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Y cmammi po3a/isiHymi MOX/IUsi Hanpsimu ymuJsidayii 3a/1i308MIiCHUX Bi0X00i8 MemastypailiHux 8Upo6-
Huuyms. Hamenep ymunizayisi 3a/1i308BMICHUX i By2/1€eBMICHUX BIOX00iB MemasiypeiliHo2o BUPOBHUYMBa
€ dy)xe CK/1adHor U akmyasibHO 1po6/1eMoro 07151 6isibluocmi MemastypailiHux nionpuemcmas. BcmaHos-
JIEHO, WO OCHOBHUMU MpobsiemMamMu Ha W/isixy ymusizayii MemasiosMiCHUX BiOX00i8 € MiosuweHUl sMicm
B0/102U Yy Wjlamax, Wo rnpu3sooums 00 mpyoHOWIB id Yac crikaHHs az/iomepamy i 3HUXKEHHS MPooykK-
musHOCMI azsiomepayiliHoi CmpiYyKU 3@ Yacmku wiiamis y Cymiwi BioXooiB Ha pisHi 60—70%, a makox
3HUXKEHHSI BMiCMY 3a/1i3a 8 az/ioMepami, sike HeMUHyYe BI1/1uBae Ha smpamu rnpodykmusHocmi ma rio-
BUWEHHS BUMpPamu KOKCOBO20 ekBisa/ieHma 0OMeHHO20 yexy. B ymMmosax nocmyrnoso2o rnepexooy Ha Hosi
MEXHO/02I4HI CXeMu BUPOBHUYMBa cmavli, 3 MeMO 6i/ibUl €KOHOMIYHOT Ui eK0/102i4HO Yucmoi pobomu
nionpuemMcms, y sIKUX 4acmkoso abo UisIkom He 6yde azsomepayiliHo2o, a B rnepcriekmusi 0OMEeHHO20
ma KOKCOXiMIYHO20 BUPOGHUYMS.

YcmaHossieHo, Wo, OKpiM az/1ioMepayiliHo2o BUpob6HUYMBa, rnepcriekKmusHUM Moxe 6ymu BU20mos-
JIEHHSA 3 0aHUX Mamepiasiig rpoodykKmis rnpsiMo20 BiOHOB/IEHHS 3a/1i3a, SK-0m BUCOKOMIYHI, HU3bKOMemaJii-
30BaHi okamuwi 0/151 00MEeHHO020 BUPOBHUYMBA | BUCOKOMEMaslizoBaHi okamuuwi 07151 cmasien/iasu/ibHo20
BUPOBHUYMBA 3 BIOHOCHO HEBUCOKOKO MIUHICMI0. YCmaHOoB/1eHo, y BUPOBHUYMBI HU3bKOMemasiizosa-
HUX oKkamuwig 0/151 0OMEHHO20 fpoyecy 2emamumosa 38’s13ka pyUHyemMbCs 1i0 Yac BIOHOB/IEHHST ma
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4acmkKoBO 3aMIiHKOEMbCST MeMasieBor0 38’93K0t0. /151 Ni0BUWEHHS Blacmusocmel MiyHOCmi okamuuwlis
MOXHa BUKopucmosysamu 6eHmMoHIM y niosuwjeHiti Kisiskocmi, 4-5% Bi0 macu wuxmu, nioBUUWEHHS
mewmnepamypu criikaHHs, MNioBUWEHHSI Yacy CriiKkaHHs.

Bu3sHa4yeHo, wo 00Hieto i3 npobsem ymusizayii 3a/1i308MICHUX BIOX00I8 € riosuweHuli sBMicm 80/102U
B HUX. ToMy nepeod crikaHHSIM Memasli30BaHUX oKamuuwlis BMiCm BO/102U Mae 6ymu Ha MiHIMaslbHO MOX-
J1UBOMY piBHI, 07151 d0Csi2HeHHSs1 xoda 6 90% npudamHo20, yMicm B80/102U 8 oOkamuwax nepeo crikaHHsIM
mae 6ymu He 6inbwe 2%.

Knrouosi cnosa: DRI okamuuwli, 8ioxoou memasiypailiHux niornpuemMcms, okasiuHa, wJsamu.

