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XapakTepHble ¢pU3UUeCKHe CBOMCTBA
KaMeHHOTO YIJIS:

- codepxcarue yenepoda (C,%) - 75-97;
- nnromHocms (r/cM3) - 1,28-1,53;
- MexaHuyeckas NpoYHoCcmsb (Kr/cM2) — 40-300;

- ydeavHas menaoemkocms C (Kkan/r rpan) — 026-032;

- Koappuyuenm npenomaeHus cgema — 1,82-2,04.




COCTAB U BAYKHEUILIUE
MECTOPOXXIEHUS

KameHHBII yroib MpeacTaBiseT
co0oi1 mosie3HOe UCKOITaeMoe, KOTOPOe
006pa30BasI0Ch MUJUTUOHBI JIeT Ha3a/1, U3
OTMEPIINX OCTATKOB PaCTEHHH B
pe3y/IbTaTe CIOXKHBIX MPOIEeCCOB.

CocTaB KAaMeHHOTO YISl OY€Hb CJIOXKEH: B HeM COZIePXKaTCs KaK
OpraHu4YecKue, Tak U HeOpraHM4eckKre BellecTBa. 3anachl yI/isi Ha
Hallleli TUTaHeTe 3HAYMTETbHO MPEeBBIIIAIOT 3arachl HePTH.
He6obiiryto ero 4acTh UCIOB3YIOT KaK TOTIJIMBO, B OCHOBHOM JKe OH
YAOBIETBOPSIeT HYXXbl KOKCOXUMUYECKOTO MPOMU3BOACTBA.
[lepepaboTka KaMEeHHOTO YI/ISI B HACTOsIIIee BPeMsI CTAHOBUTCSI OJTHHUM

(9]




CocTaB KaMeHHOTO
yTJIs O4YeHb CJIOXKEH: B
HEeM CoZlepP)KaTcCsl KaK
OpraHuYecKure, TaK U
HeopraHu4yeckue
BellleCcTBa.




Ilo npu3sHakam pasauuairom:

= 61ecmawue (gumpen),

= noaybaecmawue (kaape),
* mamoebsie (JdiopeH),

= gos1I0KHUCMble (Pro3eH).

OTHU COCTABJISIOLIME Yallle BCero
PACIIOIararTCs CJIOSIMU, TPUABast



CocTaBHBIE YaCTU KaMEHHOTO
YIJIS

« OcHoBHas - roproyas, Uin
OpraHuYecKasi, Macca yris
(OMY), Bnara u MuHep.
BKJTFOYEHUSI, 00pasyloine
IPU COKUTAHUH 3071Y;

*  30/JIbHOCTE KAMEHHBIX YI/Iei
cocTtasisieT 5-30% 1o Macce U
ooee;

= [71aBHBIE COCTABASIONINIE
30/161: OKCcU bl Si, Fe u Al
peliKvie U paccestHHbIe
anemeHThl (Ge, V, W, Tiur.
1I.), @ TaK)Ke JparoieHHbIe

meTasuiel (Au, Ag). loproyas .

macca cogepxut C, H, N, O u \

S, BXOJSIIIYIO TAK)XXe B COCTaB

MUHEeDP.




[lo XMMHU4YeCcKOMYy COCTAaBY KaMEHHBIU YrOJib MPeJCTaBIseT
CMeCh BBICOKOMOJIEKY/ISIPHBIX IOJTULUKINYECKUX
APOMaTUYeCKUX COeJMHEeHWU C BBICOKOM MaCCOBOU [OJieun
yI7Iepo/ia, a TakKKe BOJIbI M JIETYYHX BeIIeCTB C HeOOJTbIINMH
KOJIMYeCTBAaMU MHWHEPA/IbHBIX IIPUMeCeH, NMPU COKUTAaHUU
yrisi o6pasyromux 30/1y. Mckomaemble yIsii OTAWYAIOTCS IPYT
OT Apyra COOTHOLIeHUEM C/IaralliuX MX KOMIIOHEHTOB, 4YTO
ornpejenseT UX TEIUIOTy CropaHusi. Psj opraHWYecKux
coeIHEeHUH, BXOASIIAE B COCTAaB KAMEHHOTO yIisi, o0Jasaer
KaHLePOreHHBbIMU CBOMCTBAMU.

I

' \',".‘\'
TN

K=
==




30J1a

« [71aBHBIE cOCTaBAAOLIME 30JIbI: OKCUABI Si,
Fe u Al, peankue u paccessHHbIe
sneMeHThl (Ge, V, W, Ti uT.x1.), a TaKKe
naparoiieHHbIe MeTasUTbl (Au, Ag)

« Toprowass macca cogepxxut C, H, N, O u
S, BXOZSIIYKD TaKXXe B COCTAaB
MUHEepPAa/JIbHONU YacCTH.




lllupokoe pacripocTpaHeHue MOJYYUIU
IpeJCTaBAeHUs] O TUOPUIHOM XapaKTepe
MOJI. CTPYKTYPBbI, COCTOSILEN U3
IIPOCTPAHCTBEHHBIX, TJIOCKOCTHBIX U
nUHeUuHbIX ¢pparMeHTOB. [locnenHue
BKJTIOYAIOT MPEerM. MaKpOoa/iruQaTuy.
Pagukaner u O-, N- u S- copepxaiue
$YHKIIMOHA/TbHbIE TPYIIGI (CM. TaK)Ke
[udpoeeHusauus yansa).



