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Ob UHT MBUPOBAHUUN BCMNMYYNBAHUA KOKCOB
AOBABKAMM XEJIE3A PASHOW CTENEHU OKUCNEHUA

G6.LU. [bicknHa

MonepHuzaiysi 2JIeKTPOAYTOBBIX TMeveil B 3HaYU-
TeJbHOI Mepe HallpaB/ieHa He TOJLKO Ha MOBBIIIEHUE
KOJINYECTBA M KAauecTBa BBHITIIABJISIEMOU CTaJld, HO U
CHUXEHME pacxofa TpadUTUPOBAHHBIX 3JIEKTPOMIOB.
ITpoMmpblllIJIeHHBIE TEXHOJOTMU ITUX JJIEKTPOJOB U
JIPYTroil rpacUTUPOBAHHON MPOAYKIIVU, Pa3pabOTaHBI
Ha WCIIOJIb30BaHMUE KOKCAa C MacCOBOM [IOJIEW CEPBl HE
oomee 1,0%, mNpeAnoOYTUTENLHO WIOJbYATON CTPYK-
Typel. Ho Poccuiickue wmanocepHucTbie HedTSHbIE
KOKCBHI OTJINYaeT OoJiee yeM TOJyTOPHOE MPEeBhIIICHUE
cepsl OoJibllie B 1,5 pa3a.

Hcrnonb3oBaHUE CEPHUCTOTO KOKCAa OTPaHUYEHO
M3-3a €ro «BCIyYMBaHMsI» B Tpolieccax Jecysibdypu-
3alMu, OOYCJIOBJIUBAIOIIETO TPEIIMHOOOpa30BaHUE B
3aroToBKax Mpu TpauTaliMy, 4TO MPUBOAUT K Opaky
rpaUTHPOBAHHBIX 3aTOTOBOK M CHIDKEHUIO JKCIUTya-
TAaMOHHOM CTOMKOCTU TOOHBIX 3JIeKTpoaoB. OTpulia-
TeJIbHOE BJIMSIHUE CepPhl BO3PAcTaeT C YBEJIUMUYECHUEM
CEUYEHMUSI EKTPOJOB U KOHIIEHTPAIIUU CEePhl B KOKCE.
B paGore [1] oTMeueHO, UYTO WTIOJbYATBHIE KOKCHI
«BCITyYMBAIOT» TIPU MEHbILEW cepe. PaspylieHue yr-
JIEPOHON MAaTPUIbI MPOUCXOAUT B TPEAKPUCTAILIUA-
3alIMOHHOM COCTOSIHUM TIpM HarpeBe B WHTepBaJie
1400-1800 °C u 3aBUCUT OT COOTHOIIIEHUSI CKOPOCTE
COOCTBEHHO Jecyabdypu3alliv U 3BaKyarluu MPOIyK-
TOB TEPMOJIU3a CEPHUCTBIX COEANHEHUIA.

AKTYaJTbHOCTh TIPOOJIEMbl BOBJIEUEHUS] CEPHU-
CThIX KOKCOB B 3JIEKTPOIHBIE TEXHOJOTUM BO3pACTaeT
C KaXJIbIM TOIOM, BCJIEICTBUE TIOBBIIIEHUSI CEPHI B
JOOBIBAEMBIX HEe(TSIX.

W3BecTHO MHTUOMpPOBaHUE BCIyYMBaHUS BBeIe-
HueMm nobasku Fe,0, [2-5]. ABTOpBI TpakTylOT CylI-
HOCTh MHTMOMPOBAaHUSI OKCUIAMH METaJUIOB 00pa3o-
BaHUWEM TYTOIUIAaBKUX CYIb(MUIOB, OOYCIOBINBAIO-
UM CHUXXEHWE BHYTPUIIOPDOBOTO JaBJIEHUSI BbIIE-
JISTIOIUXCST  cepocofepkarux razoB. Ho cynbdumbt
aHaJIMTUYECKU He BblmesieHbl [6]. JloGaBKuU Xene3a U
€ro OKCHUJIOB C Pa3HOU CTENeHbIO OKUCIEHUS XKeje3a
MOKa3bIBAIOT OTJIMYAIONIYIOCcsT 3(h(HEKTUBHOCT WHTU-
oupoBaHus [3], a HanboJee aKTUBHASI CyJIb(PUI000pa-
gytoiasi no6aBka CaO He mojydywsia MPakKTUYECKOTro
MIPUMEHEHMUSI.