Niziaiev Kostiantyn, Boiko Maksym, Kovalov Dmytro, Synehin Yevhen, Zhuraviova Svitlana.
Application of the DRI technology for production of composite pellets in the utilization of metallurgical
production waste

The article considers possible ways of utilization of iron-containing waste of metallurgical industries. Currently,
the disposal of iron-containing and carbon-containing wastes of metallurgical production is a very difficult and urgent
problem for most metallurgical enterprises. It was established that the main problems in the way of disposal
of metal-containing waste are the increased moisture content in the slag, which leads to difficulties in sintering
the agglomerate and a decrease in the productivity of the sintering belt when the proportion of slag in the waste
mixture is 60-70%, as well as a decrease in the iron content in the agglomerate, which inevitably affects the loss
of productivity and the increase in the cost of coke equivalent of the blast furnace. In the conditions of a gradual
transition to new technological schemes of steel production, with the aim of more economical and environmentally
friendly operation of enterprises, in which there will be partially or completely no agglomeration, and in the future no
blast furnace and no coke chemical production.

It has been determined that, in addition to sintering production, the production of direct iron reduction products
from these materials, such as high-strength, low-metallized pellets for blast furnace production and highly metallized
pellets for steelmaking production with relatively low strength, can be promising. It was determined that during
the production of low-metallized pellets for the blast furnace process, the hematite bond is destroyed during reduction
and is partially replaced by a metal bond. In order to enhance the strength properties of the pellet, it is possible
to implement a number of measures, including the incorporation of bentonite in an increased amount of 4-5%
of the mass of the charge, the elevation of the sintering temperature and the prolongation of the sintering time.

One of the key issues in the disposal of iron-containing waste is the increased moisture content in the waste.
Consequently, prior to the sintering of the metallized pellet, the moisture content should be at the lowest possible
level. In order to achieve a yield of greater than 90%, the moisture content of the pellet prior to sintering should be

no greater than 2%.

Key words: DRI pellets, waste of metallurgical enterprises, slag, sludge.

Hartenep ytunisauis 3a1i30BMiCHUX | ByreLeBmic-
HMX BigXO4jB MeTaslypriiHOrO BUPOGHMLTBA € AyXXe
FOCTPOK i1 aKTya/lbHOW MPOGAEMOI0 AN BifbLLIOCTI
MeTanypririHiX NignpuemMcTs. B ymMoBax nocTynoBoro
nepexofy Ha HOBi TEXHO/IOMYHI CXeMn BUPOBHULITBA
CTani 3 MeTo Oifbll eKOHOMIUYHOI 11 eKOsorivyHO
4ynCTOi POBOTU NIAMPUEMCTB, Y AKUX YACTKOBO M
LiSIkoM He Gyae ar/iomMepaujiiHoro, a B NepcnekTuBi
1 LOMEHHOrO Ta KOKCOXIMIYHOTO BUPOOHULTB.

Hanpuknag, y 2022 p. 6y/10 yxBa/IeHO pilLeHHs
MpOo 3aKpUTTA ar/IoMepaLlinHoro Lexy MmeTasypriiHoro
BMpobHuuTBa AT «ApcenopMittan Kpuswnii Pir»
3 eKOJIOTNYHNX MipKyBaHb, KWl 6yB CBOEPIAHM YTV~
ni3atopom ycix Bigxoais KombiHaTy. OTxe, yCi Bigxoan
MeTasTypriiHOro BUPOOHMLTBA AOBENOCH YTUII3yBaTU
B arnomepadiiiHomy uexy Ne 2, akuii npusHavascs
came A1 poboTn Ha 3a/1i30BMICHOMY KOHUEH-
Tpari 3K i arnomepaujiiHiin pyaj waxToynpasniHHs,
a 3a/1i30BMICHI LU/IaMK 7 iHLWI BigxXoam yTunisyBanmcs
B HbOMY Ha OMTUMa/IbHO MOX/IMBOMY pPiBHI, 10 50—80
Kr/T arnomepary, 6e3 BTpatn AKOCTi ar/iomepary Ta
3HKEHHA TEXHIKO-EKOHOMIYHMX MOKa3HUKIB.

