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Mema: Kapbid KkpemHito, He3miHHUU nidep y cghepi KepamiyHUX Mamepiasnie 3 eKkcmpemarnbHUMU 8/1acmugocmsMu,
Cb0200HI cmuKaembCsl 3 8UK/TUKOM CmMasio20 po3gUmKy. Heseaxarouu Ha wupoKul criekmp 3acmocysaHb: 8i0 eupob-
Huymea abpa3usHux iHCmpyMeHmis, UCOKomMeMrepamypHUX Hagpieayie, 802HempusKoi kepamiku 0o memarnypeaii, mpa-
OuyitiHi memoodu supobHuumea SiC noe'sisaHi 3 8UCOKUM €Hep20CoXU8aHHSIM ma 3Ha4yHUM ekosnoaidHum cnidom. Oc-
HogHa maca Kapbidy KpeMHito supobrisembcsi y nedax oropy rno memody AyecoHa. OOHUM i3 numaHb rpouyecy e8upob-
Huymea kapbidy KpeMHito € HU3bKUU 8uxid mosapHoi npodykuii wo cmaHosums 15-19% eid macu 3aeaHmaxkeHHs. Cy-
yacHi meHOeHUii 00 cmBOPeHHS eHep2oeheKMUBHUX Ma eKOoI02iHHO YUCmUX mexHoroeill Cripusitomb CrioHyKatome 00
8UKOpPUCMAaHHS 8MOPUHHUX Mamepiarig. B darili pobomi docridxeHo Moxiugicmb ompumaHHs Kapbidy KpemHito mema-
nypeitiHoi sikocmi 3 8idxodie enekmpomepmiyHUX 8UpobHULUMS, w0 A0380IUMb 3MEHWUMU aHMPOrNo2eHHe HagaHma-
JKEHHS1 Ha 008Kinns ma 3HuU3umu cobigapmicms KiHUe8020 rpodykmy.

Memoduka: NposedeHo n1abopamopHi OOCIOKEHHS MepPMOKIHemMUKU rpouecy O008IOHOBIEHHS 8MOPUHHUX Kapbido-
KpemHiesux mamepiarie 8UsHa4eHo XiMiYHUl cknad ompumaHo20 KapObiOKpeMHIl8MilLyroH020 MpodyKmy.
Pe3ynbmamu ma Haykoea Hoeu3Ha: [JocnidxeHo Moxnueocmi O08i0HOBMEHHST 8MOPUHHUX Mamepiarie enekmpo-
mepmiyHUX 8upobHuums. NposedeHi docnidxeHHs ompumaHux KapbidkpemHitemiwyroHux mamepianis. 3a pe3ynbma-
mamu docnidxeHb 8U3HAYEHO HaNMPsMU 8UKOPUCMAaHHS 3a3Ha4eHo20 rMpodyKmy

lMpakmuyHa yiHHicmb: Ymurisauis 8mopuHHUX Mamepianie 0380/1UMb 3MEHWUMU Kirbkicmb 8idxodie, Wwo Hanpaersisi-
I0ombCSA Ha 38anuuja, ma 3HuU3umu pu3uk 3abpyOHeHHs1 008Kinns wkidnueumu pedosuHamu. CmeOpPEeHHs 3aMKHYmMoz20
yukny supobHuumea: BripogadxxeHHsi mexHosoaili nepepobKu 8MOPUHHOI CUPOBUHU CrIpUSIMUME CIMBOPEHHIO 3aMKHY-
moeo Yukiy 8supobHuymea, Wo € 00HUM 3 KITH0408UX MPUHUUIIE Cmasozo po38UMKY.

Knroyoei croea. kapbid KpemHito, KiHemuka, iy ornopy, mexHo2eHHi podosuwia, memrepamypHi 30HU, (hpOHM 8iOHOS-
JI08asbHUX peakuili, BmopuHHi Mamepianu.

Purpose: Silicon carbide, a constant leader in the field of ceramic materials with extreme properties, today faces the
challenge of sustainable development. Despite a wide range of applications: from the production of abrasive tools, high-
temperature heaters, refractory ceramics to metallurgy, traditional methods of SiC production are associated with high
energy consumption and a significant environmental footprint. The bulk of silicon carbide is produced in resistance fur-
naces using the Acheson method. One of the issues in the silicon carbide production process is the low yield of marketable
products, which is 15-19% of the load weight. Modern trends in the creation of energy-efficient and environmentally friendly
technologies encourage the use of secondary materials. This work investigates the possibility of obtaining metallurgical-
grade silicon carbide from waste from electrothermal production, which will reduce the anthropogenic load on the envi-
ronment and reduce the cost of the final product.

