MWUHWUCTEPCTBO HAYKM U BbICLLEFO OEPA30BAHWS POCCUMCKON dELEPALIAN

®EAEPAJTIbHOE TOCYJAPCTBEHHOE BIOIXXETHOE OBPA3OBATEJTIbHOE
YYPEXXEHUME BbICLLEIO OBPA30OBAHNA

«[JOHCKOW rOCYOAPCTBEHHbIM TEXHUYECKUIA YHUBEPCUTET»
arry)

Kadenpa «Xumums»

MonyuyeHune nupocdopHbLIX NOPOLUKOB METAJIJIOB METOAOM
TEPMMUUYECKOIro pPa3/iIoKEHUs U U3yUEeHUE UX CBOICTB

MeToanyeckune yKasaHus K BbINOSHEHUIO 1abopaTopHOi paboTsl

Poctos-Ha-[loHy
2023



CoctaButenu A-p TexH. Hayk, npod., B. O. bypnakoBa, KaHA. TEeXH. Hayk,
oou., E. I'. 3apgoweHko

YAK 621.3+539.2+542

MonyyeHne NMMpoOpHBLIX MOPOLIKOB METanoB METOAOM TEPMUYECKOro pas-
TOXEHWSI U U3y4YeHUEe UX CBOWCTB: MeToA. yKasaHusi K BbINOSIHEHUIO nabopa-
TOpHOW paboTbl. PocToB-Ha-[loHy: U3aaTenbckmii ueHTp. 2013. — 8 c.

MeyaTaeTcs MO peLeHN0 METOAMYECKONM KOMUCCUM cbaKyfbTeTa
"BMOVHXXEHEPUS U BETEPMHApHas MeamuuHa'.

© B.2. bypnakosa, E.I. 3agoweHko, 2023
© W3paTtenbckuin ueHtp ArTY, 2023



Ona nonyyeHns camoBOCnIaMeHsIOWMNXCS («NUPodOpHbIX») Mo-
POLLKOB >Xefe3a U HEKOTOPbIX APYrux MeTannos (kobanbTa, HUKENs) npu-
MEHSIETCA TepMMYecKoe pasfiokeHue conu LL|aBeNeBomn, MMOHHOM
nnm MypaBbWHOM KWCNOTbl COOTBETCTBYIOLLEro MeTansna. TOHKue no-
POLIKM METaNNoB MUCMONb3YIOT AN YMEHbLUEHUS MOPUCTOCTM NpU Cneka-
HWUM cMecn (LMXTbl) B MOPOLUKOBOM METasulyprim, a Takxe A/l U3roTtosse-
HWUS MaTepuanoB C YHUKaNbHbIMUM CBOWCTBaMM. Ha OocHoBe Bblcokoaumcnepc-
HbIX MeTannyeckmx MOPOLLKOB N3roTaBAMBalOT MeTannnyeckme
GuUnbTpbI, KaTanM3aTopbl (HanpuMep, NMOPOLWWOK  HUKens - KaTtanusatop
rMApPUPOBaHMS OpraHMYecKux BeLecTB), MeMbpaHbl Ans TOMAMBHBIX 3re-
MEHTOB, CaMOCMa3sblBalolmecs MaTepuansl (TBepaas CMaska, Harnpumep,
rpaduT, cynbduapl, ceneHnapl, 3aKayeHa B nopax camoro usgenus) u noa-
LUMMHWKN CKOJTBXXEHUS,

CpefHuit pa3Mep YacTvil, NOpOLLIKOO6Pa3HOro Xenesa okosio 5-10 MM.
X orpoMHasi NoBepXHOCTb COMPUKOCHOBEHMS C BO3AYXOM PE3KO MOBbILAET
CKOPOCTb OKUCNEHNS enesa. [pn 3TOM BblAENseTcs Tenno U NnopoLioK BOC-
niaMeHseTcs.

Lenb paboTbl: nonyyeHne nMpodOpHbIX MOPOLIKOB METanN0B Me-
TOAOM TEPMUYECKOrO Pa3fIOXKEHUS U U3yUYEHME UX CBOWCTB.

