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JOUUIBHICTH 3ACTOCYBAHHS IIEYE T'PA®ITYBAHHS
KACTHEPA Y BUPOBHUIITBI EJEKTPOHOI MTPOAYKIIIT

IIpoananisogaro eghexmugnicme sacmocysanua neveil epagimyeanus Kacmuepa i nompebu cyuacHo2o puHky u-
pobruymea epagpimosaniix enexkmpoois. Iloxazano ocHoHi meHOeHyii po3sUMKY HOB0T MEXHON02IL HA GIMYUZHAHO-
MY PUHKY.

Knrouosi cnosa: epachimysanns, enexmpoonHa npooyKyis, 0y208a CIMAleu8apHa nid, niv npsamozo Haepisy.
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MocranoBka npodsemn. ['padiTyBaHHSI BYTJCHECBUX MATepiaiiB € CKIAJHUM 1 OararocTyMmiHYaCTHM TIPOLECOM
TPBOXBUMIPHOTO BIOPSIIKYBAHHS aTOMIB BYIJICIIFO B CTPYKTYPY rpadity mmix mi€ro BUCOKHX Temmeparyp. Lle# eran Buko-
puctoBye 10 80 % yciei eHeprii, IO BUTPAYAETHCSA HA BUTOTOBICHHA TpaiTOBaHMX BHPOOIB, i BUPIMIATEHIM YHHOM BH-
3HAYAE SAKICTh TOTOBOTO MPOAYKTY [1]. 3a mux 00CTaBHH € AOULTFHEM ITiABHIICHHS TSXHIKO-CKOHOMIYHHX MOKA3ZHHKIB Ta
BIPOBAPKCHHS HOBHX TEXHOJIOTIH rpad)iTy BAHHS.

CaiToBe BHPOOHUITBO IpadiTOBAHUX EIECKTPO/IIB 3HAYHOO MIPOIO 3JIC;KUTh Bl BUILYCKY CTalll B TyTOBHX CTa-
nemuBaprux nedax (JICIT). 3pocranHs CBITOBOrO BHPOOHHITBA CJICKTPOCTAN € OCHOBHHM IPAaHBEPOM PO3BUTKY
puHKY rpadirosanux exekrpoxis. [linsumenns moryskHocTel JICTI moTpeOye BHTOTOBICHHS SIKICHHX CICKTPOIIB
BEJIMKHUX JIAMETPIB, SKi JOIIBHO rpadiryBaryu qumie B nevax npsmoro Harpiey (I1TTH) 3a meromom Kacraepa.

Mertor0 cTaTTi € aHATI3 AOITBHOCTI Ta IEPCTICKTHB 3aCTOCYBaHHA IedcH rpadiTyBaHHA 3a MeToaoM KacTHepa
V BUTOTOBJICHI €JIEKTPOIHOI MPOAYKII Ta OTILIA PHHKY BUPOOHHITBA TPa(iTOBAHHX CICKTPOIIB.

Buxan ocaosHOoro marepiamy. [1TTH € eneKTpHYHOIO MU0 OMOPY, AC BYTJCHEBI 3aTOTOBKH € CJICMCHTAMHA
KOHCTPYKIIIi IIeYl Ta aKTHBHIM CJICKTPHYHUM ONOpoM. HarpiBaHHA €1EKTPOIHHX 3aTOTOBOK 3A1HCHIOETHCS 3aBIIKH
TPAMOMY HPOITYCKAHHIO KPi3b HUX €ICKTPHYHOTO CTpyMy. Enexrpoau Harpisarorscs a0 3000 °C mepeaycim 3aBas-
KH BHAUICHHIO B HUX HKOYJICBOL TSIUTOTH [2].

I'padiryBaHHS BYTJICHEBHX EICKTPOIIB 32 METOAOM AYECOHA € CHEPIrOEMHHUM i, BiINIOBITHO, JOPOTHM IIPOLIECOM,
X0 1 HE3aMIHHHM Y Pa3i BUKOPUCTAHS KOKCY HU3BKOI SIKOCTI 3 BHCOKMM BMICTOM CIPKH Ta a30Ty. X04a O1IbII €KOHOMIY-
it Meron KactHepa (mo3momxss rpadiTmsamis) po3poOscHO paHimie, HOTO HE 3aCTOCOBYBAM HMPOTATOM TPHBAJIOTO
YACy @ J0 CTBOPCHHA CJICKTPHYHMX BHIPSAMHHKIB BEJIHKOTO CTPyMY. [10310BKHBOMY Tpa(hiTyBaHHIO, IO CTAJIO CTAH-
JAPTOM Y BHPOOHHITBI TPA(ITOBAHKUX CJCKTPOIB, HANAJA MOKIHBICTD POSBHHYTHCS JIAIIC JOCTYITHICTD MOTY KHIX BH-
TIPSMHUKIB 1 TOMACTOTO KOKCY 3 HH3BKHAM BMICTOM CIpKH Ta a30ty. 3aBox SGL Group B Itami (Ackou) OyB mepmmM,
mo B 1960-x mouas BupoOsITH TpadiToBaHi exeKTpom 3a MeToaoM KacTHepa B mpoMucIoBHX obcsarax [3].

