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BBEJAEHUE

3HauUUTENbHBIE JIOCTHKEHUS B HAyKE M TEXHHKE BO MHOTOM ONPEIEISIOTCS
CO3/IaHMEM WHHOBAIIMOHHBIX MaTEpUATIOB Ha OCHOBE peAkux MeramioB. K pemkum
MeTaJlJIaM, UMEIOIIINM BaXKHOE CTPAaTErMueCKOe 3HAaUCHNEe, OTHOCHTCS BaHAIUH.

MeTtannndeckuii BaHaIU|, €ro COSIUHEHUS U CIJIaBbl 00JIaal0T YHUKAIBHBIMU
(U3UKO-XUMHUYECKIUMH CBOWCTBAMHM, YTO O0YCIIOBIMBAET UX MPUMEHEHHE BO MHOTHX
00JacTsIX — YEPHOM M IBETHOW METAJUTypPryH, aBUACTPOCHUU, KOCMUYECKOU TEXHUKE,
MOPCKOM CYJOCTPOCHUHU, aTOMHOM SHEPTreTUKE, XUMUYECKOMN MPOMBIIIIEHHOCTH.

Bananuii — oQuH W3 TJABHBIX JIETUPYIOIIMX 3JeMEHTOB. B mupe o0beMm
NPOM3BOJICTBA BaHaaWs pacteT, coctaBuB B 2013 r. 76 ThIic. TOHH [1]. Bosiee 85 %
BaHAJMs HCIIOJNB3YIOT B UYEPHOW METAUTypruu Kak 3((EeKTUBHYIO JIETHPYIOIIYIO
J00aBKy MPH MPOM3BOJICTBE CTANCH I YBEIMYCHHUS UX NMPOYHOCTH (YIIIEpOAUCTHIX
— 38 %, BBICOKONpPOUYHBIX HU3KoJerupoBanHbix — 20 %, nerupoBanHbix — 19 %,
WHCTPYMCHTAJIBHBIX M INTaMIOBOYHBIX — 10 %, tutaHoBBIX — 8 %) [2]. Cramm
UCIIOJIB3YIOT JIJISl U3TOTOBJICHUSI TPYOOIPOBOJIOB, MPYKUH, OOJTOB, MOAIIMITHUKOB
[3].

[IpumepHo 8 % NPUMEHSAIOT B LIBETHOW METAJUTypTUH, TJIaBHBIM 00pa3oM B
BUJIC AITIOMHUHUNA-BAHA/IMEBBIX CIUIABOB JJISl JIETUPOBAHUS KOHCTPYKIIMOHHBIX
MaTepuajJoB Ha OCHOBE TWUTaHAa, NMPHUMEHSEMBIX B aBHACTPOCHUHU, KOCMHUYECKOU
TEXHUKE U B MOPCKOM CyI0CTpOeHuH [2].

OcranbHas yacth norpedisiemoro Banaaus (5 %) npuxoauTcst Ha XUMUYECKYIO
MPOMBINIJICHHOCTh, B YaCTHOCTH Ha TPOW3BOACTBO aKKyMYJSTOPHBIX Oarapeil u
KaTaJnu3aTOPOB TPOM3BOJICTBA CEPHOM KHUCIOTHI, MPOIECCOB KpPEKWHTa HEePTH,
NOJTYYCHHST YKCYCHOU KUCJIOTBI U MHOTUX JIpyrux [2].

Merannuyeckuii  BaHaAud NPUMEHSIOT B aTOMHOM  JHEpreTuke (i
M3TOTOBJICHUSI 000JIOUEK TBAJIOB, TPYO) ¥ B MPOU3BOJICTBE PJICKTPOHHBIX MPUOOPOB.

Crmpoc Ha BaHaaWi, MO TPOTHO3aM, OyJIeT pacTH Ha 7 MPOICHTOB B TOJ O

2025 r. [2], Omaromapsi WMCHOJL30BAaHUIO BaHAIWKCOIEPIKANIUX CTalieH Kak B

TPAIUIIMOHHBIX O0JIACTAX, TaK U JIJIsl peaju3allid HOBBIX TEXHOJIOTHH IO CO3/IaHUI0
4



aKKyMYJISTOpHBIX Oartapeit [2]. B mociemnue romasl HaOmromaercsi yBeIHUYCHHE
UCIIONb30BAaHUE BaHAIUS B CTalsX, M3 KOTOPBIX HW3TOTABIUBACTCS YCUJICHHAS
apMaTtypa CTPOUTENBHBIX COOPYXKEHUM, IUIOTHUH, TYHHEJIeW, MOCTOB M JAPYIrHuX
WH)XCHEPHBIX OOBEKTOB JUIsI YMEHBUICHHUS KaTacTpO(UUYECKUX pa3pylIeHUH B
CEMCMUYECKH aKTUBHBIX pernoHax [2].

Bo Bcem mupe B KadecTBe MPUCAIOK B UYEPHOM METAJUTYPIHMH NPUMEHSIIOTCS
CIuIaBbl BaHaaus: coiBaH (25-30 % V), deppoBanamuii (35-80 % V), kopBan (83-86
%), uutpoBaH (78-80 %) [4]. Ha nerupoBaHue pas3IuyYHBIX COPTOB CTalld
pacxomayetcs oT 2,8 1o 52 kr ¢eppoBaHaaus Ha 1 T kUKol cramu [4].

CoeprkaHie BaHaAWs B 3eMHOiT Kope coctasmsiet 1,5 - 102 % wmac.; B mouBax —
oxo110 0,01% (B OCHOBHOM B I'yMyce); B IIPECHBIX H MOPCKHX Bogax — 1 - 107-2 - 107
%; B MupoBoM okeare — 3 - 107 % mac. [5, 6]. Banazauit SBISETCS TEOXHMUIECKIM
uHuKatropom. Omnpenensiemoe otHourenue V/Cr B pyOuHax MbsSHMBI M CpaBHCHHUE
ero B pyOMHAX pa3IU4HbIX MECTOPOXKIECHUM IMO3BOJISIET MOJAEIUPOBATH OSTaIlbl
redesuca [7].

Banaguii HaxoIuTCS NPEUMYIIECTBEHHO B PACCESIHHOM COCTOSHUM U
oOHapy>KuMBaeTCsl B JKEJNE3HbIX pyAax, HedTAx, acdanbrax, OUTyMax, TOPHOYHMX
claHnax, yrsx u ap. [4]. OnHuM U3 TIaBHBIX UCTOYHUKOB 3arpsi3HEHUS TIPUPOTHBIX
BOJI BaHAJUEM SIBIISIFOTCS HEPTh U MPOAYKTHI €€ nepepaboTku. B mpupoaHbix Bojgax
BAHA/MM BCTPEYAECTCS B OYEHb MaJIOM KOHIEHTpauuu: B Boae pek — 0,2-4.5 MKT/ 1M,
B MOPCKOH Bome — B cpeareMm 2 Mkr/mm° [8-10]. B Boxe Bamammii(V) o6pasyer
yeroitauseie kommiekcHsie annonbl (V4012)" 1 (V1004)® [8]. B Murpammu Bamams
CYIIIECTBEHHA POJIb PACTBOPEHHBIX KOMIUIEKCHBIX COCTUHEHHI €T0 C OPraHUYECKUMHU
BEUIECTBAMH, OCOOEHHO € TYMYCOBBIMH KucCJOTaMH. JIOKagbHO  BBICOKHE
KOHIIGHTpaIuu Metayia, 10 70 MKr/j, oOHapyeHHbIEe B MPECHBIX BOJAX, 4YacTO
CBSI3aHbI C BBIIIENIAYMBAHUEM €r0 U3 BYJIKAHMYECKHUX IMOTOKOB JIaBbl U YPAaHOBBIX
mecTopoxaeHui. KoHlieHTpanny BaHausi B TOBEPXHOCTHBIX BOJaxX, 00YCIOBICHHBIE
MPOMBIIIUICHHBIMUA OTXOJAaMH, Mallbl M, B OCHOBHOM, HaXOJsTCA B TIpelenax

€CTECTBEHHOTO cojepxaHus (mo 65 mkr/m) [11]. B nmrepaTypHBIX HCTOYHHKAX



IpUBOAUTCS HWHGPOPMANMS O KOHIICHTPAIMSIX BaHAAUS B TOBEPXHOCTHBIX BOJAX
IIPOMBIIIJICHHBIX OTX010B 10 2 mr/i [11].

Bananuii no6siBaeTcs B ocHoBHOM B FOxHO-Adpukanckoit Peciy6iauke, Kurae
(mHa cemepo-zamane) w Poccmm (Ha  VYpaie) U3 BaHaIUHCOJEPIKAIIUX
TUTAHOMAarHeTUTOBbIX pyA. [loaTBepkIeHHbIE MHUPOBBIE 3amachl BaHAAWUS B
MECTOPOXKICHHUIX 3THX pya coctaBisitorT 10,15 mumH. T V,05 [4]. U3 Hux 52,2 %
Haxomautcs B FOAP, 25,6 % — B Kurae, 6,5 % — B Actpanunu, 4,8 % — B HoBoii
3enmanauu, 1,6 % — B Benecyane u 9,3 % B apyrux crpanax. O6mue 3anacel V,05 3a
pyoexxom nocturaror 47,6 muH. T 3amacel BaHagusi B Poccuiickoit ®dexnepanuu
cocnioctaBuMsbl ¢ ero 3amacamu B FOAP. B ocHOBHOM yureHHBIE 3anacel BaHaaus PO
COCTPEIOTOYEHbl B  THUTAHOMArHETUTOBBIX  pyJaX MECTOPOXKACHUN  Ypana
(T'yceBoropckoe, Kaukanapckoe, [TepBoypainbsckoe, Bomkosckoe) [4].

Hapsiny ¢ OCHOBHBIM CBHIPBEBBIM IPOJYKTOM — BaHAAUICOAEPIKAILUM IILIAKOM,
oOpa3zyronuMcs Mpu NepepadoTKe TUTAHOMATHETUTOBBIX PYJ, BaHAIUN H3BIIEKAIOT
U3 BBICOKOBS3KMX HePTEH U NPUPOJHBIX OUTYMOB, OCTAaTOYHBIX  PacTBOPOB
nepepadoTKH YPAaHOBBIX Py, a TAKXKE U3 TEXHOTEHHOTO CHIPhs — OTPabOTaHHBIX
KaTaJn3aTopoB CEPHOKHUCIOTHOTO MIPOU3BO/JICTBA, 30JIbHBIX OCTaTKOB
TETUTOAJICKTPOCTAHIINA, UCTIONB3YIOIIHMX JKHUIKOE TOIIMBO [2, 12].

B nacrosiee Bpemst okosio 80 % BaHaausi B 3apyO€KHBIX CTpaHaX MOTYYarOT
U3 TUTAaHOMAarHETUTOBBIX pyA, B Poccun OHM SIBISIIOTCSI OCHOBOWM CBHIPbEBOW 0a3bl
BaHanusa (~ 97 % 3amacoB) U OTIMYAIOTCS HU3KUM cojepkaHueM tutaHa (2-3 %) B
TUTAHOMArHETHTE U MOTYT IiepepadaThIBaThCs B IOMCHHBIX mmeyax [4].

Conepxxanre BaHaaus B 3TuX pyaax — oT 0,07 mo 0,1 %, otHomenue Ti/V
o0braHO paBHO 10. Ha monto TMTaHOMarHeTuTa — MUHEpaJIa-HOCUTEINSI IPU CPEITHEM
ero coxepxkanuu 15-20 % npuxomutcst 70-90 % Bananus [4].

UYyryH, mojlydyaeMblii M3 KeJIe30BaHAIUEBOrO0 KOHIIEHTpaTa, 0Opa3yIoLIerocs
npu oOOrameHuu TUTAHOMATrHETUTOBBIX PyA METOJOM MArHUTHOM cemaparu,
MOJBEPraloT ONEpAlMKM J€BAHANALMU B MPUCYTCTBUM TBEPIOrO OKHUCIUTENS, B
pe3yapTare 4Yero BaHagud KOHUeHTpupyercs B nwuiake. [llmak, cmemansbin c

KaJIbLIUHUPOBAHHON comoi (mo 12 %) wiM M3BECTHSIKOM, HaIpaBisAeTcd Ha
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OKHCIIUTEIbHBIN 00KUT B TPyOUaThIX Bpamaromuxcs nedax. O00xKeHHas MIHUXTa U3
neun ¢ Temmeparypoir 550-620 °C nocie OXJaKICHHUs TIOCTyMmaeT Ha
BBIIICJIAYMBAHUE BHAYalle BOJIOM, a 3areM cepHoil kucnoroi. OOpaszyrouuecs
pacTBOpHI, coaepxkamue 15-25 r/n, cmemmuBarotcst 10 pH 1,6-1,9 u HarpeBatotcs 10
80 °C. BomaBmmii ocamoKk — mOJAMBaHAAaT (HATPHMs, Mapradiia, jKejueza) —
OTQUIBTPOBBIBAIOT U MOJBEPraroT CYIIKEe W IUIaBKe MpH Temreparype okoso 1100
°C. XuMHYeCKH! KOHIIEHTpAT BaHamus coaepxut 87-88 % okcuma BaHaws.
M3BnecueHue BaHaAMs U3 IIJIaKa B XUMUYECKUN KOHIIEHTpAT cocTaBisieT 68-70 % [4].

[Ipu ocaxaeHuy BaHagusl THAPOJIUTHUYECKUM CIIOCOOOM 0Opa3yeTcsi MaTOYHBIN
pacTBOp, KOTOPBIA M3-3a 3HAYUTENHHOTO KOJIHUYECTBA TMPUMECEH, KaK IMpaBuUio,
cOpachIBaeTCs B XBOCTOXPAHWINLIE.

[lepepaboTka TakuX PacTBOPOB IieieCOOOpa3Ha KaK C TMO3UIMU TMOBBIIMICHUS
W3BJICUCHUS BaHAAMs U3 IJIaKa, TaK M BBIMOJIHEHUS YKOJIOTHYECKUX TPEOOBaHUM MO
OXpaHE OKpYXKaloIlIel cpelbl B CBSI3U C BBICOKOW TOKCHYHOCTBIO COEIMHEHUHN
BaHanusa. KoHIIeHTparusi BaHaaus B OTpaOOTaHHBIX pacTBopax mocturaet 200
mr/am® u Beimre [13, 14] npu HOPMHPYEMOM €ro COACpKAHHH B CTOYHBIX BOAAX,
OCTYTAIOLINX Ha GHOIOTHIECKHE OUHCTHBIE COOPYXKEHHs, ~5 mr/mam° [15].

CoenvHeHuss BaHagusl BeChbMa TOKCHYHBI, MpPUYEM CTENEHb TOKCUYHOCTHU
3aBHCUT OT BHJIa COCIUHEHHS, PACTBOPUMOCTH €ro B Ouocpenax, BaJEHTHOCTU
BaHAJMs M YCJIOBHH MOCTYIUICHHsSI ero B opranm3M. C yBeNIWYEHHEM BaJIEHTHOCTU
BaHaJMs CTETIEHb TOKCUYHOCTH BO3PACTAET NMPU HAXOKJIEHUH €T0 KaK B BUJI€ aHUOHA,
Tak ¥ B BUje KaTuoHa. Hanbonee TOKCHYHBIE COSTUHEHUS MATUBAJICHTHOTO BaHAIUS
TOPMO3AT CHHTE3 KUPHBIX KHUCIIOT, HHTUOUPYIOT HEKOTOpbIe (DepMEHTHBIE CHCTEMBI.
MoHonosnsipable  a’3p030JM MATUOKUCH BaHAIUs HECKOJbKO TOKCHUYHEE, YeM
oumnonspusie [15]. Tokcuueckoe aelicTBHE BaHAIUS HAa OPTaHU3M MIICKOITUTAIOIIMX U
YeJIOBEKa XapaKTepU3yeTCsl IUPOKUM CHEKTPOM (PYHKIIMOHATBHBIX, OMOXUMUYECKUX
U MOpP(OJOrHUecKrX HapyueHud. TOKCMYHOCTh BaHAJUsl TOTO K€ Kiacca, 4To U
CBHUHIIA, MbIIbska [11, 15, 16].

[To TpeboBanusim CanlluHa mnpenen nomyCTUMBIX KOHIIEHTpaUWUid BaHAAUS B

MHHEpAIH30BaHHBIX Boxax cocrasmsier 0.4 mr/mm° [17]. Bropo crammaproB Muaunu
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JIMMUTHPOBATIO COIEP/KAHME BAaHAIMA B MOBEPXHOCTHBIX Boxax 10 0,2 mr/am° [18].
[IpenenbHO nomycTUMasi KOHUEHTpAUsl BaHAIusl B BOJAE BOJIOEMOB XO3SIMICTBEHHO-
IMUTHEBOTO ¥ KYJIbTYPHO-OBITOBOTO BOONONIb30BaHMs coctaBiser 0,1 mr/am’, ITIK,,
— 0,001 wmr/om® (IMMUTUPYIONIUN TOKa3aTelb BPEIHOCTH — TOKCHUKOJOTHYECKHUI)
[15-17].

W3BneyeHnne BaHaaus W3 COPOCHBIX pacTBOpPOB, OOpa3yroOIIUXCS IpHU
nepepaboTke MPUPOJHOTO MHHEPATBHOTO CHIPbs, SBISETCS albTEPHATHBHBIM
OPOLECCOM  YBEIMYEHUS  €ro  J0OBbIYM,  CIIOCOOCTBYIOIIMM  YIIYYILEHUIO
AKOJIOTUYECKON 0OCTAHOBKU B IPOMBIIIJIEHHOH 30HE.

VYuuThiBasi CpaBHUTENBHO HHU3KHWE KOHILIEHTPAlMM BaHAaAHUs B COpPOCHBIX
pacTBopax, oOpa3yloIIMXCSi MNpU MHPO- U TUAPOMETAITYPrHMUECKON mnepepadoTke
BaHAMHCOACpKAIMX  [UJAKOB,  H3BJICYEHHME M  KOHUEHTPUPOBAHHE  €ro
1EeNecO00pa3sHO  OCYHIIECTBIISATh C  MCIOJb30BAaHHUEM COPOLMOHHOTO  METOAA,
OTJMYAIOLIErOCs JIOCTATOYHOM MPOCTOTOM, SKOHOMHMUYECKOH 3(()EKTUBHOCTHIO,
BBICOKON CEJIEKTUBHOCTBIO M CPAaBHUTEIbHO HU3KUMHU YIEIbHBIMH pPacxojaMu
XUMHUYECKUX PEAr€HTOB.

XoTs [ns  U3BJICYEHUS BaHAAWS W3 PAcTBOpPOB, B OCHOBHOM, W3
IIPOU3BOJICTBEHHBIX CTOKOB, IPEMJIOKEHBl MaTepuajbl Pa3IMYHOIO THUMA, B TOM
YKClie CHJIbHOOCHOBHBIE AHMOHUTHI, Xe€JIaTooOpa3yrolne HOHOOOMEHHBIE CMOJIBI,
aKTHUBHBIC YTJIU U HEOPTaHUYECKUE aJICOPOCHTHI, @ TAKXKE BOJIOKHUCTHIE aHUOHUTHI HA
OCHOBE LIEJUIIOJIO3bI, CBEACHHMS O COpPOIIMOHHOM U3BJICYCHUM BaHAAMUS U3
BBICOKOMUHEPAJIU30BAHHBIX PACTBOPOB, BIMUSHUM TUNA HWOHUTOB M XapakTepa
(GYHKUIMOHATIBHBIX TPYII HAa COPOLMIO U JecOpOLMI0O MOHOB BaHaIusl, 000CHOBaHUS
BIMsiHUS pH, TemnepaTypsl U APYyryux mapaMeTpoB Ha CEIEKTUBHOCTh COPOLIMOHHOTO
npoliecca KpaiiHe OrpaHUYEHBI U MOpOoit mpoTuBopeunBhl [13].

Llenpio HAcTOSIIEH pabOTHI SBISIETCS OMpPENECHNEe M ONTUMHU3AIMS YCIOBHMA

COp6]_II/II/I BaHaausg M3 CCPHOKHUCIIBIX PAaCTBOPOB a30TCOACPKAIMMMHU aHHMOHUTAMH
Pa3JINYHOIO THIIA.
HOCKOHBKy BOJIOKHHCTBIC COp6€HTBI Ha OCHOBC IMCJUIKOJIO3bI IMPOABHUIIN

AJOCTOYHO  BBICOKYIO COp6HI/IOHHy1-O CIIOCOOHOCThL IO BaHaJIWIlO, B pa60Te
8



MCITOJI30BAJIM BOJIOKHUCTBIE a3zoTcojepxkamue noHutel tuna ®MBAH c¢ pa3sutoii
CUCTEMOM M€30- M MHUKPONOp, TMOJYYCHHBIE IIyTEM IOJIUMEPAHATIOTHYHBIX
MpEeBpaIllCHU MOJTHAKPUIHUTPUIIBHBIX BOJIOKOH (pa3pabotka MHcTuTyTa (hUsmko-
oprannyeckoit xumum Akaaemun Hayk Bemapycwn) [19].

Hapsny ¢ Bosoknucteimu monutamu O®UBAH onpeneneHHbId UHTEpEC IS
W3BJICUCHUS BaHAAMsl MPEJCTABISAIOT TpaHyJIUpPOBaHHbIE CIA00OOCHOBHBIE U
CUJIbHOOCHOBHBIE COPOEHTBI, CHHTE3UPOBAHHBIE B MOCIIEAHHUE T/l U OTIIMYAOIINECS
crnenupuueckor CTPYKTypoil (MOHUTHI POCCHOH) W CENEKTUBHOCTHIO (MOHUTHI
Lewatit u Cybber).

JUIst [mOCTMKEHUS TOCTaBICHHOW Ieid B pabdoTe pelaluch CIEeIyIoume
3a7a4u:

- HWCCJICIOBAHHE PABHOBECHBIX, KMHETHUYECKUX M JTHHAMHUYECKHX XapaKTEPUCTHUK
cOpOIMU BaHAJMA U3 CEPHOKHUCIBIX PACTBOPOB a30TCOAEPKAIIMMHU BOJOKHUCTHIMU
nonntamu ®UBAH u rpanynupoBanHbiMEu HOHUTaMK Poccron, Lewatit u Cybber;

- UCCJIeIOBaHHME JecopOLMM BaHaausi C BBIOPAHHBIX MAaTEPHAIOB pPEareHTHBIM
crrocooom;

- U3Y4YCHHUE CEICKTUBHOCTU BOJIOKHUCTBIX HMOHUTOB IPU W3BJICUCHUM BaHAIWA W3
MUHEPAJIM30BaHHBIX PACTBOPOB,;

- CpaBHEHHE COPOIMOHHBIX XaPAKTEPUCTHK HOHWUTOB TMPHU W3BJICUYCHUM BaHAIUSA W3
copocubix pactBopoB mnpeanpusitusi OAO «EBpa3z Banaguii-Tyna» u Bblgaua
PEKOMEHIAIMHI 10 UX UCTIOJIb30BAHUIO.

B pabote monyueHsl ciaeayronue CynecTBeHHbIC HAYUHbIE PE3YIIbTaThI.

BnepBbie cUCTEMAaTHYECKMMU UCCIIEIOBAHUSIMU  ONpPENETIEHbl PaBHOBECHBIE,
KUHETUYECKHE U JMHAMUYECKHE XapaKTepucTuKku copbuumu BaHaaus (V) wus
CEPHOKHUCIIO-XJIOPUAHBIX paCTBOPOB a30TcoAepkamuMu BoJJOKHUCThIMU (DUBAH) u
rpanyimpoBanHbiMU (Poccron u CYBBER) nonutamu.

YcraHoBneHo, uro copb6mus BaHagus (V) B BuAE JeKaBaHagaT-MOHA W3
CEPHOKHCIIO-XJIOPUJIHBIX pacTBOpoB (pH > 2) BOJOKHHCTBIMU a30TCOAEPKALIUMU
nonutamu (PMUBAH AK-22 u A-6) mporekaet Bo BHeIIHEAUPPY3UOHHOM 001acTh U

OTJIMYAETCS] HU3KOM CKOpOCThI0. D dexkTuBHbIe KO uiments auddy3un BaHaus
9



(V) B nounre ®MBAH AK-22 nmeror mopsinok 10™° m*/c. CkopocTh %e copOiuu
BaHaausa (V) B BUJE OKCOKaTHOHA U3 pacTBOpoB (pH 1) BOJIOKHUCTBIM KaTHOHHUTOM
®UBAH K-1 3HaunrtensHo Bbime: koddduument auddysun umeer mopszox 107
m2/c.

MakcumanbHblii K03 uueHT pacnpenenacHus Banaaus (V) npu copOuuu u3
CEPHOKHCIIO-XJIOPUTHBIX PACTBOPOB BCEMHU M3YYEHHBIMH aHMOHUTAMH HaOJ0/1aeTCs
B MHTepBaje 3HayeHui pH 3+4.

[IpakTHyeckas IEHHOCTb Da6OTI>I. YcTaHoBIEHHOE B pa60Te pa3indnuc B

cKopocTsix copOuuu BojdokHUCThIMH MoHUTaMu OUBAH AK-22 u A-6 mo3Bosser
pEKOMEHJOBaTh MX Mg otaedeHuss BaHaaus (V) OT JApyrux METAIOB B
AHAJIUTUYECKOUN IIPAKTHUKE.

OnpeneneHbl  ONTHUMalbHbIE  PEeXKUMBI  W3BIedYeHUs  BaHaguss (V)
a30TCoJIepKaIllUM HAHOCTPYKTYPUPOBAaHHBIM HOHUTOM PoccuoH-62 U3 cOpPOCHBIX
pactBopoB mnpenmnpusitus OAO «EBpaz Bawnamuii-Tyna», oOpasyromuxcsi Mpu
nepepaboTKe BaHAAMICOAEPIKAIIMX TUTAHOMAarHETUTOBBIX pya. I[lpoBenénHas
anpoOarusi 3TOro COpOIMOHHOTO TMpoIlecca TMoKa3aja, 4YTO CKBO3HAsl CTEMEHb
n3Bieuenus Banaaus (V) coctasuia 89,6 %.

Ha 3ammty BeIHOCSATCS:

1. CopOuroHHbIE XapaKTEPUCTUKU a30Tcoaepx anux BooKHUCTHIX (PUBAH) u
rpanynupoBaHHbIiX (Poccron u CYBBER) nonuToB, nojiydeHHbIE NMPU U3BICUCHUU
BaHaaus (V) U3 CEPHOKUCIIO-XJIOPUIHBIX PACTBOPOB.

2. 3aKOHOMEPHOCTHM KHHETHYECKOro pasjaeneHus BaHagus (V) U JIpyrux
METaJUIOB [IPU COBMECTHOM COPOLIMM UX U3 CEPHOKHUCIIO-XJIOPUAHBIX PAaCTBOPOB.

3. Pesynbrarel anpoGammu copOmmu BaHamus (V) HaHOCTPYKTYPUPOBAHHBIM
a30Tco/iepKallluM MOHUTOM PoccroH-62 u3 cOpOCHBIX PAacTBOPOB, 0Opa3yrOMIMXCS
pu nepepaboTKe BaHAAUICOIEPKAINUX TATAHOMATHETUTOBBIX PYI.

Anpobarms pa6otbl. OCHOBHBIE Pe3yJIbTaThl padOTHI HOoKIaabBaUCh Ha XIV

MexayHapoIHOW Hay4dyHO-TeXHHUYeCKoW KoHpepeHiun «Haykoemkue Xumuyeckue
texHosorun-2012» (Tyna, 2012), VIII Mex1yHapoJHOM KOHI'PECCE MOJIOJIBIX YUYEHBIX

Mo XUMUU U XuMudeckor texHojorun «MKXT-2012» (Mocksa, 2012), 2-ou
10



Poccuiickoii koH(peEpeHInHn ¢ MexAyHapoAHbIM ydacThueM «HoBble momxonsl B
XMMHYECKOM TEXHOJOTMH MHUHEPAIBHOIO ChIpbs. [IpumeHeHne »skcTpakumu u
copOium» (C.-IletepOypr, 2013).

[Iy6nukaiuu. [To Teme paboThl 0myOIMKOBaHO 6 MEYaTHBIX paboT, B TOM YHCIIE 2

CTaThH B )KypHaaX, BKIIIOUEHHBIX B IIepeueHb pekoMeHjoBaHHbIX BAK PO.

ABTOp  BbIpakaeT OmaromapHocTh  coTpynHukam  HWHctuTyTta  (u3HKO-
opranndeckoil xumuu Axkanemun Hayk benapycm akanemuky CoispatoBy B.C. u
KaHauaaty xuMuueckux Hayk IllyHkeBnay A.A. 3a KOHCyJbTallMM, a TaKXe
IpeoCTaBlIeHHbIE 711 paboThl 00pa3isl noHuToB @MBAH, a Takke coTpyaHuKaM
OAO BHUUXT bamanosckomy H.B. n 3opunoin A.M. 3a KOHCyJNbTallUH, a TAKKE

IpeI0CTaBIEHHbIE 17151 pa0OThI 00pa3Lbl HOHUTOB POCCHOH.

UccnenoBanust o0pasnoB copbentoB MK  CHeKTpOCKONMUYECKUM METOJIOM
BBITIOJTHEHBI Ha  obopynoBanun  lleHTpa KOJUIEKTUBHOTO  TOJb30BaHUs

Poccniickoro XuMHKO-TEXHOJIOrHYeCKOro yHuBepcutera nMmenu .M. Menaeneesa.
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I')TIABA 1. OB30P JIMTEPATYPBI

1.1. IloBeneHne BaHAAHUA B BOJHBIX PacTBOpax

Banamgmii (V) — siemMeHT msATOW TepBOM moArpymibl V TPyHIbl YETBEPTOTO
nepuona cuctemsl [I.M. MenneneeBa. ATOMHBI HOMEp BaHaJus paBeH 23, aTOMHas
Macca — 50,9415, paaguyc atoma — 0,134 HM, MOHHBIE PATUYCHI: \VACES 0,072; VAR
0,065, V™ — 0,061; V® — 0,040 um [4, 5]. Ero oTHOCAT K TakK Ha3bIBA€MBIM
MEePEXOIHBIM dJIEMEHTAM.

Banammii — cepeOpucTo-cepblii MeTall. YCTOMYMB Ha BO3AYXE, HO
Boime ~300 °C maumnaer okwuciarbes. Ilpm 600—700 °C  okucnenwe wuaer
OueHb OBICTPO ¢ 00pa3oBaHHEM JIETKOIIABKOTO TIEHTAOKCHJa BaHanus. Banamwmii
pearupyer C IUIABUKOBOM M a30THOM KHCIOTaMHM, CMECBIO a30THOM W COJISIHOU
KHUCIIOT, MIPU HArpeBaHUU — C KOHIEHTPUPOBAHHOW cepHOU KucioToil. C coystHOU
KHUCIIOTOW TOYTHM HE pearupyer. PacruiaBel 1mienodeid B MPUCYTCTBUU KHCIOPOJA
BO3/lyXa pa3pylaloT BaHaAui ¢ oOpazoBanreM BaHamaToB [20].

CocrossHue BaHaaAWsi B  PacTBOpax, KaKk TOKa3ajld MHOTOYUCIIECHHBIC
WCCIICIOBAHMSI, OTJIMYAeTCSI MHOTOOOpa3WeM W YPEe3BBIYAMHON CII0)KHOCTBIO H3-3a
HAJIM4MsI MOHOB BaHAUS B PA3JIMUHBIX CTETICHSIX OKUCIICHUS. MI3BECTHBI XUMUYECKHE
coeanHeHus 2-, 3-, 4- u 5- BaJ€HTHOrO BaHaHsl.

['unpaTupoBaHHBIC HOHBI B KUCJIOM pacTBope uMeroT cienyromniue nsera: V(1) —
¢duonerossiit, V(1) — 3enensiit, V(IV) — ronyooit, V(V) — xentsiit [21].

CoequHeHUsT JBYX HH3IIUX BaJICHTHOCTEH MaJIOyCTOMYUBEI W SBIISIOTCS
CHIIbHBIMH ~ BOCCTaHOBHUTENIAMH.  CpaBHHTEIBHO  YCTOWYMBBI  COCIMHCHHUS
YETBIPEXBAJICHTHOIO BaHaAusa. B KucimoM cpene HOPMaiIbHbIA  MOTEHLHAI
V(V)/V(IV) = 1,01 B. XapakrtepeH JICTKHI MEpPexo]] BaHAIUS OT MSITUBAJICHTHOTO
COCTOSIHUS K YETHIPEXBAJICHTHOMY U OOpAaTHO.

Jlnst 0000mIeHnsT TaHHBIX O CTaHAAPTHBIX TOTEHIHANAX IEePEX0I0B MEKIY
CTENEHSIMA OKUCIIEHUSI SJIEMEHTOB, B TOM YHCJE BaHaJus, MOXHO HCIOIb30BaTh

nuarpammy Jlatumepa.
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Jnisa ee m300pakeHHsI 3alMCHIBAIOT B PAJ OKUCICHHBIE W BOCCTAHOBIICHHBIC
bOpMBI 3THUX MEpPeXOJ0B (AIEKTPOXUMHUUYECKUX TOIYpEakiuil) U COCAUHSIIOT HUX
CTPEJIKAMH II0 HAIPaBICHUIO BOCCTAHOBJICHUSA C YKa3aHUEM COOTBETCTBYIOLLEIO
3HAYCHUs1 HOpMaIbHOTO noTeHImana E° (B Bonbrax). [Ipu 3TOM ciieyeT yuYuThIBaTh,
4YTO 3HA4eHMs NOTeHIMana E° npuHATBI B pacueTre Ha OAMH AJIEKTPOH. Takas
auarpamMma, IIOCTPOCHHHas JUId BaHajus, CYLIECTBYIOIIETO B KHUCIBIX PAacTBOPAX,

umeeT B [20]:

-0.254

HZ0 +0,359 - 0,256 — 1,189
VO, " N > V3 > 2+ >V

Astopamu [13] mnpuBomsTCS ClIeAylOlIMe JAMAarpaMMbl IS BaHAIWS,

Haxosmierocs B kucibix (pH < 3) u menounsix pactBopax (pH > 12):

Vv IV il il 0
~ 0,236
0,668
1,000 0,337 ‘ - 0,255 ~1,13
Kucnprit
VO, vor —— v Vv ——— vy
pacTBop
(pH< 3) 0361 |
1,366
2,19 0,542 ‘ — 0,486 0,820
Wenoumon g4 5. HV,0; —— V,0; Vo —— V
pacTBop
0,749
(pH> 12)
0,120

13



Nonwl V(II) MamoycTOHYMBEI B pacTBOpPax, OHM BOCCTAHABIMBAIOT AK€ MOHBI
Bojoposa. Coeaunenust V(III) Toxe cunbHble BoccTaHoBUTENH. CoelUHEHUS
BaHaaus (V) — CHJIbHBIC OKUCIHUTENH, HO TOJIBKO B KUCIBIX pACTBOpax. B miemodHbIx
pacTBopax oHH ycTOW4IHBHI [20].

Bo Bcex cTemeHsX OKUCICHUsS BaHaguii, Kak TpPaBUIO, HMEET
KoopJiMHalnoHHoe unciio 6. B crenensix oxucnenus (IV) u (V) takke oOpa3yrorcs
COCIMHECHUS C KOOPJAWHAIIMOHHBIM 4dYHcIoM 4 (Hampumep, B MeTa-, OU- W
opToBaHanatax), 5 u 8 [20].

XuMHST BOJHBIX PACTBOPOB BaHAIMSA YCIOKHSICTCS HW3-3a CYIIICCTBOBAHUS B
pacTBOpax MHOTOYHUCIICHHBIX HOHOB M TIOJIMUOHOB, TIEPEX0]] KOTOPHIX B PABHOBECHOE
COCTOSIHUE 3aBUCUT OT 3HaueHus pH H OKHUCIUTETHLHOTO-BOCCTAHOBUTEIBHOIO
MOTCHIIMAIAa B CHUCTEMaX, a TAaKKE €ro KOHIICHTPAIlMd M COACP)KAHUS JPYTHX
anemeHToB. Monnoe cocrosiuue Banamus (IV) u (V) B BOOHBIX pacTBOpax,
reTepOreHHbIC PABHOBECHS B BOJIHO-COJIEBBIX CHCTEMaX, BKJIIOYAIOIIUX €ro
COCIMHCHMSI, IETAIbHO PAaCCMOTPEHBI B JIMTEpaTypPHBIX HCTOYHMKaAX [6, 13, 20-33].

Juarpammbl «pH — nmotennumam» (puc. 1) u «pH — 1g C» (puc. 2 — ans BaHagus
(IV) u (V); puc. 3-5 — s Banaaus (V)) — rpadudeckoe n300pakeHUe paBHOBECHH B
CUCTEMaX, COJEpKaluX TBepAble (a3sl W BOAHBICE PACTBOPHI, IMO3BOJSIOT
MPEACTaBUTh TEPMOJUHAMUYECKU CTAOMILHOE COCTOSTHUE BaHAIUS B 3aBUCUMOCTH OT
MoKa3aTeliel, ONMPEACIISIONINX BO3MOXXHOCTh 00pa30BaHUs XUMUYECKUX COCTUHCHUN
B PacTBOpAx.

