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PocT NpOMEINMIEHAEGND NPOESEACTRE, OCObDEHAD B MCTAN-
TYPIHN, OPHBOIHT K IHSSHTCARHOMY 3ArPASHCHEK BOJOCMHOE
TRACIEIME MeTannase. Hx sakonneane B okpyaamninedi cpene
OKIEEIEACT HCTATHEHOE RIHEHHE HA JKOCHCTEMEL W 330PORLE
yenoBeka. CyIecTRYONING MOTOIM OUHCTEH CTOMHEL BOJ He
BOCTEA OGCCTICHHBAKIT CHITECHHE KOHIEHTPAIHH TORCHYHEX
BEIECTE 30 BOPMATHEHED IHSICHEIL, WT0 QeTacT aRTYAThHEM
NoACK e ETHEHRD, JOCTVITHEL. H WOHOMITHHEN copieHToR.

Heomeme — MpHPOAHEIE MATCHEANR ¢ BRICOKOH yensHokH
MOEEPXHOCTEH H CCOEKTHRHOCTRED, IHPOKD BCHOILIYEMEIE B
nponcecay ancopiunn. OIHAKe 108 NOBLNNCHHEE HX wpeek-
THEHOCTH B (HCTEE CTOMHEIX Bog Tpelyerca Moandmikai.
B smpoesil npagrase [1-10] akTHERO HE3VHAOTCR METOILL
YIYHIICHHE COPOIAOHHEY CBOHCTE NpEPOIHEIY copOeHTOR,
BEIHAAA HX NEMHUCCEYH B Tepuairieckyn obpaborey. B aas-
Holl paloTe WCCHCIOEAHE LCOMHTHREIE ANCOPDCHTEL, MOTH-
AHIHPOBAHHES HAHOSSC THIEMH THTAHA H BAHATHA, ¢ LEILHD
NOBEINEHRE BX copOunorpedl cnocolROCTH K KATHOHAM TH-
HEARD METALIOE.

Ha paic_ | npepcTaRmen TEXHOMOMHYECKRH MY Th NOCTYILIE-
HHA OTHOA0E B ORpAEIHIYH Cpeny Npe go0erse, oborame-
HHH H mepepaboTee pryi.

Jna ocTHECHEA DeTH GRAH NOCTARICHE] CIETYHIIHE K-
JaHE:

* CUNEEST HEROCHPVEIVPHEY Cosiirentd] BHinang o ad-
HehMEA MESTONIN FTh-AE0h IECHORAIN B OO o
yearamtos (11, 121

]
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Pue. 1. Texsosoreaeckmil myTe IOCTYILIEHHE 0TXI08
B KV A MY Epeny P jolsiee, oloramesnn n
nepepaboree py.

Cyper 1. Kemmepal enmipy, Gajisimy acane adney weilnme
K LIIETAPARIH KOpUIEFAH OpTAFS I LAY BB
TEXHIIONAA LK H0/1kL
Figure 1. Technological pathway of wasie input into
the environment during mining, concentration and
processing of ores.

* WTVHENNE [INIRO-XUMEN ORI M SOCOPONONNBL XOpEK-
SOOI MR T bLY S0
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Metamnypria

PaspaboTea wpeETHEHRIX H SROMOTHSECKH GCIOIEACHEN
TEXHOMOTHI AN8 CHIDECHNA EOHUCHTPAIHH HOHOE TRREThIX
METANIOE B CTOMHED BONAX 10 HOPMATHEHRIN 3HMCHANH ocTa-
cTCR aRTyansHM 3amaweii.

