Jexuus 6

4 Karanutuueckue rOMOJINTHYECKHUE Mpouecchl
HedTenepepadoOTKH

4.1 TlapoBas karaiutuueckas koHBepcus yriieroaopoaos (I1IKK).

4.2 OxucnutenpHas KOHBEPCHS CEPOBOIOPOA B JICMEHTAPHYIO CEepy
(mpouecc Knayca).

4.3 OkucnuTenbHas JeMepKarTaHu3alus.

4.1 IlapoBasi kaTaauTH4eckass Kousepcus yriesogaopoaos (IIKK)

B mHedrenepepaboTke U3 KaTATUTHYECKUX TOMOJIUTHICCKUX (OKUCIUTEIHLHO-
BOCCTAHOBUTENbHBIX) MPOLECCOB MNPOMBIIUIEHHOE NPUMEHEHUE MOJyYUIIU
ClIeIyIOLIue:

1) mapoBasi KOHBEpCHsl YTIEBOIOPOIOB € MOJYyYEHUEM BOJIOPOA;

2) OKHUCTUTENbHAS KOHBEPCHS CEPOBOIOPOA B AIEMEHTAPHYIO cepy (IIpolecc
Knayca);

3) okuciauTenpHas JeMEpKalTaHU3alUs CKUKEHHBIX Ta30B U OEH3MHO-
KEPOCHHOBBIX (paKiuii;

4) runpupoBaHue - JETUIPUPOBaHUE HEPTAHBIX (paKIuil.

[Ipu rmyOokoil mepepabOTKE CEPHUCTBIX M OCOOEHHO BBICOKOCEPHHUCTBIX
HedTelt TpeOyercss OombplIoe KoOJIMYEeCTBO Bojopona. Jlist obecnieueHus
noTpedHOCTEeN TruaporeHn3anruoHHbix mnpoueccoB HII3 ucnonb3yercss Boaopon,
KOTOPBIM MPOU3BOAUTCS HAa YCTAHOBKAX KATAIMTHYECKOrO PpH(POPMHUHTA, HO €ro
oObIYHO He xBaTaeT. JlononHutensHo Bogopoa Ha HII3 monywaror cnenuanbHbIM
MPOIIECCOM, KOTOPBIM HasbiBaeTcs naposas kamanumudeckas konsepcus (ITKK)
yraeBoAopoa0B. B HacTosiee Bpemsi B MUpOBOI HeTenepepadoTKe U HepTeXxuMuun
3TO HanboJiee pacpocTpaHEHHBIN MPOMBIIITICHHBIN TPOLIECC MOIYUYEHUS BOJIOPO/A.

B kauectBe cbipbs B mponeccax [IKK mpenmymecTBEHHO HCIOJIb3YIOTCS
IPUPOJIHBIE U 3aBOJCKHUE Ta3bl, a TaK¥Ke NPSIMOTOHHbIE OCH3UHBI.

Konsepcus yriesogopoasnoro ceipbst Cy Hyn mpoTekaeT no ypaBHEHUSAM:

ChHy +nHO - nCO+(n+0,5m)H,—Q (1)

CO + H,0 «CO; + Hy + 42,4 xJIx/mMoub, (2)
rJIe N ¥ M — YKCII0 AaTOMOB COOTBETCTBEHHO YIJIEpO/ia M BOJOPO/Ia B MOJICKYJIe
yriiepoa.

Boixon Bosioposa Oyiet TeM 00sbliie, YeM BhIIIE COAEPKaHUE €ro B MOJIEKYJIe
YTIEBOAOPOAHOIO ChIpbsi. C 3TON TOUKH 3peHUs] METaH — HanboJiee OIaronpusiTHOE
CBIPBE, B €T0 MOJIEKYJIE coaepkuTcs 25 % macc. Bogopoaa.

HcrounrkoM MeTaHa SBIISIETCS] TPUPOIHBIE ra3bl ¢ KOHIeHTpauuei 94-99 %
00. CHy. [lnst mpou3BoCcTBa BOJOPOAA BBITOJHO TAKXKE HCHOJIB30BATH JEUIEBbIC
Cyxue Tra3bl HeTenepepaboTKu.