Banamuii cymectByer B BOAHOM pacTBope B cremeHu okucienus (V) npu
OTpPENCICHHBIX 3HAaYeHUsAX pH, KOHIEHTparuu MeTala W OKHUCIUTCIBHOTO
notenuuana (puc. 1, 2), Kak mpaBmIio, B Buze BaHagmi-nona VO [13, 29].

Banannii (V) Haxomutca B pactBope B Buje katuoHa VO,, HelTpanbHbIX
coemuuennii VO(OH);, anmonos: nexasamamata (V10Oz(OH),", V10027(OH)” u
V100286'), monoBanagata — VO,(OH),, VO3(OH)2‘ 1 VO,> u nonusanamara —
VZOG(OH)?" V,0.%, V3065 u V405" [29]. MeraBanamat- u JekaBaHaIaT-HOHBI

CYIIECTBYIOT TP KOHIIEHTpAMIX BaHaawsl, mpesbimaronux 0,1 moms/n [29, 30].
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Puc. 3. 3aBucumocts coctostHus HoHOB Banaus (V) ot pH BogHoro pactBopa

[13].
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Puc. 4. 3aBucumocts coctossHusi HoHOB BaHaaus (V) ot pH BoaHoro pactBopa

[13, 30-33].
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Puc. 5. JImarpaMma mpedMyIIecTBEHHOro cocTosiHus BaHamus (V) B BOJHBIX

pactBopax B 3aBrcuMoctu ot pH nipu 25 °C [20].

[Ipu 3nauenun pH <2,0 BaHaguii CymiecTByeT B OCHOBHOM B BHUJE KaTHOHOB

VO," u aHMOHA JeKaBaHAATA H2V100284', koraa coxaepxkanue V,0s cocrapmser 2-3

r/n (puc. 3).
B kucnisix pacteopax V(V) obpasyer akpakommiekc [VO,(H,0),']. ITosromy Bo

MHOTHX ClIydasx KoMiuiekcooOpasoBanne V(V) B BOAHBIX pPAacTBOpax KHCIIOT

1eJIeCO00pa3HO pacCMaTPUBATh KaK MPOIECC 3aMEIICHUS JTUTaHIaMU MOJIEKYJT BOJIBI,

PacIoNIOKEHHBIX BO BHYTpeHHEH chepe akBakomiuiekca [13]:

[VO,(H,0), InA < [VO,(H,0)4nA " + H,O.

B CUJIbHOIICIIOYHBIX pacTBOpax OH BXOJUT B COCTAB MOHO}II[epHOf/i qaCcTHIbI —

mea0o49n BO3HHKAIOT

C YMCHBIICHHUEM KOHIOCHTpAalIun

OpTOBAaHAJAT-UOHA,
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MOJUSAECPHBIE AHUOHHBIE YACTHUI[bl, MAKCUMAJIbHAsl CTENEHb KOHIEHCALUM, paBHas
10, xapakrepHa 111 CTaOOKUCIBIX paCTBOPOB.

PaBHOBECHBIC JaHHBIC I HEKOTOPBHIX peakiuii ruapoiusa BaHamus (V),
MMPOTEKAIONIMX B BOJHBIX PAaCTBOPAX C PA3IUYHOM MOHHOW CUJIOM, MPEACTABJICHBI B
taou. 1 [31].

ABtopamu pabothl [34] mpemiokeHa MOJAETh MPOLECCOB MOJIMKOHICHCAIIUN B
IIOAKUCIIEHHOM pPacTBOpE VO,>, amekBaTHO ONKCHIBAIONIAS pesyabpTarel  pH-
MOTEHIIUOMETPUUECKOTO TUTPOBAHUS, W MOCTPOEHBI HArpaMMbl pPAaCHpPEACIICHUS
nonuaHnoHoB BaHaaus (V) B uHTepBaie pH 1-13 mpu pa3nudHOM OTHOIIEHUH 00IIeH
KOHIICHTpAIlMU BOJOpPOJa B pacTBope K oOIled KOHIICHTpalluu BaHaaus  Z,
Haxosmemcs B nuama3one 0-3,00 va ¢done HuTpar-uoHoB. [Ipu Z<1,75 obGpazyrorcs
nomuBananar-aunonsl HV,0g” V,0.*: V3040”7 V,015% u HV40135'; npu 1,75 < Z <
2,40 - MeTanoMBaHaIaT-aHUOHBI V3093-; HV3092‘,V40124' u HV40123'; a npu Z 2,40-
3,00 — nexaBananat-aHuoH V10Os" U OMpPENCICHBI KOHICHTPAIIHOHHBIEC KOHCTAHTHI
ux oOpazoBanusi. OTMEUYEHO BIMSHUE KOHIEHTpAIlMU Ha TMPOTEKaHUE MPOIECCOB
MOJMKOHJEHCAIIMH B pacTBOpax. CymecTBoBaHWe  TeTpaBaHagaT- |
rUApOMETaBaHa1aT-aHUOHOB MOATBEPKACHO XUMHUYECKUM u HK-
CIEKTPOCKOTTMYCCKUM HCCIEIOBAaHUSIMU CHHTE3UPOBAaHHBIX cojielt NagV,0q3 - 2H,0
n NagHV4012 : SHZO

Boisichenuto ¢GopMm CcOCTOSHMST BaHaausi B BOJHBIX PacTBOpax IMOCBSIICHBI
MHOTOYHCJICHHBIE HCCIIEIOBAHUS, OHAKO IO CUX MOP 3TOT BOMPOC AAJIEK OT MOJIHOTO
paszpemieHusi. MHoroo6pa3zue HMOHHBIX ()OPM BaHAAUs B pPacTBOpax MNPUBOAMUT K
00pa3oBaHUIO OOJIBIIIOTO YHUCIIA COCTMHEHUHN C Pa3JIMUHBIM COOTHOIIEHUEM METaJIOB
M BaHaIWs, a TaKKE€ KOMIUIEKCHBIX COCIMHEHUH C HEOPraHUYEeCKUMHU U
OpraHUYeCKUMU JIUTaHaMU.

CBeneHust 0 cocTaBe BaHAAATOB, MOJYYAaE€MbIX U3 BOAHBIX PAaCTBOPOB, YACTO
MPOTUBOPEYHBHI, a POPMYJIBI UX HE BCET/IA I0CTATOYHO 000CHOBaHBI. [IpoTHBOpEUns
BO3HUKAIOT M3-32 HENPABUJIBHOIO Yy4Y€Ta HOHHOIO COCTOSIHMS, KaKk HOHOB

IIATUBAJICHTHOI'O BaHAaJWs, TaK 1 KATUOHOB MCTAaJlllad, 06pa3onmero BaHadar.
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Tadmuna 1.

I'mnponu3s nonos Banaaus (V) [31]

Peakuus Temne- Cpena Log
parypa, °C Q
VO," + 2H,0 =VO(OH);(aq) + H* 25 0,5M NaClO, | -3,2
VO," + 2H,0 2VO,(OH), + 2H" 25 0,5 M NaClO, | -7,0
VO,(OH), = VO3(OH)* + H* 25 0,5M NaCl | -7,80
20 0,1 M NaClO, | -8,23
VO3(OH)* =VO,* + H* 25 3M NaClO, | -13,2
2 VO,(OH), = V,04(0OH)* + H*+ H,0 25 0,5M NaCl | -5,12
2VO5(OH)* = V,0;" + H,0 25 3M NaClO, | 1,68
3VO;(OH)* + 3H" = V304> + 3H,0 25 0,5M NaCl | 30,71
3VO0; = V304 40 0,5M NaCl | 7,14
4VO; = V401247 40 0,5 M NacCl 10,10
10VO; + 5H* = V300,7(0OH)*> + 2H,0 40 05M NaCl | 57,4
10VO;3 + 6H" = V;90,(0OH),* + 2H,0 40 05MNaCl | 61,8
V30> + VO, = V,0.,° 40 0,5M NaCl | 2,96
10VO," + 8H,0 = V330(0OH)," +14H" 25 1M NaCIlO, | 6,75
3MNaClO, | -5,5
V10026(OH)," = V100,7(OH)> + H* 25 1M NaCIlO, | -36
3MNaClO, | -3,5
20 1M NaClO, | -3,6
0,1 M NaCIO, | —4,34
V10027(0OH)* = V100,65 + H' 20 1M NaClO, | 5,8
3MNaClO, | -5,5
1 M NaClO, -6,1
0,1 M NaCIO, | -6,9
1V,05(c) + H = VO, + % H,0 25(?) 0,3-05M | —0,66
(HCIO,~

NH,CIO,)
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Bananatsr (IV) (crapoe Ha3BaHME BaHAIUTHI) OOBIYHO KOPUIHEBOTO IBeTa. KX
BOJTHBIE pacTBOPHI, YCTONYUBBIE B MPUCYTCTBUH 1IEJI04H,
JIETKO OKHUCIHSIOTCS Ha Bo3ayxe. Conu MIETOYHBIX METAIUIOB KPUCTAJUIU3YIOTCS U3
pacTBOpOB B BHje ruapatoB coctaBa M;V3;0; - nH,O. B 6e3BogHOM cocTostHUM
nonydyeHsl BaHanatel (IV) npyrux cocraBoB. Bojoil OHM TUIAPOIU3YIOTCA,
MUHEpaJIbHBIMU KUCIOTaMu pasnaratorcs [20].

Banagatet (III) (ctapoe Ha3BaHWe THUNOBAaHAIWUTHI) HU3BECTHBI TOJIBKO B
0€3BOJTHOM COCTOSTHUM M IO CTPOCHUIO JIOJKHBI PACcCMAaTPUBATBHCS KaK CIIOXKHbBIC
okcuabl. JJIs IIENOYHBIX METAUIOB XapakKTepHbl coequHeHus tuna MVO,, ns
MIETOYHO3EMENbHBIX M APYTUX METAIJIOB B CTEMEHU OKucieHus +2 — tuma MV,0,
(OonpIIei YacThiO CO CTPYKTYpPOM IIMHUHENHW); IS PEAKO3EMENbHBIX M JAPYTHX
METaJUIOB B CTeNeHW OkuciaeHus +3 — tunma MVO; (4acTto co CTpPYKTypoil
nepoBckuTta) [20].

CymiecTByeT OOIIMPHBIA KJIacC BaHAAMMCOMEPXKAIIUX COJICH, Ha3bIBAEMBIX
noymBaHagaaramu. OTHOIIeHHE yucia Moiekyln V,0s B cocTaBe ATUX COJEH K YUCTY
MOJIEKYJ OCHOBHOTO OKCHJAAa BbIle, YeM B MeTaBaHajatax. Hampumep,
reKcaBaHaJIaThl — COJIM rekcaBaHaaueBod KucoThl HiyVeO17 (i 3V,05 - 2H,0) .
Haubonee mpoctoe cTpoeHre y OpTOBaHAAATOB, COACpPKAllUX M B pacTBOpax, U B
KPUCTAJUIMYECKOM COCTOSIHUMA MPOCTOM TETPA3APUUYECKUN AHUOH VO,”. [Ipu
camkennu pH pactBopa (puc. 3, 4) TpOUCXOAUT KOHJCHCAIUS aHUOHOB C yJacTHEM

BOJIbI:

2VO,* + 2H* -V,0;" + H,0 muposanaznar (pH 12-10,6)

JluBaHagatel  (IHPOBAHAIATHI)  COACPIKAT  COBOCHHBI  aHHOH — V,07"
U3 JBYX TETPaj’ApoB C OOIIEeH BEpPUIMHONH, HO Yy HEKOTOPBIX KPUCTALIMYECKHUX

JIVBaHAJaTOB HaljeHa KOMOWHAIIMS UW30JUPOBAHHOTO OPTOBaHAJAT-WOHA U

5-
nernovyeyHoro anuoHa V3Oig U3 TpeX TETpasapoB.

20



MeTaBaHaaTaM OTBEYAIOT KONbIEBbIe aHHOHBI U3 Tpex (V30g>) MM deThpex
(V401,") TetpasmpoB Mtk GECKOHEUHbIC LEMH W3 TETPadAPOB, COCIUHCHHBIX Hepes
BEPILMHBI.

Hawnbonee ycToilunBbl B pacTBOpax METaBaHAJaThl, HAUMEHEE OPTOBAHAAATHI.
Ecnu runponus opToBaHaAaTOB UAET YK€ MPU PACTBOPEHUM B XOJIOAHOM BOAE, IJIs

MMPECBpAICHUA TUBAHAATOB B MCTABAHA1AThI Tpe6yeT05{ KUIIYCHHUC paCTBOpa
2V,0;"+2H,0—2V,0,,"+40H".
HpI/I IMOAKHUCIICHUH MCTaBaHAAAThI IIPCBPAIIAIOTCA B ICKABAHAIAThI
5 V401" +8H" — 2V1404+ 4H,0.

Bce st peaknuu oOpatumbl. JlekaBaHajatam CBOWCTBEHHA HauOOJIbIIAs
CTENeHb  KOHJICHCAI[UH. Nx  aHuWOHBI COCTaBJIEHbI  yXe HE U3
TETPa’ApOB, a U3 CBSA3aHHBIX BEpIIMHAMHU OKTa’ApoB. WM3BeCTHBI U JApyrue
MOJIUBAHAAAThl; K HHUM OTHOCSTCS TpU- WM TekcaBaHamatbl Mi,VOq6
TEeMHO-KpacHOTO  I[Beta (B OTIMYME OT  OpPAHXKEBBIX  JCKAaBaHAJATOB),
oOpa3zyroluecs TpW HarpeBaHWUU WM CTApEHHHM PAcTBOPOB JIEKaBaHANIaToB. B ux
CTpyKType coaepxarca ciaou u3 nupamun VOs, m oktadapoB VOg. XKenrtbie
neHTaBananatel M3Vs0p, comepkar monmMmepHbie ciaoucTbie aHuoHBl W3 VOs u
tetpa’apoB VO, [20]. TlonumepHble aHHOHBI COJAEPXKATCS W Y 10JICKaBaHAIATOB.
Ocaaku monMBaHaAaTOB MEPEMEHHOI0 COCTaBa, OJIM3KOTO K J0jAeKaBaHagaTtaM (puc.

3), obpazytorcs npu pH < 2 10 yCTIOBHBIM peaKITUsIM:
12V02++20H_=H2V12031+5H20;

6 V100, + 36H" = 3H,V,04,+ 13 H,0.
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[Tpu 06e3BOXKMBaHUM THAPATOB JICKaBAHAIATOB U JAPYTHUX TMOJUBAHAIATOB OHU
pasnararoTcsi ¢ 00pa30BaHHEM COSAMHEHUN THIAa BaHATUEBBIX OpoH3 i cMecH V,05
U COOTBETCTBYIOILIETO METaBaHaAaTa.

N3 pacTBOpOB, TOAKHUCICHHBIX 10 OTHOmeHus B>2,6 (rme B = H+/VO43'),
BaHaui ocaxnaercs [6]. CKOpOCTh OCaKIEHUSI 3HAUUTENLHO YBEIUYMBACTCS MpU
HarpeBaHuM pacTBOpPoOB. [lockobKy MpHpoaa 0CaIKOB O KOHIIA HE Oblja BBHIACHEHA,
TO Ha3BAJIM UX MO-PA3HOMY: THAPATUPOBAHHBIN NIEHTAOKCH] BaHAINSI, TCKABaHAATHI
BaHaJMs, TeKca- M JIOJeKaBaHAJaThl IIEIOYHBIX MeTayioB. Jloka3aTh, YTO OHHU
SBJITFOTCSL THIpaTaMu TICHTAOKCHAA BaHAAWsI, IMOKa He ymanochk. MK-cmekTpsl 3THx
ocankoB cxoxu ¢ MK-cmektpamu rekca- U q0/eKaBaHAIATOB MIEIOYHBIX METAIIIOB.
Cuurtass o0pa3oBaHHE OTUX COCAUHEHUN MPOMEKYTOUYHOM CTaguerd MexIy
AHUOHHBIMA W KAaTHOHHBIMH (hOpMaMH, WX CIEAyeT paccMaTpHWBaTh KakK JIBOWHBIC
JIeKaBaHaJaThl BaHAJAMS W IIEJOYHBIX METAJIOB, a COCTaB MPEJCTaBUTH
paBHOIICHHBIMH Tekca- W jgojckaBaHamatam ¢opmyidamu  My(VO,),V1003 1
M2(VO2)2V1002.

Astopsl [35] cuMTaroT, 4TO OCHOBHBIMH (hOpMaMH BaHAIWsS B PacTBOpPE MpH
ocaxxaennu B auarnazone pH 1,5-5,0 sBustores aekaBanagat-uoHbl (V19O026(OH)o4,
V10027(OH)s 1 V1005%).

MHOTOYHNCIICHHBIE UCCIIeIOBAHUS B3aUMOJICHCTBYS BaHA/IaT-HOHOB C KATHOHAMU
METAJIJIOB B BOJHBIX pAacTBOpax M MX COBMECTHOTO moBeaeHus B obsactu pH 0-14
MO3BOTIIIM CPOPMUPOBATH OCHOBHBIE TOJIOKECHHUSI TEOPUU OOpa30OBaHMS M CHUHTE3a
BAaHAJaTOB B BOJHBIX PAcCTBOpPAxX, XOPOIIO COTJIACYIOIIHECS C COBPEMCHHBIMU
NPEICTaBICHUSIMH O cocTaBe MOHOB BaHaausg (V) M B3aUMOJEHCTBYIOIIMX C HUMH
KaTHOHOB METaJIOB.

Banamatel B BUIe KpHUCTAUIOTHAPATOB 00Opa3yIOTCs JUIIL B TOM cllydae, Koraa
B3aMMOJICUCTBYIOINE BaHAJAT-MOH W KATHOH MeETajsla MOTYT CYIIeCTBOBATh.
[TockonbKy MHOTHE KAaTHOHBI CYIIECTBYIOT B HETHAPOIM30BAHHOM BHJIC TOJHKO B
Kucioi cpene, rae Banaauii (V) B OCHOBHOM HaxoauTcsi B (opme JieKaBaHaaT—
WOHOB, TO OOJBIIMHCTBO KPUCTALIOTUIPATOB SIBISIOTCA JeKaBaHamaTamu. Kpome

TOrIO, Imupo- W  JC€KaBaHagaTbl aMMOHHA HC  CYHCCTBYIOT, a KAaTHOHBI
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MIEJIOYHO3EMENBHBIX METAJIJIOB CIIOCOOHBI 00pPa30BBIBATh KPUCTAJLIOTHIPATHI JEKa-,
MeTa-, MUPO-, a UHOT/Ia U opToBaHanaToB [6]. B mpucyrcTBM M30BITKA KAaTHOHOB
HICJIOYHBIX METAJJIOB WJIM AaMMOHMS Hapsiy C HOpPMaJbHBIMM BaHaJaTaMu
obOpasyrotcs aBorHble, HanpuMep: MoMe;V1002xnNH,0 umn M4MV1902xnNH,0, e
M = Na*, K, NH,", Rb*, Cs"; Me = Ca*, zZn*, Cd*, Mn*, Co®, Ni*" [6].
PacTBOpUMOCTh JBOWHBIX BaHAJaTOB, KaK MPABWIO, MEHBIIE PaCTBOPUMOCTH
HOPMAJIbHBIX BaHAJAaTOB U YOBIBAET C POCTOM pajuyca KaTUOHA IIEJIOYHOT0 MeTallia.
M30bITOK BaHamaTa MICIOYHOTO MeETajlla HE OKa3blBAaeT BIUSHUS HAa COCTaB
00pa30BaBIIETOCS COCAMHEHMS, €CIM BaHAJAT-WMOHBI OCaJKa H J00aBIIEMOTO
pacTBOpa MOTYT HAaxOJUThCA B paBHOBecMU. B mpoTuBHOM ciyuyae 3HadueHue pH
pacTBOpa cMecH OyJeT TOBBINIATHCA CHadayia 10 3HavyeHws pH cymecTBoBaHUS
MIPOMEKYTOUHBIX BaHAJIaT-MOHOB, a 3aTeM J0 3HaueHus pH pactBopa mobdasisiemoro
BaHamata. CocTaB COCAMHEHHS TIPH 3TOM H3MEHHUTCS KaK 3a CYET YBEIWYCHUS
CONep)KaHUsI THIPOKCUIBHBIX HWOHOB B THIPOKCOKATHOHE, TaK ¥ 3a CYET
OJTHOBPEMEHHOTO  O00pa30BaHUsI TMPOMEKYTOUHBIX MEHEEe MOJIMMEPU30BAHHBIX
BaHAaToB.

B kucabix pactBopax coenuuenus BaHaaus (I11) oxpaiieHbl B 3€eHBIH IBET.
PactBop ammuaka, 100aBICHHBIA K KUCIBIM BOJHBIM PAacTBOpaM OKCHJla BaHAIUA,
BBIICTISCT 3elieHbld ocafok Tpuruapokcuaa V(OH)s, KOTOphIi 10 Mepe OKUCIICHUS
U3MEHSET I[BET 0 KOPUYHEBOTO.

N3 pactBopoB ¢ W3OBITKOM  CEPHOW  KHCIOTBHI TIPU  yIIApUBAHUHU
KPUCTAJUIM3YIOTCSl CBETJIO-CUHUE THApPAThl KUCIOTHl BaHaawicyinbpata 2VOSO, -
H,SO,, ero Takxke Ha3bIBalOT auOKCOTpucyibdaTonuBaHaaueBo (1V) xucioroi
H2[V202(SO4)3].

[lenTokcum BaHagusi pacTBOPUM B BOJE, a TakK)Ke B KHUCIOTaX M INEJOYaXx.
PactBopumocTs B Bome coctaBisgeT 3,5 1/n1 mpu 25°C. OH nerko oOpasyeT
KOJUIOWHBIC PACTBOPHI, TOJYUYAOIIHECs, HAIpPUMEpP, B3aWMMOJCHCTBHEM pacIliaBa
OKCHa ¢ BOJoi. Bo/mHbIE pacTBOPHI MEHTOKCHIA BAHAIUS UMEIOT KHUCIYIO PEaKITUIO

(pH 3,5). B Hux oOHapy>XHUBaIOTCs MOHBI JIEKaBaHAJAATOB, B PA3JIMYHON CTENECHU
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MPOTOHUPOBaHHBIC. PacCTBOPHI pearupyroT ¢ KapOoHATaMU METaUIOB, OCOOEHHO MpHU
HarpeBaHuH, C BBIJICICHUEM JHUOKCHIA yIiIepoia 1 00pa30BaHUEM BaHAAaTOB.
[TenTOoKCHT BaHAMS U €0 PACTBOPHI B KUCIION Cpesie B PAJIE CIy4aeB SBISIOTCS
OKHUCIAIONIMMU areHTamMu. CTeneHb BOCCTAHOBJIICHUS BaHAAMS 3aBUCUT OT MPUPOIBI
BOCCTAHOBUTEJS, €T0 KOHIICHTPALIUU U JPYTUX YCIOBHM.
KoHueHTpupoBaHHas coJisHasi KUCIOTa pearupyer npu HarpeBaHuu ¢ V,0s C

BBIJICTICHUEM XJiopa 1o peakmmu [20]:

V,05 + 6HCI = 2VOCl, + Cl, + 3H,0.

Peaknust o6paruma. s momHoro BoccraHoBieHus: BaHaaus (V) 10 BaHaaus
(IV) HeoOxoauMO TOJICPKUBATh BBICOKYIO KOHIICHTPAIIMIO COJITHON KHCIIOTHL. B
BOJHBIX pacTBOpax CoOJICH, IMOJKHCICHHBIX CEPHOM KHCJIOTOM, BaHAJIUM JIETKO
BOCCTAHABJIMBACTCSA aMallbraMoi BucMyTa o BaHamus (1V), marHumeM 10 BaHaaus
(1), muaKOBOM amanbpramoit 1o Banamus (11).

TBepaple ruapaThl dSTOr0 IEHTOKCHIA BaHAIUS HEKOTOpPHIE aBTOPBI
NpuHUMAalOT 3a MeTaBaHaaueByto HVO;, nuBananueyro H,V,0; 1 opToBaHaueByto
H3VO, xucnmotsl. OTH BemecTBa amopdHbie. B KpuctamimdyeckoM BHUE MOTy4YeH
TOJBKO OJWH THApAT, OTBEUANOIIMI JojaekaBaHagueBon kuciore, H,V1,03,-10H,0.
On oOpa3yeTcs mpu BhIApPWBAaHUU KOJUIOMIHOTO PacTBOpa okcuaa. B ruaporerne
MEHTOKCUJA  BaHAAWsI  TMPUCYTCTBYET  OOBIYHO  HEKOTOPOE  KOJMYECTBO
BOCCTAaHOBJICHHOTO BaHAJHs, TTO3TOMY (popMylia J0/IeKaBaHIUEBONH KHUCIOTHI MMEET
Bua H,V1,0314 - 10H,0. HMonsl Bomopona B HEH MOTYT 3aMelIaThCsl KaTHOHAMMU
METaJUIOB, BIUIOTH 10 00pa30BaHMs JIOJACKAaBaHAAaTOB. Tak MoMydeH J0jJeKaBaHaaaT
Bananusg (IV).

CymiecTByromasi ~ TOJBKO B pacTBOpax  JieKaBaHaJueBas  KHUCJIOTa
HsV1002 - cmmpHast. B ee pacTBopax wHIeT aBTOKATAIMTHYCCKHUM IPOIECC
MOoJIMMEPHU3aIlMl ¢ O00pa3oBaHUEM KOJUIOMIHBIX YaCTHIl, 3aKaHUYMBAIOIIMICS B
teuenue ~1 mec. Ob6pasyromuecs 3011 V,05 - NH,O comepxat 60IBIIT0E KOJTMYECTBO

BoJibI (n 710 1300).
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Cy1ecTByeT OOIIMPHBINA KJIACC KOMIUICKCHBIX COeMHEeHN BaHamus [6]. ITpu ux
oOpa3oBaHWM BaHAAWK Y4YacCTBYET B JIIOOON M3 M3BECTHBIX CTEIICHEH OKHCIICHHUS.
3apsn ero KaTMOHOB B PacTBOpax HE IMpeBbINIaeT Tpex. BaHamuii B cTemeHsx
okucineHus +4 u +5 obpasyer ycroitunssie okcokatnonsl VO** u VO,>, a taroke
VO*. TIo CHOCOGHOCTH NPEHMYIIECTBEHHO KOOPAHHHPOBATHCS B KOMILICKCHBIX
COeIMHEHUAX ¢ JoHOpHbIMU atoMamu JuranioB N, O u S xaruons! Banagus (1V) u
(V) obOpasyror ¢ KUCIIOpoAOM 0Oojiee POYHYIO CBS3b, YEM C a30TOM B OTJIHYHE OT
katnonoB BaHaaus (lll). Tlpu oOpa3oBaHUM KOMIUIEKCHBIX COEIMHEHMM, Kak
MPaBUJIO, BO3HUKAIOT TETECPOIMKIBI, B KOTOPHIX KATHOHBI BaHAIUS SBISIOTCS
aKIIETITOPaMH JIEKTPOHHBIX TIap KUCIOPO/Ia U a30Ta.

Bananuii o6pa3yeTt psji CIOXKHBIX COJIeH, TaK Ha3bIBAEMBIX M€TEPOKOMILIEKCOB!
BaHaJ0MONMOAaTOB, BaHanodocdaToB, ypaHWIBaHAAATOB, BaHAJAOBOJb(PpPamMaTOB.
Cepus reTepocoeIMHEHUI BaHa M U MOJIMOeHA MOXKET ObITh BhIpakeHa (opMyIion
mMeO-nV,0s-pM0o0s;-gH,0 (rze Me — NH,*, Na*, K*, Ba* u mp.; m = 2-3; n = 1-2;
p = 4-5; g = 4-48); cepus TreTepOCOCAMHCHHMI BaHAAWs C BOJbpaMOM —
mMe,0-nV,0s-pWO;-gH,0 (rme Me — NH,*, Na*, K, Ba®", Ag", Cu* u gp.; m =
2-3;n=1-3; p =4-6; g = 6-24) [6].

JIns OOJBIIMHCTBA TETEPONOIUCOSTUMHCHUN XapaKTepeH P OOIUX CBOMCTB.
Tak, COOTBETCTBYIOIE UM KHUCJIOTHI JOBOJBHO CHUJILHBIE, XOPOIIO PACTBOPSIOTCS HE
TONBLKO B BOJIE, HO 1 B a¢upe. TpyaHee Apyrux pactsopsirorcs o6brdnHo comu NH,',
Ag’, Cs’, a Takke CIOXHBIX M OpPraHMYeCKMX KaTHOHOB. Jlns Bcex
TeTePOIOJIMKUCIIOT XapaKTEPHO TO, YTO OHU JICTKO Pa3pyIIArOTCs N30BITKOM IIICIIOYH.
Y CTOMYUBOCTH MX IO OTHOLIECHUIO K KUCJIOTaM pa3JIMyHa.

Takum oOpa3om, BbICOKasi peakIMOHHAsI CTIOCOOHOCTh BaHAAMsI OOYCIIOBIUBACT
CJIOKHOCTh €T0 XMMHUYECKOTO MOBEJCHUA. B BOJTHBIX pacTBOpax, 00pa3yroIIuXcs Mpu
nepepadoTKe pPa3IUYHBIX TEXHOJOTUYECKHX TMPOAYKTOB, BaHAJAWM HAXOIUTCS B
BBICIIINX CTETCHSIX OKUCIEHUS, 00pa3ysl BaHA/AThI, THAPOJIU30BAHHBIC COCIUHCHHUSI,
reTeponoJIMCOEANHEHMS, COCTAB KOTOPBIX OMPEAENAECTCS] KOHKPETHBIMU YCIOBUSAMHU

IMPOBCACHUS IIPOLICCCa.
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1.2. CopOuiuoHHbIe METO/IbI U3BJIEYEHUS BAHAIUS

Bananuit B mpupoAHBIX Mpolieccax MpOosiBIsIeT IUTOPHIbHBIE, CUAepOPUIbHBIE,
XaJIbKOQUIbHBIE W  OpPraHOreHHbIe  CBOMCTBA, Ojarojgapsi KOTOPbIM  OH
KOHILIEHTPUPYETCS B  TUTAHOMATrHETUTOBBIX  pyJax,  CIIOJUCTBIX  ypaH-
OMaropoJHOMETANIBHBIX ~ KOMIUIEKCHBIX  pyJax,  He()TEOUTYMHOM  ChIpbE,
METAJZIOHOCHBIX CllaHIaX, KaMeHHbIX yriusax [4, 20, 36-42]. Bonee BbicOKHE
COJIEpKaHUsl BaHAIUA MO CPABHEHUIO C MPUPOJHBIM CHIPHEM HAOIIOMAIOTCS B CHIPHE
TEXHOTC€HHOTO MIPOUCXOKICHHUS: OTBaJIbHBIX niaMax MPEPHUITHIA,
nepepabaThIBAlONIMX  BaHAJAMEBbIE  IIJIaKM, OTpaOOTaHHBIX  KaTalau3aTopax
CEepHOKHMCJIOTHOTO TPOW3BOJCTBA, 30JbHBIX OCTATKaX TEIJIOAJICKTPOCTAHIIHM,
MCIIOJIB3YIOIINX KHUJIKOE TOILIIUBO.

Jns  nepepabOTKM  TakuX  BHJOB  ChIpbS  HUCHOJB3YIOT  NHPO- U
THAPOMETAJUTYPTHYECKHE METOJbl, B pe3ylbTaTe 4Yero oOpa3yroTCs pacTBOPHI C
pa3IMyYHBIM COAECPKAHUEM BaHAIUS U IPYTHX LIEHHBIX U IPUMECHBIX KOMIIOHEHTOB.

W3pnedyenne BaHaAWsl W3 PACTBOPOB C TIONyYEHHWEM €r0 TEXHUYECKUX
COEMHEHUM OCYIIECTBISIIOT, B OCHOBHOM, COPOLMOHHBIM, 3KCTPAaKIMOHHBIM U
ocaguTeNbHbIM MeTogamu. Ilpu 3TomM mocneaHue aBa METOJa MCHOJB3YIOT OOBIYHO
npu nepepadoTke cpaBHUTENBHO Oorathix (10-200 1/11) Mo coaep:kaHUIO BaHAAUS
pacTBOpPOB.

J7is M3BJIeYEHUS ¥ KOHIIGHTPUPOBAHUS BaHAIUS MIPH MepepadoTKe ero OeqHbBIX
(<1-5 1/;m) pacTBOPOB MPEANOYTUTEIBLHON SBISCTCS COpOIMOHHAs TexHojorus. Kak
IPaBUIIO, M3-3a PA3JIMYHOTO COCTaBa UCXOJHBIX PACTBOPOB IO COJEPKAHUIO BaHAIUs
U TpuUMeceil B KaXAOM KOHKPETHOM cliydyae TpeOyloTcs HCCIeIOBaHUS
3aKOHOMEPHOCTEW COpOLMK MPUMEHUTEIBHO K ONPEIEICHHOMY COCTaBy pacTBOPOB
B 3aBHUCHUMOCTH OT 3a/1ay, OIpPEAesieMbIX COCTaBOM KOHEYHBIX PAcTBOPOB WIIU
TOBapHOM NIPOAYKLIMH.

Pa3z0aBnenHble pacTBOpHI BaHaIWsl 00pa3yloTCs, HApUMEp, MpU MepepadoTKe

TUTAHOMAarHeTUTOBBIX pyA (COpOCHBIE PAcCTBOPHI), ypaH-OJAropoOAHOMETATUIbHBIX
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KOMIUTIEKCHBIX Py ¥ CJIAHIIEB (IIPOMEKYTOYHBIE MOIYIPOIYKTHI), 30JbHBIX OCTaTKOB
(pacTBOpPHI BHITIICITIAYHBAHHS).

Kpome TOro, Merom copOiMu, Kak OIWH U3 TIPOCTBIX, OTHOCHTEIHHO
HEJIOPOTUX W OE30MaCHBIX, HAPSAMY C OOPATHBIM OCMOCOM, JJIEKTPOOCAKICHHEM,
AJIEKTpOoCcOpOIIMeH, OcCaXXJACHHEeM, BOCTpEOOBaH TMPU M3BICYCHUM BaHATUSA U3
NPUPOJHBIX MHUHEPAIM30BAaHHBIX BOJ, YUYUTHIBAs BBICOKYIO TOKCHYHOCTH €ro
COCITMHCHUIA M BO3MOYXHOCTBH HCITOJIb30BAHUS B POJIH TC€OXHMMHUYECKOTO WHIUKATOpA
[43-44]. B wnHacrosimmee BpeMs isi 3THX IieJicii OOJIbIIIOE BHUMAHHUE YICIISCTCS
COPOLIMOHHBIM ~ MaTepuajiaM  OHOJIOTUYCCKOTO  TPOUCXOXKICHHUSA, a HMEHHO,
IPOAYKTaM, COITYyTCTBYIOIIMM OCHOBHBIM B CEJILCKOM XO3SHMCTBE W OHOIOIUMEpaM
[45]. KpoMe TOro, BaHajuii H3BJICKAIOT METOJAMH aJICOPOLIMN/COOCAKICHUS Ha
okcuruapokcuae xemeza [46]. Aacopouuto V(IV) ocymecTBISIIOT ¢ MOMOIIBIO
xuro3aHa [47, 48], Ha yriuepoaHBIX BOJIOKHAX C BBICOKOW MOBEPXHOCTHIO [49],
IPOMBIIIICHHBIM KPUCTAUTMYECKUM THIpokcuanatutom [50].

MoHOOOMEHHBIC METOJIBI IIMPOKO HCIOJIL3YIOT B aHATUTHYCCKON XMMHH IS
OTICJICHUS BaHAIUS OT JAPYTHUX D3JEMEHTOB WM WM3yYCHUS COCTOSHHUS BaHAIUs B
pactBopax [6, 51].

B TexHomormm BaHaAWs MOHOOOMEHHBIE IMPOIECCHI HAXOIAT NMPUMCHEHHE B
OCHOBHOM JIJIsl M3BJICUCHHS BaHAIUS M3 MPOM3BOJCTBEHHBIX CTOKOB [13, 52-54] u
MOIYTHOTO HW3BJICYCHHS TIPH TepepabOoTKe KOMIUIEKCHOTO CHIPbS KaK IMEPBUYHOIO
[13, 37, 55-58], Tak u Bropuunoro [13, 59, 60].