MeToie Heene B HEE

B pamxax Hay9HEIN HCCIEI0BAHHI HENOILI0EATHCE COBPE-
MiHHEIE SHATHTHYCC KRS OpHGoped:

+ HK-thypee cnerrposerp Nicolet TR200, patotaonpll &
Asanasore 3004000 ca, NpEMEHATCA ANH NP0 BICHER HH-
fipak pacH il CICETPOCROTIHH;

+ Mpocacanparomail anekrporssil smuepockon 38-125 ¢
VCEOPAHIIEM HanpRacHnes 75 kB acnoaemosanca ana me-
TATRHOMND BCCACI0BAHNA GOPA3N0E, KOTOPEI MOTOERAHCE MO
CTAHAAPTHOH MeTOTHES,

+ Omrru=ecknii sugpockon MHH-8 npascaanca nna ao-
NOIHATEAEHGH XAPAKTCPHCTHEH CHHTCIHPOBAHHEIL MATEpH-
iALEREN
* Hepusavorpaldy O-1000D {paspaboranen: F. Paolik,
I Paulik, L. Erdey, nposrzeoacTes — dopua « MO} nenons-
IOEANCH A4 TEpMWMeckoro anannia. Jasdeil sMeTon nosso-
AAN PHECHPOBATE WEMCHCHNA HHIHHCCKEN 1 TEpMOIMHTC-
cka cRdbeTh GO PAToR B IpOICCEs WY HATPERS.

PexynuTaTel B HX 0CVEIEHES

B nocnegee: BpeMA IHSSHTCORHOD BEHMAHHE YICIACTCH
HCCHEROBEHHKD OE0THTOE, MoTHGHIHPOEIHHEDN METAIIHYC-
CHHMH HAHOSSCTHIEAMEA, ¢ NETLI0 WX MOCHeTyHINETD BeToth-
IOEAHHA B ARCcoplUHOHHG-EATATHTHYCCKEN. nponeccax. Bu-
COKAA NOBCHRHGCTHAE AKTHEHOCTE TAKHY MATCPHATOE OTKpPLI-
EAET NEPCEKTHER] HY OPOMBEINLTEHEODD PHMEHEHHEA.

B nasmoil paboTe HCNOARIOBAHE! [GOMTETEL, ModHfE-
LMPOBAHHENE 300E-TCIL HAHOCTPYETYPEMH THTAHA W Ba-
HagHd., HexoQHuEMH cOCAHHCHNAME COYERNTH  aMMHEAEST-
HEl: KomIUekckl Bapaned OO H - YH] n temana
(VH o) THWSO )= HAD. [N oNTHMATANHE OpMeCca CHETE3a
VHTEHE KIHCELIE NapaseTpell pH ¢penkl, cRopocTe Mepesic-
HIMBAHRA, TCMICPETYPA H KOHUCHTPAELIHE PeareHTOR.

MogndnEalng JeoNHTa OCYINSCTRAANACE OpOITETROH &ro
pacTeopasi Eceporeas Foh (1 nnow 5 o), Tid: noux re-
Opumaol wommoznomedi (1%), ¢ mocneaywanel Tepaoodpa-
HoTeoil npa 300 *C.

ApcopuBoHEaE CcNOCODHOCTE HEIYHCHA HI  MOJEARHEN
pacTeopax Meam (CuSio-SHA0, 100 v, pH = 3,07). Hawbo-
Ne¢ BRICOKER COpDUIHOHEAR cMRocTE (300 MriT) SocTHrEYTE ¥
nearaTa, Mogadsmepoeaaaore T n Vs, a1 obsscHaeT-
CH YBETHIeHAM yIeAEROH NOBCHXHOCTRD.

SipdckTHEROCTE YeToi B §YHEIHOHHPOBIHEA A0C0H-
GCHTOR SHAMIIHPOBANGEE METOAOM TCPANYCCEOND SHATHIA C
npscHcHBICM fepiatorpafa. HecneqosaHne Tepsigeckoro
NOBCICHHA ofpatloE B NPEIela) BOsMuRBocTel Henoaky-
CMOMe oDOPYIOBAHNEE NOIBOTAAD MIPEACIHTE COCTAE TEpMH-
QECHKH AKTHRHEIX KOMIOHCHTOR, & TAKEE 0TCHCTHTE JHHAMHEY
HE HIMEHEHHA B X006 HAMPCRIHHA.