B ripoMBIIIEBHBIX YCIIOBIAX 100aBKY BBOJAT HA
CTaIU¥ JIO3UPOBAHUA KOMIIOHEHTOB: MEPEMEIIHBAIOT
¢ (ppakuusMu TBEPAOTO HATOIHUTEA U CBA3YIOIINM;
W3 TIONyYeHHOH MAacchl BBIPECCOBBIBAIOT 3arOTOBKH.
OTH 3aroTOBK® OGXHMIraioT A0 TeMIlepaTyp HOpsaka
1000 °C, oxnaxIaloT W 3arpyaioT Ha rpadurailio.
To ecTs rpaduranyy NOABEPratoT IIPeABAPHUTEIBHO
oboxKeHHble 3aroToBKM. O pONM TIPOLECCOB Iipe-
BpatleHus 100aBOK NPy 00XuUre 3aTOTOBOK, MX BIIMA-
HWM HA MHHOMPOBAaHME BCIYYMBAHUA B JIUTEpAType
He 00CcyKmaeTcs.

B nacTosmei pabote ucciaenoBansl o6pas3Lsl Ha
OCHOBE He@TIHBIX KOKCOB ¢ cepodt 2,1 u 0,5% u
CPENHETEMITEPATYPHOTO KaMEHHOYTONBHOTO MeKa ¢
BBeneHueM N00aBok (1-10 %) MOPOIIKOBOTO Kenesza
(Fe) u ero okcumor (FeO, Fe;0,, Fe,0;). Obpasimt
TepMoobpaboTarbl npu Temmeparypax or 200 mo
2500 °C, co ckopoctsro Harpesa 10 °C B MHHYTY H
BBIIEPKKOH TIPM KaXIo TeMIIepaType B TeueHue 3-x
YacoB.

PentrenoazoBeiM aHanu3oM TepMoobpaboTaH-
HBIX 00pa3uoB ¢ nodapkamu nokasaHo (Tadn. 1), uto
TP HAarpeBe 1O TeMIeparyp:

— 200 °C — a3oBblit cocTas N00aBOK HE MEHAETCS;

—400 °C — B obnactTy WHTEHCHBHON nerazauuu
CBS3YIOILETO TIPOTEKAIOT OKHUCIMTENHHO-BOCCTAHOBH-
TellbHbIe B3aMMOJEMCTBHA TBEpHOGA3HBEIX H06aBOK ¢
orxongiumu razamu: Fe u FeO oxucmmores no Fe;O,
npumepro Ha 30 1 40 %, cooTBeTCTBEHHO; Fe;04 BOC-
cranapnuBaetca Ha ~50 % go Fe, a Fe,0O; — o Fe;04
TIOTHOCTHIO;

— 600 °C — da3opslif coctaB nob6aBok Hambomee
oforalieH KUCIOPOIOM, TPEICTABIEH BBHICUINMH OK-
cunaMmu;

— 800 °C - nobarxa coctout u3 $as Fe;04 u Fe;

—~ 1200 °C u Bbimie — HE3aBUCHMO OT MCXOJHOTO
cocTaBa 1o6aBKH, BO Bcex obpasuax sblsBieHo a-Fe.