NMPUMEPHASI XAPAKTEPUCTUKA PA3HBIX MAPOK KAMEHHBIX YTJIEN

Mapka yras

IneMenTHLA cocTan®, %

Buixon

Ya ten- Ya. renno-
NETYYHX JOEMKOCTD, Ta Cropa-

B-8*. % HHA,
(xr*K) Mx/xr
C H N O+S

Hdnwmnonnamennnie () 80 5.5 43 33,28
[ajosmie () . 84 5,0 38 35,38
Xupawe (K) . 87 5.0 33 35,38
Koxcoante (K) . 88 48 24 36,00

OTOLWEeRABIE CexaloLHe-
¢a (OC) 89 45 14 36,00
Toume (T) 91 4,0 |2 35,59

* B pacyere Ha ropiouyio maccy.



DabruHcKoe mectopokaenue (Caxa).
Hau6osee nepcrneKTUBHbINA 0OBEKT 151

OTKPBITOM pa3pabOTKX — HAXOJUTCS Ha IOr0-
BocToKe Pecrrybuku Caxa. [Trnomazs
MEeCTOPOXIEHUS 246 KM2. MecTopoxxaeHue
peCTaBsieT COOOM MOIOTYIO
OpaxXMCHHKIMHAIBHYI0 aCHMMETPUYHYTO
CK/IaJKy. YT/IEHOCHBI OT/IOKEHUST BEPXHEH I0pbI U
HKHero Mesia. OCHOBHbIE YTOJIbHbIE TUIACTHI
IPUYPOYEHBI K OT/IOXKEHUSIM HEPIOHIPUHCKOM (6
IJIaCTOB MOITHOCTBIO 0,7-17 M) U YHIBIKTAHCKOM
(18 r1acTOB MOIITHOCTBIO TAKXKE 0,7-17 M) CBMT.
Y11 B OCHOBHOM TO/Ty0/1eCTSIIHE TMH30BUHO-
TI0/TOCYAThIE C OYEHD BBICOKMM COZIePYKaHUEM
HanbosIee eHHOTO KOMITOHEHTa — BUTPUHHUTA
(78-98 %). ITo crenenn Mmetamopdusma yriu
otHocsTcs K 11 (OxupHoit) cragun. Mapka yrist
JK, rpynina 2)K. Yriu cpegHe- v BBICOKO30/IbHBIE
(15—24 %), manocepuuctsie (0,2 %),
manopocpopuctsie (0,01 %), XOpoIro
cnekaromuecs (Y = 28—37 MM), ¢ BBICOKOM
TerutoTou cropanus (28 Mk /xr).
MecTopoxeHue mpeICcTaBIeHO MOLUHBIMHU (70 17
METPOB) MOIOTUMH IIACTaMU C
NePEeKPHIBAIOIIUMH OTIOKEHUSIMU HEOOTBIIOM
MOIIHOCTH (K03 PHUIIMEHT BCKPHIIIN — OKOJIO 3
Ky06 M Ha TOHHY PSIIOBOTO YIVIsI), YTO OY€Hb
BBITOJJHO /IJIsI OPTAHU3ALUH JOOBIYU OTKPBITHIM
CII0COO0OM.

dnerecrckoe mecropoxaerue (Tysa)
06J1aflaeT 3aracaMu OKOJIO 1 MJIPA, T
KOKCYIOIerocs yrist 1epUIUTHON MapKU
«K» (0061mmit 00beM 3amacoB OLIeHUBAETCA B
20 MJIpZA T). 80 % 3amacoB HAXOAUTCS B
OZITHOM TITACTe TOMIIAHOM 6,4 M (JTydiiue
maxtel Kyzb6acca paboTaloT B racTax
TOJILUHOM 2-3 M, B BopKyTe yroib
IOOBIBAIOT U3 M/IACTOB TOHBIIIE 1 M). [Toce
BBIXO/IQ HA MIPOEKTHYIO MOILIHOCTH K 2012
rofly Ha JJjIerecTe OXKHUAAeTcs -4o0br4a 12
MJTH T YIJISI @KerogHo. J/IuieH3us Ha
Pa3pabOTKYy 3/1ereCTCKUX yIien
MIPUHAJJIeXUT EHNMCecKomn
MPOMBILIEHHO KOMIIaHWH, KOTOpast
BXOAUT B CTPYKTYPY «OO0beMHEHHOM
npomsbiiieHHoUM Kopriopanuun» (OITK).
[IpaBuTeIbCTBEHHAast KOMUCCHS IO
WHBECTULIMOHHBIM NpoekTaM PP 22 mapTta
2007 rofia 0f00pHIa peaTru3aLHio MPOEKTOB
II0 CTPOUTE/IBCTBY YXeI1e3HOLOPOXXHOU
nuHnU «Kpi3pu1-KyparnHo» B yBsizke c
OCBOEHHEM MHUHEepPa/IbHO-ChIPbeBOM 0a3bI
Pecniy6iuku TyBsa.
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BAYXHEUILIME MPOAYKTHI,
HO]IY‘JAEMI)IE [TPU [TEPEPABOTKE

HBXE‘IJ%]DI/I XUMUYECKOUN

nmepepabOTKe TOYYalOT I0 300
HAaVMEeHOBaHUI Pa3HOOOPA3HBIX
MPOAYKTOB.