Ha ocnon: paHemx e epeHIHANEHO-TEPaIE CCRON
apanyza (DTA) YeTaHORTEHG, 9T0 COOTECTCTHYIOAS peak-
oA, oTpakeHHad #a DTA-gpeBOl, IPOTCKASET B TEMOCPATYR-
Hob gRanasone 201000 °C. Tipn iHaMEsecroM BAarpeaaHag
neoaHTa,  MomshiueaposaiEore rebprasol  Rosoososel

OKCHI0E BAHATHA W THTEHA, B WHTCpBANG Temneparyp 200-
1) “C palammaeTen NocHeORETENRHOE BEIETSHIE NETY-
yix cocanmeHil -0 u O0_, 8 armochepy (pic. 2) [pa
ToM MOAHGHIHPOESHHEN Le0ART COXPAHECT CROMD CTPYE-
TYPHYH CTa0HILHOCTE,
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Pae. I [JepHEaTorpasiva Do, Mo afuin posaaioro
rEfpH A Kosine el oRCHI0E BAHATAE i THTAHA.
Cyper 1. Banayuil sien TaTan oscngreplnin radpayri
Ky panit Soil i Mo EkaH e ERFan ReoanT
AEPHBOTOIPAMMACH.
Figure . Derivatogram of zealite modified by hybrid
compasitlon of vanadivm and tianiom oxides.

Mp# panexeiimess rpaIHeHTROM HATPeES OOpA3iE B CHCTE-
M HE HEOTHOZAETCA THIMATENRHRN TEPMHMECKRT ShfeEToR.
B mpanazone tesmeparyp 200-1000 *C TepaorpasaseTpn-
weckad (T0) EpHEas JEMOHCTPHPYET THINE HEIHITHTETRHOE
CHHECHHE MACCHL, COCTARMBINGG Beerd 3%, OcHopnod Exnan
B ITY NOTCPHY MACCE] BHOCHT COMSOBRIPERCHHOC HCIAPEHHE
THAPOKCHTLHON BOgLL, 1008 KOTopodl cocTagmAeT osons | 5%,

Mo aasdem  grddhepeHBamTsEol  TePMOTPEEHMETRIH
(DTG) HHETCHCHEHOCTE PALIOGCHAE H JCTH3AEH o0pasis
OCTACTCH Ha HikoM ypose (Tabanua 1), 9o cangeTeascTay-
T 0 BRICORDI CTIOHIEHOCTH MOARGHIEPOEIHHOND HEOTHTA B
JAHHOM TeMOSPATYPHOM THANS0HE.

B omanuie oT TepMOrpaENMeTpIMCCENX NapaKTepHCTHE
BecaeayeMen obpaton, DTA-KpHESS oI IHPOBAHEOTO
WEONHTA B JHanasoHe Tesneparyp ~200-680 “C nesmoncrpi-
PYeT BrpaseHHET sscsoTepasecknil spdwert. Eno HETCHCHE-
HOCTE HACTHIEKD BERICOKS, MTO OH JETCHAST NPOSHE TEpMEHE-
CEHE MPOLIECehl, MpOHCRo ARG B JAHHOM HHTCHBANG.

HecsoTpsd Ha 370, CTPYKTYPE KOMIOEHIMNA MoHdinpo-
BAHHOTG A0CopleHTa OCTACTCA CTAOMARHON, He NOIBEEpranch
CYHECTRCHHEIM WIMEHCHEEY B wole Harpesa. Jaemeill dakt
CEHISTEILCTEYET © Bhcorodl Tepapseckoll yorofbmescTr
MATCHHATA H eM0 NOTCHIHANE 106 OPpHMCHCHHA B YCIOBHAX
BRICOKNX TCMIICPATY p.