[peArnoYTHTENBHO MPOBOIUTH MPOIIECC MO/ MOBBIIICHHBIM HaBiieHreM (2,0-
2,5 MIla), T.K. NOJy4EeHHBIN BOJOPO]I UCIIOJIB3YETCS AaJI€€ B TUAPOTE€HU3AIMOHHBIX
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mporieccax, MPOBOJUMBIX TOJ AaBieHueM. [Ipu 3TOM CHIDKArOTCS 3aTpaThl Ha
KOMIIPpUMUPOBAHUE Ta3a, M KPOME TOrO, TMOBBIAETCA MPOU3BOJAUTEILHOCTh
YCTaHOBKH.

B mporieccax koHBepcUU yTIE€BOAOPOIOB, TOMUMO OCHOBHBIX PEaKUUid MpH
OTpEJENEHHBIX YCIOBUAX BO3MOKHO BBIJICIICHHE DJIEMEHTAapHOrO YIJIepojaa, B
CJIEJICTBUM TEPMUYECKOTO pacmaia yrieBog0pOI0B:

CiHynenC+0,5mH; -Q

BeposTHOCTE BBIZIENICHUS YyTriepoJa BO3pacTacT MPU YBEIWMYCHUHM YHUCITA
YTIAEPOIHBIX aTOMOB YTJIEBOJAOPOAA, IOBBIINICHUH JaBICHUS W YMEHBIICHUS
COOTHOIICHMSI BOASHOW map/yriieBogopos chipbs. [Ipu 3ToM Hambosee OomacHBIM
sBiseTcs TeMueparypusii pexum 500-750 °C. Ipu temneparypax ceoime 700 °C
yriaeoOpa3oBaHUe MEHEE BEPOSITHO B PE3YNIbTaTe YCUIICHUS PEAKITUU Ta3u(pUKAINH
oOpa3oBaBiierocst yriaepoga. B 3Toil cBsizm mpomeinuieHHbIe Tporiecchl TTKK
YTIEBOJOPOIOB MPOBOJAT MPHU ABYX M 0OJee KpaTHOM H30BITKE BOJSHOIO IMapa
MPOTUB CTEXUOMETPUUECKH HEOOXOJUMOTO COOTHOIIICHHUS.

[TapoBasi KOHBEpCHS METaHAa C TPUEMIIEMON CKOPOCTBIO M TIIyOMHOM
IpeBpalleHus npoTekaeT Oe3 karaiamsaropa mpu 1250-1350 °C. Karanmsatopst
KOHBEpPCUHU YTIEBOAOPOIOB MpEAHA3HAYEHBI HE TOJIBKO JJIsi YCKOPEHHSI OCHOBHOM
peaKkiuu, HO U JIJIsl TTOAABJICHHUS MOOOYHBIX PEaKlUil MUPOIHU3a MyTEM CHUKCHUS
TemmnepaTyphl kouepcu 10 800-900 °C.

Kak Haubonee axmusnvie u 3¢hghekmusnvie kKamanuzamopsvl KOHBEPCUU
MeTaHa TPU3HAHBI HUKeledble, HAHECEHHBICE HAa TEPMOCTOWKHE W MEXaHUYCCKU
MIPOYHBIC HOCHUTEIIN C Pa3BUTON MOBEPXHOCTHIO THIA OKcHa amtoMuHUS. C IETbI0
WHTEHCHU(DHUKAITUN peaKINy ra3u(uKaluy yriepoja B HUKEIICBbIC KaTaau3aTOPhl B
HEOOJIBIINX KOJIMYECTBAX OOBIYHO BBOAT IIeI0uHbIe J00aBkH (okcuasl Ca u Mg).

[TapoBy0 KOHBEPCHIO OKCHIA YTIEPOIa MTPOBOIAT B ABE CTAUH : CHaYajIa IMPH
temmeparype 480-3530 °C Ha cpegHeTeMIEpaTypHOM  KEIE€30XPOMOBOM
karanusaTope, 3ateM rpu 400-450 °C Ha HU3KOTEMIIEPATYPHOM LIMHKXPOMMEHOM
KaraauzaTope.

TpaguuroHHBIN Mpouecc mpousBoacTBa Bogopoaa metoaom [IKK Bxirouaer
CJIEIYIONTME OCHOBHbBIC CTAINU:

- OYHCTKY CBIPBSI OT CEPOBOJIOPO/IAa U CEPOOPTAHUYECKUX COCTUHEHUIA;

- KAaTAIUTUYECKYIO KOHBEPCHIO CHIPBS;

- IByXCTYTEHYaTyl0 KOHBEPCHUIO OKCHUIA YTIEPOAa;

- OUMCTKY TEXHOJOTHYECKOI0 Ta3a OT OKCHa yraepoaa abcopOirel BOIHBIM
pacTBOpPOM KapOoHaTa KaJlus;

- METaHUPOBAHUE OCTATKOB OKCHJIa yTIIepOo/a.