Motim notpebyBasiocb 30iNbWINMTK  BUTPATU
Bigxodis B ALl Ne 2 (o 200-300 kr/T arnome-
paty), L0 BMLiIe BCTAHOB/IEHOrO 3a 3BUYANHOND

TEXHOMOTYHOK CXEMOK i WO CYTTEBO BM/IMHYMO
Ha AKICTb ariomepary Ta nokasHuku poboTu Lexis,
y pesy/nbrati nnaHka Ha piBHI BUTpaTW Biaxop4iB
100-150 kr/t arnomepary, ocob/MBo B OCiHHbO-
3MMOBWIA Mepiog, po60TK arfiomMmepauinHoro LEeXxy,
JonaeTtbca Ayxe Baxko. OCHOBHMMMW npob6ne-
MaMu Ha LWIsxy yTunisauii Bigxogis €: 1) nigsuile-
HWIA BMICT BOMIOTM y LWNamax, Wwo Npu3BoaUTb A0
TPYAHOLLIB Mifg Yac cnikaHHA arnomMmepary Ta 3Hu-
YKEHHS NPOAYKTMBHOCTI arnomepauiinHoi  CTPIYKM
3a 4acTkM WnamiB y CymilWi BigXo4iB Ha PiBHi
60—-70%; 2) 3HMXEHHA BMICTY 3ani3a B ar/iome-
parti, ke HeMuHy4Ye BN/MBAE Ha BTPATU NPOAYK-
TVMBHOCTI Ta NiABULLEHHA BUTPATN KOKCOBOIO EKBi-
Ba/IeHTa JOMEHHOTO LiEXY.

OTXe, HeobxigHO NpogyMaTy iHLWI TEXHOMOTIYHI
cXemn ONnda yTunisauii TakMx BigXOAiB, AK: LWsiam
3a/1i30BMICHUIA  METasypriiHOro  BMPOGHMUTBA
(arnomepadjiiHnii, LOMEHHWIA | CTaniennaBnsbHWIA),
KOMOLUHUKOBUIA NI AOMEHHMX Meveli, arnomepa-
LiHWIA Nun enekTpogiNkTpiB, CTasiennaBuIbHWI
36aravyeHunii LWak, NepBrHHa Ta NpomMacs/ieHa oka-
JINHWY, 3 ypaxyBaHHAM TXHiX AKICHUX NMOKa3HWKIB.

OfHMM i3 MOX/IMBUX HaNpPsAMIB, OKpiM arsiome-
pauiiHoro BMpPOOHMUTBA, € MiArOTOBKa 3 AaHuX
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MaTepiasliB  MPOAYKTIB  NPAMOro  BiAHOBJ/IEHHA
3a/1i3a, AKe MOXHa Migpo34ivTY We Ha aBa nig-
Hanpsmn: 1) BUCOKOMILHWIA, HaniBMeTanizoBaHuii
oKatuw Ans AOMEHHOro BMPOOHULTBA; 2) BUCO-
KOMeTanizoBaHWii okaTuL Ans ctanennaBubHOro
BMPOOGHULTBA 3 BIAHOCHO HEBMCOKOK MILHICTHO.

3a BapiaHToM 1 edpekT nonsratume y 306iNb-
WeHHI mMeTanizayii wuxtn B A, a koxHi 10% ii
30i/bLUEHHA MNpYBEAYTb [0 3HWKEHHS BUTpaTu
KOKCY Ha 7 KI/T, LLIO NPUBOANTbL A0 3HWKEHHS BUKU-
ais CO, [1].

Po3rnsHemo nepLwinii BapiaHT: 3a UMM BapiaH-
TOM edoekT nonsratume y 36isbLLEeHHI MeTanizauil
wmnxtn B AN, a KoxHi 10% 1T 36iNbLIEHHs npuBe-
OYyTb [0 3HWXEHHS BUTPATM KOKCY Ha 7 Kr/T, WO
CNpUSATAME 3HWKEHHIO BUKKAiB CO,.