JIJis  COpOLIMOHHOTO BBIACIICHUS, KOHLEHTPUPOBAHUS W OYUCTKH BaHaIWs
UCIOJB3YIOT ~ MaTepuajabl  Pa3jIMYHOrO  THIA: HOHOOOMEHHBIC  CMOJBI  —
CHJILHOOCHOBHBIE, CITA000CHOBHBIC U XelaTHbIe HOHUTHI [60-83], Heopranudeckue u
oprannyeckue anacopoeHtbl [84-87], BomokuucTteie wonuthl [13, 47, 53, 88].
[TpuMmeHeHHEe COPOIMOHHBIX MATEPHANIOB, W3BJICKAIONIMX BaHAJWKA TIO Pa3HBIM
MeXaHu3MaM, 00yCIIOBJICHO HAaX0XJICHWEM BaHAIMs B PACTBOPAaxX BO MHOTHX (opMax

— KaTUOHHOM, aHUOHHOM, TTOJIMMEPHU30BAHHOM.
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Copbyus 6anaous aKxmueHbIMU VeIsAMU U HEOP2AHUYEeCKUMU A0COPOEHMAaMU.
Jlns u3BnedYeHus: BaHAAUsl COPOIMEN MOYKHO HMCHOJB30BATh IPEBECHBIA AKTHUBHBII
yroib. [Ipu aTom copbupyercst kak Banaauit (V), Tak u Banaauii (IV).

AKTHBHBIII yrojlb Ha OCHOBE KOKOCOBOI'O Ope€xa, MOJIU(PHUIIMPOBAHHBIN
XJIOPUJIOM IIMHKA, ObUT UCCIIEA0BaH Uil u3BjieueHus BaHaaus (V) B 3aBUCUMOCTH OT
BpEMEHU TIepeMellIMBaHusl, KOHIICHTpAallMM BaHaaus, 3HaueHus pH pacrtBopa,
cootHomeHust a3 u Ttemmeparypsl [84]. IlokazaHO, YTO KUHETHKY aacopOIuu
MOKHO  OIKCaTh, MCHOJB3ys Mojenb banrxama. M3otepmel  ancopOuuu
oOpabaTblBajii C NMpUMEHEHUEM ypaBHeHMH Jlenrmiopa, ®peitnanuxa, [[yOununa-
PanymkeBuua u TemkuHa. AncopOIMOHHAs €MKOCTh IO ypaBHeHHUIO JIeHrmropa
coctaBmia 24,9 wmr/r amcopOenta. MakcuManbHas ancopOIus HAOJMIOAAeTCs IpH
snaueHnn pH pactBopa 4,0-9,0. Ha ocHoBanuu u3yuenus BnussHus pH Ha copOumio
BaHaIMs W TIpolecca jgecopOuuu aBtopbl [81] nemaroT BBIBOA O BKIIOYCHUU
MOOHOOOMEHHOTO MEeXaHW3mMa B Ipouecc  ajcopOuuu. Paccunrtansl
TepMoAMHAMUYEecKUe napameTpsl agcopoumu — AG®, AH and AS®. H3syueno BiusHue
aanonos PO,>, SO,%, ClO,, M0o0,*, Se0;*, NO;” and Cl Ha u3BieueHne BaHaqMs.
MoaudunupoBaHHBI KOKOCOBBIN yroiib d3QQEKTHUBEH MpH BbiAeacHH BaHaaus (V)
U3 pacTBOpa, MOJAEIUPYIOLIET0 COCTAaB IPUPOIHBIX BOI.

[Tpu pH 2,5-3 BaHaguii MOKHO M3BJIEYh THAPOKCHIAMH METAJUIOB (HAIIPUMED,
rpaHyJIUPOBAHHBIM 3aMOPOKEHHBIM THAPOKCUAOM XKelle3a), a TAK)KEe U HEKOTOPBIMU
MaJOpacTBOPUMBIMU  COJISIMM  (Yalle BCEro  HCHOJIb3yeTCsl THUIIC, HHOI/AA
oOpaboTaHHbIN pa30aBJICHHBIM pacTBOpPOM Iiiesoun). CopOIrio Ha TUIICE BEAYT Kak
U3 CiIa0OKHUCIBIX PAcTBOPOB, Tak M 3 mienouHsix (pH 9-12). B Teepnoi dase
oOpa3yroTcs Au- U opToBaHaaathl Kanblus. [Ipu oOpaboTke pa3daBiIeHHOW CEpPHOU
KUCJIOTOM Tunc perenepupyetcs [13].

Jlns copouuu Banamus (V) npu pH 1,5-12 ucnonp3oBanu retut (o -FeOOH).
[pennoxeHna MoJieb MOBEPXHOCTHOTO CBsA3bIBaHUs BaHaaus (V) Ha OCHOBE JaHHBIX
MoJteKysipHoit reomerpun 1 EXAFS-cniekrpockornuu [86].

CopOrust  Bamagus  (IV) wu (V) cwiukareneM, (QyHKITMOHAIM30BaHHOM

AMHHOTIPOITUJI-TPUITOKCUCUIIAHOM, OfKcaHa B padote [51].
28



Jis  wm3Binedenuss BaHaaws (V) UCHONMB30BaIM  KPEMHHAOPTaHUYCCKHE
nosumepsl [85].

Copbyus eanaousi 6onokHUcmuiMu mamepuanramvu. lIpuMeHEHHE BOJIOKHUCTBIX
COpOCHTOB B THUIPOMETAIUTYPTHH, KaK TpaBWiIO, OOECIeYnBACT YIIYYIIICHHBIC
TUAPOJIMHAMUYECKUE XapaKTepUCTUKH TMpolecca. Jlns u3BleYeHUss BaHaIuA
UCCJIEIOBAJIM CBOMCTBA TAaKMX BOJOKHUCTBIX MAaTEpHalIOB, KaK YIJIEpOJHbBIC
matepuansl  [49], BOJOKHUCTBIE HMOHHUTHI HA OCHOBE MEUTFOJIO3bI  [13],
nojuakpuioHuTpuia [88].

Jns apcopbuuu u anekrpocopbiuu Bananus (IV) u (V) wuccnenoBamu
yIJICPOIHBIE BOJIOKHA ¢ OOJIBIIION TOBEPXHOCTHIO [49].

BosioKHHUCTBIE HOHUTHI HA OCHOBE 1EJUTI0I03b1, Hanpumep LM, [IM-A2, 1IM-
3, IIM-3A, mpeactaBisitoT co0OM CHIILHOOCHOBHBIC AHUOHWTHI. MaKcHMalbHAS
€MKOCTb 3TUX MaTepuajoB HAOIIOJACTCS MPU U3BJICYCHUN BaHAIUS U3 PACTBOPOB CO
3HaueHueM pH 2.

Copbyus eanaousi epanyiuposanuvimu uonumamu. KaTHOHUTB TPaKTHYECKU
He copOupyroT BaHammii (V) kKak u3 pa30aBICHHBIX Cpel, TaK U M3 PaCTBOPOB,
MOJIYYCHHBIX TPU  TMOJKHUCICHWHW TIOCHEAHUX JO CpPaBHUTEIBHO  BBICOKHMX
KOHIIEHTpAIMi KUCIOThI (Harpumep, > 1,2 H.), BCIEICTBUE HAXOXKICHUS BaHAIUS B
OCHOBHOM B (popme aHnoHOB. OHako B 50-60-x romax ObLIH OMyOIMKOBAHBI pa0OTHI
Mo CcopOIMM BaHAAUS WOHWTAMH TAKOTO THWIA IS Pa3fCiiCHWs] HOHOB B
aHAINTUYECKOU npakTrke [82, 83].

Jns copbumu Bananus (IV) mpensioxkeHO MCIOJIB30BaTh XEJIaTo00pa3yrolme
MOHOOOMEHHBIC CMOJIBI, COJEpIKAINe HMHJI0AICTATHBIC TPYIIBL. DIIFOUPOBAHHE
OOBIYHO BEyT pa30aBIICHHON CEPHON WUITU COJISTHON KUCIIOTOH.

B anamutmyeckux uensx wonut Amberlite IRA-904 wmomuduuposaiu
nopGUpUHOBBIMHE JuraHaamu [81].

Banaauii (V) B OCHOBHOM COpOMPYIOT B BHIEC AQHHMOHHOH W MHOTOSICPHBIX

6- 5- 4-
dopm, Takux kKak V19055~ , HV1902” 1 HyV 1902 aHnonooOMeHnHbIME cMojiamu [30,

40].

29



AHHOHUT Ha OCHOBE COIOJMMEpPA DIUIUAWIMETAKpUiIaTa CO CTHPOJIOM U
HOJMATUICHUMIHA MOXKET OBITh APPEKTUBHO MCTIOIB30BaH st copOimu menu (1) u
BaHazaus (V) u3 ci1aboKUCIIBIX pacTBOPOB [57].

Kunernueckue cBorictBa anmonutoB T (TwomoueBmna) + DX
(Onuxnoprunpu) + I[IOIIA (mommdtunennonuamut), THOXI+M (Menamun) u
T+OXI+I' (I'yaHuguH) B THIPOKCHIBHOW (opMe IO OTHOIICHHIO K COPOLHH
BaHa s u3ydeHsl B padote [80]. CkopocTh copOmmu BaHAIWs STUMH aHHOHUTAMHM
yMeHblaercss B pagy  [HOXTHIIDIIA > THOXT+HM > TH+OXTHI.
Paccuutanneie o boiiny, Agamcony u Maiiepcy koadduumentsl auddysuun
BaHagusgd B  aHuonuTax THOXIHIIDIIA, THOXI+M wu TH+IOXI+IT B
TUAPOKCUIBHON  (pOpMe COCTaBIIAIOT, COOTBETCTBEHHO, 1,71 - 10'6; 142 - 10° u
966 - 10%cm’c. Ckopocth  mecopOLMH — BaHAAMS  KOHTPOIHPYETCS
OMMOJIEKYJISIPHOM XMMHUYECKOW peakiuer M yObIBaeT C YMEHBIIEHHEM EMKOCTH
CMOJIBI, HpU  3TOM  KOHCTaHTa  CKOpPOCTH  JecopOuMH €  HOHHUTOB
cocraBmia: (4,44+1)-10° (T+IXTHIIDIA), (5,2+1)-10° (T+IXT+M) u (6,8+2)-10°
(T+H2XT+TI).

Kak mpaBuio, kuHetuka cop6biun BaHaaus (V) U3 pacTBOPOB C MOMOIIBIO
MOHOOOMEHHBIX CMOJI 3aMEJUIEHHAas, 4TO OOYCIIOBJIEHO HAaXOKJIEHHUEM €ro B BHJE
CPAaBHUTEIBLHO KPYIHBIX TOJMMEPHBIX KoMmIuiekcoB. Jlanuwsie pabGoter  [80]
MOATBEPKIAIOT ATOT (PaKT — KHHETUYECKHE KpUBBIE COPOLIMU U €COPOLIMM BaHAUS
IpU U3BJICYCHUH CHUHTE3UPOBAHHBIMU TOJIMMEPHBIMHU HOHUTAMU HE BBIXOAST HA
paBHoBecue B Tedenne 120 muH. [lo paccunTaHHBIM KHHETHYECKUM JaHHBIM aBTOPHI
OLICHWJIM BpeMs YCTaHOBJICHHSI PABHOBECHSI, KOTOPOE COCTAaBUJIO HE MEHee § U.

Jlns copbuuu Banamus (V) yalle MCMONB3YIOT CHIIBHOOCHOBHBIC aHHOHHUTHI.
[Ipu 3TOM CyIIECTBYIOT JiBa MakcuMyMa copOiuu - ipu pH ~ 2 u npu pH 6-8 [13].
[Tornomenne wuaeT Kak M3 CEPHOKUCIBIX, TaK M COJSHOKHCIBIX PacTBOPOB.
BoNbIIMHCTBO COMYTCTBYIOIIMX JJIEMEHTOB oOcTaeTcsi B pactBope. [lecopOums
BaHaJIMs MPOBOJUTCS PACTBOPAMHU CEPHOM WIJIM COJSTHOM KHUCIIOT C KOHIIEHTpauuen 1
MoJb/7. TakuM MmyTeM U3 CTOKOB C KOHIIEHTpalue mneHtakcuaa BaHaaus 0,3 r/n

MOJIy4arOT PacTBOPHI ¢ KOHILIEHTpauuen 10 20 /.
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JIist mpeoioyieHnsT KMHETUYECKUX 3aTPYJHEHUH BO3HUKAEeT HEOOXOIUMOCTh
WCITOJIb30BAHUSI B COPOITMOHHBIX IPOIECCaX MAKpPOMOPUCTHIX MOHWUTOB, HANPUMED,
cpenneocHoBHoro annonuTa BII-11, amdonura BIIK. Ycranosneno, 4to Beicokas (~
99 %) creneHb U3BICUEHUS BaHAIUS W3 CEPHOKUCIBIX PACTBOPOB JOCTUTAETCS MPU
pH 2,5-4.0. ITpu pH <2,0 uzotepmsbl copOIIMy BaHaAUS CPEIHEOCHOBHBIM aHHOHUTOM
BII-1m umeer S-00pa3Hblil XapaKkTep, YTO 00YCIOBIMBACT CHIDKEHHE 3PPEKTUBHOCTU
copOIMu BaHAIWs MPU €ro HU3KUX KOHIICHTpaIusx B pacTBope. [Ipu m3BieueHun
BaHaaus annonutamu BII-1m u BII-1An u3 cpeanekucnsix cpen ¢ pH 1,6-1,8 (mocue
npeABapUTEIbHON COPOIMU U3 HUX ypaHa) CTEIEHb U3BJICUCHUS BaHAAUSI COCTABIISICT
~ 90 %.

HecopOiusi BaHaiusi C aHUOHHUTOB C JIOCTATOYHOW MOJHOTOM MOXET OBITh
IIPOBEJICHA BOJAHBIMU pacTBOpaMH aMmuaka, Hanpumep, 10%-HbIM pacTBOpOM
NH,OH. DmoupoBanue BaHagusl H3 CHJIBHOOCHOBHOTO aHuoHuTa BII-1Amn
yIIydIaeTcsi mpu J100aBKe B JECOPOUPYIONINE aMMHUAYHbIE PACTBOPHI MUHEPAIBbHBIX
coJieil, B YacCTHOCTH CyJb(ara aMMOHHUS WIA XJOpUJA HATpUsA, HO TPH HTOM
BO3MOXHO BbInageHne kpuctawioB NH4VOs;, cyiecTBeHHO OCIIOXKHSIONMIUX MPOIIECC
JecopOInu.

Hecop6rust Banaausi 10%-HbIM pacTBOPOM THAPOKCHIA HATPHUS 0OECIeYuBaeT
MoJIy4eHHe TOBapHOU (pakuuu B KoiudectBe 1,5-2,0 o6bema oT 0ObeMa CMOJIBI C
conepkanreM BaHaaus 4-5 r/n. OcratoyHas €MKOCTh CMoJibl cocTtaBiseT 1,0 Mr/r
npu ucxoaHou 31 mr/r, Bpems necopoumu — 7-10 4.

Jns wusBnedenus BaHaausg (V) H3  MICIOYHBIX PACTBOPOB KHUTAHCKUMHU
HUCCIICA0BATCISIMU MPEAJIOKEH CHJIbHOOCHOBHBIN AHUOHUT 717 Ha
CTUPOJIIMBUHIWIOCH30JIbHOM  OCHOBE, COJAEpXAIWil  TPYNIbl  YETBEPTUYHOTO
ammonueBoro ocHoBaHus (-N(CH3);OH) [77]. W3ydeno BiusiHHE TPUMECHBIX
anronoB Al(OH), u SiOs” Ha copOuHIO BaHAAWS, CYIIECTBYIOLIETO B PACTBOPAX B
e arnona V,0y,". Monnblit 06Men Ha anmonnte 717 — R-N(CH3);sOH) mpoxoaurt
B COOTBETCTBUU CO CIEAYIOIUMH PEAKIUSIMHU:

4R-N(CH3);0H)+ V,01,* = R-N(CH3);0H),V,01, + 40H"
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2R-N(CH3);0H)+ SiO5* = R-N(CH3)30H),V SiO; + 20H

R-N(CH3);0H)+ AI(OH), = R-N(CHj3);0H), Al(OH), + OH'.

Peakmmuu oOpaTuMbl, MO3TOMY JJIS DIIOMPOBAHHUS BCEX HMOHOB MOYKHO
UCIIOJIb30BaTh TAKXKe IIEJIOYHBIC pPAcTBOPBI [/7]. ABTOpamMH yCTaHOBJICHO, YTO
creneHb copOruu Banaaus (V) yBennduBaercs ¢ yMeHblieHHeM 3HadeHus PH. [Tpu
onHoM 3HaueHnn pH nonsl V(V) copoupyrorcs nerde, uem nonsl Si(1V) and Al(I11).
[Tockoneky nonbl Si(IV) u Al(lll) mecopoupyrorcs nerde, gem nonsl V(V), mis ux
AIIFOUPOBAHMS MOKHO HCIOJIB30BaTh PACTBOPHI THIPOKCHUIA HATPHUsS C O0Jee HU3KOU
KOHIICHTpaIlMel W TPOBOAUTH 3Ty OTMEPAlHI0 TEepel AecopOIueil BaHamus, IS
KOTOPOU KOHIICHTPAIIMIO JJTFOCHTA — THAPOKCHUIA HATPHS CIICAYET MMOBBICUTH [77].

CunbHoe Biusinue pH pactBopa Ha COpOIIMOHHBIE TOKAa3aTelu O0OYCIOBICHO
W3MCHEHHEM CJIOKHOTO MOHHOTO COCTOSIHHS BaHAIUsl B PacCTBOPE, YTO YUUTHIBACTCS
pu BIOOpE COPOCHTOB MPH pa3padOTKe COPOIMOHHBIX TEXHOJIOTHH.

Copbyus sanadus uz mexHoi02u4eckux pacmeopos. Jis n3BiedeHus: BaHaIHs
B AHHOHHOW (QopMe W3 pPacTBOPOB THUIAPOMETAUTYPTHUECKOW IepepaboTKu
ucronb3oBaau aHuoHuTel AB-16T, AB-17, D/1D2-10I1 [37], nmpu nepepaboTke wu3
cTouHbIX BoA IIpmmMuHCKOrO ombITHOrO 3aBoja — AB-17, AB-17-1011, KVY-2, AH-
25, B/12-10I1 1 moHOOOMEHHBIC BOJOKHA Ha OCHOBe memmono3sl [IM, 1IM-A2 u
[IM-3 [38]. UccnenoBana copOumst Banaaus annonntamu AB-17, 513-1011, BIT-111
U3 pacTBopoB OmkapOoHaTHOro BhimenaunBanus [39, 40]. IToka3aHa BO3MOKHOCTb
MOHOOOMEHHOW copOmMM BaHAJWs W3 KOHIICHTPUPOBAHHBIX PACTBOPOB B
NPUCYTCTBUM Xyiopuza Hatpus [39, 41].

B OAO «Bananuii-TynauepmeT» mpoBOAWIM pabOTh O COpOIIMM BaHAIUs Ha
CWJIbHOOCHOBHOM aHHWOHUTE AM-T U3 CIMBHBIX BOJ, TOJy4aeMbIX TOCIIC
THAPOJINTUYECKOTO  OCAKICHUS  BaHAAWSA, C  IOCICAYIONIUM  IOJyYeHHUEM

MapraHercoepKanmx KoHneHTpaTos [13].
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CopOuroHHass TEXHOJIOTHS TOJIYYCHHS YHCTOTO TICHTOKCHAA BaHAIus W3
pacTBOPOB  BBIIIEIAYMBAHUS ~ OTPA0OTAaHHBIX  BAHAJUEBBIX  KAaTAJIM3aTOPOB
peaycMaTpuBaeT CTaAUI0 MOATOTOBKM PAcTBOPOB K copOLMH — 00pabOTKYy HX
CaCO; mo pH 2-2,5, 3areMm OKHCIIEHHWE YETHIPEXBAJICHTHOTO BaHAIUA O
MATUBAJICHTHOTO M copOIuio BaHaaus Ha aHuonute [60]. HauGonee rhpexkTuBHBIM
AIIOEHTOM BaHaJausi ¢ aHWOHUTa AM-m SBIsSETCS CMECh aMMHaka C HUTPATOM
amMmMoHus. M3 necopbata myTeM KpUCTALUIM3ALMM IOJIY4YarOT METaBaHAAaT, IOCHE
MPOKAJIKU MOCJIETHEr0 — YHCTBIA MEHTOKCU]T BaHaaus. TexHoyorusi Obljia BHEIpEeHa
Ha [1O «Boctokpeamer» (Tamxukuctan).

C ucnonbp3oBaHUEM COPOLIMOHHOTO MPOLIEcca OTACNICHNS BaHaAusl pa3padoTaHa
TEXHOJIOTHSI nepepabotku  kBapuutoB Kaparay [55]. Tlocime ky4dHOro
BBIIEIAYMBAHUS HM3MEJIbUCHHBIX KBApIIUTOB PACTBOPHI IMPOAYBAIOT BO3AYXOM,
UMCIOIIUICS TBEPABI OCTATOK OTHEISIOT (puimbTpoBanuem. M3 ¢uibrpara (pH 1,8-
2,5) TPOBOJSAT COBMECTHYIO COpOIIMIO BaHAJWsA M ypaHa Ha CHIbHOOCHOBHOM
annonute AM-n. Ilociae TPOMBIBKM CMOJBI HPOBOJAT PA3JACIbHYIO J1€COPOIUIO
ypaHa ¥ BaHaJus B MIPUCYTCTBUHU HUTpaTa aMMOHHUS, CHavdasa Iioupys ypas rpu pH
0,5-1,5, a 3arem Banagumii. JlecopOnuro BaHAgUS OCYIIECTBISIOT PACTBOPAMH
aMMUaka B TPHCYTCTBMM HUTpaTa aMMmoHusa. M3 necopbara BaHamuii BBIIETSIOT
kpuctaumzanuedn npu 80 °C B BuJe MeTaBaHajgaTa aMMOHHS, KOTOPBIM IOCie
OT/I€JICHUS TIPOKATUBAIOT.

Koznoeim B.A., AiimbGeroBoit N.0. u Hypskanosoit C.b. B 2010 r. pa3zpadotana
TEXHOJIOTHMSI M3BJCYCHHUS BaHAIUS W3 YEPHBIX CIaHIEB MecTtopoxacHus Cepepo-
Zanaanoro Kaparay (Kazaxcran), BKIIIOJarolias orneparyo copOIMoHHOro apdrHaxa
[37, 56-58]. B kauecTBe 00BEKTa HMCCICIOBAHHUI OBLIO B3SITO CHIPHE MECTOPOXKICHUS
banacayckannpik. UepHble claHIbl — HUKHEKEMOPUKCKUE YTIIEPO-KPEMHE3EMUCThIE
MOPO/Ibl, XapaKTEPU3YIOTCSI aHOMaJILHO BBICOKUM cojiep>kanreM BaHaaus (1,1 % macc.),
MO0 IeHa, ypaHa U PeAKO3eMEeTbHBIX AJIEMEHTOB.

Banaauii BblenaurMBaeTcsi U3 MPEIBAPUTENBHO CYJIb(PaTU3UPOBAHHBIX YEPHBIX
CJIQHIICB B BUJIC OKCOKAaTHOHA BaHauiIa (UTO IMOATBEPKIACHO H3MEPECHUSIMHU 3HAYCHUN

OBIl jJpeHaxHBIX PAacTBOPOB), HE3ABHCHUMO OT TPHUPOJIBI  HEOPraHHMYECCKUX
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pacTBOpUTENICH: BOIBI WM pa30aBIEHHOTO pacTBOpa cepHoM KuciaoTel (30 1/m).
[TomyTHO pacTBOPSIOTCA TICHHBIC METAJIIBI, CTETNICHb HW3BJICUCHUS KOTOPBIX TIpHU
MOCIIEI0BATEIFHOM BBIIIEIAYMBAHIY B ONTUMAIBHBIX YCIOBHIX COCTaBIsIET, %: V —
52,2; U — 75,0; Mo — 50,0; P32 — 38,4. [Ipu OKHCIMTEIHHO-BOCCTAHOBUTEIHHOM
MOTEHIIMAJIe PAaCTBOPAa CEPHOKUCIOTHOTO BHITIEIaYMBAHMS KOMIUICKCHOU pyabl +450
MB BaHaauii HAXOIUTCS B KATHOHHOH (opMe, a ypaH U MOJIUOIEH — B aHHOHHOK. JTO
MO3BOJISIET PA3ACIATh PEIKUE METAJIbl, OCHOBBIBASICh HA MOHHOM IIOTEHITMAJC H

KHCJIOTHO-OCHOBHBIX CBOHMCTBaX Ka)oro Metayia (puc. 6).

CTeneHb OKNUCJFIEHUSA UOHOB
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Puc. 6. KucioTHo-0CHOBHBIE CBOMCTBA MOHOB B 3aBUCIMOCTH OT MOHHOTO TIOTEHITANA
[58].

N3 pactBopoB ¢ pH 1,5-1,8 BHauane npoBOAUTCS KOJJICKTHBHAS COpPOIIMS
AHUOHOB CYyJb(aTHBIX KOMILUICKCOB ypaHa U MoyubOeHa annonutom Ambersep 920.
OKCOKaTHOHBI BaHaJaWJa MPAKTUYECKHA TOJTHOCThIO OTHAENSAIOTCS OT AaHUOHOB
Cynb(aTHBIX KOMIUIEKCOB YypaHa © MOJuOAeHa, 3(PQPEeKTUBHO COPOMPYIOLIUXCS
aHKOHOOOMEHHOMU cMmoJ1oi [58].

Omoatbl cOpOLMM OTMPABIAIOTCS HAa COPOIMOHHOE W3BJICUCHUE BaHAIUS;
npouecc copOLMU COBMEIIEH B OJHOM amlmapare ¢ OnepauusMyd HeHTpaau3aluuu U
OKHUCJIeHHs] BaHaaus. Pacxon HelTpanu3aropa — OMkapOOHaTa HATPUsSl COCTABISIET 8

3 o
KI/M". I/ICXOI[}I M3 PE3YyJIbTATOB CPABHUTCIBHOI'O aHaJIM3a OKHCIUTCICH BaHAIHCBLIX
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pPacTBOPOB, ONTUMAJIBHBIM SIBJISIETCSL MEpOKCcU Bojgopoaa (60 %), pacxon KOTOporo
cocrasiser 1,0 m/m° [58].

KonguumonupoBanre COpOIMOHHBIX  A3JI0ATOB  MEPOKCHIIOM  BOJOPOJIA
MO3BOJISIET  TEPEeBECTH  BaHAAWH B  MATUBAICHTHOE  COCTOSHHUE, W  OH
CaMOOPTaHU3yeTCsl B T€TEPONOJMKOMIUIEKCHBIE COeIMHEHUs ¢ cylbdaT- u gocdar-
noHamu. Aaunonut Ambersep 920 (B cynbdatHo# (popme), obamaromuil BEICOKOM
copbrmonHoir eMmkocthio (450 wmr/r V,0s), cmocoben mormomarh 10 98 %
reTepONOJIMKOMIUIEKCHBIX aHnOHOB BaHaius (V). [1o mMepe HakoruieHUs BaHaIus 3a
CYET JOHACHIIICHUS CHHTCTHYCCKHMMHU PACTBOpPAMH BaHAJAWEBOW KHCIOTHI B (ase
CMOJIBI 3TU COCIMHEHUS pa3pyllaloTcs, BEPOSTHO, M3-3a ciaboi cBsizu docdar- u
Cynb(}aT-uOHOB C BaHAJAaT-WOHAMU W CKJIOHHOCTM UX K KOHJIGHCAllUU U
nonumepusanuu. Bananuii necopoupyercs (10 99 %) cMmechio pacCTBOPOB aMMHaKa 1
HUTpaTa aMMOHMS TIpu pacxoie nocieaHero 150-200 /M’ pH 8.5, Temneparype
~30 °C u 00OpOTHOM HCIIOJIL30BAHUU DJIIOEHTA, BBIJCISASACH B OCAJOK B BHJIEC
MeTaBaHajaTa aMMoHUs, hopmupyrorierocs B reueHue 15 1 [58].

Brnusaue ynenpHON Harpy3kd pacTBopa Ha JMHAMHYECKYI0 OOMEHHYIO
E€MKOCTb 10 BaHaAuio annoHutoB Ambersep 920, AMn, Amberlite 910, Lewatit 600,

Purolite 3848 otpaxarot nanusie puc. 7 [58].
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Puc. 7. BnusiHue yaeapHOM Harpy3ku pacTBopa Ha eMKOCTh HOHUTOB (1 —

Ambersep 920; 2 — AMmn; 3 — Purolite 3848; 4 — Lewatit 600; 5 — Amberlite 910) [58].

[Tpu copOrnm 0OMEH aHMOHHBIX KOMIUIEKCOB BaHAAMsI HA Cylb()aT-uOH HOHUTA
B CepHOKHUCIBIX pacTBopax ¢ pH 1,8—-2,0 onuckiBaeTcs peakiusimMu:
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R-SO4 + HgV10028 = R- V19025 + HSOy,

R-SO4 + H7[PV15036] = R-PV1,036 + H,SO,,

R-SO4 + Hy[V202(SO04)3] — R-V702(S04)3 + HzSO,.

W3 npuBeAeHHBIX HAa pUC. / AAHHBIX BHJHO, YTO BaHaJIu{ HaumbOosee IOJIHO
U3BJIEKAETCS MAKPOIOPHUCTHIM aHHOHUTOM Ambersep 920, KOTOPBI IO COPOIIMOHHOM
€MKOCTH U KHHETHUYECKHMM CBOMCTBAM CYILECTBEHHO IPEBOCXOAMUT OCTaJIbHBIE
u3ydeHHble cMoubl. CopOIMOHHAsE eMKOCTh ero Mo BaHaauio coctaBisieT 350 — 400
KI/T mipu yaenpHOM Harpyske 6,0 M/a/M? u KOHIICHTpAallM NEHTAOKCUJa BaHAIus: B
HCXOJIHOM pactBope 2,1 r/nv 1 B amoare 0,05 /o,

Hcnonbs3oBaHre U3BECTHOIO CIIOCO0A OYMCTKHA BaHAIUEBOM MPOAYKIIMH ITyTEM
MPOBEJICHNUS COBMECTHOM cOpOIMK BaHaaus, ypaHa U ¢ocdhopa U TMOCISAYIOIICH
pazzenbHON KuAKo(pa3HOW AecopOLMH HA MPaKTHUKE HEAIP(PEKTUBHO, TOCKOIBKY MPU
TOM HE 00€ecreunBaeTcs MOJHOE OT/AENIEHWE BaHaaus OT ypaHa, (pochopa u apyrux
npumeceit. ['erepononukucinoTsl GpochaT-noHoB ¢ BaHagat-uoHamMu tumna H7[PV1,036]
COBMECTHO COPOMPYIOTCS aHUOHHMTOM, B KOTOPOM IIOCJIE€IHUE MPUCYTCTBYIOT Kak
XEJIaTO00pa3yIoMMi KOMITJIEKCOOOpa3oBaTeh WM KaK KHUCIBIA pajaukanl B Qopme
KOOPJAWHUPOBAHHOM rpynmbl. s pa3pylleHuss aHUOHHBIX KOMIUIEKCOB BaHAIMsI
npeajaraeTcsi MpOBEIEHHWE €ro CcopoLMM U3 PacTBOPOB BbIIIENAYMBAHUS 10
noctmkennst eMKocTH 1o V5,05 300 — 350 Kr/T ¥ JOHACBIIICHUE BaHAIUEM HOHUTA OO
emkocTH 450 — 500 KI/T CHHTETHYECKHMMH pacTBOpaMH BaHAIMEBOM KUCIOTH npu pH
2,5-3,5. 3a cuer cwionHoctd BaHamusa (V) K monmMMmepu3alMd C YBEITUYCHHEM
COJZIepKaHUs €r0 KOHJIEHCHUPOBAHHBIX MOJUSAECPHBIX (popM B (pase cMoiibl, a TaKxke
cimaboit cBs3u (docdar- U cynbhaT-MOHOB B TETEPOKOMILIEKCE C BaHAJIaT-MOHOM

IIPOMCXOIUT BRIMBIBAHUE MX M3 CMOJIHI (pHc. 8) [58].
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= v NnpoMbIBKa MOHUTA

CEepPHOKUCbIMU pacTBoOpamMmu

CopepxaHue PO, B copbeHTe, Kr/T

Bpewms, 4
Puc. 8. CopOrusi aHHOHHBIX KOMILIEKCOB BaHaus U hocopa Ha HOHHUTE

Ambersep 920 [58].

Hpouecc OIIMCBIBACTCA CJIICAYIOIHMMH YPaBHCHUAMM.

R-V10025 + HgV19O2 — R-V390z + H™,

R‘PV12036 + H6V10028 —> R'V]_oOzg + PO4-3 + H+ + 0-2 ,

R‘V202(804)3 + H6V10028 + Hzo —> R‘V10028 + H+ + 804_2.

Takum oOpaszom, Brepsbie aBTopamu [37, 56-58] mpemnoskeH crmocod oYMCTKH
BaHaus oT ¢ochopa B COpPOIMOHHOM TMepesiere MyTeM JIOHACHIIIEHUS BaHAIUEM
MOHUTA C MOCJEAYIONIEed MTPOMBIBKON CEPHOKHCIIBIMU PACTBOPAMU IIPU COOTHOILLIEHUU
da3 T:XK=1:3 u pH 1,3. CreneHb OYUCTKU KOHEUHOTO MPOAYKTA OT COMYTCTBYIOLIUX
DJIEMEHTOB JocThUTact 98 %.

Astopsl [56, 58] uccnemoBanu mporecce TBepaodasHON AeCOpOIUH BaHAIMSI, B
KOTOPOM TMPOBOAMUTCS OOMEH HHUTPAT-MOHOB HAa AHMOHHBIE KOMIUIEKCHBIE TPYIIIIBI
BaHaJMeBOU kuciaoThl noHuTa npu pH 8,0 — 8,5 no peakuuun

R'V10028 + NH4N03 + NH4OH —> RN03 + NH4V03
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[Ipumenenune metonma TBepao(da3HOM MecopOIMK TO3BOJSIET B OTJIMYUE OT
KUAKO(DA3HOW HUCKITIOUUTH OIEPaIldi0 OCAKICHUS BaHAIWSA M3 JJII0aTa, COKPaTUTh
BpeMsi, 00bEMBI pACTBOPOB U PACXO/]] PEareHTOB, YTO TaKXKe MPUBOINUT K YBEIUUYCHUIO
POM3BOAUTENILHOCTH MIPOLIEcca.

DroupoBaHrE BaHAIUS MPOBOJMIN CMECHIO PACTBOPOB aMMHaka M HHUTpaTa
ammonwst (T : K = 1 : 5). IIpu pacxozne Hurpara ammorust 150-200 r/nm°, 3HauYeHHH
pH 8,5 u Temneparype 30 — 35 °C crenens aecopbumu Baraaus gocturaeT 98 — 99 %.
XUMUYECKHH COCTaB BBIJCIICHHOTO M3 JJII0aTa KPUCTAIUIMYECKOTO MeTaBaHa/ara
ammonus cootBetcTByeT craHmapty CT TOO 38088316-01-2007, %: V,0s — 77,0;
NH, —22,6; P—0,01; S— 0,05 [58].

JIBMKeHWEe aHMOHOB BaHA/IMA W TPUMECEH Ha COPOIMOHHO-IECOPOIMOHHOM

adUHAKHOM TIEepeIesnie oTpaxaeT puc. 9.
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Puc. 9. lnarpamma BH>KEHHSI aHHOHOB 1O COPOLIMOHHON TEXHOJOTUYECKON CXeMe
pOM3BOJICTBA BaHaus [58].

ITepeBon nonuta U3z NO’; -popmbl B S0?, - dbopmMy TPOBOJIUIA PACTBOPOM
cepHor kucnoThel 30 r/om° npu cootHomeHuu (a3 T:XK=1:2 B Teuenue 1,5-2 4. B
MPOU3BOJCTBEHHBIX MacITabax JCHUTPAIMIO OCYIIECTBISJIM B COPOIIMOHHO-
HAMoOpHBIX KOJOHHAX C 3arpy3koit 3 M HOHHTA Ambersep 920 myTem mpoIrycKaHuUs
PEreHepHPYIOIIEro PacTBOPa CO CKOPOCTBIO 3 M/4 [0 COEP)KAHHS B HOHUTE, KI/T:

V,0s — 8,0; NO'; — 10; SO, — 200,0. IIpu 5TOM pacxoj pereHepHpyIOIero pacTBopa
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coctaBysut 6,0 M°, BpeMst AeHUTpAIyy — 2 4. [IpOMBIBHOI PacTBOp ¢ KOHIGHTPAIHCH
NO’; 50 r/mm® 1 SO%4 150 r/mm° cOpachIBaii B IPyIOK €CTECTBEHHOI yrapku [58].
Paznenenne cynbpata M HUTpaTa aMMOHMS Ha CTaJAUU YHNApPKU OOOPOTHBIX
pacTBOPOB JIECOPOIMH OCYIIECTBISUIA CIOCOOOM ApOoOHON KpucTaum3anuu. B
TBepAOH (ha3e HaXOIUTCS CMECH COJIEH CyIb(PaToOB U HUTPATOB aMMOHUS, B MATOUHOM
pacTBOpe  OCTaeTcsi Aa30THOKHUCIBIM aMMOHHMH, KOTOpbIM  BO3Bpallaercss B

TEXHOJIOTHYECKHH UK [58].