(3namyu! Texuonocuueckas cxema YCMAHOBKU KAMAIUMUYECKOU KOHBEPCUU
6000po0a.)

Konmponwvuwvie gonpocul
1. OGocHOBaHME ONTHMAIBHBIX TEXHOJIOTHYECKUX MapaMeTPOB MapOBOM
KOHBEPCHUU YTIIEBOIOPOIOB.



2. MexaHu3M TOMOJIMTUYECKHX pEaKIUil KaTAIUTUYECKOH KOHBEPCHH
YTIEBOJOPOMAOB.
3. [IpuHumnranpHas TEXHOJIOTHYECKAs CXeMa IIpoliecca.

4.2 OxucauTe/bHA KOHBEPCHS CEPOBOJOPOAA B 3JIEMEHTAPHYI0 Cepy
(mpouecc Kiayca)

CepoBOJIOpOJZI,  MOJAYyYaeMbIi €  THAPOTCHUZUPYIOIMIMX  ITPOILIECCOB
nepepadOTKH CEPHUCTHIX M BBICOKOCEPHHUCTHIX HE(TEH, ra30BBIX KOHJICHCATOB U
YCTAaHOBOK aMMHAYHOM OYHCTKH HEPTSHBIX W TPHUPOJHBIX Ta30B, OOBITHO
ucnons3yercss Ha HII3 mnsa mpous3BOACTBAa 3JIEMEHTApHOM Cephbl, MHOTIA ISt
IIPOU3BOJICTBA CEPHOU KHUCIIOTHI.

Haubonee pacnpoctpanéHHbIM U 3(H(PEKTUBHBIM MPOMBIIUIEHHBIM METOI0M
MOJIYYEHUS CEPHI SIBISIETCS npoyecc Kamaniumuieckou OKUCIUMENbHOU KOH8epCUU
ceposooopooa Knayca.

[Ipouecc Knayca ocyiecTBisieTcs B 1B CTaUU:

1) cmaous mepmuuecko2o okucienuss CEpOBOIOPOJIA IO OKCUIA CEPBI

H2S +3/2 Oy «> SO, + (0,53 + 057) MIx/Moib;

2) cmaousi Kamaumu4ecko20 npespawyeHusi CepoBOI0POIa U TUOKCH A CEPhI

2 H,S + SO, - 3/2 Sy +2 HyO + (0,087 = 0,145) MIx/Moib.

B BpIcOKOTEMIIEpaTypHOW 30HE C TIOBBIIICHHUEM JABJICHHS CTCIICHD
npespamieHuss HoS B cepy cHmkaercd. B karaluTUYEeCKOM 30HE MOBBIINICHUE
JaBJICHUS, HA000POT, BEAET K YBEIMUCHHUIO CTENIEHN KOHBEPCHH, TaK KaK JaBJICHUE
CIIOCOOCTBYET KOHJICHCAIIMU JIEMEHTApHOU cephl U 00Jiee TOJIHOMY €€ BBIBOJY U3
30HBI PEAKITHH.

[To nepBoui peakuu pacxoayercs 10 70 % macc. cepoBoaopoaa U Mpu 3TOM
BBIJICJISIETCS] 3HAUUTEILHOE KOJUYECTBO TEIUIa, KOTOPOE Mepes KaTaIuTUYECKON
CTaJMeH JOJKHO OBITh YTUIM3UPOBAHO. Terio, BhIIEISIOMMECS 0 peakiuu (2)
(1/5 ot Bcero Temia), MO3BOJISET BECTU KATATUTHUYECKUI MPOIIECC MPU TIOCTATOYHO
HU3KUX TeMIIepaTypax u OO0JbINON 00bEMHON CKOPOCTH 0€3 CUCTEMBI ChEMa TeTla.
Temneparypa npoxykTos cropanus pocrturaer 1100-1300 °C B 3aBucumocTH OT
KOHIleHTpauu H>S u yrieBogoposoB B rase. BbuIBoJ cepbl U3 peaKIMOHHOU
CHCTEMBI (peaKkiiys 2), 01aronpHusTCTBYET YBEIIMUCHHIO CTereHu KouBepcuu HoS mo
95 %.

