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OcHoOBHaA 9acTh. O49HCTKA CTOYHBIX BOI HeoOXOIHMMa 1A NpeJoTBpalleHHA
HEXBAaTKH BOJEl . [IpOMBININEHHOCTh MNPEINpPHATHA MOJOHOK BOIEI OHHCTKA
copOeHTaMH — 3KONOTHYeCKH M 3KOHOMMYecKH yaoOHseNi Mmetond. [l]. CopbeHTEI
00BIIHO CHHTETHHYECKHII H eCcTeCTBeHHEII MOIHMEpHEl CHOBa padoTa depe3 B3ATO .
EcTecTBeHHBIII HANPacHO TPaTHTh MOMHMEPH Ha OCHOBE cOpOeHTa BaKHBIH HMeTh
Apaxic Imenyxa , puc Ienyxa , KVKypy2a Kopa , 0aMOvK , abaka TakoH Kak MHOTO
HANpacHO TPaTWTh MOTHMEepEl HAa OCHOBE COpPOEHTE! MONYHYEHHEIN M3 MHTepaTypEl
u3eecTHO [2.3]. PacTeHHe BOJIOKOH OCHOBHOH  XHMHYecKHI KOMIO3HIHA
TUTHOLE/MI0N02a ( IeNIrIo2d, TeMHIeNToNo3a H JHTHHH ) . KOMIIOHEHTOB
KOTHYeCTBO BONOKHO THI 3aBHCEeTh Apaxuc [eIoiIoza MOIH(HKAINA Hepes
copOeHTE! B3ATRIN Ipyrol HOHOB IMOTaHHe H3aydan [4]. Apaxuc cyutaercs OOIbIION
IKOHOMMYEeCKHII JemieBElii pacTeHHeM. [IpOMEIIIIEHHOCTE THITEl B COOTBETCTBHH C H3
HHX BBIXOJ] HAMIPACHO TPATHTh B BOJAX TAKHe KaK MBIIBAK (As), kaaMui (Cd), Mens
(Cu), xpoMm (Cr), xeneso (Fe), cearen (Pb), pryte (Hg), HEKens (Ni) Ipyroil Jpyroi

AIOBUTHIH MeTallls] IPHCYICTBHE ONpedeleHHbII . BOT no4eMy 171 HOBBIH , BRICOKHH
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copOIMA XapakTepHCTHKA KOMIIOZHTHEIH MaTepHalbl CHHIE3 [OelaTh OONBIIOH
[IpaKTHYHEIH BaA&HEI AMeTh Apaxic Kopa ( ApaxHc IrHIores ) OTX0IbI KaK OCTARIATH
OTIIpABIIAETCA. DKOHOMHYHEI ¢ TOYKH 3peHHSA JeHISBBIH 910 3T0 OBLIO 1A apaxuc
TTasTh aacopbeHT Ha ocHOBe PN-Fe; 4 ciHTes caenaHo Apaxuc 4o kKopel Fe;O4 ToT BXog
gepe3 YacTHIIEI U3 pelleHnA MeTHneH TakoH Kak CHHTISTHISCKUH Kpacku cHHMi (MB).
Gpath GpOCHTH B KadecTBe agcopOeHTa 11d HeMomb3yeTed [5]. ABTOpH! K apaxuc Cu’™
Kope! 1 Cr’” HOHOB I7I0TaHHe APYToii HCXOOHEI yeaosus pH, Temmeparypa, GuoMacca
KOHIIEHTpalusa | copOIia BpeMsA HCClIeIoBaTh CaenaHo [6].

10T Ha padoTe HaAmpacHO TPaTHIb MNPOAYKT apaxHc XecTKHH Jadrb B
HeTroa03y docdar KHcIoTa depes TepMudecKnil 00paboTka JaTe OVTh MOTVIHTH
copOeHT C HaNOpaBICHHBIH HBIAETCA MECTHBIM HANpPacHO TPaTHTIb H3 CHIPhA
HCTIONB30BAN BaKHEI BaAKHBIH HMETh

MatepHaasl H MeToObl. 718 NPHTOTOBJIE€HHH COpPOEHTa HCIOJIL30BAIH
TAKHE pPeareHTHl , Kak ckopnyna apaxmca . H;POy «xta», NaOH, pactBop HCI 36%,
CuSOs -5H;O «x9». MHHH-aBTOKIAB, CYIIIIEHEN mMKad ( Cyuuisuslil wxag, Cvxoi
3aKpeimblil ), TepMocTaT, B mpomecce cOpOIH HCIIONB30BATH MY(QETBHVIO Medb
(Kukje scien Cio., LTD), V®-cnexrpootomerp (SHIMADZU-1800), TeMIepaTypy
1200 °C. CocTaB H CIPYKTypa KOMIIOZHIIHOHHOTO MaTepHana. IIOIy9IeHHOI 0 Ha OCHOBE
CKODIIVIIBl apaxiica, M3V4eHsl ¢ IIOMOIIBI0 POM, peHITeHOCIPYKTYPHOTO aHATH3a H
(OM2HKO-XUMHYECKHX METOIOR, TAKIX KaK 3/IeMeHTHEIH aHaIH3.