1.3. 3akiarwuyenue

MupoBoe MpOU3BOJICTBO BaHAIUSI, BAXKHEWIIETO JICTUPYIONIEr0O KOMIIOHEHTA
cTajiell, OCHOBAaHO Ha HCIOJb30BaHUU B Kaue€CTBE MUHEPAILHOTO ChIPbSI, TJIABHBIM
oOpa3oM, pyd TUTAaHOMAarHETUTOBBIX MecTopoxkaeHui. IlepepaboTrka 3TOrO
KOMIUIEKCHOTO CBIPbSI COIPOBOXKJACTCA OOpa3oBaHHMEM COpPOCHBIX PacTBOPOB,
COJIEp KalllMX TOKCUYHBIA BaHAIUN. Y CUIIUBAIOIIUECS B MOCIEIHUE TOAbl TPEOOBAHUS
K OXpaHe OKPY’Karolel Cpe/ibl BHI3BIBAIOT HEOOXOIUMOCTh MX YTHIU3AIUH.

KonnenTpanus BaHaaus B COpOCHBIX pacTBOpax HeBbicokas — no 0,1-0,5 r/m,
YTO CO3JaCT MPEANOCHUIKH JIJIS UCIIOIB30BaHUS COPOIIMOHHOTO METO/Ia ITepepabOTKHY.

AHalIM3 JUTEpPaTypHBIX JaHHBIX II0 XWMHH BOJIHBIX PAcCTBOPOB BaHAIHS
CBUJICTEJILCTBYET O CYIIECTBOBAHUM JJIMHHOTO psiia MOHOB ATOTO MEPEXOHOTO
MeTayula. B 3aBUCMMOCTM  OT  KOHIIGHTpPAllMM  BaHaJaMs, OKHUCIUTEIHHO-
BOCCTAHOBUTEJILHOTO TMOTEHIIMAIa B pacTBope, ero pH, BaHaguii HaxoAWTCs Kak B
KaTHOHHOM, TaKk U B aHUOHHOU (popMme, YTo ompeAesseT BIOOp TUIa COPOIIMOHHBIX
MaTepuasioB 1 u3BieueHusl. CylleCTBOBAHUE TaKUX MOJMMEPHBIX MOHOB BaHAMS
(V), kak V1006" , HV10026" 1 HoV10008", CIIOCOOCTBYET YBEIIMUCHUIO €MKOCTHBIX
XapaKkTepUCTUK aHUOHUTOB MPH YCIOBUU OTCYTCTBUSI KHHETUYECKUX 3aTPYAHEHUM.

AHanu3 JIUTEepaTypHBIX CBEACHHUIN MO COPOIIMOHHOMY HW3BJICUCHHMIO BAaHAIUS W3
BOJIHBIX PACTBOPOB PA3JIMYHOIO COCTaBa KaK MOJIENIBHBIX, TaK U TEXHOJIOTHYECKHUX
IMOKAa3bIBACT, YTO:

- BaHaIMi cCOPOUPYIOT, B OCHOBHOM, B COCTOSIHUH +3;
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-7 M3BJICYCHUS] BaHAIMS dYalle BCETO WCIOJB3YIOT AHWOHUTHI, KakK IMPaBUIIO,
MaKpOIIOPHCTEHIE;

- Ha copOLMIO BaHAJusl OKa3bIBA€T OOJIBIIOE BJIMSHUE KOHIEHTpAIUs BaHAIusl B
pactBope, pH pacTBopa, OKHCIUTEIbHO-BOCCTAHOBUTENBHBIN MOTEHIIMAI PacTBOPA;

- UMEIOTCS JIJaHHbIE 10 d(PPEKTUBHON COPOIMU BaHAAMUSI BOJOKHUCTHIMU MOHUTAMU
Ha OCHOBE 1IEJUTIOJIO03bI;

-pu copOrmu BaHamus (V) M3 TEXHOJOTMYECKUX pacTBopoB Haymuue xeieza (I11)
OKa3bIBAaET OTPUIIATEIHLHOE BIMSIHUE HA MPOTEKAaHUE MPOIIECCa;

-CBeJICHUs 10 KHHeTHKe copOmmm BaHaaus (V), YCTaHOBICHHIO JTUMHUTHPYOIICH
CTaJINM, pacyeTaM KOJMYECTBCHHBIX KHHETHUYECKHX XapaKTCPUCTUK COPOIMH Kak
IpaHyJIMPOBAHHBIMU, TaK U BOJOKHUCTBIMU COPOCHTAMH OTPAHUYCHBI;

-uMeeTcss MH(pOpMaIys O BO3MOXKHOCTH u3BleueHHs BaHaius (V) w3 cOpPOCHBIX
pacTBopoB Ha noHUTe AMI [61], KOTOPBIN B HaCTOsIIIIEE HE IPOU3BOIUTCS;
-OrPaHUYEHbl W TIOPON MPOTHUBOPEUMBBI CBEACHHUS O COPOLIMOHHOM U3BJICUCHUU
BaHAIMS U3 BBICOKOMHHEPATN30BAaHHBIX PACTBOPOB.

Hecmorpss Ha TO, 4YTO BOmpocaM HMOHOOOMEHHOTO W3BJICYCHHUS U
KOHIICHTPUPOBAHMS BaHAIUs W3 PACTBOPOB Pa3IUYHOTO COCTaBa, Kak B HaIlCH
CTpaHe, Tak U 3a pyOeKOM YJessieTcs 3HAUYUTEIbHOE BHUMAHUE, MHOTHE SIBIICHUS,
MPOUCXOISININE B MPOIIECCEe COPOIMK BaHAIUS HA HOHUTAX, OCTAIOTCS JI0 CUX TIOp HE
BBISICHEHHBIMHU. HemocTaTouHO M3ydeH BOMPOC O BIMSHUU THUIIA HOHUTA M XapaKTepa
MOHOOOMEHHBIX TPYMI HA COPOIMIO M JecOpOIMI0 MOHOB BaHAIUS, 0OOCHOBAHUS
BiusHUS pH, Temmeparypsl U Ipyrux mapaMeTpoB Ha CEICKTUBHOCTH COPOIIMOHHBIX
MeTo0B. [Ipy 3TOM MyOnMKaIyy 10 U3BJICUYEHUIO TOKCHYHOTO BaHAIUS M3 COPOCHBIX
pacTBOPOB, 3arpsi3HEHHBIX PSJAOM  COMYTCTBYIOIIMX METAJJIOB, MPAKTUUECKH
OTCYTCTBYIOT.

C 1enpl0 TOBBIIICHUST PEHTAOCIBHOCTH ¥ COBEPIICHCTBOBAHUS METOJa
COpOIIMOHHOTO W3BJICUCHHUS W KOHIICHTpHpoBaHus BaHamus (V) w3 pa30aBICHHBIX
MUHEPAIM30BAaHHBIX PACTBOPOB OCTAETCS aKTYaJbHBIM TOWUCK aJlbTePHATUBHBIX

COpPOEHTOB, CIIOCOOHBIX U3BJIEKATh BAaHAAUM U3 PACTBOPOB TAKOT'O TUIIA.
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B mnocnennee BpeMs pacmmpsioTcss 00JacTH MPUMEHEHHUS BOJOKHHUCTBIX
COpPOLIMOHHBIX MaTEPUaIOB, KOTOPHIE UCIIOJIB3YIOTCS B BHJIE TKaHEH, BOJIOKOH, CETOK
n C—BOMJIOKOB, HMMEIOIIMX BBICOKYIO YAEIbHYKO MOBEPXHOCTh — 110 2500 M2/
AHanu3 JIMTepaTypHbIX CBEICHHI MOKAa3bIBAET, YTO MEPCHEKTUBHBIM HAIPABICHHEM
B 00JacTM CO3JaHUSI HOBBIX COPOEHTOB SBJISIETCS MOAU(PUIMPOBAHUE TaKUX
MaTepuanoB. XUMHUYECKas MOJu(DUKAIUs MOBEPXHOCTH MOJUAKPUIOHUTPUIBLHBIX
BOJIOKOH TMPHUBOJAMT K H3MEHEHUIO MPUPOJbl U KOJIMYECTBA IMOBEPXHOCTHBIX
byHKUHOHATBHBIX rpymi. OOecneunuTh AOCTYIMHOCTh BCEX AKTUBHBIX MOHOTEHHBIX
IPYII, YTO BaXKHO IPH M3BJICYCHUN KPYIHBIX HOHOB BaHaaus (V), MOKHO ITyTeM UX
3aKpEeMJICHUs Ha MOBEPXHOCTU MOPUCTHIX BOJIOKOH.

['panynupoBaHHbIE CUHTETHYECKHUE MaKpOIIOPUCTHIE COIIOJIMMEDHI,
MMEIOIINECS Ha PhIHKE COPOLMOHHBIX MaTE€pPUANIOB, HE PEIIMIIA POOJIEMbI COPOLIMH
KPYITHBIX OPraHUYECKUX U PsAJla HEOPTaHUYECKUX NOHOB.

B cBsi3u ¢ 3TUM CHUHTE3UpPOBAaHHBIE B MOCIEAHEE IECATUIETUE MOHOOOMEHHBIE
CMOJIBI Ha OCHOBE HAHOCTPYKTYPUPOBAHHBIX COMOJUMEPOB, COCTOSLIUX U3
HECKOJBKMX B3aUMOMPOHUKAIONIMX CETOK U  00JIaJaromux YIIy4IIEHHOM
IIPOHUIIAEMOCTBIO, MOT'YT OBITh MEPCIICKTHBHBI Jyist copoumu Banaaus (V). Ilpu sTom
9TH CMOJIbI, KAK HU3KOCIIUTHIC, 00JIaJat0T XOPOIIUMHA KUHETUYECKUMU CBOMCTBAMH U
TEPMOCTAOMIIBHOCTBIO, @ M3-32 JKECTKOM CTPYKTYpbhl HpPOSBISIOT CBOMCTBA
CUJIBHOCIIUTBIX COPOEHTOB, 00ECIIEUnBas MOBBIIICHHYIO CEIEKTUBHOCTb.

Hacrosmas nuccepranmonHas paboTa MOCBAIIEHA ONPEIEICHUI0 COPOLIMOHHBIX
XapaKTePUCTUK BOJOKHUCTBIX MAaTEPHAIOB, IOJIYYCHHBIX MYTeM XHUMHYECKOMN
MOIU(MUKAUK  TIOJMAKPUJIOHUTPUIBHBIX ~ BOJOKOH, W  TPaHYJHUPOBAHHBIX
MaKpOTOPUCTHIX CIIA000CHOBHBIX M HAHOCTPYKTYPUPOBAHHBIX MOHUTOB IMOCIIETHETO
TIOKOJICHUs [T u3BjieucHus BaHanus (V) M3 CEPHOKUCIIO-XJIOPUAHBIX PAaCTBOPOB H
BbIOOpY copOeHTa s u3BinedeHus: BaHaaus (V) H3 COPOCHBIX PacTBOPOB,

o0Opa3yromuxcs Ipu rnepepadoTKe py1 TATAHOMArHETUTOBBIX MECTOPOKICHUH.
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I'JTABA 2. XAPAKTEPUCTHUKH NCITOJBb30OBAHHBIX
MATEPHUAJIOB, METOJIUKMN THNPOBEJIEHUMSA AHAJIM3A WU
IKCIIEPUMEHTOB

2.1. XapaKkTepuCTHKH UCIOJIb30BAHHBIX MATEPHATIOB

Bonoknucmoie uonumer ®UFAH. B paboTe HCHOIB30BAId BOJIOKHHUCTHIE

nonuthl: annoHUT ®UUBAH AK-22, amboaur ®UUBAH A-6 u katmonut ®MBAH K-

1, BHEIIHUI BUJ KOTOPBIX oTpaxaeT puc. 10.

OUBAH AK-22 OUBAH A- 6 OUBAHK-1

Puc. 10. Buemmnwnii B BO1oKHUCTHIX HOHUTOB OB AH.

@DyHKIMOHAIBHBIE TPYNIbl 3TUX BOJOKHUCTBIX MOHUTOB, (PU3MKO-XHUMHUYECKUE
XapaKTePUCTUKH U ONTHMAIBbHBIC YCIIOBHS YKCIUTyaTalluy pUBeIeHBI B Ta0. 2 [91].
Hcnone3yempie B pab0oTe  BOJOKHUCTbIE HWOHHUTHI  IOJYYEHBl IyTEM
NOJINMEPAHAJIOTUYHBIX ~ NPEBPALCHUN  IOJIMAKPUIHUTPUIBHBIX  BOJIOKOH  C
paaMalMOHHON comoNuMepHu3anuell PyHKIHOHANbHBIX rpynn B MHCTUTYTE Pu3nKO-

oprannueckoit xumuu HarmonansHo# akagemuu Hayk benapycu [19, 89-92].

42



Xapaxkrepuctuku noantoB ®UBAH [91]

Tabmnura 2.

Mapxka | ®ymxuo- Tun Omtumans | Ontu- | Pa6o- | Makcnmaib-
HOHuTa | HAIbHBIC Has CTaTU- | MajbHOE YUii Hasi TEMIIe-
TPy geckas | maGyxa- | wmHTEp- patypa
obmenmas | mme | sanpH | paGotocro-
€MKOCTb, rH,O/r cobuoctu, °C
Mr-3KB/T* | moHMTa™**
=N, =NH, | [Nomudynkimo- 45 0,7 1-8 80
AK-22 | -COOH HaJIbHBIN 1.0
A-6 | (Cs3HsO)( | Momudynkimo- 2,0 1,2 0-13 80 (CI")
CHs), HAaJIBHBIN ¢ (o -N")
N*CI CWJIBHO- U CJIa- 0,8
-N(CHg3), | 600CHOBHBIMHU (o
aMUHOTpYTINa- -NRy)
MU
K-1 -SOsH" | MonodyHKIHO- 3,0 1,0 0-14 100 (H")

HaJIbHBINA CUJIb-

HOKHUCJIOTHBIN

* MOTYT U3rOTaBJIMBATHCS MaTEPHUAIIbI C OOJIbIIECH UM MEHBLIEH CTaTUYECKOM

OOMEHHOM €MKOCTEIO;

*¥MOTYT M3rOTaBIIMBATHCS MAaTEPHUAIIBI C OOJIBIIIUM UM MEHBIITUM HAOyXaHUEM.

DnekTpoHHBIE MUKPOGOTOrpaguu MOHOBOJIOKHA MCXOAHOTO TOJUIIPOIHIICHA (a)

u nonunpomwieHa co 100 % mnpuBuToro MoHomonumepa ctupona (98 %) u

nuBrHUIOEH30s1a (2 %) (0) M cxemMaTndeckoe M300pakeHUE CTPOCHUS OJHOTO W3

BOJIOKHUCTBIX copOeHToB — cynbdokatnonnta ®UBAH K-1 (B) mpencraBieHns Ha

puc. 11 [93].
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Puc. 11. DnekrpoHHbie MUKpOQOTOrpadui MOHOBOJIOKHA HCXOJAHOTO
MOJIMIIPONIMIIEHA (a) ¥ MOJIMIIPONUIIEHA C IPUBUTHIM MOHOMOJIMMEPOM CTUPOJIA U

auBUHIIOEH301a (0) [93] M cxema CTpoeHHUS BOJIOKHUCTOTO CYJIb()OKATHOHHUTA

®UBAH K-1 (8) [93].

[IpeumymectBa BosiokHucToro katuonuta ®UBAH K-1 mepen rpanynbHBIM
CHWJIbHOKUCJIOTHBIM ~KaThuoHUTOM KVY-2Xx8 mnpu copOuuMu KaTHOHOB KaJbIIHS,
HalpuMep, B AUHAMUYECKUX YCIOBUSAX (IIPH CKOPOCTH MPOITyCKaHHUsS pacTBopa 37
cM/muH., konnenTpauun Ca®’ 14 M-o5kB/aM°, BeicoTe (rIbTpyomero cios 10 M)

OTPaXKalOT BBIXOHBIC KPUBBIC, PUBEACHHBIC Ha puc. 12 [92].
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Puc. 12. Boixomsie kpuBbie copbimn Ca®* BomoknuctsiM katnonntoM GUBAH K-1

(Na-¢popma) u rpanynbabiM KatTnoauToM KY-2X8 (Na-dpopma) [92].
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FpaHyﬂMPOGaHHble CUHmemu4yecKue cmo.Jinl. KpOMe BOJIOKHHMCTBIX HOHUTOB AJIsA

HN3Yy4YCHUS BO3MOXHOCTH HU3BJICHCHUA BaHAIWs B pa60Te OBUIM HMCHOJIBL30BaHBI

AKCIIEPUMEHTAJIbHBIC 00pa3libl MaKPOTOPUCTHIX CIA000CHOBHBIX aHMOHOOOMEHHBIX

cmon mapku CYBBER EV006 u CYBBER EVO011, mpenocraBnennsie OOO

«Hayuno-Buenpenueckass Kommanus «Cunte3» (r. Cankrt-IlerepOypr). Buemnwmii

By aHnoHUTOB Mapku CYBBER otpaxaror ¢ororpadum (puc. 13); ocHOBHBIC

(bU3UKO-XMMHUYECKHE XapaKTEPUCTUKH TPUBEACHHI B Ta0M. 3.

CYBBER - EV 006

CYBBER - EV 011

Puc. 13. Buemrauii Bua ciraboocHoBHBIX annonuToB CYBBER EV.

Tabmuua 3.

OCHOBHBIC (bPIBI/IKO-XI/IMI/I‘-IeCKI/Ie XapaKTCPHUCTHUKHU c71a000CHOBHBIX aHHOHUTOB

CYBBER EV006 n EV011

Ilokazarenp

CYBBER CYBBER
EV006 EVO011

HOJ'II/IMepHaH MaTpuna

CHmThIN TOTUCTUPOIT

CrpykTypa

MaxkponopucTblii

Buemnuii Bug

MosnouHo-0enble TpaHyJIbl

Nonnas popma

CB0OOOIHBII aMUH

ITomHast 0OMEHHast EMKOCTh, M-2KB/T > 8,5 9,0
Coneprxanue Brnaru, % 60-70
Hacreimnoii Bec, r/mn 0,65-0,75
[TnoTHOCTH (BIQXKHOTO), T/MIT 1,05-1,12
Juamazon pasmepa yactuiy (0,315-1,25 mm), % > 95
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B pabore ucnonb3oBaiu HaHOCTPYKTYPHUPOBAHHBIE A30TCOJACPIKAIIUE HOHHUTHI
mapku Poccron, oTnuyarommecs TUNOM (YHKIMOHAJIBHBIX TPYMI U CTPYKTYpOM.
CopOeHTbI, XapaKTepUCTUKU KOTOPBIX MPEACTaBICHbl B Ta0i. 4, CHHTE3UPOBaHbI B
onbITHOM Macmtadbe B OAO «Bexgymmuil Hay4yHO-HCCIIENOBATEIbCKUNA WHCTUTYT
XUMHUYECKOU TexHonorum» (pazpadborunku bananosckuit H.B., 3opuna A.I1.).

Tabmuria 4.
XapaKTepruCTUKN HAHOCTPYKTYPHUPOBAHHBIX a30TCOAECPKANMX HOHUTOB MapKu

Poccuon

Mapka nonura Poccnon

HaumenoBanue
P-25- | P-25-
ToKasaTesl P-25 P-62 | P-510 | P-511 | P-610 | P-611
35% | 65*
1 2 3 4 5 6 7 8 9

['panynomerpuueckuii | 0,63- | 0,63- | 0,63- | 0,63- | 0,63- | 0,63- | 0,63- | 0,63-
coctaB: pasmep 3epen | 1,25 [1,25 [1,25 |1,6 1,6 1,6 1,6 1,6
B HaOyXIleM COCTO-

SJHHUHU B BOAEC, MM

Mexannueckas - 97 99 96 97 96 98 99
MPOYHOCTb, Yo

npu | 4 pazmouta

VY nenbHbI o0beM
HaOyXIIIETO0 aHMOHWTA
B BOJIE: 242 (242 1243 |2,7 |24 |27 |26 2,85
B ClI™ dopwme, eM/T 2,17 2,2
B SO” (opme, cm’/r

IlomHas oOMeHHas
emkocth (IIOE) mo | 6,07 | 5,63 [4,88 |4,2 3,3 3,5 3,8 3,7

Cl-uony, Mr-skB/r
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[Tponomxkenue Tadi. 4.

7

8

9

EmkocTh CUJIBHO-
OCHOBHBIX TPYII IO

Cl-uony, Mr-skB/r

1,93

3,11

EMKOCTB HU3KOOCHOB-
upix rpynn  mo Cl-
WOHY, MT-9KB/T:

OE nepB., Mr-skB/r
OE BTOp., MI-3KB/T

OE Tpert., Mr-3KB/T

3,80
1,05
1,22

3,7

1,77

Conepxanue
CUJIbHOOCHOBHBIX

rpynt, %

34,3

63,8

VnenpHas

2
MMOBEPXHOCTh, M T

9,0

9,0

<1

0,1

0,1

Cpennnii TUAMETP

nop, A

1305

1022

[Topucrocts, %

25,8

21,1

11,5

15,5

8,2

15,5

8,5

O0bEMHas JIOJIST

paboueit dhpakuuu, %

96

99

99

99

99

OOmenHass  EMKOCTh
no  KapOOKCUJIBHBIM

rpymmam, Mr-3KB./T

0,4

0,38

0,35

Koaddurment
HaOyxaHusi B BOJE,

MJI/MJI

2,45

2,2

2,4

1,55

1,67
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* ombITHBIE O0pa3lbl, CPEJHUI AMAMETp MOp KOTOPBIX MPHOIIKAaeTCs K
HaHOMETPOBOMY JTUAIla30HYy.
TunuyHOe pacnpezeneHue mop mo pa3Mepam B 0JHOM U3 UCHOJIb3yEeMbIX HOHUTOB
Poccron mokazaHo Ha puc. 14, u3 KOTOpOro BHIHO, YTO IpeoOiajarolmuil pazMep
nop cocraBisger 4-60 HM (moporpamma NIpeAocTaBlieHa pa3pabOTYNKaMU HMOHUTOB

Poccuon).
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Puc. 14. Iloporpamma THUIHUYHOTO pacupeneieHus Mop IO pa3MepaMm B

HAaHOCTPYKTYPHUPOBAHHOM MOHUTE HA CTUPOJIbHO-aKPUIIATHOW OCHOBE.

2.2. Meroauku npoBeieHUsI AHAJIN32a KOMIIOHEHTOB B PacTBOpPax

Mertonuku onpeaeacHus BaHaaus ( V+5) B BOJIHBIX DACTBOpPaAX

Domomempuueckuti memoo. J|isi KOJIUYECTBEHHOTO OINpESTCHUs COJCPKaHUs
BaHAJMsA B PacTBOpPAaX C HUBKOW e€ro KoHIeHTpamueu (mo 20 Mr/i) ucmosib30Baiu
dboTomeTpryecKuii MeTo 1 aHaau3a [6].

Xon ananu3a: B psn mepHbix koi0 Ha 50 M npummBaroT mo 5 mia 10 %-ro
pacTBopa YIJIEKHCJIOr0 HaTpusi M HEUTpanu3yloT cepHoM kuciotod 1:1 1o
MpEeKpalleHus] BbIACICHUs YIIIEKUcIoThl. [IpubaBmsitor u30bITOK 1 M cepHOU
kuciotel 1:1 U u3 mukponunerku ormepuBaroT 0; 0,5; 1,0; 1,5; 2,0; 2,5; 3,0 ma
CTaHJapTHOTO pacTBopa, coaepxaniero 0,1 mr Bananus B 1 mut. Ilpubasnstot 0,5 mi
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dochoproit  KmcmoTh TIOTHOCTBIO 1,7 T/eM® m 1 mm 5 %-Horo pacTBOpa
BOJTL()PAMOBOKHUCIIOTO ~ HATpus. PacTBOpBl  MONMBAIOT BOAOM JO  METKH,
nepeMennBaoT U OcTaBisitoT Ha 20 MuH. ONTHYECKYIO IJIOTHOCTHh PacTBOPOB
u3MepsatoT Ha aekTpodoTokonopuMerpe KOK-3M (mymHa BosHbI A - 413 HM) B
kioBere c TommuHOM cinos 50 wmMm. Ilo moilydeHHBIM pe3ysibTaTaM CTPOST
KaTMOPOBOYHBIN rpaduK, OTKIAABIBAs HA OCH a0CIIUCC COIEpKAaHUE BaHATUS B MKT, a
Ha OCH OPJIMHAT — BEJIMYHUHY ONTHYECKOU MJIOTHOCTH.

Cmanoapmuas Memoouka noCmpoenus: 2padyuposoyroco epapuxa.

Hasecky NH,VO;3; maccoit 0,2279 r nepeHocaT B MepHyI0 koiOy Ha 100 m,
JIOBOJIAT J10 METKU BoJ10i. [lomydaercs pacTBOp ¢ KOHIIEHTpanueu 1 1/11 mo BaHaauio.
Hasosewm ero pactsop A.

Hanee u3 pactBopa A ortOupator 10 mi, momemiaror B koiaOy Ha 100 mui, u
noBOASAT A0 MeTku Bojou. Ilomydaercss pacTtBop ¢ koHueHtpamued 100 Mr/m mo
BaHaauio. Hazosewm ero pacteop B.

Hanee u3 pactBopa B otOupator B MepHble Kk0iObl Ha 50 wmi mpoOsl,
coaepxkaiue ot 50 10 250 Mkr V ¢ uaTepBaiom 25-50 MKT.

JlanHbI€ 1J1S TOCTPOSHUST KATHOPOBOYHOTO rpadvka mpecTaBieHbl B Ta0m. 5, a
rpaayrpoBOYHAs MpsMas — Ha puc. 15.

Tabnuua 5.

JlaHHbI€ 17151 TOCTPOEHUS KaTMOPOBOYHOTO rpaduka

O0BeM Conepxa- D, D, Ds D, Ds D*
npoObl, MJT | HHE, MKT
0,5 50 0,134 | 0,132 | 0,139 | 0,109 | 0,133 | 0,129
1,0 100 0,247 | 0,279 | 0,266 | 0,266 | 0,235 | 0,257
1,5 150 0,357 | 0,364 | 0,354 | 0,349 | 0,337 | 0,352
2,0 200 0,439 | 0,439 | 0,456 | 0,448 | 0,421 | 0,441
2,5 250 0,519 | 0,526 | 0,563 | 0,508 0,51 0,525
3,0 300 0,644 | 0,626 | 0,646 | 0,615 0,61 0,628

[Tpumeuanue: D — onTuueckas mioTHocTs, D* — cpenHee 3HaueHUE MIIOTHOCTH.
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CpenHue 3HaYeHUs ONTUYECKON TUIOTHOCTH PAaCcCYUTHIBAIOT MO (hopmyie:

D*=(ODj)/i;rnei=5.

0.7 7 y = 0.002x
0.6 R? = 0.9909

0.5
0.4
0.3
0.2
0.1

OnTHyeckas MJIOTHOCTD

0 100 200 300 400
CoaeprxkaHue BaHaAAMA, MKI

Puc. 15. I'paduk 3aBHCHUMOCTH ONTHYECKOH IIOTHOCTH OT COACPKaHUS

BaHAaJIMs B CEPHOKHUCIIOM PacTBOPE.

YtoObl HAWTH ypaBHEHUE MPSIMOM, HEOOXOAUMO ONPenETUTh KO PUIIMEHTHI a U

b o popmysam [94]:

a=0Qa) /i, b=0Chb)/1i,
bi = (Yi — Vi) / (Xi — Xik),
r7ie X ¥y 3HaUCHUS 10 OCSAM X M Y COOTBETCTBEHHO, | = 1+5, k = 2+4,

Metonom HauMmeHbIUX KBaapaToB [94-96] u3 rpaduka moaydyeHo ypaBHEHHUE
IIPSIMOM:

y =0,002 - X.

CraTtuctuyeckue olleHKH rpagyupoBOYHOTO Ipadrka IpeacTaBIeHbI B Ta0I. 6.
Tumpumempuueckuti memoo. JlJi1 KOJMYECTBEHHOTO OIpENeIeHUs] COAEp>KaHUsS
BaHaJAWs B  pacTBopax C  BBICOKOM €ro  KOHIEHTPAUUEHd  MNPUMEHSIOT
TUTPUMETPUUCCKUN MeToJ aHaym3a [6]. [ TUHTpOBaHUS UCTIOJIB3YIOT PACTBOP COJIH
Mopa, B kadecTBe WHAWKAaTOpa — (HEHUJIAHTPAHWIOBYIO KHUCIOTY. THTPYIOT [0

nepexoja OKpacku pacTBOpa U3 BUILIHEBOW B 3€JICHYIO.
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Tabmnuria 6.

CraTucTrueckue OIeHKH IPalyHpOBOYHOTO rpaduka

X1 Yep S S, % AX
50 0,129 0,009 7,42 0,01
100 0,257 0,014 5,57 0,01
150 0,352 0,008 2,34 0,01
200 0,441 0,013 3,03 0,01
250 0,525 0,018 3,47 0,02
300 0,628 0,013 2,13 0,01

IoTeHIIMOMETPUUECKUN METOJT OIIPEAEIIEHUS KUCIOTHOCTH PACTBOPA

Jist  ompezeneHuss KOHIIEHTPAIIMM CEPHOM KHUCIOTHI B  pa30aBICHHBIX
pacTBOopax HCHOJIb30Bajdu mnoteHiuomeTp «MoHomep yHuBepcanbHbli OB-74» co
crekassHabIM (DCJI-43-07) u BcmomorarensHbiM (OBJI-1M3.1) amektpogamu wimm

pH—meTp «SevenEasy pH», Beimyckaemsiii pupmoit «Mettler Toledo».

2.3. MeToauky npoBeieHUs IKCIEPUMEHTOB

MGTOI[I/IKa IMIPOBCACHU A COD6HI/II/I B CTaATHYCCKHUX YCJIIOBHAX.

[lepen HauagoMm copOIIMKM HOHUT MPEABAPUTEIHLHO KOHTAKTUPOBAIN C PACTBOPOM,
MMEIOIIMM TaKO€ K€ 3HAUEHUE KHCIOTHOCTU U COJIEHM, KAK U HCXOJHBIN pacTBOp.
[locne otrnenenus pacTBopa MOHUT KOHTAaKTHPOBAJIM C PACTBOPOM, COJEpIKAIIUM
BaHa/IMi, IpU BHIOPAHHOM COOTHOIIEHUHU (Pa3 copOeHTa M pacTBOpa Ha ammapare sl
BeTpsixuBanus Mapku JIAB-ITY-01 (160 xauanmit B 1 wmun.). Ilocie koHTakTa
NPOBOJMIM pasleieHue ¢Ga3 W aHaiu3 MOJYYEHHOTO pacTBOpa Ha BaHAAWM B
3aBUCUMOCTH OT KOHIIEHTpAIMX MO0 METOJMKaM, OMKMCAHHBIM BbIlIE (CM. pazzaen 2.2).
[lo ypaBHEHHMIO MaTepHAILHOTO OanaHca, ¢ Y4€TOM JaHHBIX IO KOHIIEHTPAIMH
MeTa/la B HCXOZHOM pacTtBope © pactBope mocie copOumn (C, wmr/mm’),
paccunThiBaNu conepxkanue ero B copoente (CE, mr/r).

Koaddumment pacripenenenus BaHaausi B HOHUTE PACCUUTHIBAIIU KaK
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OTHOILIIEHWE PAaBHOBECHOW COpOIMOHHON €MKOCTH HWOHHMTa K paBHOBECHOMN

KOHIICHTPAIUH €T0 B PaCTBOPE
Kd =CFE/ CV,
rae Ky — xoaddunmenT pacnpeneneHus BaHaausl, MII/T;
CE — paBHOBeCHast COpOIIMOHHAS €MKOCTh, MI/T;

Cv— PaBHOBCCHAA KOHIICHTPpAaWA BaHaauAg B paCcTBOPC, MI/J1.

MCTOI[I/IKa IIPOBCACHUSA COD6HI/II/I B JMHAMHWYCCKHNX YCJIOBUAX.

CopO1yio B TUHAMHUYECKUX YCIOBUSX M3 PacTBOpa, COJAEpKAIllero BaHaIWH,

3
MPOBOAWIN B KOJIOHKE oObemoMm 2,7/ cm”. [luameTp konoHku coctaBisul 0,7 cw,
BbIcOTa — [/ cM. PacTBop mojaBaJii CHU3Y BBEpPX C JHMHEHHOW CKOPOCTHIO
nponyckanuss 3,2 wmiu/mun. Ilepen HavajgoM copOnuMyd 4epe3 HOHHUT IIPH
HEOOXOJMMOCTH TPOMYCKAaeTCsl pacTBOp, MMEKIIMN Takoe K€ 3HaYeHUe
KUCJIOTHOCTH, KaK M KHUCJIOTHOCTh B HCXOAHOM pacTtBope. Ilocie mpomyckaHus

BaHAIMICOIEPIKaILlET0 pacTBOPA MPOBOIMIIN €ro aHau3 (cM. pazaen 2.2).

Metoauka caatiug MK-criekpoB 00pas3iioB MOHUTOB.

HNK-criekTpsl MOHUTOB JI0 W MOCTE COpOLMM BaHaIUs MOHUTAMU CHUMAJIH C
ucnonb3oBanueM UK-Dypre cnekrpomerpa Nicolet 380 (Thermo Scientific, CIITIA) B
obmacti  4000-400 cm™. IlogrotoBKy 0Opa3sOB MOHHUTOB OCYIIECTBISLUIA II0
Metonuke [97]. g npurotroBiieHUs TaOJIETOK HMOHUT-OpOMHJIT Kajiisg HWOHUT
BBICYIIIMBAJIA, TOHKO W3MEJIbYad B araTOBOW CTYNKE W TOTOBHWIM CMECh,
coiep>KaHUE MOHUTA B KOTOPOU Bapbupyetcs B npeaenax 1-2 %. [Tomyyennyo cMmech
MpeccoBajay B AMCKH TosmuHOM 0,8-1,0 MM 1o 1aBICHHUEM.

N nentudukanuio CnekTpoB MPOBOAWINA COMOCTABICHUEM IKCIIEPUMEHTATBHBIX

CIICKTPOB C JIaHHBIMHM, ITPUBEACHHBIMY B TuTeparype [97-101].
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I'VIABA 3. COPBUHUOHHOE WU3BJIEYEHUE BAHAIUA (V) U3
MHUHEPAJIN30BAHHBIX PACTBOPOB BOJIOKHUCTBIMH
NOHUTAMHU ®PUBAH

AHanu3 JnuTepaTypHBIX JaHHBIX (TyiaBa 1) 1o (UBMKO-XMMHYECKUM
XapaKTEpPUCTUKAM BOJOKHUCTBIX MAaTE€pUATIOB M MX COPOIMOHHBIM CBOWCTBAM TIO
OTHOILICHHUIO K PA3IUYHBIM METallJlaM IMOKa3all, YTO OHU UMEIOT 3HAYUTENIbHO OoJiee
Pa3BUTYI0 aKTHBHYIO IIOBEPXHOCTb IO CPAaBHEHHIO C TpaHyJUpPOBAaHHBIMU
copOeHTaMH U 00JIaIat0T JIy4Illeil CIOCOOHOCThIO K HAOYXaHUIO, a TAKXKE BRICOKUMHU
KHHETHYCCKUMU W THUIPOJAHAMUYECKHIMH CBOWCTBAMH BCJIEACTBUE MPOHHUIIAEMOM
MOBEPXHOCTU U JIOCTYMHOCTH HMOHOTEHHBIX ((DYHKIIMOHANBHBIX) Tpymm. Takum
o0pa3oM, MOXKHO MPEINOJO0XKHUTh, YTO NJisi BhIOOpa Marepuala, 00eCreyuBarONIEro
HOBBIIIICHHYI0 CKOpOCTh copOiuu BaHaaus (V), u3ydeHHE CBOWCTB BOJIOKHHCTHIX
COpPOEHTOB MEPCIEKTUBHO.

B paborte uccienoBana BO3MOKHOCTb COPOIIMOHHOTO W3BJICUEHUS BaHAIUS U3
MUHEPAJIM30BAHHBIX PACTBOPOB BOJIOKHUCTHIMU HOHMTamMu DOUBAH paznudHOro
tuna: AK-22, A-6 u K-1. XapakTepucTUKN 3TUX BOJOKHUCTHIX MOHUTOB OINKCAHBI B

paznene 2.1.