Methodology: Laboratory studies of the thermokinetics of the process of secondary silicon carbide reconditioning were
conducted, the chemical composition of the resulting silicon carbide-containing product was determined.

Results and scientific novelty: The possibilities of secondary materials reconditioning for electrothermal production
were investigated. Studies of the obtained silicon carbide-containing materials were conducted. According to the results
of the studies, directions for the use of the specified product were determined

Practical value: Utilization of secondary materials will reduce the amount of waste sent to landfills and reduce the risk of
environmental pollution by harmful substances. Creation of a closed production cycle: The introduction of secondary raw
material processing technologies will contribute to the creation of a closed production cycle, which is one of the key
principles of sustainable development.

Keywords. silicon carbide, kinetics, resistance furnace, man-made deposits, temperature zones, reduction reaction front,
secondary materials.

BBeaeHHs. [Npouec A4decoHa B AaHuin Yac € Oc-
HOBHMM MPOMUCIIOBUM CMOCOOOM OLEPXKAHHA TEXHI-
YHOro kapObigy KpeMHilo Yepes BigHOCHY NPOCTOTY Ta
JelleBu3Hy npoLecy, MOXIMBOCTI OpraHisauii Benu-
KOTOHHa)KHOro BnpobHuuTea [1]. TpaguuinHa TexHo-
norisi, 3anponoHoBaHa A4yecoHoM, nepenbayae Ha-
rpiBaHHA peakuiiHOi Macu eneKkTpUYHUM CTPYMOM.
TennoBur MOTIK, O YTBOPMBCS B KEPHi, NOLUUpPIO-
€TbCA i3 BHYTPILWHIX 30H Nedi Big KepHa Yy 30BHILLHI
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(OHoR

30HW. 3a paxyHOK MpOrpiBaHHs peakuifHOl LNXTH
npouec kapbigoyTBOPEHHS MOYMHAETBCA B MpUKe-
pPHOBOMY LLUApi, a MOTIM MOLUMPIOETLCA Ha CYMDKHI
30HM [2, 3].

HocnigxeHHsa, npoeegeHi |. C. Kauy [4], Ao3Bo-
NNY NPUNYCTUTK, LLLO B YMOBaXx NPOMUCIIOBOI €NeKT-
porneui onopy yTBopeHHsi SiC BigbyBaeTbCA 3a Tako
CXEMOIO:

SiO2— SiOr — SiC
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Buxogaum 3 NpUCYTHOCTI B peakuinHii cymilli By-
rmeuto, KPEMHiIl0 Ta KUCHIO B peakuilHin  30Hi
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npoTikaloTb peakuii [5]:

1= S0, + C = SiOp, + €O, 4GP ;) = 641450 — 315T, Jlsk/Mob, lg Kyy) = —33505/T + 16,45;

2~ 2510, + SiC = 3Si0y, + CO, 4G, = 1353300 — 6297, Jix/Monb, L Kp(z) = —70897/T + 32,86;
3~ Si0pay + 2C = SiC + €O, 4G (3 = —74389 — 1,7T, Jlac/monb, lg Ky (3) = 3886/T + 0,089;

4~ Si0, + Si = 25i0ya, AGL 4y = 600940 — 2797, /Mo, Lg Kp(yy = —31389/T + 14,57;

5 — SiOpy + SiC = 2Si + €O, 4G5, = 155444 — 70T, x/Moxb, lg Ky () = —8119/T + 3,656;

6 — SiOpy + C = Si + CO, 4G ) = 40508 — 36T, [ /Mo, g Kp(s) = —2116/T + 1,88.

He npopearyBana wmnxTta BepXHiX rOPM30OHTIB 3a-
BaHTaXEHHS (Tak 3BaHa 3BOPOTHa LUMXTAa) Nicns pos-
OvpaHHAa BMICTY nedi Ta BiANOBIAHOI NiArOTOBKU BUKO-
PUCTOBYETLCSA Y MOEAHAHHI 3 BUXIOHUMU YUCTUMU
KOMMOHEeHTaMM WKnXT1 Ansa deproeux nnaBok SiC.
Mpy HakoNU4YeHHiI B 3BOPOTHIM LUMXTI LWKIOMBMX ANd
OTpUMaHHA abpasnBHOro kapbigy KpeMHito okcuais
(CaO + Al203 + Fe203 > 1%) yacTvHa LIMXTN 3BOPOT-
HOI nepioguyHO BMBOAUTLCA 3 MPOLECy i € BiaBanb-
HUM NpoaykToM. BigBanbHa WwunxTa, sika MiCTUTb 3Ha-
YHY KifbKiCTb HEMpOopearoBaHMX KOMMOHEHTIB i AOMi-
LLIOK, TPaauULifHO BBaXaecs BiAXO4OM BMPOOHULTBA.