Ha npakTtuke yBennuenue crenenu kouBepcun HoS nocturaercs B AByX uiu
0oJiee peakTopax-KOHBEKTOpaX C yJaJIeHUEM Cephbl KOHJICHCAITUEN U MOCIEAYOITUM
MOJAOTPEBOM Traza MexAy cTyrneHsmu. [lpu mepexolie OT OJHOrO peakTopa K
JPYyroMy 1o MOTOKY raza TeMIiepaTypy Mnpolecca CHIXKAaroT.

TpaauimoHHbIM KaTamu3aTopoM B Tmporecce Kiayca paHee SBISIIUCH
OOKCHUTBI, Ha COBPEMEHHBIX YCTAaHOBKAX MPEUMYIIECTBEHHO MPUMEHSIOT OoJee
AKTUBHBIC U TEPMOCTAOUIILHBIC KaTAIM3aTOPhl HA OCHOBE OKCHJIA ATFOMUHUSL.

DneMeHTapHasi cepa CyIIECTBYET B PA3IUUHBIX MOIUDUKAIUAX — Sp; Sg; Sg.
[Ipu BeICOKHX TemmepaTypax razoo0pa3Hasi cepa COCTOUT U3 Sy, a IPU CHIKEHUU
TeMrepaTypbel nepexoguT B Se, a 3areM B Sg. JXuakas cepa mnpeacraBiieHa



npeuMyliecTBeHHO Moaudukanuer Sg. Cepa IMUPOKO NPUMEHSAETCS B
IIPOM3BOJCTBE  CEPHOM  KUCIOTBI, KpacWUTEleH, CIUYEK, B  Ka4yeCTBE
BYJIKAHU3HUPYIOILLETO areHTa B PE3MHOBOU IPOMBIIUIIEHHOCTH.

(Bnams!  Texumonocuueckas cxema YCMAHOBKU NOJYYEHUS cepbl U3
ceposooopooa no memooy Knayca).

Konmponwvuwie éonpocel

1. BausiHue TEXHOJOTUYECKUX MapaMeTPOB Ha KATAIUTHYECKYIO
OKHUCJIUTENbHYIO KOHBEPCHIO CEPOBOJOPOAA B JIEMEHTAPHYIO CEPY.

2. TexHOMOTHUYECKU PEKUM YCTAHOBKH MOITYUYEHHUS CephI o MeToay Kiayc.

3. Texnonoruueckas cxema ycranoBku Kimayc.

4.3 OKUCIUTEIbHAS JeMepKaNTaAHU3AIUA

['a30Bble  KOHIEHCATBI  OTICIBHBIX  MECTOPOXJACHUH  (Hampumep,
Openodyprckoe, Kapauaranakckoe U ACTpaxaHCKO€) XapaKTepPU3YIOTCSI aHOMAJIbHO
BBICOKMM COjJiepKaHueM B HUX MmepkanTtaHoB (40-70 % ot oOmiero comepxaHus
CEpbl) MPU OTHOCUTEILHO HU3KOM cojiepskanuu ootieit cepsi (0,8-1,5 %). Tlo aTomy
NPU3HAKY HMX BBIICTSIOT B OCOOBIM KJIacC MEPKANTaHCOIEPKAIIEro CHIIBHO
KOPPO3HMOHO-aKTUBHOTO YTJIEBOIOPOHOTO ChIPHSL.

MepkanTaHoBasi cepa, o0iajaroiias HEMPUATHBIM 3alaxoM, BbI3bIBAIOIIAs
WHTCHCUBHYIO KOPpPO3UI0O OOOpYJIOBaHMS U OTpaBIAIONIAs KaTaau3aTophl,
KOHIICHTPUPYETCS B OCHOBHOM B TOJIOBHBIX (PpaKIMSX Ta30BBIX KOHJECHCATOB —
CKMKEHHBIX ra3ax u OCH3MHAX.

B oreuecTBeHHONW © 3apyOexHOW HEPTE3aBOJICKOW MPAKTHUKE YacCTO
UCIIOJIB3YIOT, TOMUMO THJIPOOYUCTKHU, MPOIECChl OKUCIUTEIFHON KaTaTMTUYECKON
JIeMEepKaIrTaHu3alui CKIKEHHBIX Ta30B — CBIPbS AJKUJIUPOBAHUS M OCH3MHOB,
pexke aBmakepocwHoB. Cpeau HHUX HauOOJIbIIEe PACIPOCTPAHEHUE TMOIYUHIIN
npoueccsl «bennep» n «Mepokcey.