3.1. UccnenoBanue Biausinue PH Ha copouuio Banagus (V) BOJOKHUCTBIMHU

uoHutamu ®UBAH AK-22 u A-6 n3 MuUHepaIu30BaHHBIX PACTBOPOB

N3yuenune copOIMOHHBIX XapaKTEPUCTUK BOJIOKHUCTHIX HOHUTOB OPUBAH A -
6, coeprKalllero rpynnbl BTOPUYHBIX U TpeTUYHbIX aMuHOB, 1 ®VUIBAH AK-22 ¢
aMUHOKapOOKCHIIBHBIMU TPYIIIaMU OCYUIECTBIISUIM MPUMEHHUTENIBHO K U3BJICYEHUIO
BaHaJMs U3 pa30aBICHHBIX MUHEPAIU30BAHHBIX PACTBOPOB CIIEAYIOLIETO COJEBOTO
cocraBa, r/mv°: ClI” 1,0; SO, 30,0. BbiGop HOHOB OOYCIOBICH IIMPOKHM HX
pacrnpoCTpaHEHUEM B IPUPOIHBIX U TEXHOJIOTHUYECKHUX PACTBOPAxX.

CopO1uio MeTanaoB U3 PacTBOPOB M3YyYalld B CTATMUECKUX YCIOBUAX (CM.

pazen 2.3) IIpH OTHOLICHUH HABECKH BOJIOKHA (T) K 00bEMy pactopa (1072 ov®) 1 :
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2000. ITocne konTakTa (a3 Mpu UHTCHCUBHOM MEpEMENINBAHUK HA BCTPAXUBATEINE
M X Pa3IeIeHUs ONMpeIesii KOHICHTPAIMIO MeTaioB B pactope (C, Mr/im°) u
1o 0aJaHCOBOMY COOTHOUIEHUIO PACCUUTHIBAIIU eMKOCTh HOHUTOB (CE, Mr/T).

ConepsxaHue BaHAAMS B PACTBOPAX OMPENSsiIN (POTOMETPUUECKUM METOIOM
(cMm. pazmen 2.2).

Y4uThIBas CIOXKHOCTh ToBeAcHUs BaHanus (V) B BOIHBIX pacTBOpax (CM.
riaBa 1), mpeaBapuTeNbHO OBUIO HccienoBaHO BiusiHue pH pactBOopoB Ha ero
copOuuro BoJIOKHUCTBIMU HoHUTaMu ®UUIBAH A-6 u AK-22. 3aBUCHUMOCTh EMKOCTH
MOHUTOB OT pH, mpencraBneHHas Ha puc. 16, MOKa3bIBaeT, YTO HAWOOJIBIIAS
€MKOCTb 10 BaHAJUIO JOCTUTAETCS IPU COPOLIMH U3 pacTBOpoB ¢ pH 4,

CE, 200

Mr/r

160

120

80

40

Puc. 16. 3aBucumocth eMkocTi HOHUTOB ®VIBAH (m — A-6 u ¢ — AK-22) ot

3HaueHus pH pactBopa.

[To-Buaumomy, B mHTepBaie 3Hadenuid pH 3 + 5 panaawii (V) Haxomutcs B
Hanbomee copbupyemoii dopme — B Bume gekaBaHamaT-mwoHa HVyOx® u
KOHKYPUPYIOILIEEe BIMSHUE XJOpHUI- U Cyib(haT-uoHOB ocnadneHno. [lanbHeitmme
uccienoBanus copOuun BaHamus (V) TPOBOAMIM M3 CEPHOKHCIO-XJIOPHIHBIX

PacTBOPOB € KHCJIOTHOCTBIO, COOTBETCTBRYHOMIEH PH 4.

Ony6nukoBaHo B crtatee: HBe IlIBan VY, Tpomkmna M.JI.,, Dif Mun, Hlunses A.B. CopOuust peHuss u BaHamus U3

MHHEPaIM30BaHHBIX PACTBOPOB BOJIOKHUCTHIMU HOHUTAMH // VI3BecTrs By30B. LIBeTHas metamtyprus. 2014. Ne 2. C. 42 - 47 .
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[Tpu Takom 3Hauenun pH Banamuii (V) MoxkeT copOupoBaThcs aM(OIUTOM

OUBAH AK-22 B COOTBETCTBHUH CO CIIEAYIONIEH peaKIieil HOHHOTro 0OMeHa:
5(R-NHz)280, + 2[HV16026]” = 2(R-NH;")s[HV1002¢™ ] + 5S0,”

[Ipu B3ammoaeMCTBUM JC€KaBaHAJAT-HOHA C (PYHKIMOHAIBHBIMH TPYIIIIaAMHU
noanta ®MIBAH A-6 oOMeHa MOKET MPOUCXOIUTH:

C IrpymiraM 4€TBEPTUIHOIO aMMOHHNCBOI'O OCHOBAHU A

5(R4N+)ZSO4 + 2[HV190g]" = 2 (R4N+)5 [HV10056> ] + 5S0, “,
C TPYIIAMU TPETHYHBIX AMUHOB

5[R-[N (CH,),H] 1,50, “+2[HV10026]>= 2[R-[N (CH,),H] Ts[HV105" ] + 550, *

3.2. HcciaenoBanue paBHOBECHBIX XaPAKTEPUCTHK BOJOKHHUCTBHIX HOHHTOB
OUBAH AK-22 u A-6 npu copOuum Banagusa (V) M3 MHHEPAJTU30BAHHBIX
PacTBOpPOB

PaBHOBECHBIE XapaKTEPUCTHKU COPOLMU HM3yYalld B CTATUYECKUX YCIOBUSX
IpU U3BJICYEHUM BaHAIUs U3 pa30aBICHHBIX PACTBOPOB, UMUTHUPYIOUIUX MO COCTABY
MPUPOIHBIE BO/IBI, r/mm>: V 0,1; CI" 1,0 SO42' 30; pH 4.

M3otepmy  copbuum  Banagus  wonutom  OUBAH  AK-22 w3
MUHEPAJIM30BaHHOTO pactBopa mnpu cooTHomenuun T @ XK = 1 @ 500 nomyuanu
METO/IOM HACBILIIEHUS! MPHU BBIAEPKUBAHUM COPOEHTa B KOHTAaKT€ C PacTBOPOM B
TeyeHue 48 4 (U3 HUX 4 4 MpU MEPEeMElIMBaHUU CO CKOpocThio 160 kadaHuii B
MUHYTY) IIpU KOMHAaTHOM TeMmIiepaType. Uepes 1BOoe CyTOK pacTBOp aHaJIU3UPOBAIH
Ha COAEpPKAHUE BaHAIWsI, MOHHUT OTHEISAIM OT PacTBOpa M KOHTAKTUPOBAIU CO
CBEXEH NOpUMENd pacTBOpa. DKCIEPUMEHT NPOBOIAWIM [0 MOJHOTO HACBIILEHUS
copbenTa. KoHueHTpauuio BaHaaus B pPacTBOPE ONPENEsuid (POTOMETPUUYECKUM
MeToaoM (cM. paszen 2.2). Pe3ynbTaTsl SKCIIepUMEHTa TPEeCTaBICHBI B Ta0J. 7 U Ha

puc. 17.

2 Cm. cHocka 1.
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Tabmaua 7.
3aBucumocTh copOunoHHon emkoctu nonuta ®UUbAH AK-22 no Banaguio
OT paBHOBECHOM KOHIICHTPAIIUU BaHAIHS B pacTBOPE

VYcnoBus: ucxoiHast KOHIEHTpalus BaHaaus — 118 MF/I[M3

PaBHOBecHas CopOrmonHas Koadduruent Crenenb
KOHIICHTpAITUs BaHAIUS €MKOCTb 10 pacmpesiesieHusl | M3BJICUCHUS,
B PacTBOPE, MI/J BaHAUIO, Mr/T BaHAUS, MJI/T %
64,5 26,7 413 45,3
67,5 52,0 769 42,8
71,8 75,0 1045 39,2
88,0 90,0 1023 23,7
93,0 102,5 1102 21,2
96,5 1135 1176 18,2
104,5 120,0 1147 11,4
CE, 120 A
mr/r 100 4 .
iR
80

\

60 - * /
40 - Pl
/
20 /
O T T 1
0 50 100 150

C, MF/I[M3
Puc. 17. U3orepma copOinu Banaaus (V) U3 CEpHOKUCIIO-XJIOPHIHOIO pacTBOpa

(pH 4) ampomurom ®UBAH AK- 22.

[Tonyyennas uzorepma copouuu BaHaaus (V) vMMeeT XapaKTEPHYIO BBIMYKIYIO

dopmy (puc. 17).
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[Tpu ommcanny paBHOBECHS MOHOOOMEHHBIX MPOIECCOB IMIMPOKO UCIOJB3YIOTCS
MOJIeJIb MOHUTA KaK CIUIONIHOTO Tejla M TepMoauHamudeckue monenu [102-106].
CoryiacHO MOJENM CIUIONIHOTO Tejla, HWOHUT PAacCMAaTPUBAETCA KaK OJHOPOJHAs
HECTPYKTYPUPOBaHHAS Cpela, NMPH STOM NPUMEHUM 3aKOH JEHCTBYIOIIUX Macc.
M3-3a cioskHOCTEH B omnpeesieHny Kod(h(PUIIMeHTOB akKTUBHOCTH B (pa3e MOHHUTA TIPH
NPUMEHEHUH TEPMOJUHAMHYECKHX MOJENEH JUIsi CBEPTKH DSKCIEPUMEHTAThHBIX
JTAHHBIX YaCTO MCIOJB3YIOT 00Jiee MPOCThie (hOPMATbHBIE W MOJCIIBHBIE TTOCTPOCHHUS
— usotepMbl 'enpu, Jlenrmiopa, ®peitnmpmuxa [102, 104, 106, 107]. OGiHOCTS
YpaBHEHUHN HJ€aIbHOr0 MOHHOrO OOMEHa C ypaBHeHUEM JIeHrmiopa He ciiydaiiHa
[106]. Bce rereporeHHble W TOMOTEGHHBIC XHMHYECKHE M KBa3HMXUMHUCCKHE
MPOLIECCHl MPUCOSAUHEHUSI U 3aMEIeHUs], TPOTEKAIOUIUE C yYaCTUEM IOCTOSHHOTO
yucia (QyHKIUOHATBHBIX TPYII, UMEIOIINX BaJCHTHOCTH |, IPH UX PaCCMOTPCHHH
Ha 0a3e 3aKOHa JIEUCTBYIOIIUX MACC XapaKTEPU3YIOTCS YpaBHEHUSIMHU, UMEIOIIUMU
«JIEHTMIOPOBCKUMMY CBOWCTBA.

O6paboTKy paBHOBECHBIX JTaHHBIX MO copOIuu Banaaus nonntom ®UBAH AK-
22 TpoBOAWIM MO YypaBHEHHIO JIEHTMIOpa, OMHUCHIBAIOIIEMY H30TEPMBbl TaKOTO
xapakrepa. s pacduera KoHCTaHTHI JIeHrMIOpa W MakCHUMalbHON COPOIMOHHOM

EMKOCTH 00pabOTKy MPOBOIMIIM B JIMHEAPU30BaHHBIX KoopanHaTax (puc. 18).

1/CE, - 102

1.6 *
1.2
0.8 -

0.4

(0] T T T T 1
(0] 1 2 3

41/c, .102°
Puc. 18. JIuneapuzoBaHHast n30TepMa COpOITMN BaHAIUS (V) 13 CEpHOKHUCIIO-

XJIOPHAHBIX pacTBopoB norntoM PUBAH AK-22. °

Ony6mmkoBano B cratee: Hee IllBam ¥V, Tpomkwmna MW.J., Ilmmses A.B. CopOuuoHHOe WH3BIEYEHHE BaHAIUSI W3

MHHEPaIM30BaHHBIX PACTBOPOB BOJIOKHHUCTHIM HOHUTOM // YCIeXu B XUMUHU ¥ XUMHU4Yeckoi Texnonoruu. CO. Hayun. p. M.: PXTVY

um. JI.1. Menneneesa. 2012. T. XXVI. Ne 6(135). C. 126-129.
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Paccunrannpie kouctanta Jlenrmiopa K, u MakcumanpHas copOULHMOHHAS
eMKoCTb 10 BaHaamio monnta ®UBAH AK-22 cocrasmmm (190 + 45) em®/r u 93,1

2
MT/T, COOTBETCTBEHHO, ¢ Ko dunuentom koppensuuu R —0,8.

N3otepma copOrun Banaaus (V) U3 CEpHOKUCIO-XJIOPUIHBIX PACTBOPOB HOHUTOM

®UBAH A- 6 npeacrasieHa Ha puc. 19.
CE, 240 -

Mr/r
180

120

60

O T T 1
(0] 40 80 120
C, MF/IIM3

Puc. 19. U3orepma copoumu BaHamus (V) U3 CepHOKUCIO-XJIOPHUTHBIX
pactBopoB nonutom ®UBAH A-6.
B orcyrcTBHe cCrnpaBOYHBIX 3HAYCHUH 1O KOd(DHUITMEHTAM aKTUBHOCTH
00paboTKy JUHEWHOW wn30TepMbl copOumu BaHamus (V) uwonurom PUBAH A-6

TIPOBOJIWIIN C HCIIOJIb30BaHueM ypaBHeHus [ enpu [107]:
CE=K,"C,

raie CE — copOrmonHass eMKOCTh HOHHUTA 110 BaHAIUIO, MI/T;
K, — koucranta ['enpu, cM*/Mr;
C — paBHOBECHAS KOHLEHTPALMS 10 BAHAIMIO, MI/IIM".
B u3ydeHHOM WHTEpBajie KOHIEHTpauuid BaHagus (A0 paBHOBECHOM
KoHLeHTpauu 110 Mr/)1M3) MOJIyYeHHasi M30TepMa HMMEET JUHEHHyro GopMy U
MOYeT OBITh ONHcaHa ypaBHeHHeM ['enpu ¢ xonctanToit: (2,09 + 0,20) am/r (R? —

0,955)*. IlomyueHHBIE pPAaBHOBECHBIE JAHHBIE CBHAETENLCTBYIOT O TOM, 4YTO

4 o

Omy6ikoBaHo B crathe: O Mun, Hee IlIBan ¥V, Tpomkuna W.J1., Ilmses A.B. CopOiust peHuss 1 BaHAAUS BOJOKHUCTHIM
nonutom ®UBAH A-6 cynb(haTHO-XJIOpUAHBIX pacTBOpoB / HoBble MOIX0Abl B XUMHUYECKOH TEXHOJIOTMH MHUHEPAIBLHOTO CBHIPHSI.
IIpumenenue skcrpaknuu u copouun. C6. marepuanos 2-oi Poccuiick. koH®. ¢ MexxyHapoxusM ydactueM, 03-06 wmrons 2013 .

Caunkr-Ilerepbypr. Anarutsl: 3a-Bo Kosbsckoro nayunoro nenrpa PAH, 2013. 4. 2. C. 98-100.
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BosiokHUCTRI  noHuT OUBAH AK-22 o6magaer 3HAUUTENbHO —JIYYIIUMHU
€MKOCTHBIMU XapaKTEepUCTUKAMH 10 cpaBHeHUI0 ¢ nonutom ®UBAH A-6.

Jliig uccnenoBaHusl BO3MOXKHOCTH COPOLIMOHHOIO M3BJICYEHUS BaHAIUS HOHUTOM
OUBAH AK-22 u3 pacTBOpOB C pa3inUYHBIM COJEPKaHUEM aHUOHOB, ObLIO M3YYEHO
BJIMSIHUE KOHLIEHTPALNHU CyIb(}aT- U XJIOPHUI-UOHOB Ha €r0 COPOLUIO.

BnusiHue aHMOHOB Ha cOpOLMIO BaHaAWs U3ydalld B CTATUYECKHUX YCIOBHSX IO
METOJIMKE, OMMMCAHHOW B pasjeie 2.2, U3 pacTBOPOB ¢ KoHIeHTpamuen BaHaaus 100
Mr/z[M?’ ¥ aHHOHOB B MHTEpBaje KoHueHTpamuii ot 5 10 300 MF/,Z[Ms.

JlanHbie 10 3aBUCUMOCTH copOumoHHOM emkoctu nonuta GUBAH AK-22 ot

KOHIICHTPAIIMX aHUOHOB ITPEACTABIICHBI HA puc. 20 u 21°,

CE. 10 CE, 120 -
’ i MrI/r &
] 100 - N
Mr/r 100 - \ N e
\ 80 -
80 - AN
60 - ¢
60 - u
40 -+
40 - .
20 -
20 -
O O T T T T T |
| | | | 0 20 40 60 8 100 120
0 100 200 300 400 3
3 C, mr/mm
C, mr/am
Puc. 20. 3aBucruMocTh EMKOCTH HOHUTA Puc. 21. 3aBucUMOCTL €MKOCTHU
®OUBAH AK-22 1o Banaguio ot noanta PUUBAH AK-22 1o Ba"aauro
KOHIICHTPAIMH CYIh(})aT-HOHOB B PacTBOPE. OT KOHIIGHTpPAIlMd XJIOPUI-HOHOB B

pacTBope.

Pe3ynbTaThl SKCIIEPUMEHTOB MOKAa3bIBAIOT, YTO €MKOCTh COPOEHTA MO BaHAJHIO
IpU YBEJIMYEHUU KOHIICHTPAIIMM AHUOHOB B PACTBOPE B HM3YUYEHHOM HWHTEpBAJe
camxkaercs B 1,1-5,0 pa3, uTo MOXKeT ObITh OOBSICHEHO KOHKYPUPYIOIIEH copOIuei

AHHUOHOB.

® Cm. cHocka 1.
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3.3. UccnenoBanue KHHETHYECKHX XaAPAKTEPUCTHK BOJOKHUCTHIX HOHUTOB
®UBAH AK-22 u A-6 npu copoumu Banaaus (V) H3 CEPHOKHCJIO-

XJIOPUJIHBIX PACTBOPOB

Bo3moxkHa pa3ianyuHas TOCTaHOBKAa KHHETHYECKOTO HKCIIEPUMEHTa, HO Hanboiee
4acTO MCHOJB3YIOT METO/ MOTOKa (O0ECKOHEYHOro 00beMa, TOHKOIO CJIOS) U METOJ
orpaHnyeHHOro oobema pacrtsopa [102, 106, 108].

Meton OeckoHeUHOTOo oO0beMa yAoO€H HJisi aHau3a MOJEJIe MOHOOOMEHHOMU
KuHEeTUKU. OH TpUMEHSieTCsl B TEX CllydasX, KOrjJa HeoOXOJUMO BBIJIEPKATh
MOCTOSTHHBIMUA TPAaHUYHBIC YCIOBUA. MeTOn TPyJOEMKHH, TaK Kak B pe3yibTare
OJTHOTO OTbITa MOXKHO TMOJIYYUTh JIMIIb OJHY OJKCIEPHUMEHTaJbHYI0O TOYKY Ha
KUHETHYeCKOoW KpuBOi. KpoMe TpylnoeMKOCTH 3TOT METOJ OTIMYAETCs €ILIE OJHUM
HEJOCTAaTKOM, 3aKJIIOYAOIIUMCSI B TOM, YTO TOJIIMHA HETepEMEIIMBACMON TICHKU
BOKpPYI 3epeH uoHMTa (IieHka HepHcTa) 3aBUCUT OT pacCTOSHUS MEXAY
KOHKPETHBIM 3€pPHOM U BXOJIOM B CJIOM HOHUTA — OHA U3MEHSIETCA 110 Mepe ABMKECHUS
BIUIYOb CIIOSI M CTAOWMJIM3UPYETCS JIMIIb HAa PAacCTOSHUU IMpUMEpPHO 1-2 cM OT Bepxa
ciosi. Ilpu MCroNb30BaHUM KIIACCMYECKOTO BapuUaHTa 3TO HE JaeT BO3MOXKHOCTH
MCCJIEI0BATh CMEIIAHHYIO U BHEIIHEAU(D(PY3HOHHYIO KHHETHUKY .

VYuuthiBas, 4to conepxkanue BaHaaus (V) B HCCIEAyeMBIX pacTBOpax He
BBICOKOE, BEPOSTHOCTh MPOTEKaHMUs Tpolecca copOuuu BO BHemHeIUDPy3HOHHOU
00JIaCTH JOCTATOYHO BEJNMKA. B CBSA3M € 3TUM B paboTe AJid U3yUYEeHHsS] KHHETUYECKHUX
XapaKTePUCTUK MPUMEHSIIN METOJ OTPaHUYEHHOTO 00BbeMa pacTBopa.

B cooTBeTcTBHM ¢ MOCIEIHHUM OOMEHHBINA MPOILIECC MPOUCXOIUT B HEKOTOPOM
OTIpeIeIEHHOM O0BheMe MEePEeMEINBAEMOT0 PacTBOpa, Ha4YadbHBIA COCTAaB KOTOPOTO
U3BECTEH. B 3TOM ciyyae KOHILIEHTpalusi COpOUPYEeMOro HOHAa B PAaCTBOPE MEHSETCS
B TIPOIECCE DKCIEPUMEHTa, YTO BIHUSET Ha CKOPOCTh mporecca. [IpumeHeHneM
JIOCTaTOYHO  MHTEHCUBHOTO  IEPEMEIIMBAHUA  JIOCTUTalOT  PaBHOMEPHOTO
pacrpeziesieHus] KOHLIEHTPAllud HOHOB BO BCEM OOBEME pacTBOpa 3a MCKIIOUEHHEM

HEIMOCPEICTBEHHO MPUJIETAIOIIUX K 3€pHY CII0eB (IOTpaHUYHbIN CIIOM).
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Kunetnky copOruu Banamus (V) BosokHucThiM noHuTOM DOUBAH AK-22
u3yyajqd METOJIOM OIPAaHMYEHHOr0 o0ObeMa pacTBOpa Ha YCTAaHOBKE C
TEPMOCTAaTUPYEMBIMH siueiikaMu Tipu Temnepatypax 293, 313 u 333 K. MogenbHbli
pacTBOp comepxkan: BaHamust - 100 mr/mv’; cymbgar-moHoB — 30 T/1M°; XTOpHI-
roHoB — 1 r/am%; pH 4,0. OTHOIICHHE HABECKH BOJIOKHA (T) K 00B6EMy pacTBopa (Mir)
coctaBysuio 1 : 5000 (10 mr : 50 mn). Conep:kaHue BaHAIUsI B paCTBOPAX OMPEIEIISIIN
(GhOTOMETPUIECKUM METOAOM (CM. pazaen 2.2).

WNuTterpaibHble KMHETHYECKHE KPHUBBIE COPOIMM BaHAIuUs, MOJyYCHHBIC MPHU

pa3IMyYHBIX TEMIIepaTypax, MpeICcTaBICHBI Ha puc. 22,

CE, 200 -

Mr/T A

160 -

120 -

80 -

40 -

0 50 100 150 200 250
T, MHH.

Puc. 22. VnTerpanpHble KUHETUYECKHE KPUBBIC COPOITMU BaHAAMS U3 CEPHOKUCIIO-

XJIOpUAHBIX pacTBopoB nonntom ®UBAH AK-22 (¢ — 293K, m — 313K, A — 333K).
[To momydyeHHBIM HMHTETPATHHBIM KHHETUYECKHMM KPUBBIM COpPOLIMM BaHAIUs B

KOOpJAHHATax «cTerneHb HachimeHus (F) — Bpems (T)» rpaduuecku pacCUnTaHO BPeMs

TIOJTyCOpOIIHH Tg 5 (Ta0II. 8).
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K pacuery s dextuBHBIX KO3pPuenToB 1uddy3un Banaaus (V) HOHUTOM

Tao0muma 8.

OUBAH AK-22

Temmneparypa, K

Bpewms onycop6-

D¢ dexTuBHbI KOIDDUITUEHT

IIUH To 5, C muddysun, m/c
293 8100 3,2- 107
313 7800 3310
333 6000 43-107

C yyeToM BpeMEHH MOJycopOIuu paccuuTaHbl dPheKTHUBHBIE KOADPUIIMEHTHI

nuddys3un Banaaus B nonute AK-22. Pacuer nmpoBoauiu o popmyie [106]:

rae D,y — sddexTuBHbli K03ddunnent nuddysnn BaHaaus B COpOeHTe, m/c;

D,y = (0,065 - R%) / 195,

R — paauyc Bonokna nonnta ®UBAH AK-22, m;.

To5 — BpEMs MOITyIpEBpaIIeHUs (MOIycopOLnHn), C.

YcpenHeHHbINH pagnyc BOJIOKHA HOHUTA cOCTaBIsIeT 20 MKM.

W3 Tabn. 9 BuAHO, 4yTO MOPSAAOK 3P(HEeKTUBHBIX KO3 (dULHeHToB auddy3uu

15 2
BaHaud coctasisteT 107" M7/c.

C ucnonb30BaHUEM pacCYUTaHHBIX d(PPekTuBHBIX KodPduimenToB nuddysun

BaHaAusl B MOHUTE (TabJ. 8) paccumTaHbl KaXXYIIUECS SHEPIUU aKTUBAIIMU TIpoIlecca

cop6ruu Banaaust nonutom ®UBAH AK-22 (tabn. 9) mo ypaBHeHHIO, TOAOOHOMY

ypaBHeHHIO Appenunyca [106]:

.e RT

- EAKT

rae E.. — Kaxymascs sHeprus akTuBaiuu, J>x/Mob;

2
D, — xoHcranra, M°/c;
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D — s¢dextuBnbiii K0o3ddurment xuddy3un BaHaIHA B HOHHTE, M/C;
R — ynuBepcanbHas razoBas nocrosiHHas 8,3144 J[>/Mounb;
T — remniepatypa, K.

Tabnuua 9.

K pacucry Kamymeﬁcsl OHCPI'UHU aKTHUBAIIUH COp6HHH BaHaJus1 HOHUTOM

OUBAH AK-22
HNHurtepBan DHeprus aKkTUBALMH Cpennee 3HaueHue
Temneparyp, K copbumu BaHagusl E ., | Kaxylueics sHepruu
k/[x/Mob aKTUBaIMM, KJ>k/MOJTb
293-313 1,2+0,5
293-333 6,0+1,8 6,2+2,0
313-333 11,5+3,3

W3 1abn. 9 BUIHO, YTO CpeAHssl KKYIIAsICS dHEPrys aKTHBAIUU, paCCUUTAHHAS
10 YpaBHEHMUIO, MOJJOOHOMY ypaBHEeHHIO AppeHuyca, paBHa (6,2+2,0) k/[»/Mob, 4TO
MOXET CBUJICTEIbCTBOBATH O TNPOTEKAHUM TMpolecca COpOIMU BaHAIUS BO
BHemHe MG P y3rnoHHON 00TIacTH.

MeTtonoM orpaHM4eHHOro oObema pacTBOpa HCCleAoBaHa KUHETUKA COPOLMH
BaHAJUSl BOJIOKHUCTBIM CHJIbHO-CIa000CHOBHBIM uoHUTOM OUBAH A-6 npu
pa3JIMYHBIX TEMIIEpATypaXx.

XapaxkTepHble HHTETPaIbHbIC KHHETUYECKUE KPUBBIE COPOIIMM BaHAAUSI HOHUTOM
®UBAH A-6 B xoopauHaTax: «copOimonnas eMkoctb CE — Bpems ™ U «cTerneHb
HachlleHus F — Bpems 1» nipeacTaBiieHbl Ha puc. 23 u 24, COOTBETCTBEHHO, a JaHHBIS
no ux obpabdotke B Tadm. 10.

[Io nmaHHBIM TOMYYEHHBIX HMHTETPATHHBIX KHUHETHYECKUX KPHUBBIX COpPOIUN
BaHaaus (V) BomokHucThIM ~ MoHUTOM OUBAH A-6 (puc. 24) rpadudecku

paccYrTaHo BpeMs MOTycopOIun 1o 5 (Tad. 10).
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CE, 300 -

Mr/r

0 50 100 150 200 250
T, MHH.

Puc. 23. VHTErpansHbie KUHETUYECKUE KPUBBIE COPOIMH BaHAIUS U3 CEPHOKHUCIIO-

XJIOpUIHBIX pacTBopoB HoHnTOM PUBAH A-6 (¢ — 293K, m— 313K, A —333K).

0 40 80 120 160
T, MHH.

Puc. 24. 3aBucuMocTth creneHn Hacowlnenus annonuta PUUBAH A-6 Banamuem

(V) ot Bpemenu (¢ — 293K, m— 313K, A —333K).
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Tabauma 10.
K pacuery s pexruBnbIX K03DPunmenToB nuddysun Banagus (V)

nountom OUBAH A-6

Temnepatypa, K | Bpewmst nomycop6uuu, | DddekTuBHbIi KOdPPUITHESHT
c muddysun Baramms, M2/c
293 3300 7,9-107
313 2100 1,2-10™
333 1200 2,1- 10"

3HaueHUs KaXyLIUXCsl DHHEPrMil aKTHBAIMM Mpolecca COpOUUU BaHAAUS
nonutom OUBAH A-6, paccuuTaHHble 1O YpaBHEHUIO, MOJOOHOMY YpaBHEHHUIO

Appennyca, mpuBeeHbI B Ta0d. 11.

Tabmuma 11.
K pacuery kaxyuiericst 3Hepruu aktupaiuu copounu Banaaus nonntom GMBAH
A-6
NHurtepBan DHeprus aKkTUBaluu CpenHee 3HaueHue
temneparyp, K copbuuu BaHamusl E .y, | Kaxyliencs sHepruu
K /J[x/Mob aKTUBaIMM, kKJ>x/MOJb
293-313 15,9+ 45
293-333 19,8+ 4,8 19,9+ 4,7
313-333 24,2+ 7,7

N3 tabn. 11 BugHO, 4TO CpefHss Ka)xyllascs SHEPTUsl aKTUBALMU TPU COpOLUU
Banaaus (V) wonutom ®UBAH A-6 paBna (19,9+4,7) k/[/MOjb, YTO MOXKET
CBUACTEIHCTBOBATH O  MPOTEKaHWHM  Tporecca  copOuMuM  BaHAgus  BO
BHemHe M) y3nOoHHON 00TacTH.

Xon UWHTETpATbHBIX KHHETHYECKHMX KPUBBIX U TOJYYEHHBIE JaHHBIC TI0
s dexkTuBHBIM K03 duirentam auddys3un BaHaaus (V) B BOJOKHHUCTBIX HOHHUTaX

OUBAH AK-22 u A-6 CBUAETEIBCTBYIOT O HU3KOW CKOPOCTH Mpolecca copouuu
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BaHA/MS, HAXOJALIErOoCcs B HM3YYCHHOM HMHTEpPBAJ€ KUCIOTHOCTH, B OCHOBHOM, B
dopme kpymHOro nexaHamarT-moHa VigOns”. 3aMEUICHHYIO KHHETHKY COPOLHH
BaHA/Mg BOJIOKHUCTBIM HOHUTOM MOXXHO OOBSCHUTH, MO-BUIUMOMY, MEHBIICH
MOJBM)XHOCTBIO JIOCTATOYHO OOJIBIIIOTO TIO0 Pa3Mepy COpOMpPYyeMOTo JeKaHaaaT-noHa
V10026> cO 3HAUYMTEIBHBIM 3apSIOM, @ TAKIKE HEOOXOAMMOCTBIO POCTPAHCTBEHHO!
OpHEHTAIlMU ATOTO HOHA MIPU COPOLIHH.

JIisi TOATBEPIKIACHUSI STOTO TMPEANOJIOKEHHUS ObllIa HCCIeoOBaHA COPOIHS
BaHaaus (V) B 00JIaCTH KHCJIOTHOCTH, COOTBETCTBYIOIIEH 3HaueHuI0 pH, B koTopoii
OH CylLlecTByeT B BHje okcokaTuoHa VO,  MeHBbIIero o CpaBHEHHUIO C JIEKaHaaT-
MOHOM pa3Mepa. Jlmg »Toil 1menmu B KadecTBE COpOEHTA  HMCIHOJIL30BAIH
CUJIbHOKUCIIOTHBIM ~ BOJIOKHUCTBIM ~ katuoHutr OUBAH K-1, coaepxamuii
CyJb(OrpyNIIbI.

Cop6uuio okcoxkatrona VO," mpoBouiIM M3 pacTBOpa CIEAYIOIIETO COCTaBa:
BaHaxuit - 100 mr/om; cymbdat-nonst — 30 r/am>; ximopug-uonst — 1 v/ qm*; pH 1,0.

[IpenBapurenbHoe u3yueHue BiusiHue pH pactBopa Ha copOuMIO BaHaAMS
katnouutom OUBAH K-1 mokazamo (puc. 25 u 26), uro KO3(pOHUIUCHT
pacnpezaenenus Banaaus (V), Kak U CIeI0BalIO 0XKHUIATh, agacT ¢ yBeandeHueMm pH

pacTtBopa.

CE, 60 -
mr/r

40 -

20

O T T T T T 1

0 0.5 1 15 2 2.5 pH 3

Puc. 25. 3aBucumMocTts eMKOCTH BoJIOKHMCTOrO katnonuta ®PUUBAH K-1

oT 3HaueHus pH pactBopa.
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Puc. 26. Bnusaue pH Ha koadduriment pacnpeaencHus Banaaus (V) npu

copO1mu ero BoJoKHUCTHIM kaTuoHuTOM OUBAH K-1.

HauGonpmmii  xko3gduiineHT pacnpeneneHus BaHaAWsS HAOIIOJAaeTCsl TpH
3HaueHuu pH, paBHom 1 (puc. 26). MHTerpanbHas KMHETUYECKas KpuBas cOpOLMH
Bananus (V) karnonutom ®UBAH K-1 mpu stom 3Hauenun pH B koopauHatax

«CTerneHb HachIeHns F — BpeMst T» mpencTaBieHa Ha puc. 27.

F1-

0.8 A

0.6 -

0.4

0.2

0 20 40 60 80

T, MHH.

Puc. 27. WuterpanbHble KUHETHUYECKHE KpuBbIe copOruu BaHamus (V)
katnonutom DOUBAH K-1 u amdponurom DOUBAH AK-22 wu3 cepHOKHCIIO-

XJIOpUAHBIX pacTBOpoB (pH 1).
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[Io maHHBIM MHTETPATBHOM KPHUBOM, AHAJIOTMYHO KUHETHUYECKUM JAHHBIM IO
copormn  Banamusi (V) wonmtom DUBAH AK-22, paccuntan 3(hdeKTuBHBIHA
koddhouiuent auddysun Banamus (V) B katuonute ®UBAH K-1. Ero 3nadenwue
cocrasmio 5,4 - 10 m%/c (tabm. 12).

TaOmuma 12.
Cpasuenue 3ppekTuBHBIX K03 duireHToB auddys3uu Banaaus (V) npu

copOuuu nonntamu ®PUUBAH

pH Mapxka nonuta | Bpems nomycopOuuu | DPpdekTuBHBIN KOdIPPUIIUEHT
OUBAH To5, C mudbysum, M7/c

4,0 AK-22 8100 3,2- 107

1,0 K-1 480 54-10™

CpaBHeHue 3Ha4YeHUH 3P PeKTHBHBIX KodpunuentoB nupdy3un Banamus (V) B
nonutax ®UBAH AK-22 u K-1, a Takxke HUHTErpajibHbIX KMHETHUYECKUX KPUBBIX B
KOOpJIMHATaX «CTENEeHb HAchIIEHUs F — BpeMs 1», MONMy4YeHHBIX MpU COPOLIMHU €ro
STUMU HWOHUTaMU (puc. 27), TOKa3plBaeT, YTO TPH YMCHBIICHUU pa3zMepa
copoupyemoro nona BaHaaus (V) CKOPOCTh COPOLMU 3HAYUTEIBHO YBEIMYUBACTCS:
3HaueHue sddexkTuBHOro kodhduimenta nuddy3un Bo3pactaeT OoJsiee, yeM Ha

MOPSIJIOK.

3.4. UccnenoBanue TMHAMUYECKUX XAPAKTEPUCTHUK BOJOKHHCTOI0 MOHUTA
®UBAH AK-22 npu copoumnu Banaaus (V) U3 MUHepaJIu30BAHHBIX PACTBOPOB
CopOuuio BaHaaus B AMHAMUYECKUX YCJIOBHUSIX U3 pacTBopa, coiepxkamiero 118
3 3
MTI/IM” BaHaAMs, IPOBOJMIIM B KOJIOHKE oObemMoM 2,7 cMm™ (muametp KosoHku — 0,7
CM, BBICOTa — 7 CM) C TUHEHHOUN CKOPOCTHIO MPOMYyCKaHuUs pacTBopa 5 M/4. PacTBop
Ha BBIXOJIE U3 KOJIOHHBI aHAJIU3UPOBAIN Ha COJIepKaHHe BaHAIUsI (POTOMETPUUECKUM
MeTOJIOM (CM. paszen 2.2). JlaHHble MO AMHAMUKE COpPOLMU BaHAAMS MPEICTABIICHBI

Ha puc. 28°.

® Cm. cHocka 3.
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0 500 1000 1500 2000 2500 3000

YiaeabHbIH 00BEM

Puc. 28. Boixonnas kpuasi cop6iuu Banaaus uvonutom ®UBAH AK- 22.

