocisiaMeHeHue 3apsiaa: be3poaubiii UF4 oxnaxknaroT, U3BIEKAIOT U3 BaKyyMHOMN
KaMepbl ¥ CMEIIMBAIOT C TPAHYIUPOBAHHBIM KaJIbIIHEM.
S mpuroroBun 67 r UF4, B IJI0THO 3aKpBITOM TUIACTUKOBOM OYTBHUIKE M cMeIIal ero ¢ 21 T KaabIus



(25% crexuomerpuueckoro u3obiTka). 3atreM cmech momectrsi 100 mi Turens u3 MgO, 3amosHss ero
Ha 2/3 nonHoro oobema. ITOpOIIOK OYCHB «ITYIIMCTBINY» U 3AMOIHITH TPYIHO.

KopoTkwii Kycok MarHueBoO# JIGHThI BCTABISETCS B IICHTP 3apsiia.

W, HakoHelI, CBEpXY HACBINACTCS CMECh U3 ST. U3MEILYCHHOT0 HO/Ia ¥ YyTh OOJIBIIMM KOJIMYECTBOM
KaJbIUsl, 9TOOBI TOMOYL MHUIIMHPOBATH peakiinto, a Cal2 cHuszut Temnepatypy IIaBIeHUS UIAKA.
Twurenb noMeniaercsi B 0aHKy U3-T10]] KPACKU M 3aCHIITAETCsl BOKPYT OKCHUIOM MAarHHsL.

3akuraercs MpoCTo: MOIKUTACTCS KOHYMK MAarHUEBOH JICHTHI. BBUIETUT MHOTO JpIMa U TIApOB HoJa,
XOPOIIIO MOAYMANTE, YTO BbI OYAETE C ATHM JIeIaTh.

Uepes Tpu yaca TUTENIb OCTHIBAET IOCTATOYHO, YTOOBI
W3BJIE€Yb LUIAK.
[TocuaeB 0KOJIO TPEX YacoOB, THTENlb ObUT JOCTATOYHO
MIPOXJIaTHO, YTOOBI BOCCTAHOBUTH IIL1aka. B aToM
SKCIIEPUMEHTE CTPYKTYypa LIJIaKa BAPbUPYET B 3aBUCUMOCTH
OT IIyOUHBI B TUTJIE: BBEPXY MPUCYTCTBYET HEKOTOPOE
KOJIMYECTBO PHIXJIOT0 U 3€pHUCTOrO MaTepualia, KOTOPbIA
MHUHHMMAaJIbHO PaJIMOAKTUBEH, a Ha JIHE HAXOJAUTCS IUIOTHBIN
S e, vie RS o KOPUYHEBO-YEPHBIN 1IJIAK, KOTOPBIA TOBOJIBHO
e PamMOAKTHEEH. CaM THTETh B MPOIECCE peakyin
paspy1aercs.

Sl coxpaHuJI YepHBbIH JIAK ¢ HUKHEH YaCTH M U3Y4YMJI ero cBoiicTBa:
e [lmoxas 31eKTpONpPOBOJHOCTh
e Bricokas paanoaktuBHOCTH — 150 KCPM Ha noBepxHoctu natunka ['M.
e OrneonacHbld. [Ipy moKUTraHUKM MOPOIIIKA MIIM CKOJIAa HAYMHAIOT TPOOEraTh OpaHKEBbIE HCKPBI
yepes BCIO MacCy BEILECTBA.
e [Ipu peakuuu ¢ COIAHON KUCIOTOU BBIAEISAET BOJOPOL.
e He BpiensgeT 3aMETHBIX KOJIMYECTB I'a3a U3 YKCyca.

S u3MenbunII UTaK U MOMBITAJICS IPOMBITh €T0 B JIEASTHONW YKCYCHOM KHCIIOTE, YTOOBI yIaIUTh
pacTBOpUMBIE MPUMECH OKCHJIa KaJIbLIMsI, HUTPUIOB U M0]1a, HAAESICh BBIACIUTD YACTHIN METAITTNYECKUM
ypaH. [1lnak B nenom OblT OYEHb YCTOMYUB K JEHCTBUIO YKCYCa, HO HEKOTOPbIE COIM KAJIbLIUSI BUJIUMO
BCE € PaCTBOPUIIUCH, T.K. CMEIIMBAHUE AllE€TOHA C JIEKAHTAaTOM YKCYCa MIPUBEJIO K BbINAJACHHUIO
XapakTepHOro ocajka. KOHeYHO ke, YKCyc He pacTBOPsIeT OCHOBHOM 10O0UHBIH poiykT CaF2.

BriBoabl u pe3rome:

UF4(S) + an(s) — U(|) + 2C8.F2(|)

Moé metamnorepmuueckoe BocctanoBieHrue B 100 M1 TUriie AeCTBUTEIBHO MPOU3BOIUT HEKOTOPOE
KOJIMYECTBO METAIUIMYECKOTO ypaHa. S nenaro TakoW BBIBOJ, HCXOAS U3 CBOMCTB MOJYYEHHOTO HUIAKA!

nUPOPOPHOCTD, HEKTPOIPOBOJTHOCTD, PAIMOAKTUBHOCTh, PACTBOPEHUE B COJITHOM KHUCIIOTE C
BBIJICJIEHUEM BOIOPO/IA.



BwMmecte ¢ TeM, ypaH 3/1€Ch MPOYHO CBSI3aH C TBEP/ABIM M XUMHUCCKH HEOTIEIUMBIM Mtakom CaF2 u ¢
HEKOTOPBIMHU JAPYTUMH [TPUMECSIMHU, KOTOPbIE BEPOSTHO, BKIIFOYAIOT OKCH/IbI ypaHa. Eciiu mpoBecTH 3Ty
peaknuio B 60JbIIeM Maciitabe, TO MOXKHO IMOJYYUTh 00JIee MTOIOKUTEIbHBINA PE3yIbTaT — BBIICITUTCS
JIOCTaTOYHOE KOJMYECTBO TEIIa, YTOOBI OTACINUTh PACIUIABICHHBIH ypaH, KOTOPbIH OCS/ET Ha JHO
cocyna, kak y Jlepou. S cunraro, 9T0 €CIIM y SKCIIEPUMEHTATOPA HE MOJYIaeTCs BBIACIUTD YHCTHIH
METaJlI, TO MPAKTUYECKas 11eJIb U TOUKA SIKCIICPUMEHTA HE JOCTUTHYTA.

B OymayiieM, BeposITHO, 51 HU3y4y DJIEKTPOIMTHYECKU cuHTe3 MeTasuia. Shiokawa et al. (J. Alloys and
Compounds 255 (1997) p. 98-101). Ho 3TOT mpotiecc yke He It «KKyXOHHOM XMMHUU», T.K BKIIOYAET B
cebst pacTBOPEHHUE MPOAYKTA B PTYTHOM KaToJIe, KOTOPBIA 3aT€M HY)KHO BBIIIAPHTH, YTOOBI H30JHUPOBATH
yucThiit U.



http://www.ingentaconnect.com/content/els/09258388/1997/00000255/00000001/art02868
http://www.ingentaconnect.com/content/els/09258388/1997/00000255/00000001/art02868