AKTyanbHUM 3aBAaHHAM enekTpomeTanyprii €
MoLyk cnocobiB eeKkTUBHOrO BUKOPUCTAHHA Ui€i
BiBaNbHOI LUMXTW N8 3HWXKEHHS 3aranbHOi BApTOCTI
BUPOOHMLTBA Ta 3MEHLLEHHS HEFAaTMBHOIO BMMMBY Ha
noBkinns [6].

MocTtaHoBKa 3aBAaHb gocnigxeHb. MeToto aa-
HOI € JOCNIIKEHHS MOXIMBOCTI OTPpUMaHHA Kapbigy

KPEMHIiI0 MeTanypriiHoT SKOCTi 3 BTOPMHHUX MaTepia-
niB enekTpoTeEPMIYHMX BUPOOHMLTB. 3any4eHHs y BU-
pPOGHULITBO BTOPMHHUX MaTepianiB [acTb 3Ha4dHe
3HKEHHA BUTpAaT Ha LUMXTOBI MaTepianu Ta romno-
BHE — 3HM3UTb COBIBapTICTb rOTOBOI NPOAYKLii, a Ta-
KOX 403BONMUTb BUPILLMTK eKonorivHi npobnemu peri-
OHIB, € HAaKOMNYUNNCHA BENMMNYE3HI TEXHOTEHHI poao-
BULLIA BigxoAis.

TepMOKiHETUYHI AOChNIAXEeHHA ofepXXaHHA
MeTanyprivHoro kap6igy KpeMHil0 3 BTOPUHHMUX
maTtepianiB abpasuMBHoro ta ByrnerpacitoBoro
BUPOOGHULITB.

Hocnign 3 ogepxaHHs kapbigy KpeMHI0 3 BTOPUH-
HUX MaTepianiB MPOBOANMMCS 3 BUKOPUCTAHHAM OBOX
BMAIB Martepianie: BigBanbHOI LUNXTN BUPOBHMLTBA
abpasmBHOro kapbigy KpeMHito i ByrneLeBmicHOro ma-
Tepiany ByrneueBa kapbigOKpeMHIEBOI CyMillli enekT-
POAHOro BUPOBHMLUTBA XiMiYHWIA CKIMag, AKUX HaBEAEHO
B Tabn. 1.

Tabnuus 1. XimiyHui cknag BTOPUHHUX MaTepianis BMpoOHULTBA kapbigy KpeMHito Ta ByrnerpaditoBoi npoay-

KLUl
Marepian 3MiCT KOMMOHEHTIB, % Mac:

SiC C SiO2 Fe203 Al2O3 CaO
BiABanbHa LWNXTU gwpoGHmu,_TBa 15 20 48 6.1 35 12
abpasusHoro kapbigy KpemHito
Byrneueea kapbigokpemHieBa
CYMilli enekTpogHoro BUpobHu- | 24,5 34 22,4 15,2 1,2 0,93
uTBa

Ak nokasye aHani3a maTepianis, obmuasa BOHU He Bigno-
Bi4alTb MPUAHATOMY NpW BUPOBHMLTBI kapbigy kpem-
Hit0 3Ha4eHHto Byrneuesoro moayns (Mc=37,5)

M, =2C/(ZC +ZXSi0,), (2)

ae X C - CymapHwii BMICT BYrfeLo B LUMXT;

Tabnuua 2. XiMivyHui cknag AoChigHUX LWNXT

ZSl'Oz— CyMapHUN BMICT [JiOKCUAY KPEeMmHilo Y

LINXTi; Ta NignaratoTb KOPUryBaHHIO BiANOBIAHO OO pi-
BHSIHHS (2).
XimMi4HMIA cknag AoCnigHUX WWXT HaBegeHo y Tabn. 2

Ne 3MicT KOMMOHeHTIB, % mac.