Kunernueckuit korpduurent BHemHed auddy3un Banagus B nonure ®UBAH

AK-22 obu1 paccuntan o opmyiie [109, c. 65]:

B =CE/C,-t,

roe P — KuHetHdeckuii kodbdummeHT BuemHel 1ubdysum, 9
CE — paBHOBecHass MOHOOOMEHHAas €MKOCTh COpOEHTa MO BaHAIUIO,
MI/T;
C, — BcXoaHas KOHIIEHTpAIlMs BaHAIUS B pacTBOPE, Mr/am>;
T — BpeM, 9.
Bennuuna kuHeTHdeckoro kodddummenta BHemrHed auddy3un BaHaTUsS B
nounte ®UUBAH AK-22 cocrasumna 1,02 - 10° ot
Hecopbuuto Bananusa u3 uonuta OUBAH AK-22 npoBoaunu pactBopom
THAPOKCHAA HATPUS C KOHIEHTpamueil 0,5 MOIb/IM° HPH MPOMYCKAHUH €ro C
JIMHENHON CKOpOCThIO 5 M/4. BhixogHas kpuBasi JecopOluU BaHaus MpejcTaBiIeHa

Ha puc. 29.
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Puc. 29. Brixonnas kpuBasi qecopOmu BaHaAUsI paCTBOPOM THIPOKCHIA HATPHS

¢ uonura DUUBAH AK-22.

KoHieHnTpaius BaHausi B MAKCUMyMeE BBIXOJIHOUM KPUBOM cocTaBuiia 294 mr/ ):[MS.

[Tpu 3TOM cTeneHb copOIMOHHO-IECOPOIIMOHHOTO KOHIICHTPUPOBaHUs paBHa 2,9.

3.5. Copounsi Banagus (V) BoJokHMCTBIMH uHoHuTamMun OUBAH wu3

peHuiicoaepRaliuX MMHEPAJIN30BAHHBIX PACTBOPOB

W3BnedyeHne penkux >JIEMEHTOB, B TOM 4YHCIE, BaHAIAUs WU PEHUS U3
COPOCHBIX  PAacTBOPOB, OOpa3ylIIUXCs MpU  I[epepaboTKe  MPUPOIHOTO
MUHEpPAIbHOTO M  OPraHUYECKOT0  MOJMMETAIBHOTO  ChIpbs,  SIBISIETCS
aIbTEPHATUBHBIM  MPOLIECCOM YBEIMYEHUS WX JOOBIYM, CHOCOOCTBYIOLIUM
YIIYUIIEHUIO SKOJIOTHYECKONH OOCTaHOBKM B NMPOMBIIIJICHHON 30HE MPEeaNnpHUsITHIA.
KoHuentpamusi peHuss B OTpaOOTaHHBIX pacTBopax MoxeT aocturarb 0,5—1,0
MF/I[Ms, Bananus — 200 Mr/aM° ¥ BbIIIE [13, 110, 111]7.

CopO1uoHHbIE TPOLECCHI, IIMPOKO PACTIPOCTPAHEHHBIE B THAPOMETAILTYPIrUn
pEHUs, OCHOBAHbI HA UCIIOJIb30BAHUU aKTUBHBIX YIJIEH, CUIBHO- U C1a000CHOBHBIX

aHUOHHTOB, KOMILUIEKCOOOpasyrommux noHuToB [111]. Beigenenune 3tux meTamioB

" Cm. cHocka 1.
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U3 BOJHBIX PACTBOPOB MOXXHO OCYIIECTBUTh W TMYTEM COPOIMH BOJIOKHHCTHIMU
WOHUTAMH: pPEHUH, HampuMep, XHUTO3aH-YIIEpOAHbBIMH Marepuaiamu [112],
BaHa/Mii — BOJIOKHAMH Ha OcHOBe memumono3st (LM, IIM-A2 u [IM-A3) [13]°.

N3yuyeHnne copOLMOHHBIX XapaKTEPUCTUK BOJIOKHUCTHIX HOHUTOB DUBAH A-
6, CoOJep Kalllero TpyIbl BTOPUYHBIX W TPETUYHBIX aMuUHOB, U AK-22 ¢
aMUHOKapOOKCHIIBHBIMU TPYIIIAMU OCYIIECTBIISUIM MPUMEHUTEIBHO K U3BJICUCHUIO
BaHAJMs U PEHUsl U3 pa30aBICHHBIX MUHEPAIN30BAaHHBIX PACTBOPOB CIIEIYIOIIETO
coeBoro cocrasa, r/mm°: Cl” 1,0; SO,% 30,0. BEIGOp HOHOB 0GYCIIOBICH IIHPOKHM
UX PaclpoCTpaHCHUEM B MPHUPOJHBIX U TeXHOJOTHYeCKUX pacTBopax. Penuit (VII)
HaxOJUTCSl B pacTBOpax B BHUJIE MOJBHXKHOTO NieppeHaT-uoHa ReOy [111].°

CopOunio MeTaioB U3 PAacTBOPOB M3YYaIM B CTATUYECKUX YCIOBUSX TPU
OTHOIICHUH HABECKH BOJIOKHA (T) K 00B&My pactopa (107 mm®) 1 : 2000. ITocie
KOHTakTa a3 NpU HWHTEHCHBHOM TMEPEMEIIMBAHUM Ha BCTPSAXUBATEIE U HX
pas/IeIeHNs ONPEACISUIN KOHICHTPAIMIO MeTauioB B pactBope (C, Mr/aM°) u 1o
0aJIaHCOBOMY COOTHOIIEHUIO pacCUUThIBAIM eMKOCTh HOHUTOB (CE, Mr/T).

ConepsxaHue peHHs U BaHAIUS B PACTBOPAxX onpeaessuid (OTOMETPUYECKUM
meToqoM ([113] u paznmen 2.2, COOTBETCTBEHHO).

Kak Obuto mokazano B paborax [114, 115], peHuii m3BieKacTcs HOHUTOM
OUBAH AK-22 3nauutenpHo nyumie, yem uoHutom OPUBAH A-6, mostomy
JanbHEHIINEe WCCIENOBAHUS MPOBOJUIM C MCIOJIB30BAHUEM 3TOr0 HOHUTA U3
PacTBOPOB C BEIOPAHHON OMTHUMAIBHON KHCIOTHOCTHIO.

CopOuusi peHusi B BUJIE TEpPPEHAT-MOHA MOXET NPOTEKaTb MO PEaAKIHUU

obomena [115]:

(R-NH3),SO;, + 2ReO,” = 2R-NH3ReO, + SO.*.
Kunetuky copoumu Banaaus (V) u penus (VII) BOJOKHHUCTBIM HOHUTOM
OUBAH AK-22 uzyuyanu METOJIOM OTPAaHUYCHHOTO 00heMa pacTBOpa HA YCTAHOBKE

C TepMocTaTUpyeMbIMU stuerikamu Tipu temneparype 293 K. CoaepkaHue peHus B

8 Cm. cHocka 1.
® Cm. cHocka 1.
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3 3 .
MOJIEIIEHOM pacTBope cocTaBisiio 20 mr/am”, Banaaus — 100 mr/am” (coneBoit dhoH
pacTBopa ykasas Bblle, pH 4,0).

WuTerpanbHble KHHETUYECKHE KPUBBIE COpOIMM BaHAAWS M PEHHS MPU UX

10
COBMECTHOM MPUCYTCTBUU B pacTBOpax npesacTtanieHsl Ha puc. 30 u 31.

CE, 80
Mr/r

60
40

20

0 50 100 150 200
T, MHH.

Puc. 30. UnTerpanpHast KWHETHUECKAss KpUBasi COPOIIMH BaHAIUS U3

CEPHOKHCIIO-XJIOpUIHBIX pacTBOpoB nonutom ®MBAH AK-22.

CE, 8
Mr/r

0 2 4
T, MMH.

Puc. 31. UnTerpanbHas KUHETHYECKasi KpUBasi COPOLIMM PEHUS U3 CEPHOKHUCIIO-

XJIOpUAHBIX pacTBOpoB nonnutom ®MBAH AK-22.

19 Cwm. cHocka 1.

72



[lo maHHBIM TONYYEHHBIX HHTETPAIBHBIX KHHETHYECKUX KPHUBBIX COpOIUU
BaHaJUs W peHUS BOJOKHHUCTBIM HoHHMTOM DOUBAH AK-22 (puc. 30 m 31)

rpadHUeCcKH PACCIHTAHO BPEMs MOTycOpoImH To s (Tabm. 13)™.

Tabmuna 13.
Kunernueckue xapakrepuctuku coporyu Banaaus (V) u penuns (V1) nonurom
OUBAH AK-22
Merann | Bpems nonycopoumu o5, C OddexTuBHBIN KODGUITUESHT
maddysun, M/c
Pennii 60 9,0- 107"
Bana it 7200 3,6-107°

C yyetoM BpeMEHM TMOIAYCOPOLMH Tgs paccuuTaHbl SPQPEKTHUBHBIC
koahurmenTs quddy3un peHus U BaHaausa B BoJokHHcTOM Monute ®MBAH AK-
22 o ¢opmyie [106, c. 239]:

D = 0,065 - R*/ 195,
rae D — s dexTuBHbIi KodQQHIHEHT Tuddy3nr MeTallIa B HOHUTE, M/C;
R — panuyc BonokHa, M;
Tp5 — BpPEMs MOJIyNpEeBpalleHus, C.

YcpenneHHbIN pagnyc BOJIOKHA HOHUTA COCTaBIsAET 20 MKM.

[Tony4yennsle 3HaueHus1 3PGEeKTUBHBIX KO3PPUIMEeHTOB TudPy3un peHus B
nornte ®UBAH AK-22 nmetor mopsmoxk 107° m%c (tabm. 13), uro mosxer
CBUJICTEIILCTBOBATh O JU(PPYy3MOHHOM MEXaHM3ME TMpoliecca. 3HAUYCHHE IKE
sbdextuBHOrO KOdpPuImenta auddy3un BaHAAUS 3HAYUTEIHHO HIDKE, MOPSIIOK
ero cocrasister 107> m%/c.

Otnuruue Ha nBa nopsiaka 3¢ PexkTuBHbIX K03PhuLreHToB quddy3un peHus
U BaHaJMs CBUAETEIBCTBYET O BO3MOXKHOCTH WX KHHETHYECKOTO pa3/esICHUS.
[TomyueHHble MHTETpATbHBIE KUHETUYECKHE KPUBBIC COPOIMM PEHUS W BaHAIWS B

KoopAuHaTax «cteneHb HacwimeHus (F) — Bpems (T)» HOpu HUX COBMECTHOM

1 Cwm. cHocka 1.
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OPUCYTCTBUHM B pacTBOpe (pUC. 32) MOATBEPKAAIOT TAKYI0 BO3MOKHOCTH: BPEMS

YCTaHOBJICHHsI paBHOBECHS Mpu copoumu perust He npesbiinaer 100 ¢, B To BpeMs

o 12
KaK BaHaJIUH JIMIIIb HAYNHACT COp6I/IpOBaTBCSI .

F 1 :
0.8
0.6

0.4

0.2

0 50 100 150 200
T, MMH.

Puc. 32. 3aBucumocTts crenenu HachieHus amdonurta PUUBAH AK-22
peHHEM U BaHagueM OoT BpeMmeHu (m — Re, ¢ — V).

CopOruto peHus 1 BaHaIUs TIPH UX COBMECTHOM MPHUCYTCTBUU B CYyJIb(paTHO-
XJIOPUJHOM PACTBOpE B JMHAMHYECKUX YCIOBUSX TPOBOJIWIM B KOJIOHKE (CM.
pasnen 2.3) ¢ JUHEHHOW CKOPOCTHIO MPOMYyCKaHUs pacTBopa 5 m/4. BrixonHbie
KpuBble copOuun peruss u BaHaguss moHutom ®UBAH AK-22 npencraBieHsl Ha

puc. 33 w34 1.
CREl 20 N
MF/}:[M3

15 -

10 -

O T T T T T 1

0 100 200 300 400 500 600
Yucjao KOJOHOYHLIX 00bEeMOB

Puc. 33. Boixonnas kpusasi cop6oiuu penus uonntom ®MbBAH AK- 22

U3 CyJb(paTHO-XJIOPUIHOTO PACTBOPA.

12 Cm. crHocky 1.
13 Cm. crHocky 1.

74



Cyv, 120 -
3

100 ~ /+\\¢~ _’V,h
80

MI/aM

60

40
20 -

0 I I I I 1

50 100 150 200 250
Yucia0 KoJI0YHBIX 00bEMOB

(@)

Puc. 34. Boixonnas kpuas cop6iuu Banaaus nonntom ®UBAH AK-22

U3 Cyb(aTHO-XJIOPUIHOTO PaCcTBOPA.

AHalIM3 ASTUX KPUBBIX IIOKA3bIBAET BO3MOXKHOCTb pa3ACJICHUS PEHUS WU
BaHanusa: mnpu mnpomyckaHun ~70—100 koJIOHOYHBIX OOBEMOB pacTBOpa B
BBIOPAHHBIX YCIIOBUSIX PEHHMM MPAKTUYECKU TOJHOCTBHIO YNIEPKUBACTCS MOHUTOM
(mpockok — ~5 %), a pacTBOp Ha BBIXOJI€ U3 KOJOHHBI COJICPIKUT JIUIIb BaHAIUM.
PaccuuTannas 1mo JaHHBIM BBIXOJHBIX KPUBBIX TMOJHAS JUHAMUYECKass OOMEHHas
€MKOCTh COCTaBuJjIa: 1Mo peHuto — 21,3 mr/r, mo Banaauio — 39,7 mr/r.

[TonyuenHsie B paboTe paBHOBECHBIC, KMHETUYECKHE M JUHAMHUYECKUE
XapaKTEPUCTUKU copOIuu MOoKa3aJu MPUMEHUMOCTh BOJIOKHHCTOTO
amuHokapookcuibHoro nonnta GMBAH AK-22 nns usBneuenus penus (VII) u
BaHanusa (V) U3 MHHEpPATU30BAHHBIX CYJIb(PATHO-XJOPUIHBIX PACTBOPOB MPU UX
COBMECTHOM TPHUCYTCTBUH. 3HaUCHUS IPGHEKTUBHBIX KOIPPUIueHToB nuddysuun
peHMsT W BaHAAMS OTJIMYAIOTCA HA JIBa TOPSAKA, 4YTO MO3BOJSET A(DPEKTUBHO

14
pasaciInTb UX B JTMHAMHUYCCKUX YCIIOBUAX.

¥ Cwm. cHocky 1.
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I'JIABA 4. COPbBLHUSA BAHAAUA (V) MAKPOIIOPUCTBIMUA
CJABOOCHOBHBIMU HWOHUTAMHU CYBBER HN3 CEPHOKUCIIO-
XJOPUAHBIX PACTBOPOB

CopOLMOHHBIE TIPOLIECCHl B TUJIPOMETAJUTYPIMM BaHaIus OCHOBaHbI Ha
UCIIOJIb30BAaHUU HE TOJIbKO BOJIOKHHCTBIX, HO M TPaHYJUPOBAHHBIX MOHUTOB (CM.
rnasa 1).

JI1st u3ydeHus: BO3MOKHOCTH M3BIICYCHHS BaHAIUS U3 CEPHOKHCIIO-XJIOPHUIHBIX
pacTBOpoB B paboTe OBUIM HUCHOJL30BaHbl AKCIEPUMEHTAIbHBIE  0Opa3Ilbl
MaKpOIOPHUCTHIX CIIA000CHOBHBIX aHHOHOOOMEHHBIX cMoi Mapku CYBBER EV006 u
CYBBER EVO0I11, mpenocraBiennsie OO0 «Hayuno-Buenpenueckas Kommnanus
«Cunresy (r. Cankt-IletepOypr).

XapakTepUCTUKN STUX AHUOHUTOB C (PYHKIIMOHAJIBHOW TPYIIONW CBOOOIHOTO

aMMtHa IIPpCACTABJICHBI B pa3aciic 2.1.

4.1. HWccnenoBanme BuussHusi pPH Ha  copoumo Banammsa (V)
ciaboocHoBubiMu uoHuTamMu CYBBER wu3 cepHOKHMCI0-XJIOPUAHBIX
PacTBOpPOB

HonHoe cocrosinue BaHamus (V) B 3HAYMTENBHOW CTENCHU 3aBHCUT OT €ro
KOHIICHTpPAIlMU W KHUCIOTHOCTH pacTBOpoB. llpu 3mauenum pH > 1-2 Banamwmii
IPUCYTCTBYET B OCHOBHOM B BH/IE MTOJIMMEPU30BAHHBIX aHMOHOB (CM. TJ1aBa 1), 4To
CO3JaeT MPEANOChUIKM JJIS HUCIOJIb30BAaHUS T'PAHYJIMPOBAHHBIX AHHUOHUTOB B
KauecTBe copOeHTOB. I[lOCKOJIBKY MNOJMMEPU30BAHHBIE WOHBI BaHAIAUS HMEIOT
OTHOCHUTENIbHO OOJIBIIUME pPa3MeEpbl, A HCCIeNOBaHUS OBLIM BbIOpaHBI HOHHUTHI
MAaKpOIIOPUCTOU CTPYKTYPBIL.

N3ydyeHne COpOIMOHHBIX XapaKTePUCTUK MAaKPOMOPHUCTBIX CIa000CHOBHBIX
nonutoB Mmapku CYBBER ¢ aMuHO-CBOOOJHBIMM TpyHIamMd OCYIIECTBISIIH
IPUMEHUTENBHO K H3BJICUECHUIO BaHAAMs W3 pa30aBICHHBIX MHHEPAIN30BAHHBIX
CEPHOKHCIO-XJIOPHAHBIX PACTBOPOB CIEAYIOIIEro CONeBoro cocrasa, r/am°: Cl™ 1,0;

S0,* 30,0. Cop6rmto Bananust (V) U3 pacTBOPOB M3yYaili B CTATHYECKHX YCIOBHSX
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(cm. pasnmen 2.2) mpu OTHOIIICHUH HABECKU BOJIOKHA (T) K 00bEMY pacTBOpa (em’) 1:
2000 ( 30 mr : 60 cm® pactBopa). OOpasibl AHHOHHTOB MPEABAPUTEIHHO
MPOMBIBAJIM JUCTUJUIMPOBAHHOM BOJIOM, a 3aTeéM KOHTAaKTUPOBAIM C PacCTBOPOM
CEpPHOU KUCIOTHI BIOpAHHOM Jis1 paboThl KoHIIeHTpanuu. Colep:kaHue BaHAIUS B
pacTBopax onpenesnsii GoToOMETPUIECKUM METOA0M (cM. pazzaen 2.1).

beuno u3zydyeno BinusHue pH pactBopa Ha copOuMio BaHaIusl Cl1a00OOCHOBHBIMU
morntamu CYBBER EVO011 (puc. 35 u 36)". Koumenrpamus Banamus (V) B

HCXOJHOM pacTBope coctapisiia 120 MI‘/I[Ms.

CE,160 -
Mr/r - /"_’__\\
120 - e e e
// ~\
80 - /
L 4
40 -
O T T T 1
(0} 2 4 6 pH 8

Puc. 35. 3aBucumocts copOrmonHoit emxoct nonuta CYBBER EVO0I11 mo

BaHaauio oT pH pactBopa.

Kp, 2000 -~
3 ®_
cM /T el T~
1600 - // - \\\?
\\
1200 - \\\
>
800
400 -
0 T T T 1
(0] 2 4 6 8

pPH
Puc. 36. 3aBucumocts ko3¢ duirenta pacnpenencuus sanaaus (V) B noHHUTE

CYBBER EVO011 ot pH pactBopa.

15

Omny6mkoBano B cratee: He IlIBan VY, Illmnses A.B., Tpomxuna M.JI. Copbuust BaHamust craGOOCHOBHEIMH MOHHTAMH U3
CEPHOKHCIIO-XJIOPHHBIX pacTBOPOB // HOBBIE MOAX0/bI B XUMUYECKON TEXHOJIOIHH MUHEPAJIBHOTO ChIPbs. [IpuMeHeHHe SKCTpaKIUuK
u copbruu. C6. marepuanoB 2-oif Poccuiick. koH(. ¢ MexmyHapomueiM ydactueMm, 03-06 mons 2013 r. Cankr-IletepOypr.

Amnarutsl: M3n-Bo Konbckoro Hayanoro nientpa PAH, 2013. Y. 2. C. 70-72.
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Kak BumHO W3 X0ma KpuBoil (puc. 35), 3aBUCUMOCTb COPOIIMOHHOW €MKOCTH
nonnuta CYBBER EVO011 ot pH umeeT skcTpemanbHbIil Xapaktep. MakcumanbHas
emkocth 1o BaHaamio (V) nHaOmomaercs npu pH 3, mpu sToM KodpduIHEHT
pacipenencunst Bamagmsi (V) (puc. 36) cocraBmm 1860 cM’/r. AHAIOrHYHYIO
3aBHCHMOCTB €MKOCTH 0T 3Hauerust pH nmeer u annonnt CYBBER EV006™.

PesynbraTel u3ydenus copouuu Banamus (V) B 3aBucuMoctu ot pH pactBopa
MO3BOJIAIOT CENATh BBIBOJ O 3HAUUTEIHHOM €r0 BIMSHUHM B BHIODAHHOM MHTEPBAJEC
KHCIIOTHOCTU Ha COPOIIMOHHYIO €MKOCTh MaTepuaya. [Ipu 3ToM onTUMaIbHBIMN
JMana3oH 3HaueHuil pH, B 00actu KOTOPBIX KOAPPUIMEHT pacipeieieHUs] BaHA AU

(V) cocraBasier 1240-1720 cMY/T, cocTaBnseT 2,5+4.

4.2. HccnenoBaHue PpPaBHOBECHBIX XaPaKTePUCTHK CJIA000CHOBHBIX

nonutoB CYBBER npu copouun Banagus (V) n3 cepHOKHCIO-XJIOPHATHBIX

pPacTBOpOB

PaBHOBECHBIC XapaKTEPUCTUKHA COPOIMH M3ydadl B CTATUYCCKUX YCIOBUAX TPHU

KOMHATHOW TeMIlepaType NMpU WU3BICYCHUHM BaHaJus U3 pa30aBlIEHHBIX PaCTBOPOB,
MMHUTHDPYIOIIHX 110 COCTAaBY IPUPOIHBIC BOABI M TEXHOIOTHYECKHE PACTBOPBI, I/IM:
V 0,1; CI' 1,0; SO,* 30; pH 3",

N3otepmel copbrtum Banaaus ciaboocHoBHbiMU HoHuTaMu CYBBER EV006 u
EVO011 mpencraBnens! Ha puc. 37 u 38.

CE, 200 -~
™Mr/xT

150 -

100 -

50 o

o 20 40 60 80 100
Cwv, Mr/,z(M3

Puc. 37. Uzorepma copbumm Banamus monutom CYBBER EV006 wu3

pa?>6aBJ'ICHHBIX MUHCPAIN30BAHHBIX CCPHOKUCIO-XJIOPUAHBIX paCTBOPOB.

18 Cwm. cHocky 15.
7 Cwm. cHocky 15.
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CE, 180 -
mr/r

0 T T T T 1
0 20 40 60 80 100

Cv, mr/am°

Puc. 38. WMsorepma copbumm Banaamss wonntoM CYBBER EV01l wu3
pa30aBIIEHHBIX MUHEPATU30BAHHBIX CEPHOKHUCIIO-XJIOPUTHBIX PACTBOPOB.

B w3ydeHHOM WHTEpBaje KOHIICHTPAIMA BaHATUSA MOJYYCHHBIC H30TEPMBI
UMCIOT BBIMYKIYI0 ()OpMy W MOTYT OBITh OIHUCaHbl ypaBHeHueMm Jlenrmiopa [107].
OO0paboTKa JaHHBIX MO ATOMY ypaBHeHHUIO B KoopauHaTax «1/CE—1/Cy» (puc. 39 u
40) mo3Bosmiia noayuuTh koHctanThl JIenrmiopa K : mis CYBBER EV006 — (31,2+
6,4) em’/r (R? 0,95), s CYBBER EVO011 — (88,7+6,3) em’/r (R? 0,93) am*/r (R? —
0,93). MakcuManbHasi OOMEHHAss EMKOCTh HOHMTOB cocTaBmia 230 mr/t u 184 mr/r,

COOTBCTCTBCHHO.

1/CE, -10?
2 —_

1.6
1.2
0.8

0.4 ~

O T T T 1

0 10 20 30 , 40
1/C, - 10

Puc. 39. JluneapuzoBanHas uzorepma copoumu Banaaus (V) u3 cepHOKHCIIO-

XJIOPUIHBIX pacTBOPOB cinaboocHoBHBIM nonuToM CYBBER EV006.
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1/CE, -10?
2 —

1.6
1.2
0.8 +

0.4 -

O T T I

0 5 10 1/C, -102 15

Puc. 40. JluneapuzoBannas uzotepma copoumu Banaaus (V) U3 cepHOKHCIIO-

XJIOPUIHBIX pacTBOpOB ciiaboocHoBHBIM HoHuTOM CYBBER EVO11.

W3Bneuyenue Banaaus (V) c1ab00CHOBHBIMU HOHHTAMH MOKET MTPOXOIUTh IO
MEXaHU3MYy HOHHOTO OOMeHa. B oTCyTCTBUE JaHHBIX MO TUITY CBOOOJHOTO aMUHA B
XapaKTepUCTUKAX, NPEACTABICHHBIX KOMIIAHHENM — IPOU3BOAMUTENIEM, PEAKLIHIO
oOMeHa JleKaBaHaJaT-UOHA, MPEUMYLIECTBEHHO CYIIECTBYIOLIEIO B HM3y4yaeMou
00JIaCTH KUCIOTHOCTH, HAIIPUMEP, C PYHKIMOHAIBHON IPYIIION TPETUYHOTO aMHUHA

18.
MOYKHO 3aIiCcaTh CICAYIOIMIMM 00pa3omM™ .

5(R-NH3);S0, + 2[HV14026> 1= 2(R-NH3" )s [HV 1005”1 + 55047

4.3. UccienoBanue kuHeTukn copouuu BaHagusi (V) ci1a000CHOBHBIMU

uonurtamu CYBBER u3 cepHOKHCJI0-XJIOPHIHBIX PACTBOPOB

Kunetuky copOruu BaHaaus (V) HOHUTAMH U3ydald METOJOM OTPaHUYECHHOTO
o0beMa pacTBOpa HAa YCTAaHOBKE C TEPMOCTATHUPYEMBIMU STUEHKAMU TPHU Pa3TUIHBIX
temriepatypax. OTHOIIIEHWE HaBECKH BOJOKHA () K 00BEMY pacTBopa (em)
cocraBmsuio 1 : 2000 (30 Mr : 60 cm°). MHTerpanbHble KHHETHYECKHE KPHUBbIC
copounu BaHanus (V) ciaaboocHoBHbiMH HoHuTamMu CYBBER EV006 u EVOI11

npeacTaBieHbl Ha puc. 41 u 42.

18 Cm. cHocky 15.
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EV 006

CE, 120 -

mr/r

0 I I I I I 1
0 50 100 150 200 250 300

T, MHH.

Puc. 41. 3aBucumocts emxoctr noauta CYBBER EV 006 no Banaawuro (V) ot

BpeMeHu (¢ — 20 °C, m — 40 °C).

% EV 011
CE, 100 -

mr/r

0 50 100 150 200 250 300
T, MHH.

Puc. 42. 3aBucumocts emroct nounta CYBBER EV 011 no Bananuio (V)

oT BpemeHu (¢ — 20 °C, m — 40 °C).

[Io naHHBIM HHTETpaNbHBIX KHHETUYECKUX KPUBBIX COPOLUHM BaHAIMS
cnaboocHoBubiMu  noHutamu  CYBBER  rpaduueckn  ompeneneHo  Bpems
HoJycopOImu To s (Tadi. 14).
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Ta6muna 14,

Kunernueckue xapakrepuctuku copOruu Banaaus (V) noantamu CYBBER

Cpennee
O dexTuBHBIH SHATCHHC
KOKYILEHUCS
Temnepa | Bpems nonycopOuuu, ¢ | koaddunuent auddys3uu SHEprHHE
Typa, K paraus (V), M%/c aKTUBAIIHH,
kJ>k/MOJIb
EV006 EV011 EV006 EV011
&) T
293 2400 1200 2.0-10 4.0-10 26,4452
T T2
313 1200 600 40-10 8,0- 10

C yderoM BpeMEHU MOJIycopOLMH paccuuTaHbl 3QPeKTUBHbIE KOAPOUIIMEHTHI

muddy3un BaHaaug B aHMOHUTHI. PacueTr koadpuimento quddy3un npoBOIUIH 1O

dbopmyie [106]:
D,y = (0,03 - R?) /1 s,

rae D,y — apdexruBHbiil KO3ddrunenT nuddy3nu BaHaIus B HOHUTE, m/c;

R — pagnyc anuonura, m;

T 9.5 — BpeMs MOJIyCOpOIInH, C.

Pesynbrathl mo onpeneneHuto 3pdexkTuBHbIX KodhduimentoB auddysuun
Banaaus (V) aunonuramu CYBBER npencrasnens B Tabm. 14,

[To mokazarensim crenenu koddurmenToB 1uddy3un MOKHO MPEATOT0KUTD,
yTto copOuuto BaHaaus anmonutamu CYBBER numutupyer muddysus ¢ 6onabmmm
BHenIHe 1M Py3uoHHBIM conpoTuBiieHneM. C  1eNbl0  OMNpeneeHus]  XapakTepa
JUMUTUpYIOIIeH craguu  copOumu  BaHamuss (V) (BHYTpW-, BHEIIHE- WM
cMemaHHoIM(pPy3MOHHON) MO JAHHBIM HMHTErPaIbHBIX KPHUBBIX Obla MOCTPOEHA
KHHeTHYecKas 3aBucumocth lg(1-F) — f(t), rme F — cTemeHp HachImeHUS, IS

HCCIIeTyeMbIX HOHUTOB (puc. 43).

19 Cwm. cHocky 15.
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T, MHH.

Puc. 43. 3aBucumocts 1g(1-F) — f(t), Habmogaemas npu copOIuu BaHaIUsA
norntom CYBBER EV011 13 cepHOKHCIO-XTOPUIHBIX PACTBOPOB.

KpuBas umeeT BBITYKJIBbIA y4acTOK IIpU BpeMeHu copOruu 10 150 muH., 4ro, mno-
BUMMOMY, CBHJICTCIILCTBYET O BHYTpH UG Gy3nOHHOM XapakTepe copOiuu [108].

AHanoruyHasi 3aBUCUMOCTh HaOmonmaercss u npu copoumu monntom CYBBER
EV006. 3HaYeHUE KaKYIIECHCS dHEPIHMH aKTHUBAIMM IIporiecca COpOIUuu BaHAIMUS
(V) wmommrom CYBBER EVO011, paccuuTaHHOH 10 ypaBHCHHIO, MOJO00OHOMY
ypaBHeHUI0O  AppeHuyca, C  HCIOJb30BaHMEM  BETUYUH  A(PPEKTUBHBIX
ko3bdurmentos quddysun — (26,4 + 5,2) kJHx/mons (R® — 0,93) mogTBepKaaet, uto
B mnpouecc copOuumu BaHaaus (V) CylIEeCTBEHHBIM BKJIAJ BHOCUT  BHYTPEHHSS
muddysus [106]. Takoe ke 3HaYCHHE MMEET W KAXKYINAsCs DHEPIHs aKTHBAIIUH
nporiecca copoiuu Banaaus (V) noanrom CYBBER EV006.

Takum o0pazom, makpornopucteie ciadoocHoBHbie HoHUTEI CYBBER EV006 u
EVO11 moryt ObITh MCHONB30BaHbI A H3BjIcucHHUs BaHaaus (V) U3 CEPHOKHCIIO-
XJOpUAHBIX pacTBOpoB npu pH 2,5-4,5 ¢ kosdduimentamu pacnpenenenust 1240-
1720 cm¥r. Copbumst Bamagms (V) B 9THX VCIOBHAX IPOTEKAeT B
cMmeranHo i Py3noHHOM 006JacTH C OONBIIUM BKJIAJOM BHYTpeHHEW muddy3um.
Paccunurannsie a3dextuBHbie KOG PuImeHTs 1uddy3un BaHAIUs UMEIOT MOPSII0K

1012 MZ/C, a SHepTUs aKTUBAIMHU Tiporiecca coctanisier (26,4 + 5,2) kJx/MoJib.

% Cwm. cHoCky 15.
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I'JIABA 5. COPBLIUSI BAHAIUSA (V) HAHOCTPYKTYPUPOBAHHBIMU
A3OTCOAEPKAINIMMU HMOHUTAMU POCCHOH M3 CEPHOKHUCJIO-
XJOPUAHBIX PACTBOPOB

Ilo CpPaBHEHUIO C U3BECTHBIMU CUHTETUYECKUMU UOHUTAMHU
HAHOCTPYKTYPUPOBAHHBIE MOHUTHI OTIMYAIOTCS MOBBIIIEHHOW €MKOCTBIO, MTOJHOTOM
U3BJICUCHHS IIEJIEBBIX KOMIIOHEHTOB W YIYUYIICHHOW KHHETUKOW COPOIIMOHHBIX
npoueccoB. [logHoTa HMOHHOrO oOOMEHa B 3HAYUTENIBHON Mepe ONpeieseTcs
CTPOEHUEM MOJMMEPHOTO KapKaca, €ro MPOHMUIIAEMOCTBIO /111 MOHOB, HaXOAIIMUXCS
B pacTBOpe,  MEXMOJEKYISPHbIM  (JIEKTPOCTATUYECKUM,  BOJIOPOIHBIM)
B3aUMOJICUCTBUEM HX C IIOJMMEPOM, CKOPOCTBIO IIEpEMELICHUS HOHOB B
MHKPOKaHAJIAX, 00pa30BaHHBIX IPOCTPAHCTBEHHON CETKOU NOJINMEDPA.
[IpocTpaHCTBEHHBIE CETKH IMOJIUMEPHBIX MOHUTOB COIEP’KAT MOHOTCHHBIE T'PYIIIBI,
KOTOpBIE KOBAJIEHTHBIMHU CBSI3IMHM COCIHWHEHBI CO 3BEHBSMHU IPOJOJBHBIX LIETEH.
YuCli0 HOHOTEHHBIX TPYII Ha MOBEPXHOCTU MOJIUMEPHOW MATPUIIbI HUYTOXKHO Majo
[0 CPaBHEHUIO C OOIIMM YHUCIOM HOHOT€HHBIX TPYII, MPUCOECAUHEHHBIX K
CTPYKTYPHBIM 3JJIEMEHTaM Bcero oObeMa dYacTulbl. B cB3M ¢ 3TUM s
UCIOJIb30BAaHUSl B pEaKIMM HOHHOTO OOMEHa MAaKCHUMaJIbHOTO KOJMYECTBa
MOHOT€HHBIX TpyNI HEOO0XOAMMO, 4YTOObI MOJMMEpHas IPOCTPAHCTBEHHAs CeTKa
OblIa MpOHHUIIAeMa JIJIi MOHOB M CKOpPOCTh MX AUG(Yy3un B yacTUIlaX MOHHUTA ObLiIa
GBI IOCTATOYHOM JUTS OCYIIECTBICHHMS IPOIECCOB COPOINU UM Pa3AeIeHHs. >

CuHTE3upOBaHHBIE B TOCIEIHUE TOJbl MAaKpOMOPUCTHIE COMOJUMEPHI HE
peuii npoodJeMbl COPOLIMM KPYIHBIX OPIraHUYECKUX U HEKOTOPBIX HEOPTaHUYECKUX
MOHOB. B CBs3M C 3THMM BO3HUKJA 3aJaya CHHTE3a MOHOOOMEHHBIX IOJIMMEPOB,
o0JaaroMX YIy4IIEHHONW MTPOHUIIAEMOCTBIO JIJIsl TAKUX MOHOB.