PezviabTaThI H 00cy:RIeHHe. CTaTHdecKad oOMeHHasA eMKocTh (COE) ABnsetcs
BaKHEHIINM CBOICTBOM KOMIIO3HIIMOHHOTO MaTepHana A7 HCIOIb30BAHMA €0 LI
U3RIE€YeHUs Pa2IUYHEIX BellleCTE W MOHOB U3 pacTBOpoR. [lo3ToMmy olpeneneHue
ONTHMATBHEIX VCIOBHH [eiicTBHA OpTOoQoOCc(OpHON KHCIOTH Ha IEIUIHI03Y,
JKCTPardpoOBAHHYIO U2 CKOPIIVIIEI apaxHca, ORUIo BEIOpaHO Mexond u3 3HadeHus COE
11 NaOH. TpeOyerca H3Y4UTE BIHSHHEE TeMIepaTypel Ha BEIXO KOMIIOZHITHOHHOTO
MarepHana. I[Io3TOMY CMech, COIepAallylo (Qoc(OpHVID KHCIOTY B MACCOBOM
COOTHOIIEHHH 1:1.5 K [enmrono3e apaxucoBOH IMIENTYXH, HATPEBalIH B 3aKPEITOM
cHCcTeMe B aTMocdepe a30Ta B HHIepBade Temmeparvp 100-900 °C Ilony4eHHEIE

pe3yIsTaThl IpeIcTaBIeHE] Ha pPHCYHKe 1 HITKe.
b3



2.8 2.4

[
= 2.3
-
. 1.8 23
=
= 1.3 1.3
=)
o 0.8
0.3
0.3
200 300 400 500 600 700 800 900
T, °C

PHC}’HGK 1. A[IEIII[E JKECTKHH J1afiTh Ha OCHOBe NOJIYVIEHHOT O SHA'TCHHAH

COE copdeHTa cHCTeMa J0 TEMIOEPATYPhI 3aBHCHMOCTS.

Kak BHIHO HAa PpHCYHKe 1 BEINE. KaK TeMIEpaTypa VBeIHYHBATL C
cooTBeTcTReHHO 3HadeHue COE copOeHTa yBelIMYHBATE 2aMeTun. B 3ToM mpoliecce
(boctop OKCHIEL, TeTydHe BellleCTBa, BOJA OTISNBHEIH 9TO 3TO BEIIUIO KaK PE3VIbIAT
OBITH MOKET pOLeCcca IPON0ILKATE ToCcTHTaTh T.e. COE cHuKaeTcd IIpH TeMIlepaType
900 °C zaMeTHI. 3TOT IEIII0I03a COOEPIKANC VIIEPOI-YIIEPod CAOEl NPEPRIBAHHE
KAK pe3vIbTaT NOPHCTEI CTPYKTYP HApVIIeHHe 33 c4eT ObITh MoXKeT 3HadeHue COE
mpu Temmeparype 650 °C caMblli BEICOKHH YTO 3TO BRINIIO OOVITTHBaHHE peakiludg
BBICOKHI YpOBeHBb HIOH, LIeNNHI03a Ha OCHOBe IOpHCTHIH IIpenmonaraeTcs, 4TO

NONIy9eH CTPYKIYPHPORAHHEI aicopOeHT. JeIaTh MOKeT

BIIMTHIBAIOIIETO MOBEPXHOCTH MOBEPXHOCTh 00ydeHHe ama COM - aHamiza
aHaTH3 OblT H3ydeH. COM Metox MukpodoTorpadii H KapTa 37eMeHTOB Ha PHCYHKE

2 HIDKe JaHHBI .
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PHCYHOK 2. Apaxuc 10 Kopbl pocdaT KHCIBIH ¢ TepMAYeCKHAR 00padoTKa 1aTh
COM- mopdo1oras NPOIYVKTa H KAPTa 3JIEeMEHTOB .

Ha ¢doto 2 Bpllle — apaxuc. LEI0I03a H OT Hero ImomydeHHBH C3OM-
MukpodoTorpadun copdeHTOR TaHHBN . ECTECTBeHHEIH apaxuc LEeIoI03a OIHH
Opyrofl NOBEepPXHOCTE IOV TAKKe B3aHMHO JKeCTKUH M KOMMAKTHEIH BOJOKHA C
nonkmodgeH . [TonydeHHEI B MaTepHaie IBIPOK CVIIECTBOBaHHE KapOOHH3alMg W3
Ipoliecca NPHXOINTh BEIXOO K [pedblIyIIeMy OTHOCHTEIBHO OIHMH IOPYIOH II0
pazMepy MHOTO KPVIVIEIH WIH OBAIbHEIE TIOPEl C XOPOLIHI pa3BUTIEII DIeMeHTEl B
pacOopocTpaHeHHH ToKa (Qocdop 37IeMEeHT OYeBHIHEIN BHIMMENL H OH COCTABRHOH K
MaTepHaly NoCIeI0BaTeIEHOCTE B IPeI0CTARISHHH YI4CTHE JOCTaTOYHO