nn | Wuxta SiC C

SiO2 Fe2Os3 Al2O3 CaO

BiABanbHa wWuxTa BUPOOL-
1 HUUTBa abpasmBHOIO Kap-
0igy KpemHito + rpadit

14,55 30

43,63 5,55 3,19 1,09

BYyrneueBui kapbigokpem-
HieBa CyMmilli enekTpoa-
HOro BMpPOOHUUTBA + Bif-
BarnbHa LUNXTW BUPOOHUL-
TBa abpasmBHOro kapbigy
KPEMHIt0

22,3 22,8

38,4 10,32 1,62 0,47
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[ocnigkeHHA TepMOKIHETUYHUX XapaKTepUcTUK
BiAHOBHOIO MpoLecy oAepXaHHA MeTanyprinHoro Ka-
pbigy KPEMHItO 3 BUKOPUCTAHHSAM BiABanbHUX MaTepi-
anie, NnpoBeeHi B nedi Tammana (puc. 1) NOTYXKHiCTHo
60 kBT 32 HAacCTynHOK METOOUKOLO.

MigroToBneHy Ta CKOpMroBaHy LUNXTY NOMiLLanu B
rpagiToBun Turenb (7), SKMM BCTaHOBMOBaNM B Miy
TammaHa. Harpis 3giicHioBanu 3i weuakictio 4°C/xB.
oo temnepatypu 1750°C. a3, Wwo yTBOpMBCS, BifBO-
Onnun nNo anyHaoBin Tpyoui (3) Ha ra3oBUN MiYUITbHUK

(8) i dhikcyBanu nokasaHHs 4yepe3 MEBHi MPOMIKKM
yacy. Jocnig npogosxyBanu JOTW, AOKW He Mpunu-
HUTbCS BULINATUCS ras, Lo o3Hayano NpakTU4Ho no-
BHe abo rpaHnYHe BigHOBMNEHHSI KPEMHIO Npw L Te-
mnepatypi. Okpim CO y rasoBy a3y BUAINABCA e
MOHOOKCU, KPEMHIIO, Pi3HULKO MiX 3aranbHUMK BTpa-
Tamn mMacwu, siki pikcyBanucsa no xoay npouecy, i ma-
COK BM3HA4eHOoW 3a kinbkicTio CO, npuimanu 3a

macy SiO, ska ctaHoBuna B cepegHbomMy 20% Big
macu rasy.

Tp

Puc. 1 Cxema ekcneprMMeHTanbHOi YCTaHOBKM BUBYEHHS BiAHOBMIOBAHOCTI LUNXTOBUX MaTepianis:
1 — dbyTepyBaHHs nedi Tammana; 2 — nivHun TpaHcdopmatop 60 kB-A; 3 — anyHaoBa Tpy6ka; 4 — rpaditoBum
HarpiBay; 5 — Tepmonapa BM; 6 — miniBonbTmMeTp; 7 — rpadiToBuiA TUrenb; 8 — ra3oBui NiYUIbHUK.

Mpwn BiHOBNEHHI eNeMeHTIB BYrneueM KinbKiCTb KUCHIO, L0 BUAINMBCS 3 OKCUAIB, pO3paxoByBanu 3a pis-

HAHHAM:
AO.,=0,7142-q,

Ae 4o - Buxig rasy, om3,

©)

lMoTeHuiNnHO rasndikoBaHMI KUCEHb OKCUIB KPEMHIIO, artoMiHito, 3ani3a BCTaHOBIIOBANM 3a XiMiYHUM CKna-
AOM BUXIQHOro maTtepiany WnxTu. 3a HassiBHOCTI BCiX BpaxoBaHWX NapamMeTpiB 6anaHc KUCHIO Y BUXIOHIN LWMXTI

BM3Ha4Yann 3a Bnpa3om, r/r WnXTK:

O,, = (70,5510, + Vo, F €05 + 7, ALOS) - 1072Hm (4)

ae

77 = AOCO /Oﬂ
PesynbTtaty ekcnepumeHTiB NO4aHo Ha puc. 2
V O»
dcos A" 90 20
80 4 4x e . T 1.8 am/xs
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Y — MacoBi YacTKM KUCHIO Y BifnoBiaHOMY oKcuai; Hm - Maca HaBillyBaHHS LWNXTH, T.
CTyniHb BiAHOBMEHHS LUMXTW BU3HaYyanu 3a popmMynoto:

(5)
n
0,8 A
(},
0,6
04 - 5
0.2 g
0 \ T T T T
0 10 20 30 40 50 60
T,XB
6

Puc. 2. TepmokiHeTU4Hi kpusi JoHOBNEHHS SiO2 3 BTOPMHHUX MaTepianiB Byrneuem: a — 1 i 2 — cymapHa Kinb-
kicTb CO, wWwo BuainuBecs (BigsarnbHa LWMXTa BUpoOHMLTBa abpa3nsBHoro kapbigy kpemHito + rpadit (1) i Byrne-
LbkapbigokpeMHieBa CyMill eNeKTpo4HOro BUpOOHMLTBA + BigBarbHa WnXTa BUPOOHMLTBa abpa3nBHOrIoO Ka-
pbigy kpemHito; 3 Ta 4 — weuakicte BuagineHHs CO npu BigHoBneHHi wuxtu Ne1 T1a Ne2 BignoBigHo;
6 — 5 Ta 6 — cTyniHb BigHOBMNEHHS WwuxTn Ne1 Ta Ne2 BignoBigHo
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TexHikn. 3anexHictb KinbkocTi BuaineHoro CO Bif
Yyacy onucytoTbes BUpasom (ans wmxtu Ne1):

gco =-0,00001373 + 0,06602712 + 16,67 + 577,7 (M%/kr)-10©

R?=0,97.

XiMiYHUI cknag OTpMMaHOoro NPOAYKTY 3a BMpaxy-
BaHHSAM BiflbHOrO BYrnew HacTynHuin, % mac.: 76,36
SiC, 6,3 SiOz, 5,6 Al203, 2,9 Fe203, JOMILLKK - iHLE.
Ona wnxtn (Ne2), wo cknagaetbes 3 CyMilli BTOPUH-
HUX MaTepianis BMpobHMLUTBa abpasuBHOro kapbigy
KPEMHIlO i eneKkTpoaHoro BUPOoBHMLTBA, KinbkicTe CO
BiJ YacCy ONMCYOTLCS BUPa3oM:

q é0= -0,00000312 + 0,00857712 + 68,31 -
- 2295,7 (m3/kr)-10-6
R?=0,98.

XiMiYHWUI cKnag oTPMMAaHOro NPOoAYKTY 3a BUpaxy-
BaHHAM BifTbHOrO Byrnewuto HactynHuin, % mac.: 66,7
SiC, 13,5 SiO2, 1,6 Al203, 6,2 Fe203, 4OMILKM - iHLWe.
OTpvMaHi gocnigHi NPOAYKTU BiQHOBMEHHS 3@ CBOIM
XiMiYHMM cKknagom 6nu3bki 4O amopdy, WO Mic-
™MTb % Mmac.: 70-85 SiC, 10-15 SiO2, 0,5-1 Al2O3, 0,7-
1,5 Fe20s.

Takum YMHOM, NO3UTUBHI pe3ynbTaTh nabopaTop-
HUX OOCNiAXeHb NoKasanu, Wo BigBarbHi MaTepianu

eneKTpoTepMiYHMX BUPOBHUUTB abpas3uBHOro Kap-
Oigy KpeMHilo Ta enekTpogHOI NpoayKLUii MOXYTb BU-
KOpUCTOBYBaTUCA ANS OTPUMaHHA Kapbigy KpemHito
MeTanypriHoT SKOCTi.

BucHoBKkuM

B pesynbTaTti BUKOHaHMUX eKCNepuMEHTIB BCTaHO-
BfIEHO, WO B LUMXTi NpeactaBneHoi CyMilllo Byr-
neuto kapbigokpeMHIeBOI CyMillli eneKkTpoaHoro Bu-
poGHMLTBA 3 BigBarbHOW LUMXTOK BUPOOHULTBA ab-
pa3nBHOro kapbigy KpeMHilo NoYaTKOBO MIiCTUTbCS Oi-
nbwa kinekicte SiC (22,3% npotn 14,55%), npwu
LbOMYy BTpaTa Macu Ha 25% GinbLue TeopeTUYHOI CBi-
A4YnTb NPO yNbOoT KpeMHito y BurnsAgi SiOr, 3 Yoro Bu-
nnueae Lo npouec KapbigoyTBOPEHHS B AaHIN LUNXTI
naoe MeHL iHTEHCUBHO.

[NokasaHo, Wo oTpumaHi gocnigHi NpoaykTu Bia-
HOBJFIEHHSA 3a CBOIM XiMiYHUM cknagom OnNu3bki [o
amMmopdy i MOXyTb BYTM BUKOPUCTaHI NpU OTPUMaHHI
KpeMHito kapbigy mMeTanyprilHoi SIKoCTi.
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