[lepcieKTUBHBIM METOAOM MOJAU(UKALKUNA HOHOOOMEHHBIX CMOJI SBJISAETCS

IIPUMEHECHUE B  KA4YECTBE IMOJUMEPHOM OCHOBBI  HAHOCTPYKTYPHPOBAHHBIX

Ony6nukoBano B cratbe: Tpomkuna W.Jl., bamanosckuit H.B., Hee IllBan V¥V, Iunse A.B. CopOuus sanamus (V) u3

CEPHOKHUCITBIX PACTBOPOB HAHOCTPYKTYPUPOBAHHBIME a30TCoep KamumMu noHuTamu // LBetHbie metaiuier. 2013. Ne 11. C. 66-71.
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COMOJMMEPOB, COCTOALIMX K3 HECKOJbKMX B3aUMONPOHUKAIOMIMX MOJUMEPHBIX
cetok. ComnomuMmepsl, NOJIy4aeMble  IOBTOPHOM, HMHOTAAa  MHOTOKPAaTHOM,
MOJIMMEPU3AIMEN CMECH MOHO- M JMBUHUJIBHBIX MOHOMEPOB, COJIbBATUPOBAHHBIX
NEPBUYHBIM COIMOJIMMEPOM, MOTYT COYeTaTh B cebe Kak MOPHUCTHIC, C OJUHAKOBBIM
WU PA3JIMYHBIM COJICPKAHUEM ‘‘CHIMBKM, TaK WU TEJIEBBIE CTPYKTYpbl WA HX
KOMOHMHAIIMK C pa3IMYHBIM COCTABOM. XapaKTEpHOW OCOOEHHOCTBHIO SIBIISIETCS
npeoOiaganne HaHOpa3MepHbIX Top (puc. 14) m orcyrcTBHe Makpomop. Kak
pe3yibTaT B3aMMHOIO TNPOHMKHOBEHMS M 3allyTaHHOCTH BTOPUYHBIX CETOK,
JIOKaJbHbIE KOHLIEHTPAllMM TOJMMEpPHBIX Leneld BO3pacTaloT, oOecrneyuBas
MOHW)KEHUE  JUAJEKTPUYECKUX KOHCTAHT B  BBICOKOOCHOBHOM MaTpulle H
BBITEKAIOIIIEE OTCIOZA BO3PACTAHUE CEJIEKTUBHOCTH MOHUTOB. CO3/1aHHE CTPYKTYpPBI
U3  HECKOJIbKMX  B3aUMOIIPOHHMKAIOIIMX CETOK C  HHU3KUM  COJAEpKaHUEM
JUBUHWIOEH30J1a YKPEIUIAEeT OOILIyI0 KOHCTPYKLHIO MAaTpUIbl COPOEHTOB, MOBBIIIAs
VX IPOYHOCTH U CHIKAs HA0YXaeMOCTb. 22

Takum o00pazoM, sl HAHOCTPYKTYPUPOBAHHBIX COPOEHTOB CIIPABEIJIMBO
MOJIO’)KEHUE, YTO KaK HU3KOCUIMTHIE COPOEHTHI, C OJHON CTOPOHBI, OHH JIOJIKHBI
UMETh XOpOUIME KHHETHYECKHME KauecTBa M TEPMOCTAaOMIBHOCTh, a C APYyrou
CTOPOHBI, M3-32 KECTKOCTU CTPYKTYpbl OHM BEAyT C€0sl Kak CHJIbHOCIIUTHIE,
00eCIIeYHBast OBBIMICHHYIO CENeKTHBHOCTD. >
B pabote mns wusBicueHus aHWOHOB BaHamus (V), HMMEIOMIETO KPYITHBIC

pasMepbl, HCMOJb30BAIM HAHOCTPYKTYPUPOBAaHHBIE HWOHUTHI MapKh POCCHOH.

XapakTepucTUKH psja 00pa3lioB MOHUTOB MPECTaBIEHBI B paszaene 2.2.

o.1. HccaenoBanue PABHOBECHBIX XapaKTePUCTUK
HAHOCTPYKTYPUPOBAHHBIX a30TcojAep:Kamux HOHUTOB Poccuon mnpu
copOounu BaHaaus (V) U3 CEPHOKHUCIO-XJIOPUIHBIX PACTBOPOB

CopOurro BaHaaus MPU KOMHATHON TEMIIEpaType U3 CEPHOKUCITO-XIJIOPUTHBIX

pacTBOpoB MOHUTaMU PoccroH pa3nuuHoro cocrasa (cM. pasnen 2.2) oCylIecTBISUIN

22 Cm. cHOCKy 21.
2% Cm. cHOCKy 21.
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B CTATUYECKUX YCJIOBHSX MPHU COOTHOmEHUHU ¢a3 copdenta u pactopa 1 : 1000 (T :
). KonnenTpanus BaHagusi B pactBope (B Iepecuere Ha IMEHTOKCHUJ BaHAJIHs)
cocraBmsuia 355 Mr/am°, comepikanme cymbbar-moHoB — 30 r/mm’. ComepiaHue
BaHaJMsg B pacTBoOpax omnpeAesuii (HOTOMETPUUYECKUM U TUTPUMETPUUYECKUM
meToamu [6].

N3BecTHO, 4TO B pacTBOpEe ¢ KUCIOTHOCTBIO, cooTBeTcTBYMOMIEeH pH 1,5-3,0,
MOSIBISIIOTCSL  OTPULATETBHO 3apsUKeHHble KoMmiutekcsl BaHammsi, (HoVigOx' u
npyrue) (rmaBa 1), KOTOpble MOTYT BCTYIaTh B PEAKIMI0 OOMEHA ¢ MPOTHBOMOHOM

A30TCOACPIKAIIUX I'PYIIII COp6€HTOB MapKu POCCI/IOH, HampuMmep, 10 peakLu.

2[ R@ ]2 SO, T [H2V10028]4' = [ R@ ]4[H2V100284']‘|‘ 280

Jliis BbIOOpa MoHHMTa POoccHOH ¢ Ooibleil eMKOCThI0 copOruio BaHaaus (V)
ocymecTBisuin U3 pactBopoB (pH 3,0), B KOTOpBIX, Ha OCHOBAHUHU MPEIBIIYIIUX
JKCIepUMEHTOB (riaBel 3 u  4), HaOmogaercs MakCUMyM KO3 (dulMeHTa
pacIpeeneH s MeTama. Pe3yapTaTsl 1o copoIMK IpeacTaBieHs! B Tabr. 15.%

Tabmuma 15.
CopO61ust Banaaust (V) U3 CEpHOKUCIO-XJIOPUIHBIX PAaCTBOPOB

HAaHOCTPYKTYPUPOBAHHBIMUA HOHUTaMH Poccron

HNonut CopOunonHnas Koaddumment Crenenn
Poccuon |eMKOCTh O BaHAAUIO | paclpeiesiICHUs, eMe/r n3BJIcUeHUs, %o
MT /T MMOJIb /T
P-25 22,0 0,4 282 22,0
P-25-35 1,7 0,2 83 7,7
P-25-65 11,2 0,2 125 11,2
P-62 86,8 1,7 6590 86,8
P-510 29,8 0,6 425 29,8
P-511 84,2 1,7 5320 84,2
P-610 30,7 0,6 442 30,7
P-611 23,1 0,4 292 22,1

 Cm. cHOCKy 21.
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Kak BUgHO W3 MaHHBIX 9TOW TaOMUIEI, COpPOLMIO BaHAAWS W3 CEPHOKHCIIO-
XJIOPUIHBIX PACTBOPOB XapPaKTEPU3YIOT BBICOKHE KOAD(PHUITMEHTHI pacrpeeICHHsI
(10 6590 cM>/T), BO3paCTAIOIHe B CICIYIOLIEM PSLY HOHHTOB MapKu Poccron: 25-35
< 25-65<25<611<510<610 <511 <62.

Takum 00pa3zoM, HAHOCTPYKTYPHUPOBAHHBIN MOHUT PoccroH-62, comepkamuii B
CBOEM COCTaBE B KadecTBe (PYHKIMOHAIBHBIX MHPUAMHHUEBBIE TPYMIbBI, CPEIU
M3YYCHHBIX aHUOHUTOB MPOSBISET HanOOJee BEICOKUE EMKOCTHBIE CBOWCTBA.

B cBsi3u ¢ 3TUM JanbHEHIINE UCCIIEeI0OBaHUS COPOIIMOHHBIX XapaKTEPUCTUK TIPU
u3BiedcHnH BaHaaus (V) U3 CEPHOKUCIIO-XJIOPUAHBIX PacTBOPOB OBLIH MTPOBEICHBI C
€r0 UCIIOIh30BAHHUEM.

N3otepma copOruu Banaaus noHuToM Poccron-62 mpejcrasiiena Ha puc. 44,

CE, 250 -
Mr/r
200

150 ~

100 -

50 -

0 50 100 C, mr/a’ 150

Puc. 44. W3orepma cop6iuu Banaaus (V) wonutoM PoccuoH-62 wu3

CEePHOKHUCIIO-XJIOpUAHBIX pacTBopoB (pH 3,0).

JluHelHbIN ee XapaKTep MO3BOJMI MPOBECTH 00pabOTKYy Mo ypaBHeHUIO ['eHpw.
2
Koncranra enpu cocrasmna (1,6+ 0,09)-10% em®r (R? - 0,96).
BnusHre aHMOHOB Ha COpPOIMIO BaHAIUsl M3ydald B CTAaTUYECKUX YCIOBHSX IO

METOJIMKE, OMMCAHHOW B paszzelne 2.2, U3 pacTBOPOB C KOHIeHTpauuen Banaaus 120

87



3 . 3
MI/IM” ¥ aHUOHOB B MHTEpBase koHueHTpauuii ot 0,5 — 2,0 r/nm” (xaopua-uon) u 10
3
—30 r/om”.
JlaHHBIE IO 3aBUCHUMOCTH COPOLIMOHHOM €MKOCTH HOHHTa Poccuon-62 ot

KOHIICHTPAIIMU aHUOHOB MPEJCTABIICHBI HA pUC. 45

CE, 160 - CE,
mr/r b, mr/r 1607 '\l\.
120 - 190 -
80 - 80 -
40 - 40 -
0 0 T T T T T T 1
0 0.5 1 15 2 25 0 5 10 15 20 25 30 335
C, r/ov’ C, r/mm
a 0

Puc. 45. 3aBucumocts emMmkocTd noHUTa PoccnoH-62 mo BaHAaUIO OT

KOHIICHTPAIIU aHHOHOB B pacTBOpe: A — xjopua-uoH (a), m— cynbdar-uoH (0).

Pe3ynbTaThl SKCIIEPUMEHTOB MOKA3bIBAIOT, UYTO €MKOCTh COPOCHTa MO BaHAUIO
IpU YBETUYCHUH KOHIICHTPAIlUM AaHWOHOB B PACTBOPE B HM3YUYCHHOM HWHTEpBase
CHUYKAETCSI, XOTSI U HE3HAUYUTEJIHbHO, YTO MOXKET ObITh OOBICHEHO KOHKYPHUPYIOIICH
copOLHe aHMOHOB.

CHmwxkeHrne COpOIMOHHON eMKocTh uoHuTa PoccnoH-62 mpu MOBBIIEHUU
KOHIICHTpAIlMM aHUOHOB B pPacTBOpE TaKXKe MOXET CBHJICTEILCTBOBATH 00
HOHOOOMEHHOM MexaHu3me copOiuu Banaaus (V).

Jlnst  ToATBEpXKACHUS XapaKTepa B3aWMOJICHCTBUSA JIeKaBaHAJIaT-MOHOB C
MUPUJIMHUCBBIMYU TPYIIIIAMH HAHOCTPYKTYPHUPOBAHHOTO HOHUTA PoccuoH-62 ObuH
nosryaeHsl UK-criekTpsl, koTopbie caumanu B oomactu 600-2400 em (pasmen 2.3).

Ha puc. 46 npencrasnensl MK-cniektpel annonuta Poccnon-62: ucxoiHoro (a)

u HaceimenHoro BanaaueM (V) (0) U3 CepHOKHCIIO-XJIOPHIHBIX pacTBopoB (pH 3).
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Puc. 46. UK-criekTpbl HAHOCTPYKTYPHUPOBAHHOTO aHHOHUTA PoccroH-62:
a) UCXOHOTO; 0) HackImeHHoro BaHaaueM (V) CepHOKHCIIO-

XJIOpUAHBIX pacTBOpoB (pH 3).

Otnaecenune monoc B noiydeHHbIX MK-crektpax oOpasmoB nonuta Poccrnon-62
oTpaxeHo B Tabn. 16 u 17. OTHeceHHEe TOJIOC TPOU3ZBOAMIN B COOTBETCTBUU C
JaHHBIMH KaTtajora [63].

Crabpiii curHan mpu monmocax mormomenns 503-524 cm™ xapaktepusyer
KOH()OPMAIMOHHYIO YIOPSIOYCHHOCTh MOJIMMEPHBIX IeNeld MaTpUIlbl HOHUTA. DTH
CUTHAJIBI IPUCYTCTBYIOT B CIIEKTpaX MCCIEAYyEMbIX 00pa3loB J0 U MOcie COpOLMH.
CHIbHBI CHTHAN TpH JyHHE BOMHBI 1423 cM™ CBHIETETBCTBYET O NMPUCYTCTBHH
nepopmannoHHbIX Konedbanusax CH,-rpymm [63].

B UK-cnektpe wucxogHoro wuoHuTta PoccroH-62 00HApYyKEeHBI IOJIOCHI
MOTJIONICHUS,  XapakTepHbIC JJII  HOHHUTOB, COJACP)KAIUX  apOMaTHYECKUE
reTepOLUKIbI THPUANHA U €ro IPOM3BOAHBIX: monoca 1633 cM™, COOTBETCTBYOMmIAs
BAJICHTHBIM KOJNCOAHMSIM ITHPHAMHOBOTO KaTHOHA; momockl 1558 cm ' u 1486 cm™,
COOTBETCTBYIOILIHE BajieHTHbIM Kojebanusam C-C u C=N apomaTuueckux
MUPUIUHOBBIX M O€H30/bHBIX KoJiel; mosioca 1069 CM'l, COOTBETCTBYIOIIIAS

IUTOCKOCTHBIM KosiebanusiM C-H nupuauHoBOro Koubia [63].
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Otnecenue nosoc B UK-crekTpax HaHOCTPYKTYypUpOBaHHOTO HOHUTa Poccrnon-62

TaoOmuma 16.

Yacrota, cM OTtHeceHue nosnoc HNuaTeHcuBHOCTD
503 MOJIOCHI  KOH(GOPMAIIMOHHON  yIOPSAI0YEHHOCTH 0,0366
524 MOJMMEPHBIX LIENEe MaTPHULIbI 0,0409
617 BasleHTHBIE Konebanust S-O u SO,° rpymn 0,0355
679 BHEIUIOCKOCTHBIE Je(OpMAIIMOHHBIE KOJEOaHMS 0,0362

C-H 3ameménnoro 6€H30IHOTO KOJIbIIA
703 BHEIUIOCKOCTHBIE JIe(popMaIimoHHbIE KOJICOAHMS 0,0322
C-H moHo3aMenEHHOro 6€H30IbHOTO KOJIbI[a
771 BHEIUJIOCKOCTHBIE JTe(hOpMallMOHHBIE KOJeOaHus 0,0330
805 C-H 3amemnénnoro 0€H30IbHOr0 KOIbIA 0,0328
862 BHEIUIOCKOCTHBIC JIepopMarimoHHbIE KOJICOAHHS 0,0304
C-H nupuanHOBOTO KOJIBLIA
1022 BaJICHTHBIC KOJICOAHUS CyTb(OorpyIt 0,0310
1032 JI0CKOCcTHBIe KojieObanus C-H mmpuaumHOBOTO 0,0313
1050 KOJIbIIa 0,0310
1069 0,0312
1102 xonebanus nonos SO,° u HSO, B aHnoHuTax 0,0313
1147 0,0353
1199 koJie0anust nonos HSO, B annoHuTax 0,0332
1424 nepopmanmonnsie  konebanus C-H B CH,- 0,0281
rpymmax
1450 kojebanusi C=C  OEH30JIbHOTO  KOJblla | 0,0276
nedopmarmonnsie C-H konebanus CH, rpynm
1486 BaJICHTHBIC KoJIeOaHms C-C u C=N 0,0325
1558 apoOMaTUYECKUX MHUPUIANHOBBIX M OEH30JbHBIX 0,0232
KOJIeIl
1633 BaJICHTHBIC KOJICOAHUSI TUPUIMHOBOTO KAaTHOHA 0,0260
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Ta0muma 17.

Otnecenune nonoc B UK-criekTpax HAHOCTPYKTYypHUpPOBaHHOTO HOHUTA Poccnon-62,

HaCbIIICHHOI'O BaHAaJUCM

YacrorTa, oM OTHeceHue 10JI0C MHTEeHCUBHOCTH
522 M0JI0CHl KOH(OPMAITMOHHOH YIOPSAI0YEHHOCTH 0,0845
543 MOJMMEPHBIX LIENEe MaTPHULIbI 0,0860
549 AHTHCUMMETPUYHBIC KOJICOaHUs TPOTOHUPO- 0,0857

BaHHOW MOCTHKOBO# rpynmupoBku V-0 -V
617 BasteHTHbIE Konebanust S-O u SO,° rpymn 0,0920
680 BHETUIOCKOCTHBIC JIe(opMaIlMOHHbIE KOJIeOaHus 0,0856
C-H moHo3aMenéHHOro 0€H30JI6HOr0 KOJIbIa
704 BHETTIOCKOCTHBIE Jie(hOpMAITMOHHBIE KOJICOaHMsI 0,0813
760 C-H nmupuamHOBOTO KOJIbIIA 0,0883
756 AHTUCUMMETPUYHBIE KOJIEOaHUSI MOCTUKOBBIX 0,0834
V-O-V rpynn
830 BHEITIOCKOCTHBIE Jie(hOpMaITHOHHBIE KOJICOaHMsI 0,0906
C-H mapazamemnéaHoro 6€H30JIbHOTO KOJIbIIa
1021 BaJICHTHBIC KOJICOaHUs CyIb(OrpyIt 0,0680
1032 I0cKocTHBIE Konebanust C-H mupuanHoBOTO 0.0680
1050 KOJIbIIA 0,0680
1115 xoneGanus nonos SO, u HSO, B annonuTax 0,0852
1153 IJIOCKOCTHBIE AeopManiuoHHbIe Konebanus C- 0,0840
H GeH3osibHOTO KOJIBIIA
1423 nedhopmarmonnsie konebanust C-H CH,-rpynm 0,0785
1448 kose6annst C=C 6EH30JIbHOTO KOJIbIA U 0.0789
nedopmaronnsie C-H kone6anus CH, rpynn
1484 0,0955
1513 BajeHTHBIC KoneOanust C-C u C=N 0,0732
1551 apOMAaTUYECKUX MUPUAUHOBBIX U OEH30JIbHBIX 0,0680
1580 KoJIen 0,0675
1629 BaJICHTHBIC KOJIEOAHUSI TUPUAMHOBOTO KaTHOHA 0,0815
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B HK-cmekTpe HaCBHIIIEHHOTO0 BaHagueM oOpas3ia wuoHuTa PoccroH-62
HAOJIFOAOTCS CIICAYIOIIHME TI0JIOCHI MOTJIONICHUS, XapaKTEPHbIC IS MTUPUANHA U €ro
MPOU3BOJIHBIX: 1629 emt (BaJieHTHBIC KOJIcOaHHMsS MUPUAMHOBOro kaTtwoHa); 1580,
1551, 1513 u 1484 cm* (amentHsie komebamusi C-C u C=N apoMaTHdecKux
OUPHIMHOBBIX M OeH30ipHBIX Kouen); 1032 wum 1050 et (mIockocTHBIE
nepopmanuonnsie konebanust C-H nupuanHoBoro koseiia) [63].

CpaBuenne HWK-crektpoB 00pa3inoB wuoHuta PoccuoH-62 (McxoaHOTO U
HachklmeHHoro BaHaguem (V) W3 cepHOKHCIO-XJopuaHoro pactBopa (pH 3)
MTOKAa3bIBACT, YTO MOSBHINCH HOBBIC TIOJIOCHI, BEI3BAaHHBIC COPOUPOBAHHBIM BaHAIHECM.

[lomoca B obmacti 756 cM© B CIEKTpe MOXKET OBITh OOYCIOBICHA
AHTUCUMMETPUYHBIMA KOJICOAaHUSIMHU MOCTHKOBBIX V—O-V Tpynm meTaBaHajaT-
MOHa, 00pa3oBaHHOTO MemsIMH TeTpadapoB VO, CBI3aHHBIX Yepe3 KHUCIOPO.
JlexaBaHaiaT-uoH 00pa3oBaH JECATHIO CBA3aHHBIMH 10 pedpam okrtadapamu VOs,
KOKIBIM W3 KOTOPHIX 3HAYMTEIHLHO WCKaXeH. [losBiaeHWE HOBOW TOCTATOYHO
BBIPOKEHHON MOTOCHI — 549 cM™ COOTBETCTBYET CHMMETPHYHOMY KOJICOAHHIO
rpynnel V-O-V B nekaBaHanar-anuoHe [24, 116]. IlpucyrcTBue TakuX MOJOC B
CIEKTpaxX MOHMUTA MOATBEPKIACT MPEATIONOKEHHE 00 aHHOHOOOMEHHOM MEXaHU3Me
u3BicucHus Banaaus (V).

[To nuteparypHbiM naHHbIM (TIoApaszfen 1.2) k ogHoMmy U3 3(P(HEKTUBHBIX
COpOEHTOB JJI U3BJICYCHUSI BaHAIUS U3 IPOMBIIUICHHBIX PACTBOPOB MOXHO OTHECTHU
CHIIbHOOCHOBHBIM aHnoHuT Ambersep 920. B c¢Bs3u ¢ 3TM B padoTe IMPOBEIACHO
CpaBHEHUE E€MKOCTHBIX CBOWCTB 3TOI'0 MOHWUTA W BBHIOPAHHOTO B pabOTe aHMOHWTA
Poccuon-62. Jlnst cpaBHenus copoumro Banaaus (V) OCYIIECTBISIIN U3 CEPHOKHCIIO-
xjopuaHbix pactBopoB ¢ pH 1,6 u pH 3,0 (tabn. 17). [aHHble 3TOM TaOIUIIBI
NIOKa3bIBAIOT, 4YTO KOd(Q(uUIMeHT pacnpenencHus BaHamus (V) mpu copOuuu u3
CEPHOKHCJIO-XJIOPUTHBIX PAaCTBOPOB MOHUTOM POCCHOH-62 TIpeBBINIaeT €ro 3HAUYCHUE
s nonuta Ambersep 920 B 1,1—-1,8 pa3 (pH 1,6) u B 1,7 — 3,1 pa3 (pH 3,0).

OpHOM W3 TEXHOJOTHYECKUX OMEpPAIHi, OMPENEISIIONUX KOHIIEHTPUPOBAHNE

MeTallia B COPOLIMOHHOM Tepeiene, IBISETCs 1ecopOIusl. DIIoUpoBaHUe BaHAIUS U3
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Tabauma 17.
PaBHOBecHBIC XxapakTepucTiku copOrmu Banaaus (V) annonuramu Ambersep 920

pa3IMYHBIX Mapok U PoccroH-62 13 cepHOKUCIO-XJIOPUIHBIX PACTBOPOB

HNonut CE, Koaddunment pacnpene- CreneHb

MT/T nenust Banagusi Kp, ma/r | usBieuenus, %

Yenosust: pH 1,6, ucxonnas konuentpanus V,0s — 0,609 r/m, T:2K=1 : 2000

Ambersep 920-12 68,0 113 5,6

Ambersep 920- 30 109,5 182 9,0

Ambersep 920- 003 68,0 113 5,6
Poccuon-62 123,0 206 10,1
Ycnosus: pH 3,0, ucxonnas xornentpanus V,0s — 0,624 r/n, T:2K=1 : 2000
Ambersep 920-12 1248 208,1 10,0
Ambersep 920- 30 139,0 231,7 11,2
Ambersep 920- 003 | 235,5 392,6 18,9
Poccuon-62 389,0 648.,4 31,2

noHuTa PoccroH-62, HACBIIIIEHHOTO B MOJICIBHBIX pPAcTBOpax, HW3y4daldd B
CTaTUYECKUX  YCJIOBHUAX  PEarcHTHBIM METOIOM c HCIIOJIb30BaHUEM
KOHIICHTPHPOBAHHBIX PACTBOPOB CEPHOM KHCIIOTHI B KQUECTBE AJIIOCHTA.

Br16op amr0€HTa TaKOro COCTaBa TMO3BOJISET HE TMPOBOAWTH IMEPEBOJ HMOHHWTA B
dbopmy nipu ero odopote. ccnenoBanue BIUSHUS KOHIIEHTPAIIMH CEPHOU KHUCTIOTHI B
nuarazone 50-200 r/le3 MOKa3ajo, 4TO CTETEHb JeCOPOIIMU BaHAAUS YBEINUNBACTCS

¢ 60 10 99 %, npudem nipu koHueHtparuu 100 I‘/).IM3 oHa nipessimaet 90 %.

5.2. Uccnenoanue KHHETUKHU copouum BaHaIMs V)
HAHOCTPYKTYPMPOBAHHBIM  a30TcoJep:KaliuM  HOHMTOM  PoccuoH-62  u3
CEePHOKHCJIO-XJIOPHIHBIX PACTBOPOB

Kunetuky cop6iun Banaaus (V) moHutom PoccroH-62 u3ydanu MeTojioM

OrpaHUYEHHOr0 00BbEMa PACTBOPA HA YCTAHOBKE C TEPMOCTATHPYEMBIMU SYEHKAMM.
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. 3 .
OTHOIIICHNE HABECKU BOJIOKHA (T') K 00bEMY pacTBopa (cM”) cocrasisuto 1 : 2000 (30
Mr : 60 cm°). MHTerpaibHble KHHETHYECKHe KpuBbie copOimn Banamus (V)
HAHOCTPYKTYPUPOBaHHBIM HMOHUTOM PoccnoH-62, mMoNydYeHHbIE NpHU Pa3IndHbIX

TeMIlepaTypax, NpeCTaBIEHbI Ha puc. 47.

CE, 180 -

mr/r

120
90
60

30

0 T T T 1
0 50 100 150 200

T, MUH.

Puc. 47. WuterpanbHble KUHETHYECKHE KpuBbie copOumu BaHaaus (V) HOHHTOM
Poccron-62 u3 cepHOKHUCIO-XJIOpUAHBIX pacTBopoB (pH 3,0) mpu Temnepatypax: (¢

~ 293K, m — 313K, A —333K).

[To maHHBIM WHTETPATBHBIX KHHETUYSCKUX KPUBBIX COPOITMM BaHAIUS HOHUTOM
Poccnon-62 rpaduuecku onpeseneHo BpeMs MoycopOomuu Tg s (Tadsm. 18).

TaOmuma 18.

Kunernueckue xapakrepuctuku copoumu BaHaaus (V) nonurom Poccron-62

Temneparypa, K | Bpems nmomxycopOimu, OddexTuBHBI KOIPPUITHESHT
c nuddy3un BaHaaus, M2/c
293 1800 2,6-107%
313 2100 53107
333 1200 1,0-10™
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C yueToM BpeMeHH MOJIycOpOLUU paccUUTaHbl 3()pPeKkTUBHBIE KOIPPUITUEHTHI
mud¢y3un BaHanus B HOHUT Poccnon-62. Pacuer kxoadduimentoB auddys3uu
MPOBOJMIM AHAJIOTMYHO WX pacdery Juis rpanynupoBaHHbix noHutoB CYBBER,
3epHa KOTOPBIX UMEIOT (hopmy 1mrapa (cM. paszaen 5.3). Pe3ynbrarel Mo onpeneneHuto
adpexTrBHBIX KOdhPuImeHToB nuddy3un BaHaaus MpecTaBieHbl B Ta0. 18.

[To mokazatensim creneHn K03PGUIMEHTOB TUDPY3Uu MOKHO TPEIOTOKHUTS,

YTO cOpOIMIO BaHaAusl HOHUTOM Pocccnon-62 mumutupyetr nuddysus ¢ GoapIImm
BHYTpUIU(P(Y3UOHHBIM CONIPOTUBICHUEM.

C 1enpio ONpeielICHUS XapaKTepa JUMHTHPYIOIel cTtaaun coporwu Banaus (V)

(BHYTpHU-, BHEIIHE- WIM CMEIaHHOAU(P(Y3MOHHON) IO JaHHBIM HWHTErPajbHBIX

KpHUBBIX ObLIH ocTpoeHsl 3aBucumoctH 1g(1-F) — f(t) u Bt — f(1), (puc. 48 u 49).

2.5
A
2 -
™
I 1-5 i /
—
L1 A
/,/
0.5 ,é/
O / T T 1
0 50 100 150

T, MMH.

Puc. 48. 3asucumocts Ig(1-F) — f(t) (¢ — 293K, m — 313K, 4 — 333K).

Bt 25

0 50 100 T, muH. 150

Puc. 49. 3aBucumocts Bt — f(1) (¢ — 293K, m — 313K, 4—333K).
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[lepBas xpuBasi MMeeT BBIMYKJIBbIA y4acTOK IMPH BpeMeHu copOuuu mo 150
MUH., a BTOpas — JHUHEHHBIA, 4YTO, TMO-BUAUMOMY, CBHUICTEIBCTBYET O
BHYTpuAU(Hy3noHHOM XapakTepe copoiuu [108].

3HaYCHUE KaXYIICHCS SHEPTHMH aKTHBAIMK Tmporecca copOruu BaHaaus (V)
noHUTOM PoccuoH-62, paccuuTaHHOM MO YpaBHEHUIO, MOJOOHOMY YpaBHEHUIO
Appenunyca (cMm. pazgen 3.3), ¢ HCHOJIB30BaHMEM BeIUYUH 3(POEKTUBHBIX
kodboummentos muddysun (tabm. 19) — (26,9 + 6,3) x/hx/moms (R — 0,93)
HOJTBEPKIACT, YTO B IMpoliecc copOumu BaHaaus (V) CyIIecTBEHHBIN BKJIAJ BHOCHT

BHyTpeHHss1 auddysus [106].

Tabmuma 19.
K pacuery kaxxy1elics SJHEpTruy aKTUBAMKM COPOLIMU BaHAAUS HOHUTOM
Poccuon-62
WHuTepBan OHeprus akTUBALMU Cpennee 3HaueHue
temneparyp, K copOuuu BaHausl E .y, Ka)KYILEHUCS YJHEPTUH
K /[x/ Mo aKTUBaIMu, kJ>x/MOJb

293-313 26,5+ 6,1

293-333 26,8+6,2 26,916,3

313-333 27,3+7,0

CopOumst Banaaust (V) B ATUX YCJIOBHUSIX MPOTEKAET MO HOHOOOMEHHOMY
MexaHu3My BO BHyTpumuddysuonHoit obnactu. Paccumtanubie Kod()PUITUEHTHI
nuddy3un BaHaIUsI UMEIOT TTOPSI0K 10-10" m%/c, a SHEprus akTUBAIMU MPOIEcca
cocTasisiet (26,9 £ 6,3) kJx/Mob.

Takum 00pazoM, HAHOCTPYKTYpUPOBAHHBIM MOHUT PoccmoH-62, comeprkamuit
MAPUIUHUEBBIE TPYIIBI, MOKET OBITh UCTOJIb30BaH JJI U3BjIeuyeHus: BaHaaus (V) us

CEPHOKHCIIO-XJIOPUIHBIX pacTBopoB mpu pH 3,0.
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I'/IABA 6. COPBLHUOHHOE W3BJIEYEHUE BAHAIUA (V) U3
CEPOCHBIX PACTBOPOB, OBPA3YIOIINXCSA ITPU KOMILJIEKCHOHN
IIEPEPABOTKE TUTAHOMATHETUTOBBIX PY [

Arnipo0ainio HaHOCTPYKTYPUPOBAHHOTO a30TCOJIEprKaliero nonnuta Poccuon-62,
MPOSIBUBLIETO IO CPAaBHEHHMIO C M3YUYEHHBIMU B paboTe copOeHTamMH JIydIlue
EeMKOCTHBIC XapaKTePUCTUKH MO OTHOIIeHWI0 K BaHamuio (V), mpoBomwimm u3
COpPOCHBIX pacTBOPOB, OOPA3yIOIIMXCS NpU TMepepadoTKe IIJIAKOB JeBaHAJAlUU.
VICXOMHBIM  CHIPhEM  SIBIIIIOTCS  PYIbl THUTAHOMArHETUTOBBIX MECTOPOXKICHUN
(Poccust). CopepxkaHue OCHOBHBIX M IPUMECHBIX KOMIIOHEHTOB B COpPOCHBIX
pacTBOpax COCTaBJISIET, o/ V,0s, 0,68; Fe, 0,0028; Ca, 0,433; Mn, 6,01; Si, 0,252;
Mg, 1,864; SO,”, 22,6; pH 1,6. PactBopsl 00pa3syloTcsi IpH MepepaboTKe
BaHaJIMEBbIX KOHIIeHTpaToB Ha mpennpusitun OAO «Bananuii-Tynay, BXOISIIETO B

25
KoMItaHuto « EBpa3zXoyauHry.

6.1. McciienoBaHne paBHOBECHBIX XapaKTepPUCTHK copouuu BaHaaus (V)
HAHOCTPYKTYPUPOBAHHBIM HOHUTOM PoccHOH-62 13 cOPOCHBIX PACTBOPOB
[IpenBaputensHo ObUIO W3ydeHO BiusiHue pH pacTBopa Ha COPOIMOHHYIO
€MKOCTh TI0 BaHaJWI0 MOHUTA PoccrnoH-62, HACHIIIEHHOTO B COPOCHBIX PAacTBOpaXx.
KoppektupoBky pH pacTBopa mpoBOAMIN C MUCIIOJIB30BAaHUEM KOHIIGHTPUPOBAHHOTO
pacTBOpa THApPOKCHIA HaTtpus. JlaHHBIE, TMOJYyYEHHBIE B CTAaTUYECKHUX YCIOBUSX,
CBUICTEIBCTBYIOT 00 SKCTpEMallbHOH 3aBUCUMOCTH €MKOCTH OT pH, mpu 3TOoM
MaKCHMaJIbHOE 3HaYCHHEe eMKOCTH Habomaercs pu pH, pasrom 3 (puc. 50).%°
N3zotepmy copbOumu BaHamus (V) moHutoM PoccroH-62, OfHY M3 BaKHEHIINX
«IMaCTIOPTHBIX» XaPAKTEPUCTHK COpOEHTA, CHUMAJIM METOJIOM NIEPEMEHHBIX 00BEMOB
pacTBOpa TMpPH KOMHATHOM TEeMIEpaType W3 PEAIbHOTO TEXHOJOTHYECKOTO
pacTBOpa, MPEABAPUTENHHO TMPOIISANIETO0 CTaAUI0 KOpPpeKTupoBkn pH 1o

BBIOPAHHOTO 3HAYCHUS — 3 ¥ CTaANI0 (PUIbTpOBaHUS OOpa3yroIIErocs ocajaka, B

2 Cm. cHOCKy 21.
% Cm. cHOCKy 21.
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CE, 250
Mr/T

200

150

100

50

O T T T T T 1

0 1 2 3 4 SpHG

Puc. 50. 3aBucumMocTb COPOIIMOHHON €MKOCTH HAHOCTPYKTYPUPOBAHHOTO

nonnta Poccron-62 no Banaauio (V) or pH cOpocHoro pactopa.

OCHOBHOM, Tuapokcuaa xenesa. [lodyueHHas u3zoTepma MMeEET JIMHEWHYI0 (opmy
(puc. 51) u onMchIBaeTCS ypaBHEHUEM THUIA ypaBHeHUs [ eHpu C KOHCTaHTOM, paBHOM

(562 + 55) - 10°° am®/r (R? 0,986) [107].

CE, 300
mr/r
240
180
120

60

0 T T T T 1

0 0.1 0.2 0.3 0.4 0.5
C, r/z[M3

Puc. 51. M3otepma copbunu Banaaus (V) nonurom Poccron-62

13 COPOCHBIX CepHOKHCIBIX pacTBopos (pH 3,0).%’

'Cm. cHocky 21.
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6.2. HcciaenoBanme KHHETHYECKHX XapakTepucTuk copouuu Banaaus (V)

HAHOCTPYKTYPHUPOBAHHBIM HOHUTOM PoccuoH-62 u3 cOPOCHBIX PaCTBOPOB
Kuneruky copOumu BaHamus (V) u3 peanpHoro pacrtsopa (pH 3) usydanm

METOJIOM oOTrpaHu4YeHHoro oObema pactBopa [106]. MHTerpampHas KuHETHYECKAS

KPUBasi COPOLIH BaHAINS HMEIOT XapaKTEPHYIO BBITYKIyI0 hopmy (puc. 52)%.

CE, 250 -
Mr/T

200 -
150 -
100 -
50 -

O ‘ ! ! ! !

0 100 200 300 400
T, MHH.

Puc. 52. Kunetnueckas kpuas copounu Banaausi(V) nonutom Poccron-62
13 COPOCHBIX CEPHOKHUCIBIX pacTBopoB (pH 3,0).

Bpemst monmycopOmuu BaHajusi, pacCUMTaHHOE Tpauuecku U3 TMOITYyYECHHOU
KpuBO# mipu crenieru copoumu 50 %, cocraBuiio 3000 C.