HccnenoBaHMsaME JIeTYUHX TPOXYKTOB METOIOM
Macc-CleKTPOMETPHH YCTaHOBIEHO, yto gobaska Fe
criocoGCTBYET OTFOHY KHCIOPOLA U3 KOKCOIEKOBOH
CUCTeMBI, WCKJIIOYAs B3aMMOACHCTBHE KHUCAOpOIA C
opraHuveckoi Maccol, a Fe,O;, Hao6opoT, oAmUTEH-

MameHeHre ¢a3oBoro coctara Fe-okcuaHbIX ,06aBOK Npy 06Xmre KOMMo3nuumin

Hcxonssiit Dazopbli cocTas nobaBox (%) nocre repmoobpaboTky npy TemOeparypax, °C
(a3oBuIit 400 600 800 1200
cOCTaB Fe FeO Fe;0, Fe Fe Fe;04 | Fe;O; | Fes04 Fe o-Fe
Fe 70 — 30 - 10 90 - 10 90 100
FeO - 60 40 - - 100 — 30 70 100
Fe;0, - — 50 50 ~ 100 — 15 85 100
Fe,0; - - 100 — - 60 40 50 50 100
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AObickuna B.1U. 06 unzubupoeaHuU SCyYUBAHUS KOKCO8
dobaeKaMmu xenesa pa3Holl CMeneHu oKucneHuUs!
Tabnuuya 2
WameHeHue npu repmoobpaborke ¢aszoBoro cocrasa gobasok Fe,0; u Fe
t, °C Da30BbIl COCTAB INapametp Da30BkIH cOCTaB Iapamerp
HCXOIHBII nociie TO* pPEINeTKH, HM HCXOHBIH nocne TO pPEIIETKH, HM
1200 Fe, 05 a-Fe 0,2864 Fe a-Fe 0,2864
1400 a-Fe 0,2814 a-Fe 0,2814
1800 a-Fe 0,2814 a-Fe 0,2814
2000 a-Fe 0,2814 a-Fe 0,2814
2200 a-Fe 0,2814 He 00HapyXeHo
2500 c-Fe 0,2864 He 00HApYKeHO

*T0O - TepmooOpaboTKa.

BaeT KOHACHCHUDYIOIIYIOCA CHCTEMY KMCIODOOOM,
yKecTouas ero cTpykrypy. Hannmu nccneoBanuimu
H3MEHEHUA TPYIHOBOO COCTaBa CBA3YIOIETO BBIAB-
nied HaubonsuMil KoHxeHcupyromuit > dexT robaskn
Fe,05: mpu 400 °C comepxanne Hambonee Nerkux
KOMIIOHEHTOB (j~bpakiin) coctauio 3,4 %; ¢ Fe;0,—
10 %; Ge3 mobarox — 21,5% [7]. Oxcuaer Bo Bcex
Ciyvasix CHOCOOCTBOBANU IIOBBIIEHMIO Kaxymieics
IUIOTHOCTH 3aTOTOBOK, C YBENHYCHUEM KOJIMYECTBA
nob6aeku Fe,0; Bo3pacTaeT kaxymascs IJOTHOCTb.

Takum o6pa3oM, HE3aBHCHMO OT CTENEHH OKHC-
JIEHWS Kejie3a B MCXOXHOM nobaBKe, B OXJIaXKIEHHBIX
o6oxokeHHbIX 06pasnax npucyTcIByeT a-Fe, To ects
Ha crague Jecynsdypmsaimu (1400-1800 °C) Bo
B3aUMOJEHCTBHE C CEPOCOAEPKAUMH I'a3aMH, B OC-
HOBHOM C CEpPOBOZOPOJOM H IIAPAMHM CEPBI, BCTYHAET
o-Fe. Opgnaxo 3¢ deKkTHBHOCTs HHTHOHPOBAHHA BCILy-
YMBaHWI MakcUMaibHa B 00pa3iax ¢ 100aBKoH BbIC-
mero oxcuaa Fe,O; u HanMenpmas — ¢ gobaskoi Fe.
Ouepnnno, obpasyromuiics Tpu kapOOHM3alMHM C
Fe,0; «oxecTkuit» yrnepoX Ha CTafuu NpeaKpHcTan-
IURAIMU BhIEpKUBaeT Oolice BRICOKME KOHLEHTpa-
11 HaIIpsOKEHUH.

