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HEINNIPAME BUSHAUYEHHSA TEMIIEPATYPU PO3IIVIABY B IIEYAX
JJIA TIEPEIIVIABKH AJIIOMIHIEBOT'O BPYXTY

Haseoeni pezyromamu po3paxyHko8ux 00CHiOH#CeHb 3 BUSHAUEHHS 2YCIMUHU Men08020 NOMOKY mda memnepamypu
306HIWHIX NOBEPXOHbL OOKOB0I ma mopyeeoi CMiHOK neui Oisi NePeniasilents aliOMIHIEB020 OpyxXmy 6 [Hmepeai
memnepamyp posnnagy 670 — 750 °C; na 6a3i po3paxyHKOBUX OQAHUX OMPUMAHA ANPOKCUMYIOYA 3AIEHCHICMb
q = f (tem), Maxcumanvhe gioxunenns akux ne nepesuwyye 4,6 %. Becmanoenena sanesxcnicmo memnepamypu cminku
306HIUHBOI NOGEPXHI cMinKU 6i0 Koeiyicnma mennonepedaui, nobyoosana sanexcricms ky = f'(ten), Maxcumanvhe
BIOXUNCHHS PO3PAXYHKOBUX Oanux He nepesuwyye 5,6 %. Haoani npaxmuuni pexomenoayii cmocosHo onepamusHozo
BUBHAYEHHS MeMnepamypu po3niaey 6 nedi 6 Yukii niasku aniomMiHic6020 O6PYXmy 3a GUMIPDSAHOIO MEMNePamypoio
CMIHKU 3068HIUHbOI HOBEPXHI.
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IMocranoBka mpo0yeMH Ta aHaJi3 MomepeaHiX JOCJHiAKeHb. B OoCTaHHI POKM B CBITI CYTTEBO 30LIBIIMIOCS
BUKOPHCTAHHS AJIIOMIHIIO B PI3HUX rajy3sX i, BIIIOBIAHO, 301IbIy€ThCsl HOoro BupoOHULTBO. Harpukian, 3a naHuMu
[1]y 2018 p. Oyzo BupobieHo 64, 3 MiH. T IbOTO MeTaly, a y 2020 p. nependavanocs 301IbIICHHS BUPOOHUIITBA J10
80 muH. T [2].

B cBiTi HakommueHo Oins 15 MIH. T BiAXOINIB BiJ NMEPBUHHOTO AIOMIHIEBOIO BHPOOHHUIITBA 1 BUPOOHHUIITBA
TOTOBUX METaJeBUX BHPOOIB. AJle CepenHiil piBeHb BHKOPHUCTAHHS TPOMHCIOBHUX BIIXOMIB Yy 3aJIe)KHOCTI Bif
PO3BHUTKY TEXHOJIOTi1H BUPOOHHIITBA KOMUBA€ETHCS B Mexkax 20 — 80 %. B cBiti mirots 61t 3000 BENIMKHUX TiAIPHEMCTB,
SIKi TIEpepOOIISIFOTH AIFOMIHIEBHH OpyXT 1 Bimxoau [3].

B VYxkpaini mopiuno BupoOssieTbest 210 THC. T anmoMiHifo, a 6ins 100 THC. T bOTO BUPOOHHUIITBA — METOIOM
TIepeTuIaBICHHS aIFOMiHIEBOTO OpyXTy [4].

Cu1izt 3a3HAYUTH, 110 BUPOOHHUILITBO BTOPHHHUX KOJILOPOBUX METAIB, 1 AJIFOMiHIIO 30KpeMa, BelIbMU e()eKTHBHO,
OCKIJIbKM BUTpATH CHPOBUHHU Ta MaTepiaiiB Ha iX BUpPOOHHIITBO 3HAYHO HHMIKYi, HIXK Ha BUITYCK HEPBUHHUX METAJIIB.
Ha Bunyck 1 T BTOpHHHOTO aJfOMiHiI0, HAallPUKJIaA, BUTPAYa€ThCs Ot 2 THC. KBTTO/ eNleKTpuyHOi eHeprii, mo y 7
— 9 pa3iB MeHIIe, HDK Ha BHPOOHHITBO ANIOMIHIIO €JIEKTPOJITHYHUM crocoOoM. IIpu 1bOMYy IpakTHYHO
BUKJIIOYAIOTHCSI BUKUAM B aTMocdepy GpTopuy BOIHIO Ta CMOJIMCTUX PEYOBHH, SIKI MalOTh Miclle IPH BUPOOHHLITBI
MIEPBUHHOTO AIFOMIHIO [5].