[lony4yaroT BbICOKOYI/IEpOAUCTBIE
yrinerpapuToBble MaTepHaJIbl,
TOPHBIX BOCK, IJIaCTUYeCKue
MacCChbl, CUHTETUYECKOe, MXUIKOe
M Ta3000pa3HOEe BBICOKO-

KaJIOPUUHOE TOIIUBO.




KOKC CyXOH 78,0

CMOJIA. 3.5
OCH30II 1,0
aMMHaK 0,3
KOKCOBBIU I'a3 16,0
CyXOH

nuporeHeTnyeckas 1,2

baTapest KOKCOBBIX ME€Yel €O BJlara
CTOPOHBI KOKCOBBITA/IKHMBATEIS Htoro 100,0

Kokc - cepoe, UyTh cepeOdpucToe, IOPUCTOE U OYEHD TBEPIOE
BEIIECTBO, OoJiee ueM Ha 96% cocTosliiee U3 yriiepojaa U Nory4aeMoe
IIpY HarpeBaHUU KaMEHHOT'O YIJISl UM HE(TSIHBIX IEKOB 0€3 J0CTyIIa
Bo3ayxa npu 950-1050°C.

[Iponiecc nomy4yeHusi- KOKca B pe3yJbTare nepepadoTKu MPUPOJHBIX
TOILIMB HA3bIBACTCSA KOKCOBAHUEM.



1 — KOKCOBas OaTapes; 2 — ra3ocOOPHUK; 3 — Ira30IPOBOJ; 4 — OTAEIUTENh
KOH/IEHCATa; 5 — Ta30BBIN XOJOAUIBHUK; 6 — 3/1eKTPOPUABTP (/151
OTIe/IeHHsI CMOJIbI); 7 — Ta30[yBKa; 8 — TpyOOMpPOBO AJIsT OTBOAA
KOHZIEHCATa; 9 — OTCTOWHUK; 10 — XPAaHWIHIIE CMOJIbI; 11 — XPAaHUJIHIIE
aMMUAYHOU BOZBI; 12 — aMMHUavYHAasI KOJIOHHA; 13 — MOAOTpeBaTe b ra3a; 14 —
caTypaTop; 15 — KarjieoTOOWHUK; 16 — OGeH30/IbHBIN CKpy0Oep; 17 —
oI0TpPeBaTe /b HAChIIIIEHHOTO Mac/a; 18 — OeH30/1bHasi KOJIOHHA; 19 —
XOMOAWIbHUK At Macia; Cb — ceipoii 6ensor; - oO6paTHsIii ra3; Cm -cMora;
CP — cynpdar; CB — cTouHbBIE BOIBI.



" A1 BOCCTAHOBNIEHUST YKejte33
B IOMEHHOM Nponecce gy,

M3 YKe/Ne3HbIX
[IIJIABKU 4yTyH3a,




B noMeHHOVM me4dn KOKC CropaeTr M
obpasyetcs okcup, yrinepoza (IV):
C+0, =CO_+Q,
KOTOPBI B3aUMOJEUCTBYET C
pPaCcKajI€HHBIM KOKCOM C
obpaszoBanueM okcuaa yrieposa (II):

C+CO, =2C0-Q

Oxkcup yrinepoga (I1) v siBnstercst
BOCCTAaHOBUTEJIEM )KeJjie3a, CHavajia 13
okcuga xesnesa (III) obpasyercs
okcua yxenesa (II, III), sarem okcup
xenesa (1) u, HakoHelr, xese30:

3Fe203 + CO = zFeBO4 +CO_+Q

JloMeHHas reyb FERT ARSI ENERTER
FeO + CO = Fe+CO_+Q

Pacnap

Jannevmku ey
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KPOMG KoKca npu C)/XOlj nepecoHkKe KUMeHHOcCO Yyl
06pa3y}omCﬂ makace jiemy4due npoayxmbl, npu oxaaxcoeHuu
KOMmopbsix do 25-75C 06p613 emcsa KamMeHHOY2O0J/ibHAsl CMO0J1d,
amMmuadHas 600da UBCIBOOG)}/)G.?HI)IG TlpOa)/Kmbl.

K(IMQHHO}’ZOJH)H(I.H CMOJ1d _1ioaBepraercs
PAaKLUMOHHOU IeperoHkKe, B pe3y/IbTaTe 4Yero Mojay4YaloT HEeCKOIbKO
PaKLUN:

- merkoe macsio (Temmneparypa kumenus a0 170 C) B HeMm
COZEPIKUTCSI apOMaTHYeCKKE YITIeBOJOPOIbI (0€H30J1, TOMTYOJI,
KHMCJIOTBI U ZIp. BEIeCTBA);

- cpenHee Macio (Temmeparypa KuiieHus 170-230 C). 1o
deHos1bI, HAPTATHH;

- TsDKes10e Mac/io (TeMmeparypa KuieHust 230-270 C). 9T1o
HapTaTUH U €r0 TOMOJIOTH

- AHTPAIEHOBOE MAaC/I0 — aHTpalleH, GeHaTpeH U Jp.



B cocTaB rasooGpasHbIX MPOAYKTOB (KOKC0B8020
2030) BXOJSIT:

ben3sou;
Tomyoun;
Kcuonsr;
®denorr;

AMMMaK U Ap. Bell.