B o6pa3nax ¢ nobaskoit Fe,O; npu Harpese 10
2500 °C obnapyxuBaetca «o-Fe; ¢ pobaBxoit Fe —
a-Fe se obuapyxewno yxe npu 2200 °C (taban. 2). ITpu
Temneparypax 1200 u 2500 °C napameTp pemieTka o-Fe
cocrasmn 02864 mM, a B umTepBane 1400-2200 °C -
penreTka uckaxeHa, ee napaMerp — 0,2814 am.

ITo yMeHbLIeHMIO mapaMerpa PElleTKH MOXKHO
cymuth 06 00pa3oBaHWM HachIIEHHRIX PacTBOPOB
yruepona u CEpH B JKHAKOM paciiaBe xenesa. Muk-
PODEHTIeHOCIIEKTPAIBHEIE aHaTM3 [0Kasal, 4T0 B
3ToM 06NacTH TeMIepaTyp HPOUCKXONUT CUHXPOHU3a-
ums criektpoB Fe u S [8]. MetonoM pacTpoBoH 3nek-
TPOHHOM MEKpockonuy B 00pasnax ¢ nodasxoit Fe,04
nipu 2500 °C BxirOdeHHs He BHIABICHH!. BHAMMO, Hc-
TIApEeHUIO TPeAIleCTBYeT AUCIEPIUPOBAHME MMKPO-
yactul Fe. OTcyTcTBHE MHKPOMCKAXEHUH DELIETKH
a-Fe mpu 2500 °C MOXeT CBHAETEILCTBOBATL O KOH-
[NEHCAOMH JKele3a M3 rapoBoll (asel NMpH oxjaxae-
Huu. KonpeHcuporanusie chepsl pasmepoMm 5-10 HM
pacTionararoTcs Iio rpaHanaM obnacTeit KOrepeHTHOTO
paccesanus rpadura. Chepraeckas Gopma xapakTepy-
3yeT OTCYTCTBHE CMauuBaHus rpadura, 4TO BO3MOX-

HO TIpM KOHTAKTe ejie3a ¢ rpaMTOM COBEPILIEHHOM
cTpykTyphl. To ectb, BBeaeHue nodasku Fe,0, uHru-
OupyeT ynajeHWe W3 YIJIEPOAHOTO Marepuajia He
TOJIBKO CEphl, HO U 3KeJie3a.

WHrunbupyromas sddexkrusHocTs n00aBKu Fe,0,
00ycCJIoBJIeHa, Ha Hail B3MIsIA, HO (hOpPMUPOBAHUEM
Oojiee KECTKOM CTPYKTYpbl KOKCa CBSI3YIOILIErO Ha
cTanMyi OOXWra 3aroToBOK, 3a CUYET BTOPUYHBIX CO-
eIMHEHU, CHIUTBIX KHUCIOPOIHBIMU <«MOCTHUKAMMU».
B o6Gmactu temneparyp 600-700 °C BHyTpM aKTHUBK-
3UPOBAHHON KapOOHUBYIOIIEHCS CUCTEMBbl TTPOMCXO-
IUT TIOC/IeZIOBAaTEIbHOE BOCCTAHOBJIEHUE OKCHUIA Ke-
ne3a. [lpeamnonaraercsi, 4To OCBOOOAMBIIMIACS aTO-
MapHbI KUCJIOPOJA B PABHOM MEpEe MOXET y4yacTBO-
BaThb B 00pa3oBaHWU 0oJjiee TSKEIbIX BTOPUYHBIX CO-
eMHEHUI 1 oKcuaoB yriepona. Kpome toro, B aroit
00J1aCTU TeMIepaTyp UMEHHO CBEXEBOCCTaHOBJIEHHOE
Fe sBnsercss Haumbosee aKTUBHBIM KaTaJinM3aTOPOM
pacIiaga MOHOOKcHa yriepona [9].