JlomasaHHS OKCHAY 3ali3a K IHTi0iTOpa, IO 3MEHIIYE PO3TPICKYBAHHS CJICKTPOAIB LT Hac Aecy by pu3arii, y
MOJANBIIOMY CKOPOTHIIO TpuBAIicTh rpadiTyBanss 10 10 rox (puc. 1) [3].

I'padityBanns enekrpomHoi mpoaykiii 3a MerogoMm KacTrHepa € HaWOIIBbIN MEPCIIEKTHBHAM CIIOCOOOM OTpH-
MAaHH! AKICHUX rpa(iTOBaHUX ENCKTPOAIB BEIMKHUX PO3MIPIB. BHIINX TEXHIKO-CKOHOMIYHUX HOKA3HHUKIB I IOTO
MCTOAY MO’KHA AOCATTH IIIAXOM BAOCKOHAJICHHA TCXHOJIOTII Ta MOACPHIzamii meyi. I3 miero METOr0, 30KpeMa, MOK-
PamIyIOTh KOHTAKTHUH OTIP, 3aCTOCOBYIOYH KUIBII 3 «THYUKOTO TpadiTy», 3aCHIAI0MH CTPYKKY MK 3aTOTOBKAMH TOIIO.
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UTILITY OF GRAFITIZATION CASTNER FURNACES
IN THE MANUFACTURING OF ELECTRODE PRODUCTS

Graphitizing of carbon materials is a complex multistage process. There is a three-dimensional arrangement of
carbon atoms in the graphite structure under high temperatures. This step uses up to 80 % of all energy that is
spent on graphite products manufacturing. It also has a dramatic influence on the quality of the product. In this
case the increase of technical and economical rates and introducing the new technologies of graphite manufactur-
ing are reasonable.

Acheson-type graphitization of GE was extremely energy intensive and therefore costly, but was necessary to man-
age previously poor coke qualities with high sulfur and nitrogen content. Although invented earlier, the more eco-
nomic Castner, or so called lengthwise graphitization (LWG), was not applicable until the development of electrical
rectifiers for these high currents. As these became available and needle coke with low sulfur and nitrogen was in-
vented, LWG graphitization became the standard in the Western World for GE production. SGL Group’s plant was
the first to produce GE with the Castner process beginning from the 1960s.

Analysis of the global market has shown that the production of graphite electrodes (GE) depends on the production
of steel in electric arc steel furnaces (EAF). The growth of world production is the main driver of the market devel-
opment of graphite electrodes.

With higher electrical power input in FAFs, larger diameter electrodes were requested. As a result, higher thermal
stress in the GE was the consequence. The ceramic toughening principle to hinder crack propagation on bigger
particles led to the introduction of coarse grain formulations of the coke used in the GE manufacturing. With the
diameter extension to ultra large diameter GE (700-800 mm) — SGL was the first to produce 800 mm diameter
GE — the maximum grain size now exceeds 20 mm. This change in formulation was a challenge for the refineries in
coke cutting, crushing, calcining, handling and transportation. 4 further increase in GE diameter in DC application
seems unlikely these days. A trend to moderate diameter increase might even happen on new AC-furnaces with
large tapping weights up to 250 t.

Manufacturing requires high-quality large-diameter electrodes. They must be technically and economically advisable
for the usage only in directly-fired firnaces by Castner method. But the given technology is not fully realized in
Ukraine. First of all, it's so due to the absence of significant investment in electrode industry. Although, as the
analysis of modern market of electrode industry has shown, the situation is changing and new requirements are
emerging now. For example, it’s necessary to substitute the parts of furnaces according to new technology. A lot is
being done in this direction: scientific investigations of the capability to produce gaskets of high quality with re-
sistance in contact joints, modernization of refrigeration system of parts of the furnace, that undergo ultrahigh
thermal load.

Keywords: graphitization, electrode products, electric arc furnace, direct-fired furnace.
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MOJIEJTIOBAHHSI TOMOT'EHI3AIIIL PO3ILVIABIB TEPMOILIACTIB
Y BAP’EPHOMY 3MIITYBAUYI

IIpogeoeHto uucenvHe MOOETIOBAHHA 20MO2EHI3AYIT pO3NIABY NONIMEPY 8 OUHAMIYHOMY 3Miutygaui 6ap ‘epHo2o muny.
Hageoeno pesynomamui, o 003801210Mb OOCHIONCYEAMYU OUHAMIKY 3MIHU meMnepamypu nio 4ac meyii nosimMepHux
Mamepianie y 3MiULY8AIbHUX eeMEeHMAX Ma UOUPAmY ONMUMATbHI KOHCMPYKIMUEHT NAPAMempu 3MIULY8aNIbHUX
eJIeMeHmi8, a MAKOIIC PEeAHCUMY 20MOEHI3AYIl NOJIIMEPHUX KOMNO3UYILL.