U3 kokcosoeo 2asza nocse oHUCmMKU Om
amMmudkd, ceposodopodd U UUAHUCIbIX
coeduHeHull u3snexkarom cblpoli 6eH30.1, u3
KOMopo20 8bldenifitoim omaebHble y271€8000p00bl




M3 KOKCOBOro rasa yrieBOZOPOZbl U3BJIEKAIOT POMBLIBKOU B
cKpyO6epax mcudkumu nozaomumenvHbiMu macaamu. Ilocne
OTTOHKHM OT MAcC/a, PAa3rOHKW W3 (PPAKIUU, OUYMCTKU H
TTOBTOPHOW PEKTUMUKAIUN TOMYYAlOT YHUCThIe TOBapHBIE
MIPOAYKTHI, KAK-TO: O€H30J1, TOMYOJI, KCHUIOJIbIL U JID.

M3 HenmpeaenbHBIX COEAMHEHUU, COAEPXKALLMXCS B CHIPOM
O6eH30j1e, TOYYalOT KYMapOHOBbBIE CMOJIbI, UCIIOIb3YIONIAECS
1711 TPOU3BO/CTBA JIAKOB, KPACOK, JIMHOJIEyMa U B Pe3UHOBOU
MPOMBIIIJIEHHOCTHU.

[TepcrieKTUBHBIM ChIPbEM SIBJISIETCS TAK)Ke IIUKIOMEHTAIVEH,
KOTOPBIU TAKXKE IMOJYYalOT U3 KaMeHHOrO yr/isi. KaMeHHbIN yrosb
— CBIpPbE JJISl TOMYyYeHUs HapmanuHa u dpyeux uHOusudyaabHbiX
apomamuyieckux yaaeeodopodos.

BaxHeHmmMu MpOAYKTaMU MepepabOTKU SIBSIOTCS
MUDUANHOBEIE OCHOBAHUSA U (EHOIIBI.




Y)xe HauMHas C YIJIST
nmpoucxoauT AedpopMaiivsi 6rochepbl




OcHoBHas npobiema
TIPY V1CTIOL30BAHIN
KaMeHHOTO yTJIsl —
OTPOMHOE KOJTUYeCTBO
BBIOPOCOB, B YaCTHOCTU
ITaPHUKOBBIX Ta30B.
Bri6packiBaeTCst OKOJIO
44% OT Bcex BHIOPOCOB
CO,. Brevenue roga
BBIOPOC ITIPOUCXOTUT
HepaBHOMEPHO.




= [lo ypoBHIO
yr'OJIbHasi MPOMBILLIJIEHHOCTD

3aHMMaeT B IIPOU3BOACTBEHHOM cdepe
revaibHOe TUAUPYIolee MOI0KeHHe

= Jl71s1 yTONTbHOM OTPAC/IU XapaKTePeH
CAQHUTAPHO-
TMIr'MeHUYeCKou yCJIOBUU




» Cepbe3Hble DKOJIOTHYECKHe TTPOOIeMBbI
BO3HUKAIOT B pavOHax
30/IOLIJIAKOBBIX OTXOAOB YTOJbHBIX
TOC n npu xpaHeHUWU.
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[IEPEPABOTKA KAMEHHOI'O

YIJIA
P
KOKCOBAHMUE /
[MOPOrEHU3ALINS

[MONTYKOKCOBAHWE




KOKCOBAHHWE

KokcoBaHue — npoiiecc nepepabOTKH KUAKOTO M TBEPIOTO

TOIIJIMBA HAI'PEBAHHWEM oes AOCTYIIa BO3AYyXaA. HpI/I Pa3/10KEHU A
monjaueda o6pa3y10Tc;1 TBép,Z[BIﬁ MMPOAYKT — KOKC U JIeTy4dHne

IMPpOAYKTHI.

KoKc - cepoe, uyTs
cepeOpPUCTOe, TIOPUCTOE U
OYeHb TBeplioe BeleCTBO,
6onee yeM Ha 96%
cocTosilliee M3 yriepoaa u
nojy4yaemoe Ipu
HarpeBaHWH KaMeHHOTO
yIJIst U HePTSHBIX TTEKOB
0e3 mocTyma BoO3myxa TpH




OTOT IIMPOKO PACIPOCTPAHEHHBIN
mexHOoJ102uYecKulli npouecc Cocmoum us3 3
cmadull:

1) IOATOTOBKAa K KOKCOBAHWIO;

2)COOCTBEHHO KOKCOBAHUE;

3)y/IaB/IMBaHUE U ITlepepabOTKa JIeTYUHX
IIPOLYKTOB.




= [lodzomoeka BKJIOYaeT 0OoralleHre, N3MeabieHre 10 3épeH
pa3MepoM OKOJIO 3 MM, CMeIlIeHe HeCKOJIbKUX COPTOB YIJIf, CYIIKa
TIOJTyYE€HHOMN «IIUXTBI».

= [Ina kokcoeaHusa MUXTY 3arPpy>XalOT B KOKCOBYIO Ieub. KaHanbl
OOKOBBIX ITIPOCTEHKOB TTeueli 000TPEBAIOTCS MPOAYKTaMH CTOPAHUS
ra3os. [[pogo/mkuTe 1bHOCTD HarpeBa COCTaBseT 14-16 YaCOoB.
Temmeparypa mpoitecca — 9oo—1050 °C. [Tonyuennsriit kokc (75-78 % ot
MaCChl ICXOIHOTO YIJIsl) B BUZIE «KOKCOBOTO ITHUpOra» (CIEKIIencs B
IJIACT MAaCChl) — BBITA/IKUBAETCS «KOKCOBBITAJIKMBATEISIMU» B
YKeJIe3BHOJOPO)KHBIE BarOHbI, B KOTOPBIX OXJIAXKZAAETCS («TYIIHUTCS»)
BOJOU WM WHEPTHBIM Ta3oM (a30ToMm).