B po6ori [6] Takok miATBEPIKYETHCS, III0 BUPOOHHUIITBO ATFOMIHIIO 3 pyAHOI CHpOBUHU (OOKCHTIB i HepeTnHIB)
noTpedye 301UIbIIEHHS BUTPAT, a TAKOXK 3alpOBaPKEHHS JTOAATKOBHUX 3aXOJiB Ha 3aXHCT JOBKULIL, TOMY TiepeBara
BiIIAETHCS BUPOOHHUIITBY BTOPHHHOTO TFOMIHIIO.

JIst maBkyM aJroOMiHIEBOTO OpPYXTY, BUTPHUMKH Ta OOpOOKH OTPUMAHOTO afOMiHII0 BHKOPHUCTOBYIOTH TeHi,
00IrpiB SKUX 3MIHCHIOETHCS TIPH CTIAIOBAHHI Ta30IMoAi0HOTO a00 PIIKOTO TMaHMBa, a TAKOXK IeUi 3 eNeKTPUIHUM
obirpiBom [7].

IMeui Ha rasi i piAkoMy HajaMBi MIMPOKO BUKOPHUCTOBYIOThCS B aNIIOMIiHIEBIH ITpoMuciioBocTi. BoHu 3a3Buuait
MaroTh KOHCTPYKIIi, III0 € BapiaHTaMH TPAAULIIHHUX 1M0J0BUX a00 pOTOPHUX Iedell. B nux meyax BUKOPUCTOBYETHCS
npsiMe BUIIPOMIHIOBaHHS ITiJIBEJICHOI TEIUIOTH, TOMY €(DEKTHBHICTh CHCTEMH CIAJIIOBaHH MajkBa I0BOJI BUCOKa [7].

Enextpuuni medi, sKi 3a CBOEI0 KOHCTPYKLIEIO MOJIUISIOTHCS Ha Iedi OmMopy 1 IHAYKUiiHI medi, MaroTh psil
nepeBar. BificyTHICTh IPOJYKTIiB 3rOpsIHHS, HAPUKIIA, 3MEHILY€ BTPATH BiJl OKHCIICHHS METally, 8 TAKOX BUKIIIOYAE
3a0pyIHEHHS PO3IUIABJICHOTO AJFOMIHIIO BOJHEM 1 IHITUMH ra3zaMu. TakoK 3 TOUYKH 30PY €KOJIOTii eJIeKTPpUYHI 1medi €
OinmpIn yncTumMu [7].

PesynmbTati MOCHiIPKEHHS TEMIIEPATypPHO-TEIIOBUX YMOB pPOOOTH CTAIliOHAPHOI TMMedi s TeperuiaBKu
aIOMIHIEBOTO OPYXTY 3 €JNEKTPUYHNM Ta Ta30BUM HArpiBOM HaBeneHi B poborax [8 - 10].
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Po6ounii mpocTip medi BUKOHAHUK y BUTIAAI QyTEpOBaHO! MPSIMOKYTHOI KaMepH 3 IMOJUHOI0, OOKOBHMH i
TOPLIEBUMH CTIHKAMU Ta CKIICIiHHAM. Kamepa Mae JiBi 30HU: HUXKHIO, 1€ 3HAXOJUTHCS ATTFOMIHIN MiCIIsS PO3ILIABICHHS
3aBaHTaKEHOTO OPYXTY, Ta BepXHIO (0e3 po3miaBy). B omHiil 3 00KOBUX CTIHOK po3TammoBaHi opkamepH, Yepes ki
3aBaHTAXYEThCS aIOMiHIEBUH OpyXT 1 3HIMA€ThCSA INIIAK, Ta JIETKA Ui BWIMBAaHHA amioMiHito. @DyTepoBka
MMOBEPXOHb HASBHUX IeUci BUKOHAHA MOCIIIOBHO 3 BOTHETPUBKHUX MaTepiaiiB (KOPYH]I, IIaMOT), a TEIUIOi30JISLisA —
3 TIHOIIATOMITY 1 a30€CTy ISl OAMHH, TOPIIEBHUX 1 OOKOBHX CTIHOK, Ta MHOAIATOMITY i BEpMUKYIITY IJISl CKIICTIiHHS.
Byno nmokasaHo, 110 4acTKOBa 3aMiHa TEIUIOi30JISMiT 3 MIHOIATOMITa Ha CHJIIKAT KAIbI[I0 B KOHCTPYKIISX ITOJIUHH,
CKIIETIiHHS, OOKOBUX 1 TOPIEBHX CTIHOK MOXE TMPHU3BECTH J0 3MEHIICHHS TETUIOBTPAT Yepe3 Ili OTOPOJKEHHS
npubau3HO Ha 25 %.