Takum o0pa3oMm, MHIMOMpPOBAHUE CEPOBCITYYM-
BaHUs MO00ABKOI BBICIIETO OKCHIA KeJjie3a, B 3HAUM-
TEJbHOW  Mepe,  ONpeAessieTcs]  OKUCIUTEJIbHO-
BOCCTAaHOBUTEJIBHBIMM  TIpolieccaMu  (hOPMUPOBAHUS
KECTKUX BTOPMYHBIX CTPYKTYP, MPOTEKAIOIIUMU IPU
00Xure MeKOKOCOBOM KOMIMO3UIIMKM HAa OCHOBE CEPHU-
CTOTO KOKCca.

Jlumepamypa

1. Mopdyxoeuu, b.IIl. Biusnue muxpocmpykmypbi
KoKco6 Ha npoyeccol decyavpypuzayuu /b. 1lI. Mopdy-
xoeuu // C6. Hayy. mp. 1-ii Mexcdynapoo, Koug.
«Yenepoo: ¢hynoamenmanvuole npobremol Hayku, ma-
mepuanogedenue, mexnoaroeus. - M., 2002. - C. 147.

2. I[lam. 3506745 CIIIA. Cnocob6 ycmpauenus
6CNYMUBAHUS NPU U320MOBACHUU 1eKMPOd08 U3 6cny-
yusaroujeeocs Hegpmsanoeo kokca ,/ Creat Lakes
Carbon Corp. -3asea. 29.10.66//Chem. Abs., 1970. -
V. 73.- Ne2.

3. Qumuep, E. Heobpamumvie céoiicmea pacuiu-
DEHUs cepocooepucauux KoKco8 Npu NpOKANUBAHUU
ceviue 1400 °C / E. Qumuyep, I'JI. Anowex // 2 Int.
Kolenstofftag. - Baden-Baden. - 1976. - C. 313-316.

4. Hauyms, H. Daekmpodvl u3 UCKYcCmMeeHH020
epagpuma / U. Hayyms // Tanco. - 1970. - No 60. -
C. 30-38.

Cepusa «Metannyprusa», Bbinyck 8

51



5. Richards, B. P. Effects of additives on
graphitizability of carbons and graphite / B.P.
Richards, E.A. Kellet // J. Appl. Chem. - 1970. -
V.20.-No§.-P 240-244.

6. Puffing ingibitors for coal based needle coke /
K. Fujimoto, M. Sato et al. //Carbon. - 1986. -V 24.-
No 4, - P. 397-401.

7. H3menenus 6 cocmage ces3yroueco npu Hu3-
KOmemnepamypHot  KapOOHU3auUUu  NeKOKOKCOBbIX
Komnosuyuil c okucaamu dxceaesa / b.I1. Mopdyxosuu,

B.1l. banvikun, J1.b. baecaymounosa, M.C. I'opnunen-
ko //XTT. - 1983. -Ne4.- C. 139-143.

8. O ausHUU MUHEPANbHBIX COeOUHEHUI Ha NPo-
yeccwl decyns@ypuzayuu Hegh-msHbIX KOKCO8 U KOMNO-
suyuii Ha ux ocnose / /I.b. baeaymounosa, M.C. T'op-
nunenko, b.IIl. Mopdyxoeuu u dp. // XTT. - 1952. -
No 5. -C. 140-143.

9. Bzaumodeiicmeue oKucioé memannos ¢ yene-
podom /B.11. Earomun, FO.A. Ilagnos u dp. - M.: Me-
mannypeus. - 1976. - 360 c.

52

BecTHuk KOYpl'Y, N2 13, 2007