JIns yCTaHOBJICHUS JTUMUTHUPYIOIIEH CTaauM COpOIMU BaHAIUsI U3 PEaIbHBIX
CEpPHOKHCIIBIX PAacTBOPOB HMOHUTOM PoccruoH-62 ObUT  HCTHONIB30BAH  METO]
npepbiBaHus — HauOoJiee MPOCTOM M HANIEKHBIA METOJ| IKCIEPUMEHTAIBHOTO €€
onpenaencuus [106]. s ero ocymecTBiICHHS COPOSHT MEPEMEINBAIIN ¢ PACTBOPOM
B TeueHue 90 MuH., ocie pasjeneHus (a3 ero BBIACPKUBAIM B Te€UYCHHE 4 9 U TI0
OKOHYaHWU BPEMEHU BBIJEPKKU CHOBA KOHTAKTHPOBAJIM C PACTBOPOM, OTOHpas
npoObl pacTBOpa Ha aHAIM3 4Yepe3 ONpEeeICHHBIE MPOMEXKYTKH BpPEMEHH.
COOTBETCTBYIOIINE YUYACTKH MHTETPATHHOM KHHETUIECKON KPUBOI COPOITMU BaHATUS
npexacTaBiieHbl Ha puc. 53. Ecnu npoBecTu kacarenbHble K KHHETUYECKOW KPUBOW B

MOMCHT IPCPbIBAHUA U B MOMCHT BO300HOBJICHHS mponecca, TO OHHU 6YI[YT HUMCTb

%8 Cm. cHOCKy 21.
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CE, 750 -

Mr/t #,}*”'f’
600 - /‘/4 &
450 - e
300 - /
/
150 - //
0 ‘ | | | |
0 50 100 150 200

T, MHMH.

Puc. 53. Kunetnueckas kpuBas cop6iuu Banaausi(V) nonurom Poccron-62 u3

COPOCHBIX CEPHOKUCIBIX pacTBopoB (pH 3,0) mpu npepsiBanmu mponecca.”

pasHblii HakiaoH. CregoBaTenbHO, JUMHUTHPYIOMIEH cTaguell copOIUM BaHAIMs
MOHUTOM POCCHOH-62 W3 TEXHOJOTMYECKOIO pacTBOpa SBISIETCS BHYTPEHHSA
muhysus.

Hnst pacdyera kodpduimenta BHyTpeHHeW auddy3un BaHaausS B HOHUTE
Poccuon-62 mnonydyeHHble KUHETHUYECKHE JlaHHble o00paldaThlBaJd B CHUCTEME
GyHKIHMOHATBHBIX KoopAauHAT Bt - 1, mpemnoxenHoit boiimom, AnaMcoHOM u
Maiiepcom, rae Bt — 6e3pasmepHsIil mapamerp, a T —Bpems [107]. Paccunrannsie mo
TaOJIMYHBIM JTaHHBIM 3HaueHUs] BT B 3aBUCMMOCTH OT BPEMEHU COPOLIMU MPUBEIECHBI

Ha puc. 54. Pacuer ko3¢ dunmenta quddy3uu npoBOIUIN IO GopMyJie:
D=(R?-Bt/1)/ %,
riae D — kosddurment BayTpenneil audQys3nn BaHagus B cOpOeHTe, M/C;

R — paguyc vacrtuu, m;

Bt /T —TaHreHc yria HakjioHa MpsAMOii B koopauHaTtax Bt - T (puc. 54).

% Cwm. cHOCKy 21.
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Puc. 54. 3aBucumocTh BeauuuHbl BT 0T BpeMeHu copOumu BaHaaus (V) HOHUTOM

PoccroH-62 13 cOPOCHBIX CepHOKHCIBIX pacTBopos (pH 3,0).%°

Koaddunuent BHyTpenner mauddysun Banamus (V) B monute Poccron-62
cocraBun 1,3 - 10" wmP/c. Tlopsgok ero moarBepxaacT BHYTpHAA(DY3HOHHDI
XapakTep copOUMU BaHaAMsI M CBHUJETEIIBCTBYET O BBICOKMX KHHETHYECKHX
CBOMCTBaX HAHOCTPYKTYPHPOBAaHHOTO HWOHHWTAa TMpH CcOpOLMM BaHAgUs U3

TCXHOJOTHYCCKHUX PAaCTBOPOB.

6.3. UcciaenoBanne JMHAMHYECKUX XapakTepucTuk copouun BaHagus (V)

HAHOCTPYKTYPHUPOBAHHBIM HOHUTOM PoccuoOH-62 U3 cCOPOCHBIX PACTBOPOB

Junamuky cop6Oru BaHaaus (V) noHnToM PoccnoH-62 M3 TEXHOIOTMYECKOTO
pactBopa (pH 3) uzyuanu B KojioHKe quaMmeTpoM 1 cM u aiuHo# 12,7 cMm. JluneitHas
CKOPOCTh TPOITyCKaHHsI pacTBopa coctaBisiia 0,5 m/4. BeIxoaHble KpUBBIE COpOIMN
BaHagus (V) HemocpeACTBEHHO u3 cOpocHoro pactBopa (pH 1,6) m cOpocHOro
pacTBopa IOClie MpeIBapUTENbHON KoppekTupoBkn pH mo 3 u  dunbrpanmm

oOpa3yrolierocst 0cajka, mpeJaCcTaBICHbI Ha pUcC. 55 U 56, COOTBETCTBEHHO.

%0 Cwm. cHocky 21.
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C, F/IIM3
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Puc. 55. Brixognas kpuBasi copounu BaHagausi HOHUTOM Poccruon-62

u3 copocHbIx pactBopos (pH 1,6).

C, r/le3
0.7 A

0.6 s
0.5 A /

0.4 1
0.3
0.2 1
0.1

0 I I I I 1

0 20 40 60 80 100
YiaeabHbIH 00BEM

Puc. 56. Boixoanas kpuBas copounu Banaaus (V) nonurom Poccrnon-62

13 copocHbIx pactBopos (pH 3,0). *!

31 Cm. cHocky 21.
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Kak BuAHO W3 puc. 55 MPOCKOK BaHA/Us HACTYMAET mociie mpomyckanus ~10
yAeNbHBIX 00beMOB pacTBopa. [lojiHOe HackIlleHME MOHHWTA BaHAAUEM MPOUCXOUT
npu npomyckanun ~20 yAenbHBIX O00BEMOB UCXOJHOTO pacTBopa. [lomnas
IUHAMUYECKas OOMEHHAs EMKOCTh [0 BaHAIHIO cocTaBmia /6,7 MI/T.

[Ipu wu3BNeYeHUM BaHaaAus W3 COPOCHOTO  pacTBOpa, IMPOIIEIIIETO
KoppekThpoBKy pH 10 3, mpockok BaHaausg Hactymnaer mnocie npomyckanus 10,4
yIeIbHBIX 00beMOB pacTtBopa (puc. 56), MOJIHOE HACHIIICHHE HOHWUTA BaHAIHUCM
MPOUCXOJUT TPpU TMpomnyckaHuu 83,2 yAelbHbIX OOBEMOB HCXOJIHOTO pacTBOpA.

32
ITonHast mmHaMHUYEcKast OOMEeHHasi eMKOCTh 10 BaHAIUIO cocTaBmiia 76,7 MI/T.

6.4. UcciienoBaHue TMHAMHYECKHX XapPaAKTEPUCTHK TeCOPOIMHU

Banaausa (V) M3 HAHOCTPYKTYPHPOBaHHOro uoHuTa Poccuon-62,

HACBIIIEHHOT0 B COPOCHBIX PacTBOpPax

HecopOuuto BaHaausi U3 voHUTAa PoccuoH 62, HAaCBIIIEHHOTO B COPOCHBIX
pactBopax ¢ pH 1,6 u pH 3,0, npoBoaunu npu NporyCKaHUU 3IJIFOEHTAa — PacTBOpa
CEpHOM KHCJIOTHI C KOHUEHTpAIUen 2 MOJIB/AM® ¢ JHHEHHOI CKOpOCThIO 1 M/u.

BoIxoiHbIE KpUBBIE IecOpOLIMY BaHAIUS MIPEACTaBICHBI HA pHC. 57 u 58.

C, r/nm>
r J]M3 ~
2 —
1 —
O T T T T T 1
0 10 20 30 40 50 60
V, em’®

Puc. 57. BeixoHast KpuBasi 1eCOpOIIMU BaHAAUS PACTBOPOM CEPHOU KHUCIOTHI

¢ nonnta Poccron 62, HachIeHHOTO B COpOoCcHBIX pacTBopax (pH 1,6).

%2 Cm. cHOCKy 21.
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Puc. 58. Boixognas kpuBas gecopoiuu Banaaus (V) pacTBOPOM CepHOM
KHCJIOTBI ¢ MIOHUTA POCCHOH-62, HACBIILIEHHOTO B COPOCHBIX

pactBopax (pH 3,0).%°

Brixonubie kpuBbie amoupoBaHus (puc. 57 u 58) MUMEIOT OTUETIMBBIN THK.
KoHnientpanust BaHaausi B MAKCUMyME BBIXOJIHOM KpuBou (puc. 57) cocraBuia 2,014
/1. Ilpu 5TOM cTeneHb COpOIIMOHHO-1€COPOIIMOHHOTO KOHIICHTPUPOBAHUS paBHA 2.

MakcumanbHasi KOHIEHTpAMs B TUKE DIIOUPOBAHUS TIPH COPOIUH W3
pacropa ¢ pH 3,0 Bemmre — 8,6 r/mv® (puc. 58). CremeHp gecopOLMM BaHAIHS
cocramna 92,0 %, creneHb KOHUEHTPUPOBAHUA BaHaAWs B COPOLIMOHHO-
JecoOpOIIMOHHOM TuKIIe — 12,6.

[Tomy4eHHBIN CEPHOKUCIBINA DIIF0AT MOKET OBITH BO3BpAIlEH B JEHCTBYIOIIEE
TIPOU3BOICTBO.

Pesynpratel ampoOaiiiu HaHOCTPYKTYPUPOBAaHHOTO HOHHTAa HA CTHPOJIBHO-
aKpuiaTHOW ocHOBe PoccroH-62 moaTBepauiy npaBHIIBHOCTh BHIOPAHHBIX B paboTe

yCIJIOBUI MPOBEAEHUS IIpolLiecca.

%% Cm. cHOCKy 21.
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[Tpu u3Bneuenuun BaHaaus (V) U3 COPOCHOTO TEXHOJIOTHYECKOTO PacTBOpPA 10O
HOPMHUPYEMOTO €ro COAECpKaHMU B CTOYHBIX BOJAX, MOCTYHNAIOIIMX Ha

3 [15], cremens copOuuu

OMOJIOTUYECKUE OYMCTHBIE COOPYXKEHHUS, ~5 MI/aMm
coctaBuiia 97,4 %. [Ipu crenenu aecopOuun BaHaaus 92,0 % ckBO3Hasi CTENEHb €ro
W3BJICUCHUS HAa COPOITMOHHOM Tiepesene cocTaBisieT 89,6 %.

Takum oOpa3oM, HU3y4YEHHBIE PaBHOBECHbIC, KMHETHMYECKHE W JTMHAMHYECKHUE
XapaKTepUCTHKU copOruu  BaHaaus (V) W3 MHHEpPAIM30BAHHBIX CEPHOKHUCIIO-
XJIOPUJIHBIX PACTBOPOB MO3BOJISIIOT PEKOMEH/I0BATh HAHOCTPYKTYPUPOBAHHBIM MOHUT
Ha CTHUPOJBHO-aKPUJIATHOM OCHOBE PoccuoH-62 poccuiickoro MpOM3BOACTBA IS

U3BJICUECHUS BaHAIWUAd W3 COPOCHBIX PAcTBOPOB, OOpa3yIOIIMXCA, HAIPUMEp, HPH

nepepaboTKe BaHAINEBBIX KOHIEHTPaToB Ha mpexnpusitai OAO «Banammii-Tymay. >

6.5. Onucanne NPUHIUNUAIBHON TEXHOJOTHYECKOH cXeMbl COPOLIMOHHOTO
n3BJiedeHust BaHaaus (V) U3 COPOCHBIX CEPHOKHMCJIBIX PACTBOPOB

[IpuHunIUaapbHas TEXHOJOTHYECKAass CXeMa COpOIMOHHOTO W3BIICYCHUS
BaHaaus (V) Ha nonute Poccnon 62 W3 cOPOCHBIX PacTBOPOB, OOPA3YIOIIMXCS TPH
nepepadoTKe IUTAKOB JIeBaHAIAINH, TIPEACTaBICHA Ha puc. 59.

COpOCHO# CepHOKHUCIBIM PACTBOP HAMpaBJISIOT Ha copOuuto BaHamus (V) Ha
nonute Poccuon 62, BbIOpaHHOM B paboTeé HA OCHOBAHUU W3YYEHUS €ro
PaBHOBECHBIX, KWHETHYCCKUX W JHUHAMHYECKUX XapaKTepUCTUK. PacTBop mocie
copOIuu, cojepKaluii OCHOBHOE KOJIMYECTBO TMPUMECEH, OTMPAaBIAIOT Ha
MOJIYYCHUE MApTaHIEBBIX KOHIICHTPATOB BBHJY 3HAYUTEIBHOTO COACPIKAHUS
Maprasia B cOpocHbIX pactBopax (~ 5 r/m). [ecopOuuio Banaaus (V) C woHUTa
Poccuon 62 mocie mnpoMbIBKH pabaBieHHOW cepHoil kucimoTou (0,1 Momw/m)
IPOBOMST C WCIOJB30BAaHMEM B KAaueCTBE AJIIOCHTA PAacTBOpa CEPHON KHCIOTHI (2
MOJIB/IM’), TPOMBIBHBIE BONBI MOJAIOT B OOOPOT B  CYIIECTBYIOIIYIO
TEXHOJIOTHYECKYIO CXeMy Ha cTaauio copOruu. [lomydeHHBIN 3a10aT TOCTymaeT Ha

Hepepa60TKy B OCHOBHOC IIPOU3BOJACTBO U3BCCTHBIMHU T'HAPOMETAILTYPIrH4CCKUMHU

3 Cwm. cHOCKy 21.
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COpocHble pacTBOpPEI

AHHOHHT
Poccron-62 2 /
Copbnus Banagusa (V)
Ha  moaydenue
CopOeHT MaprasieBoro
KOHIIEHTpaTa
0.1M H,S0, i
v
IIpombIBKa
CopbeHT 2M H,S0;,
Boza Jdecopbuns BaHAIHSA
Y
__| IIpoMBbIBKa [* Smrat

v
Ha npurotoBnernne Ha moaydenne NH;VO;
31I0eHTa

Puc. 59. ITpunnunuanbHas TEXHOJIOTMYECKasi cXxemMa COpOIIMOHHOTO U3BJICUEHUS
BaHaaus (V) Ha nonute Poccron 62 U3 cOpOCHBIX PacTBOPOB, 00OPA3YIOUIMXCS TIPU

nepepaboTKe NUIAKOB JCBaHAIAINH.

METOJAMU JJIsl TOJIYYEHHS IMOJIYIIPOAYKTA — BaHAJaTa aMMOHHUS C IOCIEAYIOLIUM
MOJYyYCHHEM TOBApHOIO MPOAYKTa — MeHTaokcuaa BaHaaus mapku BHO-1 (98,5 %
neHTaokcuaa BaHaaus). [IpomeITeiil Bogoi noHUT Poccron 62 cHOBa MOCTyMmaeT Ha
craguto copommm BaHamus (V). IIpoMbIBHBIC BOJABI HAIPABISIFOTCS Ha CTAIUIO

IIPHUTOTOBJICHUA JJIFOCHTA.
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6.6. TeXHMKO-IKOHOMHUYECKAs] OlEeHKa COPOLMOHHOI0 W3BJIEYeHUs
Banagusi (V) M3 CcOPOCHBIX PacTBOPOB, O0pa3ylOIIHXCS NMPH KOMILIEKCHOI
nepepadoTKe THTAHOMATHETUTOBBIX Py

TexHNKO-IKOHOMHYECKYIO OIICHKY COpOIMOHHOTO m3BieueHus BaHamws (V) w3
TEXHOJIOTUYECKUX COPOCHBIX CEPHOKHUCIBIX PACTBOPOB MPOBOAWIM IPHU YCIOBHOM
MIPOU3BOJIUTEIIBHOCTH TI0 COPOCHBIM pacTBopaMm, paBHor 500000 M/rox.
ConeprkaHue MEHTAOKCH 1a BaHAMs B COPOCHBIX pacTBopax — 0,5 r/m.

KonuuecTBo moiyuaemMoro rmeHTaokcuaa BaHaaus ¢ yderom morepb (~10 %) npu
nepepaboTke, BKIIOYAIOIMIEH COPOLNIO, CTaJuU TUAPOIUTUYECKOTO OCAKIACHHUS,
bunbpTpay, NpoKaJIMBaHUs, OYUCTKU OT IPUMECEH, COCcTaBmseT 225 T/Tof.

[ToTennuanpHasi CTOMMOCTD MOTY4aeMOT0 MeHTaokcuaa Banaaus mapku BHO-1 ¢
COJIEp’KaHMEM NeHTaoKcuaa BaHaaus 98,5 % npu ycaoBHON MPOU3BOAUTEIBHOCTH 110
cOPOCHBIM pacTBOpaM, paBHoit 500000 m*/rox u newe 6,1 gomr./dbynT (uronb 2013 1)
(13,45 3a xr) [1] 6e3 yueTa 3aTpar Ha mepepabOTKy OyAeT coCTaByATh 3,026 MIIH.

JIOJUI./TO/I.
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3AK/IIOYEHUE

Bananuii, oOnamaromuyii BBICOKHMHM IIPOYHOCTHBIMU  XapaKTEPUCTHUKAMHU,
saBisieTcst 3Q(HEKTUBHOMN JIETHPYIONTUM METAIIJIOM CTale pa3jIMdHOro HazHadeHus. B
MOCJICTHEE BpEeMsl YBEIUUYWIICS CHPOC HAa BaHAAUHCOJEPIKAIIME CTAIM, W3 KOTOPBIX
M3TOTAaBJIMBACTCS YCWJICHHAs apMmaTrypa CTPOUTENIBHBIX COOPY)XEHUM, IUIOTHH,
TyHHEJIEH, MOCTOB U JPYyTUX WHKEHEPHBIX OOBEKTOB MJI YMCHBIIICHUS
KaTacTPO(PUIECKHUX pa3pylICHUN B CCHCMUYECKH aKTUBHBIX PETHOHAX.

OCHOBHBIMHM CTpaHAMU-TIPOAYLIEHTaMH BaHaaus B mupe saBisitorcs FOAP, Kuran
u Poccusi, noObIBalomve €ro u3 BaHAIUKUCOJEPKAIIUX TUTAHOMATHETUTOBBIX PYII.
3anacel BaHaaus B Poccuiickoin deiepaliii COOCTABUMBI C €T0 MOJATBEPKACHHBIMU
3anacamu B FOAP, kpynHeNUero MupoBoro mpoOu3BOIUTEIS.

IIpu xomruiekcHOM TiepepaboTKe THUTAaHOMArHETUTOBBIX PyJ Ha KOHEUHBIX
CTaIUsAX TOJYyYCHHS BaHAIUS U3 IMOJYMPOIYKTOB 00pa3yrOTCss cOPOCHBIE PacTBOPHI,
conmepxkamme ~0,5 r/nM° BaHaaus (V). Coenunenus BaHaaWs TOKCHYHBI, 10 3TOU
XapaKTepPUCTUKEC OHHU CPaBHUMBI CO CBHHIIOM W MBIIIBIKOM, IMpUYEeM HauOoJIiee
BBICOKOHM TOKCHYHOCTBIO 001a1at0T coequueHus Banaaus (V).

B cBs3u ¢ 3TUM u3BICUEHUE BaHAAUS M3 COPOCHBIX PACTBOPOB MOXKET HE TOJBKO
MOBBICUTh TIOKa3aTeldu OObheMa IPOM3BOACTBA BaHAIWs, HO M CIIOCOOCTBOBATH
PEIISHUIO TPUPOJOXPAHHBIX 33]1a4.

[IpucyTrcTBHEe BaHaAMsl B IPUPOJHBIX MUHEPAIU30BaHHBIX BOJAaX, B TOM YHUCJE B
BOJIaX BOJIM3H MPEINPUITUH, JTOOBIBAFOIIIX " nepepadaThIBAIOIINX
BaHaAMICOIEpKaIllUe PYJIbl U KOHIICHTPATHI, MPU COACPKAHUSIX, MPEBBIIIAOIINX
MIPENEITbHO-IOMYCTUMbIC KOHIICHTPAIINH, BBI3BIBAET HEOOXOAMMOCTHh pPa3pabOTKH
METOJIOB €T0 BBIJICJICHUS.

B pa6ore wusBmeuenne BaHamus (V) MOpOBOAWMIM OJHHM M3 OCHOBHBIX
THAPOMETAIUTYPTHYECKAX METOJOB TIEepepadOTKu pa30aBIEHHBIX pPAacTBOPOB —
COpOLIMOHHBIM C UCTIOJIb30BAHUEM MaTEPUATIOB PA3IUYHOTO TUIIA U CTPYKTYPHI.

SIBNASICH MEPEXOAHBIM AJIEMEHTOM, BaHAJAWM CYIIECTBYET B PA3JIMUHBIX CTEIECHSIX

OKHCJICHHS, TIpU 3ToM Juis BaHamus (V) XapakTepHO MHOT0000pa3sue HOHHOTO
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COCTOSIHMSI — B 3aBUCHUMOCTU OT 3HaueHusi pH pactBopa oH MOXeT ObITb B BHJE
okcokarnona VO,”", MeraBaHajar-, JeKaBaHAIAT- M IOJHBAHAIAT-aHHOHOB,
OTJIMYAIOIINXCS HE TOJIBKO 3apsI0M MOHA, HO U pa3MEpOM.

s w3Bnedenus BaHaaus (V) w3 cOPOCHBIX PacTBOPOB paHee ObLT MCIIOb30BaH
aHnoHUT AMII, KOTOpBI B HACTOSIIIIEE BPEMS HE IIPOU3BOAUTCSL.

HccnenoBanue COpOIMOHHBIX XapaKTEPUCTUK BOJIOKHUCTHIX HOHUTOB DPHBAH
NPUMEHUTEIHbHO K W3BIeUeHUIo BaHamus (V) W3 MUHEpAIM30BAaHHBIX CEPHOKHUCIIO-
XJIOPHJHBIX PACTBOPOB TPH BBIOPAHHBIX ONTUMANbHBIX 3HauYeHusx pH (3-4),
IPOBEICHHOE B 3TOM paboTe, Mmokas3ano, 4yTo, XOTsA KO3PQP(DULIEHTHI pacnpeneneHus
ero B annonutax ®UBAH AK-22 u A-6 3HauUTENbHBI, CKOPOCTh COPOLIMM HU3KAS —
ko3bourmentsl auddysun umeior nopsaok mumb 107 m%/c. IMo-BuauMomy, 310
CBSI3aHO C pa3MEPOM KPYIHBIX J€KaBaHAAaT-HOHOB, UX HEBBICOKOW MOJABUKHOCTBIO U
CTEpUUYECKUMH 3aTPYJAHEHUAMHU IMpU HUX AUPPY3UHM B BOJOKHUCTBHIA HOHUT.
BrickazanHoe B paboTe MpearnonokKeHue NoATBEPKAACTCA YBEIMUEHUEM Ha MOPSIOK
kodpdunmenta auddysun  Banagus (V), copOMPyeMOro CHIBHOKHCIOTHBIM
katuonutom O®UBAH K-1 B BuJe OKCOKAaTHMOHAa, MEHBIIETO IO CPABHEHHUIO C
JieKaBaHaaT-uOHAMHU pa3Mepa, U3 PacTBOPOB, XapaKTepu3yeMbix 3HaueHuem pH 1.

B pabote mnoka3zaHa NPUMEHMMOCTb BOJOKHHMCTOTO aMHUHOKapOOKCUIBHOIO
nounta DOUBAH AK-22 mns wusBneuenuss Banamus (V) u penus (VII),
00pa3ylolero Xopoumo MUTPUPYIOUIMH B MPUPOJHBIX BOJAX IEppPEHAT-UOH, W3
MUHEPATN30BaHHBIX CYJIb(AaTHO-XJIOPUIHBIX PACTBOPOB MPU HX COBMECTHOM
npucyrctBud. Ilpouecc copOuum 3TUX METaUIOB MpoTeKkaeT B IUdPy3noHHOU
o0nacTH, mpu 3ToM 3HauYeHHs FP(HEKTUBHBIX KOdPIULMEHTOB TudPy3un peHus u
BaHaMs OTIMYAIOTCS HA JIBA MOPSJIKA, YTO MO3BOJSIET 3PPEKTUBHO pa3ieiaUTh UX B
JTUHAMUYECKUX YCIIOBUSX.

Cpenn M3yYeHHBIX TpaHYJIMPOBAaHHBIX COPOEHTOB —  MAaKpOMOPHUCTHIX
cmaboocHoBHbIX aHnoHUTOB CYBBER wu HanocTpykTypupOBaHHBIX aHHMOHHUTOB
Poccuon Haubosiee BBICOKUMHU €MKOCTHBIMU CBOMCTBAMHU IO OTHOUIEHUIO K

JIEKaBaHaaaT-unoHam o0agaeT HOHUT Poccron-62.
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UK crnekTpoCKOMMYECKUMU HCCIEIOBAHUSMU MOJITBEPXKIEH HOHOOOMEHHBIN
xapakrep copouuu Banaaus (V) 5TUM HOHUTOM.

C ucnosb30BaHUEM 3TOr0 MOHUTA M3ydeHa copOuus BaHaaus (V) U3 cOpOCHBIX
TEXHOJIOTHYECKUX pacTBOpPOB, oOpasyromuxcsa Ha npeanpuatun OAO «Espas
Banamuii-Tyna». MakcumaibHas KOHIICHTpAIUs B TTUKE IIOUPOBAHUS MPHU COPOIIMHU
u3 pactBopa ¢ pH 3,0 Beiie — 8,6 r/ILM3. Crenenp necopOIuy BaHaus cocTaBuia 92
%, CTeneHb KOHLEHTPUPOBAHMS BaHAIUS B COPOLIMOHHO-AECOPOIIMOHHOM IUKIIE —
12,6.

[Tpu u3Bneuenun BaHaaus (V) w3 COPOCHOTO TEXHOJIOTHYECKOTO PacTBOpPA 10O
HOPMHUPYEMOTO €ro COAEpKaHUU B CTOYHBIX BOJAX, IMOCTYNAKIIMX Ha
OMOJIOTUYECKUE OYUCTHBIC COOPYXKEHUsS, ~35 mr/am®  [15], cremeHs copOuuu
coctaBusia 97,4 %. Ilpu crenenu necopoimu BaHamus 92,0 % ckBO3Has CTENEHb
W3BJICUCHUS Ha COpPOITMOHHOM Tepenene coctasiser 89,6 %.

[TonyuyeHHble paBHOBECHbBIE, KHHETHUUYECKHWE W JAUHAMUYECKUE XapaKTEPUCTUKHU
copOIuu U JecopOIMy TO3BOJIMIIM BBISIBUTH ONTHMAJIbHBIE PEKHUMBI M COCTaBUTH
MPUHIUNHATBHYIO TEXHOJOTMYECKYIO CXEMY U3BJICUEHUSI BaHAIUSI U3 OTPaOOTaHHBIX
pacTBOopoB. OOpa3yroIIMiics dII0aT MOXET OBbITh OTHpPaBICH B OCHOBHOE
MPOU3BOJICTBO HA MepepabOTKy U3BECTHBIMH THAPOMETAJUTYPTHUECKHUMH METO/IaMU
JUISL TIOJTyYEHHUsI TIOJIYIIPOAYKTa — BaHaJaTa aMMOHHMS C TIOCIEAYIOIIUM MOTy4YEeHUEM
TOBapHOTO MPOJyKTa — MeHTaokcuaa BaHaaus mapku BHO-1 (98,5 % menTtaokcuaa
BaHaIMA).

[IpoBeneHHas TEXHUKO-DKOHOMHMYECKAss OIIEHKAa COPOIIMOHHOTO W3BJICUCHUS
BaHanus (V) U3 TEXHOJOTUYECKUX COPOCHBIX CEPHOKHUCIBIX PACTBOPOB C YCIOBHOM
IPOM3BOANTEIBHOCTEI0 110 COPOCHBIM pacTBOpaMm, pasHOH 500000 m°/rom, u
coJiep KaHNEM TIEHTAOKCHa BaHA s B COpOCHBIX pacTtBopax — 0,5 r/1 mokasana, 94To
MOTEHIIMAJIbHAsl CTOMMOCTh IOJIy4aeMOro IeHTaokcuaa BaHamus (225 T/rox ¢
yuetoMm notepb — ~10 %) mapku BHO-1 ¢ coaepkaHueM NeHTAOKCHAA BaHaIuUs

98,5% O6ynet coctaBnath 3,026 MIIH. JOJI./TO.
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BbIBO/1bI

1. BnepBbie TpoBeNEeHbl CHUCTEMaTHYECKUE MCCIENIOBAHUS COPOLUOHHBIX
XapaKkTepUCTUK a30TCOACPKAINX aHUOHUTOB Kak BOJOKHUCTHIX (DUBAH), Tak u
rpanynupoBanHbix (Poccuon u Cybber) mns wusBneuenuss BaHaaus (V) wus
CEPHOKHCIIO-XJIOPUTHBIX PACTBOPOB.

2. BrisiBneHa skcTpemanibHas 3aBUCUMOCTh KO3 (UIIMEHTa pachpeeieHUs
BaHanua (V) ot 3HaueHus pH pacTBopa mnpu copOUMU €ro U3 CEPHOKUCIO-
XJIOPUJHBIX PAacTBOPOB Kak BONOKHHCTHIMH aHnoHuTamu ®GUBAH AK-22 u A-6,
TaKk U TpaHyiaupoBaHHbIMU aHuWOHUTaMH Poccuon u CYBBER. MakcumanbHas
copbrust Banaaus (V) Habmoaercs B uHTepBasie 3HaueHuit pH 3+4.

3. N3otepma copOiuu BaHaaAMsl U3 MHHEPATU30BAHHOIO PACTBOpPa HOHUTOM
OUBAH AK-22 umeer Boimykiyto popmy. Koncranra Jleurmiopa K, cocrasmser
(190 + 9) mw/r (R* — 0,8), MakcuManbHasi cOpOIMOHHAs eMKocTh — 93,1 Mr/T.
N3orepma copbuum Banagus monutom ®UBAH A-6 umeer nuneiinyto Gopmy u
OIMCHIBACTCS ypaBHeHHeM ['erpu ¢ korcTaHToit (2,09 + 0,20) av°/r (R? — 0,955).

4. MeTonoM OrpaHMYE€HHOTO O00beMa pacTBOpa MOJYYEHbl HWHTErpalibHbIC
KHUHeTHYeckue kpusble copOruu BaHaaus (V) monutamu GUBAH. Ycranosneno,
yTo copOius BaHaaus (V) B BHUJE JIeKaBaHaJaT-MOHA U3 CEPHOKHUCIO-XJIOPUAHBIX
pactBopoB (pH > 2) BonOKHUCTHIMU a3oTcojiepkamumu nonutamu (PMBAH AK-
22 u A-6) nporexkaer Bo BHemHeAUPPY3UOHHON obOmactu. DPGheKTUBHBIE
koapurmentsr quddy3un Banaaus (V) B monute ®MBAH AK-22 B unTepBane
Temmepatyp 293-333 K ysemmumsarores ot 3,2 - 10™° 10 4,3 - 10™ m%/c, B nouure
®UBAH A6 —or 7,9 - 10 10 2,1 - 10 M2/c. DHeprusi akTUBallMK Tpoliecca
copOriuu Banaaus (V) noaurom ®UBAH AK-22 cocrasnser (6,2 £ 2,1) kJI»x/Moib,
nouutom ®UBAH A-6 — (19,9 * 4,7) x/[x/MoJ1b.

5. Ycranosneno, urto  auddy3us  okcokatmoHna  Ba"aaus (V) B
cunbHOKUCTOTHOM Katnonute OHUBAH K-1 mnporekaer ¢ 0Oonee BBICOKOU
CKopocThto, 4yeM auddy3us nexaBaHagaT-uoHa B ambonure GUBAH AK-22.

3nauenue d¢pdexTrBHOrO KodpduueHta auddys3un oxkcokatnona BaHamus (V),
111



pacCuYMTaHHOE C yd4eToM BpeMmenu momycopOumu (5,4 - 107* m%/c), Bbime Ha
MOPSIOK.

6. [TokazaHo, 4TO CKOpOCTh copOiuu meppeHar-uoHa ReO,, oTiamdaromierocs
Oonpmoil  moaBMKHOCTRIO, amdonutom OUBAH AK-22  (addexTuBHbIiA

43 2
M“/C) 3HAUUTEIBHO BBIIIIE CKOPOCTH COPOIIUU

ko3 unmrent quddyzuun — 9,0 - 10
BaHafuss (V) wonmramu OUBAH, dYro mo3BOMSET OCYIIECTBUTH IPOIECC
KHMHETHYECKOTO pa3/IeJICHUsI 3TUX HOHOB B IIMPOKOM Juana3oHe 3HaueHui pH.

7. W3yuena pauHamuka copOumu BaHaaus (V) U3  MHHEPaTU30BaHHBIX
pactBopoB nonutom ®UBAH AK-22. Benuunna kuHeTHueckoro koddguimeHTa
BHemmHel xuddysun Banaxus (V) B norute cocrasma 1,02 - 10 ° g™,

8. VY cTaHOBJIEHO, UTO KOHIICHTpAIIMS BaHAIUsSI B MAKCUMYME BBIXOJIHOM KPUBOM
necopoumn Banaaus ((V) w3 monuta ®HMIBAH AK-22 pactBopoM ruapokcuia
HaTpus ¢ KoHueHTpamue 0,5 monb/n coctaBuia 294 Mr/m mpu HU3KOW CTENEHU
COpOILIMOHHO-ECOPOIIMOHHOTO KOHIICHTPpUPOBaHHUS (2,94).

Q. N3otepma copOumu Banamust (V) U3 CEPHOKHUCIO-XJIOPUIIHBIX PACTBOPOB
MakpornopuctbiM ciiaboocHoBHBIM HoHUTOM CYBBER EV 011 uMmeer BbImyKibIi
XapakTep M OIKCBHIBAETCA YpaBHEHHMEM JIeHrMropa C KOHCTaHTOM, paBHOM
(88,746,3) cm’/r (R? 0,93). MakcumanbHas OOMEHHASI eMKOCTh HOHHTA COCTABHIIA
184 mr/r.

10.  VYcranoBneno, 4ro copOmus BaHagus (V) c1a00OCHOBHBIM HOHHUTOM
CYBBER EV 011 mpotekaer B cMmemanHOAUGGY3MOHHON 001acTU C OOJIBIIUM
BKJIaIoM BHyTpeHHel muddy3un. OddextuBHbie kod3Ppdunmentsr auddy3uu
Ba"aaus (V) B 3ToM moHuTe B MHTEepBaje Ttemmeparyp 293-313 K yBenuunBaroTcs
ot 4,0 - 10™ 110 8,0 - 10™*m%/c, SHEpPrUs aKTHBAIMHU MPOLIECCA COPOLIMH COCTABIISICT
(26,4 + 5.2) xJx/moms (R* — 0,93).

11. Uzorepma copOuuu BaHamusi (V) M3 CEPHOKHUCIO-XJIOPUIHBIX PACTBOPOB
HAaHOCTPYKTYPUPOBAaHHBIM HOHUTOM PoccuoH-62 nHMHENHA W ONUCHIBAETCS
ypaBuernem ['enpu ¢ korcranroit (1,64 0,09)-10° em®/r (R? — 0,96).

12. UK cnexkTpocKONMYeCKMMHU HCCIIEIOBAHUSIMU MOATBEPKIAECH HOHOOOMEHHbIN

MEXaHU3M COpOIMH JeKaBaHAJAT-WOHOB HAHOCTPYKTYPUPOBAHHBIM HOHUTOM
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Poccuon-62 ¢ nmupuanHneBbIMU (QYHKIIMOHATLHBIMY TPYTIITIAMH.

13.  Tlokasano, uro copbmus Banaaus (V) monutom PoccrnoH-62 mpoTekaet BO
BHyTpuauddy3nonHot obmactu. Kosdpdumumenter muddysum Banagus (V) B
uHTepBase Temmeparyp 293-333K yeemmuusatorcst or 2,6 + 10™ 10 1,0 - 10™ m%/c,
SHEprust akTUBALKH cocTaBisieT (26,9 + 6,3) kJx/mois (R? — 0,93).

14.  TlpennokeHa TPUHUMIIMAIBHAS TEXHOJOTMYECKash CXeMa M3BICYCHUS
BaHaaus (V) HAHOCTPYKTYpPUPOBaHHBIM HOHUTOM PoccrnoH-62 u3 CcOpOCHBIX
pacTBOpOB, o0pa3yromuxcs npu nepepadboTke BaHaIUHCOIepKAIINX
TUTAHOMAarHeTUTOBBIX pyld, W TpoBeaeHa ee ampoOarusi. CKBO3Has CTETCHb
u3BnedeHuss BaHaausg (V) U3 cOPOCHBIX PAcTBOPOB Ha COPOIMOHHOM Iepejesie

coctasuia 89,6 %.
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