3TiTHO 3 TEXHOJIOTIEIO CTIOYATKY Yepe3 BiAKpUTI popkaMepw B IMiY 3aBaHTAKYIOTh aJIOMiHIEBUH OpYXT, TOTIM
BKJIIOYAIOTh 30BHILIHI HAarpiBajbHI MPHUCTPOI 1 3IIMCHIOIOTH HArpiB Ta pO3IJIABICHHS TBEPJOro Marepialy, a Jaii
JIOBEJICHHS PO3IUIABIICHOTO0 METady J0 HeoOXiJIHOI TemmepaTypH, Micis 4oro depe3 (opkamMepw BHIAISIOTH 3
poboyoro 06’emMy crayieBi Ta IHINI JOMIIIKK 1 3MIACHIOIOTH JIUTTS BUPOOiB. [licias MOBHOTO 3aKiHYEHHS JIMTTS
aIFOMIHI10 IIUKJT TTIOBTOPIOETHCS.

BumMiproBaHHs TeMmIepaTypu pO3IDIaBy 3a3BHYail 3MIHCHIOIOTH TEPMOIApaMH, PO3MIIICHUMHU B 4YOXJax i3
HEeprKaBirovoi cTam abo KepaMidHUX JoXJiaX, sKi MiCIIsT pO3IUIaBIEHHS aIOMiHII0 BCTABISAIOTHCS B pOOOUHIA IPOCTIP
nedi yepe3 oTBopH B ckieninHi. Ciig 3a3Ha4nTH, IO TEPMIH Iil TAKMX TEpMONap JOBOJI OOMEXEHHH YHACIiIOK
pPYHHYBaHHS YOXJIiB i3 HEIp)KaBit090i CTaIi MPH KOHTAKTI 3 PO3ILUIABOM, a KEPaMidHi YOXIIU € TOBOJI KPUXKUMH.

Metor0 crarTi € po3poOka HENpsIMOrO METOAY BH3HAUCHHS TEMIICpaTypy pO3IUIAaBYy, LIO J03BOJHTH
3MIHCHIOBATH MTOCTIMHIIA KOHTPOJIb €] TEMIIEpaTypH Ta 3a0MANTH KOIITH Ha BUTOTOBJICHHS TEPMOTIAp B YOXJIaX.

Po3paxynkoBi gocaiTikeHHs1 3 HeMPsIMOro BH3HAYEHHsI TeMIIEPaTypH po3miaBy B medi. [IoTik TemioTw,
SIKHA MIBOAWTBCS B TEYi BiJl €JEKTPUIHOI eHeprii abo MpH cradroBaHHI Ta30MoAiOHOTO YW PIJKOTO ITaiuBa,
BUTPAYa€eThCsl KOPUCHO HAa HArpiB OpyXTy A0 TeMIepaTypH pO3IUIABJICHHS, WOr0 pPO3IUIABICHHS, IEPErpiB
PO3IUIABIICHOTO AIIOMIHIIO Ta TBEPAMX JOMIIIOK JI0 po0OUO0i TeMIEpaTypH, a TAKOXX Ha KOMIICHCAIIIO BTpaT 4epe3
30BHILIHI TOBEPXHi OTOPOJKEHb, Yuepe3 BiKpuTi popkamepu i oTBopu Tomio [9].

IIpu BU3HAYEHHI BTPAT TEIUIOTH OKPEMUMH €JIEMEHTaMHU 30BHIITHIX OrOPOKEeHb, IO 3HAXOAITHCS B 30HI TeUi
3 PO3ILIABICHUM QIOMiHIEM, BT, 3a3BHYail BUKOPUCTOBYIOTh PIBHSIHHS TEILIONEpeaayi

QBTp[ zkiE(tp_tH)ﬂ (1)

e k; — koeQilienT TEMmIonepeayi Bijl po3IIaBy aJlOMiHIIO 10 HABKOJIMIIHEOTO cepenosuia, Bt/ (M*K); F; — moma
TEIUIONEPEIaBATBHOI TIOBEPXHI OTOPODKEHHS, M2, fp 1 fy — TEMIIEpAaTypa PO3IUIABY ANIOMIHIIO i HABKOJHMIIHBOTO
cepeoBuIa, BiAMOBiaHO, °C.