MaTtepuansl n obopyaoBaHume: Lltate ¢ npobupkamm 1 nogo-
6paHHble K HAM pe3vHoBble  Npobku,  npobupkogepxatenb WK WTa-
THB, CMUPTOBKA, 3NEKTPON/INTKA, XMMUYECKUI CTaKaH, BOPOHKa, GWUsb-
TpoBanbHas Oymara, BaTa, orHeynopHasi MOACTaBKa, LUMPOKasl CTEeK/sH-
Has Tpybka, Oonblas dapdopoBas Yawka, Yawka leTpn, cTeknsHHas
nasnodyka, BOpPOHKa bioxHepa ans GuabTpoBaHWsl, NpeaMeTHOe WM YacoBOe
CTEK/0, MarHuT, yCTaHoBKa ANs (GubTPOBaHMS, COCTOALAS U3 WTaTMea C
KOSIbLIOM M BOPOHKW, NMMOHHAs Kkucnota, 1 M cynbdat xenesza (II)
FeS047H,0, Menkue xenesHble CTPYXKM uanm  onwunky, 1 M okcanat am-
mMoHust  (NH4)2C04) wnu  [apyrovi pacTBOpwMbIA B Bone okcanat (HaTpusi,
kanusa), 1 M cynbdat Hukens NiSOs, MypaBbuHas kucnota, 1 M copa (kapbo-
HaT Hatpusa), 1 M pacTtBop HuTpaTa cepebpa, 1 M pactBop xnopuaga 6apws,
KOHLIEHTPMPOBaHHble pacTBOpbI: Xopuaa KobanbTa, Xopnaa MapraHua, Cyfb-
data Meau, LWaBeneBoOW KUCIOTbI; MEPOKCMA BOAOPOAR, AUCTUNIMPOBaHHAs
BOJa.

SKcnepuMeHTasibHas 4acTb
OnbiT 1. NMonyyeHne NUMpoOpPHOro MOPOLLUKA XeJsie3a M3 OKcasjaTa
wene3a. K 30 mn 1 M pactBopa FeSO; B xuMmueckoM ctakaHe Ha 100 mn
nobasnstoT 30 MN pacTBopa oOKcanaTa aMMOHMS. BbiMagaeT NMMOHHO-KENTbIN
0CafloK OKcanaTa xenesa.
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Ocafok oTunbTPoBLIBAKOT, GUILTP NOMeLWatoT B Yalky lMNetpu unn dap-
(OpOBYIO YaLLKY M BbICYLUMBAIOT B CYLUMSIBHOM LWKady.

Cyxol NopoLIOK OkcanaTa >kenesa 3achinatoT B Npobupky Ha 1/4 ee
obbemMa M MpoKanuBaloT, AepXXa €e B MN/aMeHW CNMPTOBKM C HebonblUMM
HaK/IOHOM B CTOPOHY OTBepCTUs. MpokanunBaHue BeayT NpuU yMEPEHHOM
TeMmnepatype (150-200 €C). Kannu Boabl CHAMAIOT CO CTEHOK NPO6UPKK BaToM
WK TPyBOUKOi, CBEPHYTON U3 (bMNIbTPOBanbHOM ByMari. Kak TobKO JIMMOHHO-
XKENTbIN MOPOLLOK MOYEPHEET, HarpeBaHMe NpeKpaLLaloT, a NPobUpKy 3aKpbiBa-
10T NPOBKOW.

Ewe Tennoe coagepxunmoe npobupku (He Bcelll) akkypaTHO BbICbINaloT
C HEKOTOpOWN BLICOTHI B LUMPOKYIO chapdopoByto Yaliky. UTo Habniogaercs?
HanuwuTe ypaBHEHUS BCEX MPOTEKAIOLWMX pPeaKLWil.