B Tabhamue 2 npRBeAcHE CPABHHTEMEHEIC JAHHEIC TEKCTY-
HEIX XAPAETEPHCTHE HeMoAHgHINpoERHEOND B MoaadamEpo-
BAHHLIX AJCopHeHTOR HA OCHOBE IEOIHTE ¢ HENOIEFOBAHHEM
sieToRs Bpsonepa-Iusieta-Tennepa (E3T).

N eprsin rcypraet Kasacemana Yol " 20205
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Thermagravimetric ndices of vanadinm and titoniom oxides modified by composite composition
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MocnenosaTeIEROCTE KoansecTeo HHTepEaD TCMOEEaTY
JleTyuwine KOMIOHEHTHI ] .
MOTEPH BEca noTepH Beca, B % paznmecamn, “C
Ami, HO0+00_ 1.0 20200
Am, OH+ OO, 6.3 200-325
Amy co,, 150 3125-6E0
Am, HACO,, 2.0 GR0- 1000
2 [ — 175 20— 1000
Tafrwna 2
Tewcmypihie Naprrmepue ik Modugugupoeayiose o revodugdunposairoese adoopdenmmog
Keeme 2
Modirgh kA ETaR N Weane Wodwurrnuarenbesan adcopden mmepdil BERCOm FLTSE CU RO AL EP A
Table 2
Texiure characieristics af modificd and wnmodified adsorbents
Ane - VaehHan HORCPRHOCTE, Y nsse gl?rwm mop, Cpeapmil pazsep mop,
' MET CultT HM
Capbenr | 3126 0,164 1.713
semoamdripoEanHei
Coplbenr 2
st PR HHE RCCpOrenk 3190 0,161 1714
Fo0.( 1r/nj
Coplbenr 3,
s HGHIHPOBAHHET KCEporenkn T2 0161 1.714
V15 rim)
Coplbenr 4
s HGHIHPOBAHHET KCEporenkn 1662 0154 1,712
T,
Copbenr 5
st L poBRHHE Rosmozaed 176,53 0,173 1714
T u Vi,

Cornacso nasHas Tabnuoe 2, somnd@Ealne eoddTa
KCCHOnEiesl CRCHIE BAHANHA VECTHNHESCT YICTLHYHY MOREHT-
HocTe ¢ 3190 30 3712 m¥'r, a pceporescs THTaHa (1%) — ¢
F126 no 366,72 vt Mpa smos yacnsHeE ofikes Nop HEIHAH-
TCILHG YMEHBIIACTCA, 4 CPeTHA paiuep Nop OCTACTCA K-
THHECKH HemsMeHERE. Leomar, obpatoranail kosnoamsei
Tik: 5 Falls, BesmoHcTPRpYCT HARGONLOING THAMCHAR YIEk-
HOH NOBCPXHOCTH B 00EEMA [Of, 9TO CIOCOOCTEYCT NOBEILE-
HHEO EM0 COPOIHOHHM AKTHEHOCTH.

Moposas cTpyETYpa afcopleHTa HIPACT BEHYHY POITL
B Mpolecce COpOUINHN TAHMGIMN MCTANNOE. HX HIGLITOHOE
HAKOIIEHEE MOEEET GNONHPORITE NoPLL, cHEan whderTis-
HOCTE MATCpRATa. N8 onTHManesol CIIcTRE BOJE! cpeIHNE
ARAMCTP Nop QonxcH Geme Hefonbomm, a c HT — yCToll-
YHEEM K HAKOMIEHHK MCTATI0E.