3a nmporpamanM 3abe3nedeHHsM [ 10] BUKOHAHA cepist pO3paxyHKiB 3 BU3ZHAYCHHSI I'YCTHHH TEIIOBOTO TTOTOKY ¢
Ta TEMIIEPATYPU CTIHKU fc; 30BHILIHIX [TOBEPXOHb, 110 3HAXOAATHCS B 30HI PO3ILIABICHOTO AIOMIHIIO, IT€Yi IS
MepeTUIaBICHHS AIFOMiIHIEBOTO OPYXTY EMHICTIO 6 T 3 €NIEKTPUYHOIO TOTYkHicTIO 600 KBT.

Po3paxyHKOBI JOCITIPKEHHSI BUKOHaHI IJIsl OrOPO/PKEHb OOKOBOI Ta TOPLEBOI CTIHKM 0a30BOi Ta 3MiHEHOI
KOHCTpYKIii (Tabn. 1), a Takox 1 I JOBUIBHUX KOHCTPYKINM IHUX CTIHOK, B iHTEpBalli TEMIEPATyp PO3ILIIaBYy
anrominiro 670 — 750 °C 3 kpokom B 10 °C.

Crnif 3a3HaYWTH, MO JJI1 TOBUTBHUX KOHCTPYKIIA IIMX OTOPO/DKEHb HE3MIHHMMH 3aJIAIIAMCSA CyMapHi ix
TOBIIMHY 1, SIK IPaBUJIO, MaTepiaj Ta TOBIIMHA [IEPIIOro mapy (yTEepOBKH, IOPOLIKA IAMOTHOTO, @ TAKOK CTAJIEBOTO
KOXyXa, & 3MIHIOBaJIM MaTepiaJid i TOBIIMHU HACTYIHHUX (DYTEPOBOYHO-TEILIOZOMAMINHUX MaTepialiiB. B aeskux
BUIIaJKaX 3aMiCTb KOPYHIOBOI BOTHETPUBKOI LEITIM HEPIIOro mapy (QyTepoBKH Opaiu BUCOKOTJIMHO3EMHUCTHI
mamoT BI'O-45 ToBmmuO0 230 MM.

KoeiuieHT Tennonepeaadi BiJ po3iaBy alIOMIiHiI0 IO HABKOIMIIHLOTO cepenoBuina, Bt / (M*K), BusHauamu
3a BiZIOMOIO (OPMYJIOIO

1
R 6)
a A a,

BH

JIe Oy — KOE(IIIEHT TemIoBiAgayul BiJ pO3IUIABY aJIOMIHIIO JI0 BHYTPIIIHBOI TOBEpXHI CTIHKH (DyTEpOBKH,
Bt/ (M*K); &; - TOBIMHA BiANOBIZHOrO INAPYy OTOPOKEHHS, M; A; - TEINIONPOBIHICT, MaTepialy IHapy,
Bt/ (MK); oty - KOoedilieHT TeIutoBiayi Bix 30BHINIHBOT MOBEPXHI CTIHKH CTAJIEBOTO KOXKYXa JI0 HABKOJIHUIITHEOTO
cepenosuma, Bt/ (M*K).
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Taoauus 1 — Buxinni nani 10 po3paxyHkiB i NOBepXOHb Meyvi, 10 3HAXOAATHCS B 30Hi poO3MIIaBy

Oropoa- Tosep- | Konetpyk- Matepianu/TOBIIMHY TIapiB (MM)
KEHHS XHS, M° st 5
1 2 3 4 5 6 7 v
MM
K T I Ia A C )
Gasoa | 250 50 230 | 460 10 | 10
Bogosa 3.6 1010
CTiHKa
3MiHEHA X I A na g MB E
[9] 250 50 230 460 270 20 10
K T I I A C )
5 el il _ i kel il
TongOBa L4 asosa 250 80 115 345 10 10 210
CTiHKa
amimena | = | IO WD IA ) CKo MB o C
[9] 250 70 115 115 230 20 10
YmoBHI nosHauenns: K — kopynnoBa BornerpuBka nerna; [T — nopomok mamotnmii; 11 — mamor; [T —
niHozgiatomit; A — azdectoBuil kapToH; C — craneBuii koxxyx; CK — cunikar kanpuiro; MB — MiHepanbHa Bata.