OnbiT 2. MonyyeHne NupodOPHOro NOPOLLKA KeJsie3a U3 LuTpaTta xe-
nesa. B crtakaHumk Ha 50 mMn BHocAT 10 MA KOHUEHTPUPOBAHHOIO BOAHOMO
pacTBopa JIMMOHHOW KWUCIOTbl M HEBOMbLUMMM MOPUMAMKU A06aBNSIIOT MESIKMe
)KEeNe3Hble OMNWIIKK, CMECb HarpeBaloT Ha 3NEKTPUYECKON MANTKE, NMOMeLIMBas.
Mpn 3TOM XXene3o XUMMYEeCKn pacTBOPSIETCS, Bblaensis BogopoA. lNpuseanTe
YpaBHEHWE peakumi

PactBop umtpata xene3a (II) nepenneatoT B hapdopoByLO YallKy, ynapusatoT
[0 Hayana Kpwuctannmsaumm conn B hapdopoBOi Yallke, OXIaXAaoT, 3aTeM
BbIMaBLUME KPACHO-KOPUYHEBbBIE KPUCTas/ibl OTUIBTPOBbLIBAOT M CyliaT B Cy-
LWUKSIbHOM WKady.

Cyxoi MOpOLIOK LMTpaTa Xene3a 3achinatoT B Npobupky Ha 1/4 ee
obbemMa M MpoKanuBaloT, AepXa ee B MJaMeHu CnNUpTOBKM C HebonblwnM
HaKNOHOM B CTOPOHY OTBepCTMs. B xoae pasnoxxeHust Bogy y4anstoT, Kak
ONMcaHo Bbiwe. Peakumst TepMuyeckoro pasnoxxeHuns Fes(CsHsO;), conposoxaa-
€TCcs BblAeneHneM MoHookcuaa yrnepoga CO u yrnepoga. MNpueeanTe ypaBHe-
HWSI BCEX MPOTEKAOLLMX peaKLmii
OnbiT 3. MonyyeHMe HaHOpPa3MEpHOro nNOpPOLUKA HUKeNnss U3
dopmuata Hukens. [ns nosyyeHUss HUKENs B MeNIKOAUCMEPCHOW
dopme ncnonb3yT dopmmat Hukens(Il) . MockonbKy HUKeNb NA0X0 pPacTBo-
pSIETCA B OpPraHnYyecKux Kucnotax, gopmuat Hukens yaobHo nonyyatb no pe-
aKuun obmeHa.

[ns ocaxaeHWst XenToBaTo-3eNeHoro kapboHaTta Hukens k- 15 mn
pacTtBopa cynbdaTta HUKENS B CTEKNSHHOM CTakaHuMke aobaBnstoT cogy mnm 15
M/ ee KOHLEHTPMPOBAHHOrO BOAHOMO pacTeopa. Mpu B3anMoAeicTBMM C BOAOM
(rmpponus) kapboHaT HUKeNs YaCcTUYHO NePexoauT B MMAPOKCUA HUKENS.



Ocapnok 6bICTpo OThUNLTPOBLIBAOT, NEPEHOCAT B (hapdopoBYHO YaLlKy
W pacTBOPSIIOT €ro Npu HarpeBaHWKM Ha 3/1IEKTPOMINTKE B MypaBbMHOW KUC-
note (OctopoxHo! MNMopg Tarou!).