I12 3TO0rO KpOoMe NOonydeHHEIH 00pa3a XUMHdecKHil coJepxaHue obydeHue 17
peHITeHOBCcKoro (EDX) aHanHza mOmy<Hn

PHCYHOK 3. Apaxmc Oe/ 1101034 ( 4) H N0oTy9eHHbIH MaTepHa. (0)

Pentrenoecknil (EDX) anaans .
BrIie apaxHc Ha PHCYHKe 3 JKEeCTKHH KOpBI HCXOIHEIN HmocMOTpHTE Ha 50%
atom C Ha puc. 3a. 7 15% atoma O COOTBETCTBEHHO B HATHIHH , IOIYIHT copOeHTa

Ha puc. 30 B aHaTH3e 3HEPrOOHCTIEPCHORHOTO crekTpa (EDX ) mokazaHO JaHHBIE HA
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0CHOBe comepxHT 33% P, 18% C. 35% atoMor O 910 €cTh HCXOIHBEIH MpoDoBaTh
OTHOCHTETRHO MEKITY MONVHeHHEIM MaTepHATOM pazHHIIA 3HAYWTENIbHEI VDOBEHB
9T0 OHO YMEHBIIHNOCh. JlapaiiTe MOCMOTpHMM, MoikeI, Harpelite Kak pe3yibrat
VI Iepod KOIH9eCTBO OTHOCHTEIBHO YMEHBIIHIOCH coaep:KaHue kucaoponaa 1 H;PO;
KHCIOpOJ 3a c9eT HOBBICHICA OBLT MOMOH pemHMocTH. H 310 copdeHTa NOPHCTOCTH
pacimpesne H copOnHa cOOCTBEHHOCTH YBEIHIHBATh OpaTh NpHIIEN.

TTomygeHHH copbeHTa copOumg cBoiicTBo o0ydeHne a1a Cu’ HOHBI XpaHHTCH
HCKYCCTBEHHEIH B pPellleHHAX CTaTHHeCKHI B JaHHBIX 00CTOATENhCTBAX OBLT H3YdeH.
Pemenne nmoarotoeka U3 CuSOy - 5H>O 114 HeoOX0IMMEIH B MAacCe aHATHTHYECKHH Ha
Becax Mepa OpaTh KOHHYecKHi B K00y OBIT MOCTaBlIeH H OHCTH/ITHPOBAaHHEIH BOJA
3a1Th 250 M1 0,1 M pacTBopa roTOBBIH MOTYyS AHaTHTHHecKHH 0,5 T copOeHTa Ha
Becax Mepa B3fTo 50 M1 Cu *™ HOHBI XpaHHICH B pacTBOpe OIMH B JeHb ymen He
pacTBOpAlcA MCXOIHBIH H CIeIVIONINH KOHIEHTpalHH Y®- CIeKTPOoCKOIIA MeTOI ¢
HCIIOIBE30BaHHEM Ompenensinoch (Cu ** HOHOB BOHA AMHHA $10 HM pPaBHEII ).

A=le goC

B 3T0M ciIydae A gBIAETCA ONTHYSCKHM. IUNIOTHOCTE, £- BOMTHA UTHHA, 1I- KIOBETa
amuHa , C- pellleHHs KOPeHHOil 3y0 KOHIIEHTPAaIlus .

Tlony4eHHEI K pe3yinsTaTy B COOTBETCTBHH C apaxic JasfTk Ha OCHOBE
mony<ennsni Honst Cu *~ copbenta acopOums coctaBmser 237,7 MT / T. PaBHEIH TOT
(baKT, 9T0 OBLT MOJOH PENIMMOCTH . 3TOT Pe3VIbTaThl METAI HOHOB €CTECTBEHHEIH
HANpacHO TPAaTHTh apaXHC TadTh Ha OCHOBE MOTYYeHHENI K cOpOeHTY IOpPHI 3a CHeT OT

IIPOT MATEIBAHHA HOKA34TEIECTED J4Th.

3akmodenne. 113 3T0r0 3aKmOdeHHe BOT H BCE apaxic 1aflk HA OCHOBe
MOIYSeHHEI copOeHT B BOOe MeTALT HOHEI B VOOpPKe JaeT BrICOKHIT 3ddekT. Takke
apaxyuc JadTk NOTYHIHTE cOpOeHT Ha OCHOBE MpHeMIeMEBNI VCIOBMA HailaH, HX
XHMHY9ECKHI CIpyKTypa OH3udecKHe M XHMHYeCKHe METOJBl ¢ ONpedenHIs H
copOeHTa XapaKTepHCTHKH yIyqIIaTh MHOTOOOSMAONMIHI COPOSHTEI ThI AeNaTh OJIHH

HAllpaRIcHIC OBITH MOKET
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