Y3arasii meTaslizoBaHa BiJHOB/IEHA CUPOBUHA
He Mae BUCOKOT MILHOCTI, BNacTUBOI OKUC/IEHUM
okartuwam, TOMy WO rematutoBa 3B'A3ka 3aMmi-
LLleHa 4aCTKOBO METasIEBON) 3B'A3KOH, L0 Pi3KO
3HUXYE MOKa3HMK MiLHOCTI, noymHatoun 3 8-10%
CTYNeHs BiAHOB/MEHHSA [2] (amB. puc. 1).
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Puc. 1. 3anexHicTb MiLJHOCTi oKaTuLiB
Bif, CTyneHsA BigHOBEHHSA

MemaTmTOBa 3B’A3Ka PYNHYETLCA Mig vac BiA-
HOBJIEHHA Ta 4YaCTKOBO 3aMiHIOETbCA MeTasIeBOI)
3B'A3K0K0. [N NigBULLEHHS BNacTMBOCTElN Mil-
HOCTI OKaTULLiB MOX/IMBI Taki 3axogn (puc. 2):

— BUKOPWUCTAHHSA GEHTOHITY B MiABULLEHIN Kiflb-
KocTi, 4-5% Big Macu WuxTu (puc. 2-a);

— MNIABVLWEHHA Temneparypy  BiLHOBMEHHS
(pwnc. 2-6);

— 306iNblUeHHs Yacy cnikaHHA (puc. 2-B).

OpHieto i3 npobnem yTtunizauii wnamis o6yge
NiABULLEHNI BMICT Y HUX BOSIOTW.

Ha HaBepeHux Huxye dpoto (puc. 3) [3] noka-
3aHa nosefjiHKa LU/1aMOBMICHMX OKaTULLIB 3a TeM-
nepatypu 1 173 K (BepxHiii pagok) i Temnepartypu
1 373 K (HWxHIA pagok). PyliHyBaHHA okaTuLliB
HacTae BHaC/MiLOK LWBWAKOINO BUMAapPOBYBaHHA
BOJIOMN i 30i/IbLLUEHHS TUCKY Napv BCepeauHi oka-
TUWIB 3a Temneparypu 1 373 K.

Ha pgiarpami [3] HWk4ye npenctaBfieHO BMNMB
3HWXEHHA Buxody npugatHoro DRI okartuwly 3i
30i/IbLLUEHHAM BMICTY BO/IOTX B LUNXTI.
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Puc. 2. 3anexHicTb MiLLHOCTi Ha XonogHe
po3paBnoBaHHA Bif, KiIbKOCTi GEHTOHITY (a),
Temneparypu BigHOB/EHHSA (6) Ta TPMBAOCTI

cnikaHHA (B)

OTXe, MOXHa NpPoBecTV napanesnb i3 HeraTuB-
HAM [OCBIZOM CriKaHHA LWNaMOBMICHOT LUMXTK
B arsioMmepauiliHii TexHonMorii, Ae HasBHUA aHa-
NOriYHUIA TeMnepaTypHUii piBEHb B yMOBaXx BUKO-
pucTaHHsA TBEpPAO0ro Nannea, i 4T BUCHOBKY, LU0
nepes CnikaHHAM MeTasli30BaHUX OKaTWULLIB YMICT
BOMOMM Mae OyTM Ha MiHIMa/IbHO MOX/IMBOMY
PiBHI, W06 gocartn xoda 6 90% npuaatHoro, ymict
BOMOMM B CUPUX OKaTuwax Mae O6yTn He 6inblue
2%. MNigirpis cMpux okaTuLLiB Nepes BifHOBMIOBAH-
HSIM Y TaKOMY pasi 30a€TbCs GifibLL paLioHaIbHUM,
OCKilbKM B arsiomepaujii Maike He 3acToCOBY-
€TbCA 06epHeHe Teno NpoLecy chnikaHHs, npouec
TakoXX MEHLU paujioHasIbHUiA 3 Nornsay Tens0Boro
GanaHcy.
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Initial heating @1173K Time =20s @ 1173 K

Initial heating @ 4 Time=3s @ 1373 K Time=35s

Puc. 3. UndpoBe 306pakeHHA HE3PYMNHOBAHOIO (BEPXHiiA pAAOK) | 3pyiiHOBAHOrO OKaTULLIB
YHacnifoK WBUAKOro HarpiBy (HWKHIA PAAOK)
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