Mpun 3TOM BbIAENAETCS YINEKUC/BIA Fa3 U 0bpa3yeTca  3eN1eHoBa-
Tl pactBop  dopmmata  Hukensa Ni(HCOO),. 2H,0, koTopsblii KpucTan-
JIM3yeTCs NPy OCTOPOXXHOM ynapuBaHuM pacteopa. Kpuctanibl BbiCylIMBaoT
B CYWW/IbHOM wWKady, nepeHocsT B MNpobuMpKy M MNpoKanueakloT npwu
Temnepatype 260 °C, aepxa npobupKy B MiaMeHW CMMPTOBKN WK Had 3neK-
TPOMIUTKON C HEDOMbLIMM HaKMOHOM B CTOPOHY OTBEpCTUs. B xoae pas-
JIOXKEHWSI BOAY YAANSIOT, Kak OMMCaHo Bbilwe. Kak TONbKO CBET/O-3eMeHbIN MO-
POLLIOK MOYEPHEET, HarpeBaHMe NPeKpaLLatoT, a NPOBMPKY 3aKpbIBatOT NPOGKON.
OnbIT 4. MNonyyeHne HaHOpa3MepHOro NopoLwika kobanbta U3 okcana-
Ta kobanbTa. s nonydyeHus kobanbTa B MenkoaucrnepcHow gopme
ncnonb3ytoT okcanat kobanbta(ll) CoC,04. 2H,0 (po30BO-KpacHblE KpuCTan-
Nbl, pasnaratotcs okono 200°C). Okcanat kobanbTa MoMyyaoT CMeLIMBaHWEM
KOHLIEHTPMPOBAHHLIX FOPSYMX PacTBOPOB x/lopuaa kobanbTa ¢ nosyTopakpat-
HbIM PacTBOPOM LLABENEBOM KWUCNOTbI MM OKcanaTta aMMoHus. locne Bbina-
AeHnsa ocagok oTdunbTpOBbLIBAOT Ha BOPOHKe bioxHepa, mMpoMbiBaloT
BOAOWM A0 OTpUUATENbHOWN peakuun Ha Xxnopua-uoHsl (Npoba c HUTpaT-
oM cepebpa) v BbICYLWIMBAOT B CylWwunbHOM wkady npu 50-60°C. Mpo-
KanmBaHuWe ocajka NpoBOAST aHanornyHoiM 06pa3oM, Kak v nMpokanu-
BaHWe okcanaTta xene3a. (CM. onbiT N21).
OnbIT 5. MonyyeHne HaHOpa3MEpPHOro NOpoLWKa MapraHua M3 OKca-
nata Mmapradua. OkcanaT MapraHua nony4valT CAMBaHWEM TrOpsYMX
KOHLIEHTPMPOBaHHbIX PacTBOpPOB, cogepxawmx 10 r xnopuga mapraHua
M NONYyTOPaKpPaTHbLIN M36bITOK OT CTEXMOMETPUWN LLABENEBON KUCMOTHI
(nnn okcanata amMmoHusa). Ocapok obpasyetcsa cnycta 3-5 MUHYT no-
cne cnuBaHua. Bce nocneaylowme onepauumn € ocagkom: punbTpoBa-
HMe, NpoMblBaHWe, BbiCYylUMBAHWE W MpoKanuBaHWe MNPOBOAAT aHano-
rMYyHbiM 06pa3oM, Kak npu nonydeHun okcanata kobanbta (CM. onbiT
No4).
OnbIT 6. NMonyyeHne HaHOpa3MepHOro MOpoluKa MeAM U3 OKcasaTa
meaun. OkcanaTt Mean Noay4valT CMBaHWEM FOpPSYMX KOHLLEHTPUPOBaH-
HbIX pacTBOpOB, coaepxawmx 10 r cynbdata Meam 1 NoayTopakpaTHbIN
M36bITOK OT CTEXMOMETPUM LABENEBON KUCNOTbI (MM OKcanaTta aMMo-
Husa). Ocagok obpasyetcs cnycts 3-5 MUHYT nocne cnuBaHus. MNocne
BbliNaJeHns1 0CaAoK OT@MUIbTPOBbLIBAIOT Ha BOpOHKe bioxHepa, MpoMbl-
BalOT BOAOW A0 OTpuUATENbHOW peakuumu Ha CynbdaT-uoHbl (nNpoba c
Xnopuaom 6apus) v BbiCYyWIMBAOT B CywWwubHOM wkady npu 50-60°C.
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MpokanuBaHWe ocagka NMPOBOAAT aHaNOrM4yHbIM 06pa3oM, Kak

M NpokanuBaHue okcanata xenesda (CM. onbiT N21).
OnbIT 7. UccnepoBaHue CBOCTB NMPOGOPHbIX METaNOoB. a) K pacTBo-
py nepokcuaa Boaopoaa Ao6aBnsoT HEMHOrO MOMYYEHHOrO TOHKOAUCMEPCHOMO
nopoLlka Metanna. Yto HabnopaeTcs? B kakOM KayecTBe MPUCYTCTBYET TOH-
KOAMCMEPCHBIN MeTan B peakumu? Hanuwute ypaBHEHWE MpoTekaroLen pe-
aKkumm.