= [laporasoBasi cMeCh BBIZIE/ISIIONIMXCS JIETY4M MPOAYKTOB (10 25 % oT
MAacCChI YIJIsI) OTBOAMUTCS 4Yepe3 ra30COOPHUK IS Y/1d8AUu8aHus v
nepepabomuxku. [l pa3peneHus neTy4dre MPOAYKTHI OXIaXKIAIOT
BIIPBICKMBAaHMEM paciibiyieHHo# Boabl (o1 700 °C 10 80 °C) — mipu aTOM
13 MMapoBoii (assl BIAEIAETCS OO0JbIIAsA YaCTh CMOJI, Ad/IbHelIiee
OXJIQKZEHMeE TTapOra30Boil CMeCH MPOBOJAT B KOXKYXOTPyOUaThIX
xonogunbHuKax (10 25-35 °C). KoHgeHcarsl 00beIMHSIOT U
OTCTaMBAaHUEM BbIJEJISIIOT HaaCMOJle)[IO 800y 11 KAMEHHOY20/1bHYI0
cMOJy. 3aTeM ChIPOM KOKCOBBIH a3 MOCAeJ0BaTe/IbHO OUYMILAKT OT NH
1 H S, IpoMbIBatOT MOIIOTUTETBHBIM MAaC/IOM , CEPHOM KHUCTOTOM.




dpe 3a2py3Ku
6"” KOMED

Byiaad naps- Borrad napo-
2030004 coecy 2azobou cmecy

\

Banod xoxca

[opavue 203, ofozpedar -
wue KOMEpH!




CxeMa KOKCOBaHMUSA:

1 - KOKCOBas 6aTapes;

2 — cOOPHBIN KaHa
MIPOYKTOB rOPEHMUS;

3 — Ta30IPOBO/;

4 — OTZIE/TUTETb
KOH/IEHCATa;

5 — ra30BbIH XO/IOAN/TBHUK;
6 — 2JIeKTPOPUIBTD;

7 — Ta3071yBKa;

8 - Tpy6GomnpoBoOS AJIst
OTBO/Ia KOH/IEHCATa;

Q — OTCTOUHUK;

10 — XpaHUJIUIIIE CMOJIBI;
11 — XpaHWIHLIE
AMMHAYHOM BOJbI;

12 — aMMHAYHast KOJIOHHQ;
13 — CcaTyparop;

14 — OeH30/IbHBIM
cKkpy66ep;

15 — 6€H30/TbHAsI KOJIOHKA.




CrmocoOBI OYMCTKM KOKCOBOTO ra3a ot H2S

v

Cyxou

Cyxas ouucmka KokKcogozo 2a3da
om ceposodopoda 0CHOB8aHA HA
npumeHeHuu meepdbix
noznomumeneti — 2udpokcuoa
ncenesa (111) Fe(OH)3
(6onomHotl pydsl) u akmueupo-
8AHHO20 Y2/

Imom memod obecnevusaem
2ny6okyto (MoOHKY0) oHucmky
U Cayxcum 8CnomMo2amenbHbIM

I

Moxpbiu

1. Memoabl, OCHOBUHHDbIE HA nojay4veHuu
KOHUeHMpupo8aHHO2CO ea3006pa3Hoeo
H2S ¢ nome@ymu;ww okKucJjieHuem eco e

cepy uau cepHyo KUucaomy:

H2S + OH- & HS- + H20
H2S + 20H- & S—2 + 2H20

2. Memodbl 0CHOBAHbI HA
HenocpedcmeeHHOM okucaeHuu H2S,

co@epmamerocg B KOKCOBOM rase, 6

3J1eMEeHMApHy1o cepy:




[Tpu KOKCOBaHMHM KaMEHHBIX yI/Iei 00pasyroTCs IMaHUCThIe
coeguHenust: duyuax (CN)z2 u yuanucmeiii godopod HCN uau
UUAHUCMOB8000POJHAA KUCA0MA (CUHUILHAA KUCIIOTA).
Cozmep)kaHue JUIIaHa B KOKCOBOM T'a3e HEBEJIMKO, TI03TOMY
coziepyKalyecs [MaHUCThIe COeIUHEHNS B Ta3e OTHOCST
I7IaBHBIM 00Pa30M K IIAaHUCTOMY BOZOpOAy. B itmaHucThIi
BOZIOPOJ, IEPEXOauT 10 2% a30Ta, COAEPIKAILErocs B yIjie.

[uanucmpuiti B0dopod — npodykm 8mopuyHbIX peakyuti,
npomekarnwux mexdy AMMHUAKOM, YTTIEPOJOM U
yrneBogopoaaMu. OIHON U3 TAKUX PeAKIIUHN STBIISETCS
B3aMMO/IeMCTBHME AMMHAKA C YI/IEPOIOM KOKCaA:

NH3 + C — + Ha.