FIMCKTPOHHO-MHEEPOCKONAEYCCKRl apann: (puc. 3) BhiA-
B CIOEHYE MEGTOYPOBHEEYH CTPYETYRY ModndHuupo-
BAHHOTO [EOIHTE, BETHYAKIIYE CihepHEecEHE CorMeHTR
(20-10 B}, oObeAHACHHEIC B KNACTCPHEIC ANPCTATHL
HanosacTHnm aknucHE B HHCPTHYH MATPHIY W3 OK-
cHAa kpeMuEHa (Si0:). Tuopnanwil copbenT npegcTasni-
eT coboll cMeck AMNOTPONALY $ops BAHATHA H THTAHA &
Si0:, coveTad EPHCTALAHYECEYH H asmopdHyo §aisl BE-
coxoll JHENCPCHOCTH, 9T0 YeHTHBAET cro alcopSuHoHHR e
choficTRa.

Ha pmcyHk: 4 npeAcTaRNCHE HIOTCPME agcopbijan
EATHOHOE MedH [Ana GasoBoro HesoamfHUMpOBAHHOTO
copbeaTa (copdeHT 1) B MOIHGHOINPOEIHHEX HeOIHTOR
(copBenTil 2-5). Hz jasHmx rpad@kos BHAHO, 970 MAK-
CHMANEHAR COpOUHOHHAR CMEOCTE YECHHYHBACTCE NpH




Meramnyprus

Puc. 3. Muxpodororpadus azcoplenta uia 0CHOBe
HEQIHTA, MOTHPUUKPOBARNOIO KCEPOreILi0 OKCHIR
BAHANHA B THTANA,

Cyper 3. Banaanil vuras okenil eeporeismen
soanduraunsanran neoant werizingeri agcopdenrrin
Mukpocyperi.

Figure 3. Microphotograph of the adsorbent based on
zeolite modified with vanadium and titanium oxide

xerogel.

ACPEXOAC OT HCXOMHOIO MArcprani K MoauduHpOBaH-
HEIM o0paszuam.

Tak, aax Gazomoro peonura (copbenr 1) MaxcHmaThHas
COPOUMOHHAR EMKOCTE cocTanageT npusmepao 220 uo'r. B 1o
we gpems, sanbonsutee 3naerne (300 mr/r) naGuoaacrces
y ueoanra, Motnduimposannore komnosuieit 710: u V0
(copbesr 5).

Cpassureassnil ananns copbunonnoll cnocobuoctn e-
QAHTOR, MOIHGHUHPOBAHHEIX HAHOCOCINHCHHAME BAHATHN,
THTaHa ¥ AxX reOpmoll KoMmnosmupell, MOKaIKBACT, 9TO
HAHOONLINEE KOUHMCCTBO ROHOB ME/IH H3 PacTsopa NOrionE-
ercs copbertom, copepaxanus Ti0: n V:04. D10 caszano ¢
YECIAHUCHHEM YICARHOH NOBCPXHOCTH JAHHOTO MATCPHATA
1O CPABHEHIO ¢ 00paznaMu, MOIRPHUHMPOBAHHEIME TOILKO
BaHaMeM 1w TuTasosM (Tabionna 2). Taxus obpasos. Mo-
Anduxanma neonwra mbpuasoll komnozuuneit Ti0: u V0
obecneunsaet Gonee BRICOKYIO COpOUMOHEYIO AXTHEHOCTS 1O
OTHOINCHIIO K KATHOHAM METH.

Hzorcpmel copOunn, NOAyHCHHRIC B PeIyARTare HeCaeao-
BAHHA MOACTLHOIO PACTEOPAE MM, HI PATIHYHLIX copOenTax
OTARMAOTCR ApYT OT apyra. To ecrh Gonee BRICOKHE AAHHBIC
ANR Opolecea cOpOIMN KATHOHOB MCAR M3 MOJCILHOID pPac-
IBOPA NO CTCNCHH OYMCTXH NOAYHCHB HA HCONHTE MOAHGH-
HHPOEIHHOTO B BHAC KCCPOTC/A BIHATHA M THYAHA, 8 Max-
CHMATLHAS ACOpOUNS — HE MOARGHUHPOBIHHOM HCOTHTE B
giie rGpryoil xosmoas (Tadumua 3).