6) HacbinaloT HEMHOMO MOMYYEHHbIX B OMblTax 1-4 HaHOPA3MEPHbIX
NOPOLLKOB MeTanoB Ha dbunbTpoBanbHyto Bymary, NOAHOCAT CHU3Y K duib-
Tpam c BewectBamu (onbiTbl NeN21-4) 6pycok MOCTOSIHHOrO MarHWTa U nepe-
MeLalT ero Baonb GyMmarn. Uto Habniogaetca? CaenaiiTe BbiBOA O CBOWA-
CTBax MOMy4YeHHbIX METAN/IOB.

OnbiT 8. OnpepeneHve pasMepa 4YacTul MEeTOAOM ceAUMEH-
TauuMoHHOro aHanusa. OnpeaenslOT pa3Mep 4YacTuu, MOMyYeHHbIX Mpu
NpOBeAEHUN [aHHOW NlabopaTopHON paboTbl, METOAOM CeAMMEHTALMOHHOrO
aHanu3a. Ha ocHoBe pe3ynbTaToB CeAMMEHTALMOHHOrO aHanusa CTposiT ru-
CTorpamMMy B KOOpAMHATax «pasMep 4acTuu-NpOLEHTHOE coAepXaHue» ans
BCEX MOJSIyYeHHbIX HaHoYacTuUL MeTanna, npuMep ructorpaMmsl nNpeacTasieH
HWXe Ha puc. 1. Ha ocHoBe rucTorpamMmmbl AenatoT BbIBOA O pa3Mepe HaHo4a-
CTUL, METAN/OB.
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O6pab6oTka n npeacrasneHne pesynbTaToB paboTbl
MonyyeHHble AaHHbIE NPeACTaBNSIOTCS B OTYETE, KOTOPbLIM AOMKEH coaep-
XaTb:
e Llenb paboTbl;
e  MeToAWKY CMHTE3a HAaHOYaCTWL, UCNOb3yeMbIM METOLOM;
e  CxeMbl 1 ypaBHEHWs! peakumii CMHTE3a HaHOYaCTUL METa/NI0B COOTBET-
CTBYIOLLME KaXO0W CTaaumn CUHTESa;
e  CnekTp pacnpeneneHus Yyactul, no pasMepam;
e TwWcTOrpamMMy pacrpefenieHusl YacTuL, CUHTE3MPOBAHHOMO MOPOLLKA B
KOOpAMHaTax «pa3Mep YacTul- NPOLEHTHOE cofep>KaHue», NMoCTpoeH-
Hyto B MS Exel;
e BbIBOAbI O pasMepax HaHOUACTULL, NONYYEHHBIX B JaHHOW paboTe.

KOHTpOnbHbIE BONPOCHI

1. Kakve cnocobbl nonyyeHuss nUpodOpHbIX HaHO4acTUUbl METannoB MC-
Nonb3ylTCA?

2. Kakue xvMuueckune crnocobbl MOslyYeHUst UCMONb3YTCS B nabopaTopHOM
pabote?

3. Kakune xumumyeckue peakumu MpoTeKaloT MpU TEPMUYECKOM pasfoXeHuu
Coneit opraHNYeCKNX KUCIOT MeTannos?

4. Kakumu cBoMCTBaMM 06naaatoT NMpocdopHble MOPOLLKM MeTannoB? O6b-
ACHUTE, MoYeMy?

5. B ueM 3akto4aeTcs CyLWHOCTb METOAA CeAMMEHTALMOHHOro aHanumsa?
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