B pospaxyHkax Opamu Oy = 500 Bt / (M*K); TemIonpoBifHicTs MaTepiaiiB OropokeHb B 3aJI€KHOCTI BiJ
TEeMIIepaTypy BU3HAYAIH 32 NaHUMHU [ 1 1], BpaxoByrOUH NpH bOMY iX MOBHE 200 YaCTKOBE MPOCOTYBAHHS PO3ILIABOM
aJIIOMIiHi10, IO BH3HAYAETLCS TEMIEpaTypaMy Ha TPAHUIIX MIapiB (IWB., HAPHUKIAL, puc. 1) 1 MOPIBHIHHIM iX 3
TEMIEPaTypoI0 PO3IUIABICHHS ATIOMIHIIO fp0s, AKa ckimamae 656 °C. Ilpm moBHOMY mpocOdYyBaHHI MaTepiary
PO3IIIABOM (TeMIepaTypy Ha 000X IpaHHIIX Iapy MEePEBHIIYIOTH fpo;) TEIDIOMPOBIAHICTE 30imbIIyBanu y 1,5 pasmy,
a TIpH 9aCTKOBOMY (TeMIIeparypa TUIBKH Ha OJHIHM rpaHUIl mapy MEPEBUILYE fpos) — Y 1,25 pasm.

tgn=750°C
— 4 |h=mrec
t,=741°C t,=720°C| .| t,=654°C
o]
t;=111°C
r3:.1|3||=‘1'3‘,C
K nw w na CK MB
b,=250 MM b,=70 MM b,=115 MM b,=116 MM b =270 MM b =20 MM
g =186.3 BT/m?; Q =0.26 KBT

Puc. 1 — Po3nmoaia TeMnepatyp nmo TOBIIMHI TOPLEBOI CTIHKH (CTaJeBUH KOXKYX He MOKAa3aHMUI)
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KoedimieHnT TerumoBigmadi Bix  30BHIMIHBOT  TMOBEPXHI CTIHKMA CTaJeBOTO KOXyXa IO HABKOJIHWIIHBOTO
cepenosuma, Br / (M?-K), Bu3Ha4anu npu oTpuMaHiii B pO3paxyHKy TEMIIEPATYPi 30BHIIHBOI MOBEPXHI CTIHKM 3a
3anexHicTio [12]

o =9,5+98,15:107 (fer — 30) - 4,74:10* (ter — 30)* + 1,74:10°° (fer — 30)°.

SKmo BiZoMa TYCTHHA TEIUIOBOTO TOTOKY ¢ Ta BUMipsHA TeMITEpaTypa 30BHIITHLOI IIOBEPXHI OTOPOIKEHHS
ts08n (fer) , TO Ha MPAKTHUI TEMIEPaTypy PO3ILIaBy IIOMIHIIO B I1€4i MO’KHA BU3HAUUTHU 3a PiBHSIHHIM Burisiny (1),
TOOTO
q
t,=t, te 3
P

ne k,— xoedilieHT Teronepeaayi Bij po3ruiaBy allOMiHis 10 30BHINIHBOT NOBEPXHi oropokenHs, Bt/ (M>K).

Bemnunny k,, 1U1s1 BcTaHOBIJICHHS 11 3B’S3Ky 3 TEMIIEPATYPOIO CTIHKH 30BHIIIHBOI MOBEPXHI fcr, BU3HAYAIN 32
PIBHSHHSM BUTIALy (2), B SKOMY B 3HAMCHHUKY Oy/e BiACYTHIM TepMiuHMH OIp TEIJIOBiAJadyl Ha 30BHIIIHIN
TOBEpXHi oropopkeHHs (1/ o).

PesynbraTi po3paxyHKiB AJIs BCIX BapiaHTiB IIPW BIANOBIIHHUX 3alaHUX MaTepiaiax i TOBIIMHAX OKPEMUX IIapiB
OTOPOIKEHB, IUIONII TeIJIONepeIaBajIbHOI MOBEPXHI Ta TEMIIEPATyp PO3IUIABY f, BKIJIIOYAIH:

- TYCTUHY TEIIOBOTO MOTOKY ¢, BT / M%;

- TEeMITepaTypy CTIHKH 30BHINTHHOI MMOBEPXHI OTOPOKEHHS Zcr, °C;

- pizHUIO TeMnepaTyp A ter = tp - fer, °C;

- Koe(ilieHT TerIonepeiayi BiJi po3IuiaBy aTIOMIHIIO 10 30BHIIIHBOI TOBEPXHI OrOPOUKEHHS kp = (¢ / A ter ),
Bt/ (M*K).