Knrouosi cnosa: ounamiynuil 3Miudyaay, MoOenO8aHHs, 20MO2eHI3ayisl, noimep.

© Ciseupkutii B. 1., Coxombepkuii O. JI., Kymmip M. C., Kypunenko B. M., 2014.

MocranoBka npodevu. [Iporecn 3MimyBaHHA H rOMOTEHi3awii B 4epB SMHAX MANIMHAX MAOTh BAXKIIHBC
3HAYCHHA MPH NEePepoOLi MOMIMEPHIX MATEPiaiB, OCKUTBKA AKICTh 3MINIYBAHHA BH3HAYAE SAKICTH BUpoOy [1]. dna
HAYKOBO OOIPYHTOBAHOTO KOHCTPYKTHBHOTO O(OPMIICHHS EKCTPY3LHHO-3MINIyBAIBHOTO YCTATKYBAHHS BAKIIHBO
3HATH OCHOBHI 3aKOHOMIPHOCTI 3MIIIYBAHHS Ta TOMOTEHI3AIi, M0 BiA0OYBAIOTHCS B HOTO KOHCTPYKTUBHHX 30HAX.

AHani3 monepenHix AOCTi/UKeHb. Y 0araTb0X BHIAIKAX SIKICTh 3MINIYBAHHS OLIHIOETHCS 32 HAKOIHYCHOIO
neopMami€ero 3CyBY, HANPY>KCHHAM 3CyBY Tomo [1]. Lli moka3HHKH HE 3aBKIH HAAAFOTH MOBHE VABICHHA MPO 3Mi-
nryBaHHI. HeBUPIMEHO0 YaCTHHOI0 HAYKOBOI MPOOIeMH MPOTHO3YBAHHS 3MIIIYBATBHOI €()eKTUBHOCTI TOTIMEPHO-
TO YCTaTKYBaHH € CKIAQIHICTb KiJTbKICHOTO OLIHFOBAHHA OCTAaHHBOI [2]. [IpsaMuM KpHTEpieM OIHKHU SKOCTI 3MiIIy-
BAHHA € KOHICHTPALiA JUCTICPTOBAHOTO MATepiaay B ANCIICPCiitHOMY cepeaoBumi [3]. ¥V pasi BBCACHHS KOMIIOHCH-
TiB KOMIIO3HIN 3 PI3HAMH TEMIICPATYPAMH UM KPUTEPIEM MOKEe OYTH PIBHOMIPHICTh TEMIEPATypPHOTO MOJIL, TOOTO
PpiBEHB TEMIIEPATY PHOI TOMOTEHI3AMIT CYMIIIi.

MeTo10 10CTi/LKeHD € aHAII3 TEMIICPaTypHOI TOMOTEHI3AMI] HOMIMEPHIX KOMIIO3UIIK ¥ YEPB SIMHOMY EKCTPY-
Jepl 3 TMHAMIYHEM 3MIIIyBadeM 0ap’ €pHOTO THUILY.

Buxan ocHopHOTO Matepiamdy. TeMmmeparypHy TOMOTCHI3AII0 PO3IIIABY MOJTIMEPY PO3TIIATATHMCEMO B JTH-
HAMIYHOMY 3MimIyBadi Oap’epHOTO THILY. SIK KpuTepiil e(PEKTHBHOCTI BI3bMEMO OJHOPIAHICTH PO3MOALLY TEMIIEpa-
TYP V CyMIII IPH NPOXO/KCHHI KAHATIB 3MIIIyBa4a HAa PI3HUX IEPEPi3ax 3a JOBKHHOIO HOTO POOOHOro KaHAIY.

MaremaruaHy MOJENb OATaTOKOMITOHEHTHOI CYyMIIlll, YACTKOBHM BHITIAIKOM SIKOi € 1e()OpMOBAHHHA CTAH IOJTi-
MCPHOTO MaTepiajy B KaHAI O0ap’€pHOTO 3MIMIyBava, Ta ii JUCKPETH3ALWIF0 METOA0OM CKiHucHHHX ¢eMeHTiB (MCE)
HABCACHO B Tparti [3].

Pyx cymimm Ta i CKIaZ0BUX PO3TISIIAETHCS B IHH IMPari B paMKaxX MEXaHIKHM CYyHIIbHUX CEPEAOBHIL i3 TAKUMH
TIPHITY ICHHSMHE:

1. CyMiIm CKIAAA€ThCA 3 OKPEMHX B3AEMHO MPOHHKHHUX KOMIIOHCHT, IO 3aMOBHIOIOTH TOH camuil 00’ eM. Koxk-
HA KOMIIOHCHTA € HENMCPEPBHIM OJTHOPITHHM CEPETOBHINEM (KOHTHHYYMOM), CTaH SIKOTO O€3M0CEPEeaHbO BU3HAYA-
€THCSI BIACHUMH NAPaMETPAaMH CTaHY.
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