C noBpIlIeHHEeM TeMIepaTypbl KOKCOBAHMUS,
CHIDKeHHEeM BJIQKHOCTH LIUXTHI U
yBeJIMYe€HUEeM BbICOTHI KOKCOBOM KaMepPhl




— o~ 5
Cyxoii Moxpbiu

1. Ilonucynvgpuonasa ovucmka

SZ Zi’l’l g:%g’::g aeg;g 5)am (nonycunvb@udom Hampus) ¢ nogyveHuem
6o.10mHol pydoii — HauGonee deyxe0dHOl colu poddHUCMO20 HaMpus.
NpoCTOi MeTOZA 1 CreneHb O4UCTKH - 95%:
OCYIIIeCTBJISIETCS TIOTTYTHO C B
TIOITIOIEHHEM CEPOBOJOPOA. HCN + Na2CO3 = NaCN + NaHCO3
CrerneHp U3B/IeUYEHUS

NaCN + Na2Sn = NaCNS + Na2Sn-1;

IIMAaHUCTOTO BOAOPOJa OOIOTHOM
YA0U JOCTAaTOYHO BBICOKA
85-95%). B pesynbraTe

HEKOTOPBIX PeaKIINU [TUAaHUCThIN 2. [NonucyavgudHasn ovucmia ¢ nosydeHuem
BOAOPOA 0Ka3gIBaeTCH . podanucmozo ammoHusa (nozriomumes
CBSI3AHHBIM B O0OJIOTHOM pyzie B

Hust). CTerieHb OYMCTKHU
B EE (N e nOﬂuc())/szgﬁua ammoHust). CTerneHb OYUCTK
o6pasom B Buje Fe7(CN)18, 80-85%:
OZHAKO 3TH COeUHEeHUs He _
BBIZIE/ISIIOTCSI U3 TIOIJIOTUTEIbHOM (NH4) 25n + NH3 + HCN = NH4CNS i

MaCChI U MIOJTHOCTBIO TEPSIIOTCS. (NH4)2Sn-1




Llex mblwbsako80-codogoll cepoovucmKu cocmoum u3 caedyrwux
omaoeneHull:

1. YnaBnuBaHWS CepOBOAOPOJA U pereHepaliy NOrJIOTUTe/IbHOTO

pacTBOpa;
[InaBKU U KpUCTa/L/IM3aLUU CePHI;

2.
3. IIpuroroBieHMst COBZOBOTO U MBILIBSIKOBOTO
PacTBOPA; )
4. He#iTpanmzamum orpaboOTaHHOTO pacTBOPA.

..........




BakyyMm - KapOOHaTHastE CepPOOYHCTKA

Llex ouucmku Kokco8020 2aza om cepogodopoda 8akyym-kapboHaAmHbvIM
MemodoM BKJIFOYAET:

1. OTneneHuve y1aBMWBaHUSI U pereHepalvy HAChIILEHHOTO
MOIJIOTUTE/IBHOTO PacTBOPA

2. OTpeneHre nojy4yeHus: CEPHOM KMCIOTHI METOLOM MOKPOTO
KaTaJIn3a.

Jna ynasausarus cepogodopoda u3



U3 1 m wuxmbul ¢ erancHocmoviro 6% 8
npouecce KOKCOBAHUS NOJy4drm 8
cpedHem caedyrowiue npodykmbi:




PervoHanbHasi CTpyKTypa
IMPOMU3BOACTBA KOKCA

AD
"HitHETAMNBCKIA
METENNYR MHECKAIA

KONDUHET",
C e2panoeckad obn.
9 7%

OA0D "CesepcTans”,
Bonoroncraq ofin.
134%

AQ "HosonMneuxis
. M2 TENNYE MAHECKAMN
S KONOWHET", Tineuxas

A "JanagHo-
COMpCrIt
MIETEN Y MHEK A
KonDMHET",

Kemepoeckaa con.

11 3%

Cﬁn"
14 5%

A0 "MamuTo opcKiel

A0 "AnTeiKoHK" M2 TANNYR HECKMI
9,1% KONMDMHET",
“Yen HuHckaa obn.
16 0%




[TOJTYKOKCOBAHWE

IIpouecc nepepabomku
meepoblx 20PUUX UCKONAeMblX
HazpesaHuem 6e3 docmyna
e6o3dyxa npu 500-600°C (npu
memnepamype, npumepHo eédeoe
6o.1ee Hu3koOl, yem
memnepamypa KOKCO8aHUs) ¢
uenvlo nojyveHusn 2i. o6p.
meepdozo ocmamka
(noaykokca), a makxce aemyqux
npodykmoes. Cbipbe - 06b14HO
6ypble y2au u 2oprovue CAaHUbI,
pexce - KaMeHHble y2au u mopd.




MeTonbl TMOJTYKOKCOBAHUSA

Ocywecmenntomcesa 8 cneuuaibHblX ne4ax u
onpedenaromca cnocobom nepedavu menaiomaul
monJauay:

yepe3 CTEHKY IMeYHd OT TOPSYUX
IBIMOBBIX TA30B, JBIDKYIIUXCS MO
KaHajlaM, 00OTpeBalIINX CUCTEMY
(I1. ¢ BHemIHUM O6OTPEBOM);

IyT€M HENOCPeACTBEHHOIO
COTMIPUKOCHOBEHUST Ta3000pa3HOro
WA TBEPLOTO TEIIOHOCUTE/S CO



I'TMAPOI'EHW3ALIMA

IIpouecc npespauwieHUA 8b1COKOMONEKYNAPHBIX
gewecme opzaHuveckoll maccwt yeaa (OMY) nod
daeneHuem 6odopodda 8 ncuodkue u 2a3oobpasHsvie
npodykmuwl npu 400-500 °C 8 npucymcmeuu pas3auvHblx
gewiecms - op2. pacmeopumeJieti, KAMaau3amopos u m.