Ha puc. 2, 3 HaBezneHi 3aeKHOCTI ¢ 1 kp BIATIOBITHO BiJ fer.

g, Br/m?

700 - 9
G=00569 ter + 74778 cr — 234.4584
600 |-
500 [~
400 |-
300 -

200

100 [

0 | | | | | | | | | |

30 35 40 45 50 55 60 65 70 75 80 rl:',T oC
1

Puc. 2 — 3ajexHicTh TyCTHHH TeNJIOBOr0 MOTOKY Bil TeMIepaTypu CTIHKH
(cepenHe BigXWiIeHHS po3paxyHKOBHX maHuX 1,51 %, makcumansae — 4,6 %)
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Kp,
Bt/(M2-K)
1.0

Kp=0.0001 t& +0.0081 fer — 0.2766

06

0.2

0 i I i I i i I i I I
30 35 40 45 50 55 60 65 70 75 80 ter,°C

Puc. 3 — 3anexnicTs TemMnepaTypu cTiHKH Bix koedinieHTa Temionepeaadi
(cepenHe BIIXWIICHHS pO3paxyHKOBUX AaHUX 1,54 %, makcumainbhe — 5,6 %)

JI71st IpakKTUIHOTO BUKOPUCTAHHS OTPUMAHUX PE3YJIbTATIB B IIMKJIAX TUIABKU aJIOMIHIEBOTO OPYXTY HEOOXiTHO
TicJs HOTO PO3IUIABICHHS BUMIPSATH TEMIIEPATypPy 30BHINTHBOI MOBEPXHI CTIHKHA for, °C, B JBOX — TPHOX TOUKAX,
HaTIPUKJIa]l, BHKOPUCTABIIH [T IIHOTO XPOMEIb-aIIOMENIEB] TepMonapu. Y MoAaIbIIoMy 3a prc. 2 abo 3a HaBeIeHOIO
Ha HHOMY aIPOKCHMIPYIOUOI0 3aJI€KHICTIO HEOOXIHO BU3HAYHUTH TYCTHHY TEILIOBOTO IIOTOKY ¢, BT/M%, a 3a puc 3
ab0o aIpOKCHMIPYIOUOI0 3aJIEkKHICTIO — KoeiieHT Termonepenadi kp, Bt/ (M*K). Temmepartypa po3miasy B medi £, ,
°C, Bu3HavaeThes 3a Bupa3oM (3). [lepen mpoBeeHHSIM BIIIUBKH PO3ILIABY aTIOMiHIs 3 TIedi MOXKIIMBE KOPOTKOYACHE
BHUMIPIOBaHHS Or0 TEMIIEPATYPH IITATHOI TEPMOIIAPOIO B YOXJIL.

BucnHoBku

1. 3a po3poOiieHUM aBTOpaMH MPOTPAMHHM 3a0C3ICUCHHSIM BHKOHAHI PO3PaXyHKH 3 BH3HAYCHHS T'YCTHHHU
TEIUIOBOI'O MOTOKY Ta TEMICPATYPH 30BHILIHIX TOBEPXOHh OOKOBOI Ta TOPILOBOT CTIHOK IEYi JUIS MEePEIUIABICHHS
aOMiHIeBOTO OpyXTy B iHTepBaii Temmeparyp posmiaBy 670 — 750 °C; Ha 6a3i po3paxyHKOBHX JaHHX OTpUMaHa
aNpOKCUMIipyroUa 3aleXHICTh ¢ = f (fcr), MAKCUMaJIbHE BiIXWICHHS SKUX HE nepeBuiye 4,6 %.

2. Po3paxyHKOBHMH JOCTiIKEHHSMU BCTAHOBJICHA 3aJICXKHICTh TEMITEPATypH 30BHIIIHBOT MOBEPXHI CTIHKH Bif
KoedirmieHTa Temonepenayi, moOyxoBaHa 3aJIeKHICT kp = f (f.r), MAKCHMaJIbHE BIIXWICHHS PO3PaXyHKOBHX JaHUX
He riepeBuuIye 5,6 %.