H3 X JaHHsIxX caeayer, 4o MoandHimposaHieil neo-
AHT B BIAC THOPHIHON KOMIOZHINN THTAHA 1 B3HATHE Npax-
THHCCKH HE CHIGKACT COpOIHOHNYIO CMROCTS 110 OTHOLICHNIO
K MeAN (10 CPaBHCHHIO ¢ HIy9acMuimMn obpasnasm cMmecedl
METALI0B).

Taxum o0pazos, HE OCHOBAHNN NOAYHCHHBIX IKCOCPI-
MCHTANBHEIX JAHHEX MOKHO JAKINYNTL, 9T0 paspaborana
CCPHA UCONTCOACPKANMX COPOCHTOR, HMCIOUINX KPRCTAN-
AHYCCKYIO CTPYKTYPY, NOROOHY0 CTPYRTYPC NPHPOIHEIX HEo-
auTos. CHHTCIHPOBAHNEIC AACOPOCHTLL, MOTPULIIPOBAHHLIC
rOpiraHol KoMDOsHIHeH BAHAXHA W THTAHA, MOIYT OHTE

Puc. 4. Hzorepmus aacopbunn KarHosos Mean u3
MOACALHEIX pacTropos Ha copbenvax: [ - dasoswi (ne
smoouduyuposanusit) yeavom, 2 — wodudriuposar

Keepoletes sanaour (1 2a); 3 — wooughunuposanuei

Keepoletes aanaour (3 &), 4 - mooughuyuposannen
QuoxCrdOon pumana, 5 — sodugruguposansa uGpronot

KOMNOTUNNER BANANA 1 MUMARG.

Cyper 4. Copbenrrepaer] moneanai epivinabrepain
MBIC KATHORAAPLINEI AACOPTIISLILIK HIOTePMATAPRL
I — neaizat (voouhunapeirantosar) yeosum, 2

Keepaceriven modugniayusrancan (123); 3 — sanaous
KcepoveIsiven vodudurayuriansan (3 23); 4 — munas
OuoRcudiven wooudunaiaransan, 5 — eanaout men
MUNTEHHBIY SUOPUOIT KYPRMBAER MOORBUKUYUR NN,
Figure 4. Adsorption isotherms of copper cations from
the model solutions on sorbents solutions on sorbents:

1 — basic (not modified) zealite; 2 — modified with vanadium
xerogel (Igh); 3 — modified with vanadium xerogel (3 g/1),
¥ — modified with ttanium dioxide; 5 - modified with hybrid
composition of vanadium and ritanium

aanadi

Tadanya 3
Pezyaomamm onpedenenus copdunu Modudhuuup HMX
OGPaHOE MO ONMNOIMENUN K Medu
Kecme 3

Moougmrayusranzan ya2irepoin MaICKR Kambicnibl
COPOUNACHN aHBIKMAaY Hamuxcetrepl

Table 3
Results of sorption of modified samples towards copper
Copbenra 1 2 3 4 5
Copbunonnas
emxocTs K Cu. 132 164 200 250 300
M

phexTHEHR NpH OMECTKE NPOMBHIICHHBIX BOJ, COICp&a-
ILHX 8 OCHOBHOM IBCTHLIC MCTALIR,

Brisoaw

1. Hposeden MayuHO-unghopMauonssii anames npuop-
MMEMMBIX HONPARYENUE ONUCIRKL HPOMBULTENNENY CIONRBX
S00 O MAMCEBIX UBETHBLX MEMARIOE C NCNATLIVEANUEM PQ3-
AUYRBX NPUPOIHNX Coplyuonnmx samepuaios. i nods-
LUENIA NINDEKMUEHOCIRI OUUCIRKIL CIIONKALX 800 HPEOROIM -
MMETBHO UCROILIOEANIE MOOMPURLPOEANNEX QOCOPBERMOs &
xondunanun 0syx wwe HOIEe MEMALIOs.
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