0.

HayyHble OCHOBBI 3TOrO Ipoiecca
ObUTH pa3paboOTaHbl B Havasie 20 B. B.
H. UnateeBbiM, H. /I. 3enuHckum, O.



HPHMEUI TMAPDOIC€HU3A WA YIJIA ABISACTCS
IMMEPCIICKTHUBHbBIM METOAO0M ITO/TYHCHU S

yrieBoAopoaoB. B HacTosiiee BpeMst H3BECTHO
HEeCKOJIbKO OCBOE€HHBIX ITPOMBIIIIEHHOCTHIO
CIIOCOOOB:

IIpouecc bepeuyca — Hekamaaumu4eckas
npamas sudpozeHuU3auus;

IIpouecc LUé)é'aepa — 2udpozeHu3auus yans
8 cmecu ¢ 1 % macc. moaruboeHo8020
xamasausamopd, 8 COCmas peakuyuoHHOU
cMecu 8xX0051M: CMeCb HUIKUX
y2/1e6000p0008 — «HAPMa», 02paHu4eHHbvle
kouvecmaa yanegsodopoduwvix 2azose C -C |
621020 wcudkozo0 monauea C -C , NH>, *
3HaYUMeJibHble Koau4ecmad éOzl.O 5



ITodzomoexka yz2as;
Cywxka (enaza ~1,5%);

Hanecenue kamaauzamopa (u3 pacmeopoé co.eli 8
koauuecmee 1-5% om maccwvt yeasn);

Yenemacnanyro nacmy 6 cmecu ¢ yupkyaupyrowum
eodopodcodeprcawium 2a3omM Hazpeesarin e cucmeme
menaoobmeHa u mpybuamoii neuu u 3amem
Hanpaeasom Ha 2udpozeHuU3auyulo 8 peaxkmop;

T'udpozeHu3auuro ocywecmensaom 8 mpex uiu dyemowlpex
nocj1e0068amMeabHO PACNON0HCEHHBIX UUNUHOPUHECKUX
nycmomeJblX peakmopdax;

IIpodyxkmbuwl peakuuu pa3zdesisitom 8 cenapamope Hda
napoz2a3oeyro CMecshb U madxceibli 0Cmamok — wiam.



Yrons

flac1oobGpasosarens ﬂurotoeua
Katan»3aiop [cywna, wanensuenne,
npnrotoeneune nacru}
r Hatani2at1op oc:a:on A

e @ |ttt

# c.-c,.
Npowssoacrso soaopona
Iwaporenn3ausa [rasnduxauna,
% KOox3epCcwHA raia)
4 ]

Waaw | HoS NH; ] Muanne :o‘na Boa’nm‘c
CO,.H,O

NPOAYXTN nap

Pazaenesne
{uenTpuPyrupcsanne,
@HATPOBRANKHE,
BANYYyM-AHCTIHARALUNA

Reciunnnynn

Meaxne npoayste

MacrocBpazcsareas
Cpanuvn
CP— C T.%HD,
OCI3IoR 325-400°C
Cmuranne
H
Mwaprposanne =
3nexipo— 3onra
INEDI NN
n >
acroobpazosareas Rucrunnnuns j
l . H,S,NH,,
Moropsoe ronaseo HQO



H3 nepeoco nomokKda ébldeNatom:

YKUKYE TPOAYKTEI (Macio, BOAY);

ras (K-pblii ITOCJIe OTOe/IeHUS TIpee/TbHbIX
yrnesogopozos (C -C ) NH ,HS, CO_mu
CO,HO 06OTaIIALOT 05-97 /O-HBIM H, 7
BO3BPALLAIOT B IPOLIECC).

Lllnam pazdenarom Ha:

YKUIKHE MTPOAYKTHI (IIOC/Ie OTAe/IeHMS BOZbI
IIOJIBEPraroT JUCTH/UIAINHA Ha GPAKITHIO C T.
KA. 70 325-400 °C U 0CTaTOK, KOTOPBIU

BO3BPAIIAIOT B IIPOLIECC /ISl [IPUTOTOBIEHUS
I1aCThl) ;

TBePZAbI OCTATOK.



IIpouecc npespaweHus
meepduix monaue (yaaeii, mopga,
caaHuee) e zoprouull 2as,
cocmoawuti 2a. 06p. u3 COu H, npu
8b1COKOU M-pe 8 npucymcmaeuu
oxkucaumens (2azupuuupyrowezo
azenma). [Ipoeodumcs 6
2azozeHepamopax (noamomy

noJjivHaembsie cd3bl HA3bI18AIOMCA
cCHEPAMOPHbBLIMU )

Ia3uguxkauuro meepdvix monnuse
MOJNCHO paccmampueams Kak
HenoJjiHOe OKucjleHue yeaepoda.