3. Hagani mpakTu4Hi PeKOMEHJAIlii CTOCOBHO OIEPaTHBHOTO BH3HAUEHHS TEMIIEpaTypH pO3IUIaBy B Tedi B
IUKJTi TUTABKH JTFOMIHIEBOT'O OPYXTY 32 BUMIPSTHOIO TEMITEPATYPOIO CTIHKH 30BHINTHBOI IIOBEPXHI.
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Yevhen Panov, Mykhailo Bozhenko, Mykhailo Korzhyk

INDIRECT DETERMINATION OF THE MELTING TEMPERATURE IN ALUMINUM SCRAP
FURNACES

Based on the analysis of literary sources, it is shown that the production of secondary non-ferrous metals, and
aluminum in particular, is very efficient since the costs of raw materials and materials for their production are much
lower than for the production of primary metals. For the production of 1 ton of secondary aluminum, of which about
100,000 tons are produced in Ukraine, about 2,000 kWh of electrical energy is consumed, which is 7-9 times less than
for the production of aluminum by the electrolytic method. At the same time, emissions of hydrogen fluoride and
resinous substances into the atmosphere, which occur during the production of primary aluminum, are virtually
eliminated. Furnaces heated by the burning of gaseous or liquid fuel, as well as furnaces with electric heating, are
used for melting aluminum scrap, curing and processing the obtained aluminum. Previous authors’ research
concerned the study of temperature and thermal conditions of operation of a stationary furnace for remelting
aluminum scrap with electric and gas heating. The working space of the furnace is made in the form of a lined
rectangular chamber with a floor, side and end walls, and a vault. The chamber has two zones: the lower one, where
the aluminum is located after melting the loaded scrap, and the upper one (without melt). According to the technology,
aluminum scrap is first loaded into the furnace through open prechambers, then external heating devices are turned
on and the solid material is heated and melted, and then the molten metal is brought to the required temperature,
after which steel and other impurities are removed from the working space through prechambers and perform casting
of products. After the aluminum casting is complete, the cycle is repeated. Measurement of the melt temperature is
usually carried out by thermocouples placed in stainless steel covers or ceramic covers, which, after melting the
aluminum, are inserted into the working space of the furnace through holes in the vault. It is noted that the service
life of such thermocouples is quite limited due to the destruction of the stainless steel covers upon contact with the
melt, and the ceramic covers are quite fragile. That's why a method of an indirect determining the temperature of the
melt, which will allow constant control of this temperature and save money on the manufacture of thermocouples in
covers, was developed. The results of calculation studies on the determination of the heat flux density and the
temperature of the outer surfaces of the side and end walls of the furnace for remelting aluminum scrap in the melt
temperature range of 670-750 °C that were performed using the software developed by the authors, are given. The
results of calculations for all options with the relevant specified materials and thicknesses of individual layers of
fences, heat transfer surface area and melt temperature t,, included the heat flow density g, W/ m?; wall temperature
of the outer surface of the enclosure t,, °C; temperature difference A t, = tu - t, °C; coefficient of heat transfer from
the aluminum melt to the outer surface of the enclosure ky = (q /4 t.), W/ (m*K). On the basis of calculated data,
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an approximating dependence q = f (t.) was obtained, the maximum deviation of which does not exceed 4,6%. The
dependence of the wall temperature of the outer surface of the enclosure on the heat transfer coefficient was
established, the dependence k, = f (t.) was built, and the maximum deviation of the calculated data does not exceed
5,6%. Practical recommendations are provided regarding the operational determination of the temperature of the
melt in the furnace in the cycle of melting aluminum scrap, according to which, after melting the aluminum, it is
necessary to measure the temperature of the outer surface of the wall t,, °C, at two or three points, for example, using
chromel-alumel thermocouples for this purpose. In the future, it is necessary to determine the heat flow density q,
W/m? and the heat transfer coefficient ky, W / (m*-K) according to the corresponding graphs or the approximate
dependencies shown on them. The temperature of the melt in the furnace, °C, is determined by the equation t,, = t,, +
(q / k). Before pouring aluminum melt from the furnace, it is possible to measure its temperature for a short time
with a standard thermocouple in the cover.

Keywords: furnace, aluminum scrap, melt, temperature, enclosure, lining, thermal insulation, heat flow density, heat
transfer coefficient.
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