Ilpoyecc «benoep» wuCTIONB3yeTCS JJIE OYMCTKH Ta30BBIX OEH3MHOB U
OCH3WHOB MPSAMON TOHKH U TEPMOJACCTPYKTUBHBIX MPOIECCOB, & TAKKE PEAKTUBHBIX
TOTUTMB OT MEPKANTaHOB MPU WX MAJOM cojiep>kaHuu B chiphe (He 6omee 0,1 %).
OuyucTka 3aKJIIOYaeTCs B TMPEBPAIICHUM MEPKAlITAHOB B MEHEE aKTUBHBIC
TUCynb(UIbl Ha HETIOJBUKHOM CJIO€ KaTajlu3aTropa — Cyab(ua CBUHIIA.

OunmaeMoe  ChIpbE CMENIMBAETCA B CMECUTENE C BO3AYXOM H
LIUPKYJIUPYIOIMM PacTBOPOM IIENOUM, HarpesaeTcs 10 TemmnepaTypsl 30-60 °C (B
3aBUCUMOCTH OT THIIA CHIPhs) U MIPOXOJIUT CHU3Y BBEPX CJIOM KaTaau3aTropa B JIBYX
nocjeaoBaTeIbHbIX peakTopax. OTpaboTaHHBIM BO3AYyX W pPacTBOp MIEIOUU
OTJEJIAIOT OT OYUIIEHHOTO ChIPbSi COOTBETCTBEHHO B CEMapaTope U B OTCTOMHUKE.

Cpox ciay»0bl KaTaM3aTopa OMPEIEISIETCS COJIEP)KaHNEM MEpPKAnTaHOB B
ceipbe (mo 1,5 ner m Oonee);, mpu MOTEpPEe AKTHUBHOCTH KATalW3aTOp JIETKO
pereHepupyercs B 3aBOJACKHUX YCIOBUSIX.



Ilpouyecc «Mepokce» MIPUMEHSAETCSA [PEUMYLIECTBEHHO IS
JeMEepKaNTaHU3alui CKIKEHHBIX Ta30B W OeH3mHOB. [Iporiecc okucauTenbHOU
JIeMEpKaNTaHU3AIUH ChIPhsI OCYIIECTBIISCTCS B TPU CTA/IUU:

1) sxcmpakyus HUBKOMOLEKYISAPHBIX MEPKANMAHO8 PACMBOPOM WENOUU

RSH + NaOH < RSNa + H,0;

2) npespawenue mMapxanmuoos Hampus 8 Oucyib@uobl KAmaiumuyeckum
OKUCTeHUEeM KUCTOPOOOM 8030YXA

2 RSNa + 2 O+ H20 <> RSSR + 2 NaOH;

3) nepesoo HeIKCMpAaLUPOBAHHBIX WENOUBIO BLICOKOMOLEKYIAPHBIX MEPKANMAHO8
CbIpbsl 8 MeHee aKkmueHvle OUCYIbHUObL KAMATUMULECKUM OKUCTIeHUEM KUCTIOPOoOa
6030yxa

2 RSH + 2 O, <> RSSR + H;0.

Haubonee akTUBHBIMM M pacHpOCTPaHEHHBIMHU KaTallM3aTOpaMU Ipoliecca
«Mepoke»  sBISOTCS  TalOUMAHUHBI — KoOanbTa  (METAJUIOPraHUYECKUE
BHYTPHUKOMIUIEKCHBIE COSIUHEHUS — X€JIaThl) B pacTBOPE IMIET0UN WU HAHECEHHBIC
Ha TBEP/IbIC HOCUTEIU (AKTUBUPOBAHHBIE YTJIH, IJIACTMACCHI U JIp.).

(3namo! Texnonocuueckast cxema npoyecca Kamaaumuyeckou
OKUCIUMENbHOU 0eMepKanmaHu3ayuu y2ne6000po0H020 Culpbs « Mepokcy)

Konmponwvnwie 6onpocul

I. Ha3naueHne ©  Pa3sHOBUJAHOCTHM  KATAJIUTUYECKHX  IPOLECCOB
OKHCJIUTEIBHON IeMEpPKaNTaHU3AIUH.

2. X¥IMH3M PEaKITUN KaTaTUTHIECKOTO Tporiecca «MepoKey.

3. [IpuHnunuanbHas TEXHOJOTMYECKAs CXEMA IMpolecca J1eMEPKaNTaHn3 AU
YIJIEBOAOPOIHOTO ChIPb « MeEPOKe».