Hau6onee uacmo okucaumenamu cayncam O (peaxyus 1), CO_ (2)u
godaHotli nap (3):

C + 0,50, - CO AH - 1094 xdx/mons (1)

C + CO, - 2CO AH + 172,5 kAx/moab  (2)
C + H, O - CO + H, AH + 131,4 xIx/mons  (3)

Hapsady c ocHOBHbIMU peakuuamu ocywecmaenaromea ciedyrowue:

C+ 0O,~CO, AH — 284,3 x[Ix/moub
CO + H,0 - CO, + H, AH - 41,1 xx/monb
C+ 2H, - CH, AH + 74,8 x[1x/Monb

CO + 3H, - CH, + H,0 AH — 206,2 ] Lx /Mo
CO + H, —» 0,5CH, + 1/2CO, AH - 1238 xIx/momn




1. 1. Menpenees :

"... HaCmaHem, 8epOsIMHO, CO 8peMeHeM
dadice makas anoxa, Ymo yajas u3 3emau
gblHUMamb He 6ydym, a mam 8 3emJie e2o
cymerom npespawjams 8 20ptouue 2asbl... "
(1888)

[lospHee B 1912 rogy 3Ty Xe uper Bbickasan Y. Pamszan. B. U. JlenuH B
craTbe "OJHa U3 BeIMKUX IT00e TEXHUKU' BBICOKO olieHI nzeio [lodzemHoti

2asugukauuu yeeli v ee IperMyIlecTBa Iepes MIaXTHBIM MeTOOM J00bIYH
yrss. CCCP mpuHag/1e)XUT MPUOPUTET B pa3paboTke (C 1930) ¥ BHEAPEHUH

TeXHU4YeCKnx peueHuu I1.1.y.




OcyuecTBaseTcst oA, JeCTBUEM BbICOKOU TeMIlepaTyphI
(1000-2000 °C) ¥ MOJABA€MOTO IO/, TABAE€HUEM AYThS - PA3TAIHBIX
okucauTenei (Kak mpaBuiIo, Bosiyxa, O, U BOASHOrO Mapa, pexe-
CO.).

2

Ilnst mogBOA AYTHSI M OTBOJA Ta3a ra3uPUKAIIUIO TPOBOJST B
CKBa)XMHAX, PACIIOJIOXKEHHBIX B ONpeJle;IeHHOM MOPSIIKe U
0Opa3ymIIMX TAK HA3bIBA€MbIN ITOA3€MHBIN reHepaTop.

B Hem UAYT TE XKE XHM. DEAKITHWH, YTO B B OOBIYHBIX
ra30redeparopdax.

[a3, npousBogumeiii nytem I1. 1.y,
IIPUMEHSIOT /151 JHePreTUYeCKUX HYXJ (B
OCH. KaK KOTeJbHOE TOIIUBO).
CebecTonMOCTb ra3a (B rmepecyere Ha
YC/IOBHOE TOTUIMBO) HIDKE ce6eCTOMMOCTH
yI/isi, ZOOBIBA€MOTO IIAXTHBIM CIIOCOOOM, U
BbIlIIe Ce0eCTOMMOCTH YIJISI OTKPBITON




Cocras cyxoro rass, % no obnemy Tertno-

i T4 Cro-
Cra“u““ 003 00 H1 03 CH‘ C,H. N3 H;S ;;m’
HH3-
wwas),
MLk /\°
[MoMockoBHaR
i Warckan
(Moamockos-
uuﬂ Gaccen) . 17-18 57 15-1703-0510-15 02 56-591,0-20 3,0-33
r HeKas
wexncran) . 195 54 17 04 20 03 55 04 35
leno-AGnncm

(Kysbace), . .8,0-14,5 10-20 10-15 02 1,6-390,1-05 53-63 001- 2,85-4,85
0,02



http://www.chem.asu.ru/org/cpk/spko6.pdf;

http://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%85%D0%
B8%D0%BC%D0%B8%D1%8F;

http://www.xumuk.ru/encyklopedia/1029.html;

Kanest u 1 U. B., Xumust ruiporeHII3allMOHHBIX ITPOLIECCOB B IlepepaboTKe
TornB, M., 1973; Kpuuko A. A., Jlebeznes B. B, ®apb6epos U. JI., HetorimBHOe
rcnonb3oBaHue yrinei, M, 1978. A. A. Kpnuko.;

http://www.xumuk.ru/encyklopedia/1029.html;
http://www.xumuk.ru/encyklopedia/2/3625.html;

®enocees C. [l., Yeprsbies A. b., [TonykokcoBanve_ 1 TazuduUKaLyis TBEPAOTO

TOIInBa, M., 1960; KysHneuos /I. T , OneproxumMuyeckoe UCMONIb30BaHWE [OPHOYHX

cnaHieB, M., 1978; Haymos JI. C, Co6ones JI [l , Ha opbuTe Kokca, M., 1984, c.

16-17; I'nyiuenkoMIM, XuMmunyeckasi TeXHOJIOTHS TOPIOYMX MCKOTaeMbIx, K., 1985;
JlaBpos H. B., lllypeirun A. I1., BBegeHnue B Teoputo ropeHus u
rasuduKaIM TOIInBa, M., 1962; Anprirynep B. C, K i pu ko B I. B.,
Megsenes B. A., TepMogrHaMyKa NpoL,ecCcOB NOTYy4YEeHMs Ta30B
3a/IlaHHOTO COCTaBa U3 TOPIOYUX UCKOMaeMbix, M., 1969; dnuk U.,
"UzBectust AH ICCP. Cep. [eonorus’, 1982, T. 31, N¢ 2, c. 42-55; ero e,
"N3zBectust AH ICCP. Cep. Xumus', 1983, T. 32, N° 2, c. 81-97;
XMMHUYeCcKHe BellleCTBa U3 YIJis, nep. ¢ HeM., o, pen. M. B. Kaneuua,
M., 1980. 2.3. llInunppaiix.

r




CITACHDbBO 3A
BHHMAHWE



