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C.I'. OpnoBchka

BucokoremneparypHuii TenJioMacoo0MiH MeTaJIeBUX YACTHHOK 3
ra3oM i3 pyxoMoI0 oBepxHer XiMiYHUX ePeTBOPEHb

Odecvruii nayionanvhuil ynieepcumem imeni I.1. Meunuxosa,
65026, Ooeca, Vkpaina, (0482) 7236227

JocnijkeHO BIUIMB 3MiHH JiaMeTpy OKHCIIIOBAHOI METaleBOi YacTHHKM 1 BUMApy OKCHAYy 3 il MOBEpXHi Ha
BHCOKOTEMIIEpAaTypHHI TEII0-MacoOOMIH 3 Ta30M IIPH HPOTIKaHHI peakiii OKUCICHHS Ha MeXi (a3 «MeTan-oKCHIy i
«okcuz-ra3y. [IpoaHanizoBaHo BIUTUB IMOYAaTKOBOIO JiaMETp YaCTHHOK i KOHLCHTpALil KHCHIO B MOBITPi Ha mepiof
IHIYKILIT, 4ac i TeMreparypy ropiHHs, KpUTHYHI TaApaMeTPH 3aTyXaHHS YaCTHHOK 31 3MIHHUM JiaMeTpOM.

Kiro4uoBi ciioBa: BHCOKOTEMIIEpPAaTYpHUH TEIJIO-MacOOOMIH, BHIIApPOBYBaHHS, METald, OKCHUAHI IUTIBKH Ha

TTOBEPXHI METAJIIB.

Cmamms nocmynuna 0o pedakyii 07.06.2008; npuiinama 0o opyxy 15.12.2008.

Beryn

AKTyanpbHICTP ~ BHBYCHHA  MPOLECIB  TeImJo-
MacooOMiHy 1 KIHETUKH OKHCIICHHS METaJIeBUX YaCTHHOK
NOB'SI3aHa 3 IIMPOKHM 3aCTOCYBaHHAM IUCIIEPCHUX
METaJIEBUX CUCTEM B PI3HHX Taily3sX HayKH i TEXHIKH.

OpHUM 3 HaWNEepCHEKTHBHINIMX  HAmpsMiB B
CTBOPEHHI CYYaCHHMX €KOJIOTIYHO YHCTHX TEXHOJIOTIH €
acpO30JBHMI  KaTalli3, 3acHOBAaHWIA Ha CHHTE3l i
yTumizanii  XiMIYHMX TOpPOXYKTIB 3 OpraHiyHUX 1
HEOPTaHIYHUX PEYOBHH, IO MICTATBCS Y BiOXO0IaxX
pizEEX  BHpOOHHMUTB. [lomryk  HOBHX  JEIIEBUX
KaTami3aTopiB Ha OCHOBI OKCHAIB MeETalliB BHMArae
JIeTaJbHOTO BHBYEHHS MEXaHi3My OKHCICHHS MeETaliB
IIPY PI3HUX TEMIIEPATyPHHUX PEXKUMax B rasonoioHOMy
CEPEIOBHIIII.

B crmemianbHiii miTeparypi npu  JOCIHIIKEHHI
BHCOKOTEMIIEPATYPHOI'O TEIIOMACOOOMIHY METaJIeBUX
YaCTHHOK HE BPaxOBY€EThCS 3MiHa X JiaMeTpy BHACIIIOK
xiMiuHUX TepeTBopeHb [1,2,3], a TakoX BHACIHIIOK
NPOTIKaHHS Ha  MOBepxHI  (azoBux  mepexoliB
(HanpuKIIaj, TUIABJICHHS Ta BUIIApOBYBaHHS OKcuAiB). L1i
SBUIA MOXYTb BIUIMHYTH Ha  XapaKTePUCTHUKH
BHCOKOTEMIICPaTypHUX IIPOLIECIB YACTUHOK B Ta30BOMY
CEPEIOBHIIIL.

Jlana pobOora TpPHUCBSYEHA BHMBYEHHIO BIUIMBY
BUTOPAaHHS MeTajly Ta BHIAPYy OKCHAY Ha OCOOJMBOCTI
BUCOKOTEMIIEPaTypPHOTO OKHCIICHHS METaJIeBUX
YaCTMHOK TPH PI3HUX MexaHi3max audysii peareHTiB
4yepe3 OKCUIHUIM 1map.
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I. ®izuko-MaTeMaTH4YHe MOJAEJTIOBAHHA
BHCOKOTEMIIEPATYPHOIO
TeNJIOMac000MiHy MeTaJIeBUX
YaCTHHOK
Posrnsaemo BUCOKOTEMIIEpATYpPHUI TeIIo-

MacooOMiH 1 KIHETHKY XIMIYHMX T€peTBOpEHb Ha
MOBEPXHI METaJeBOl YaCTHHKH, SKa 3HAXOIMThCS B
ra30BOMY CEPEOBHIL, [0 MICTUTh OKHCIIIOBAY.
Hexaif Ha noBepXHi YacCTHHKM TIpOTIKae XiMidHa
peaxitis
VieMe+v, O, =v, Me O,

3 YTBOPSHHSM OKCHAHOI IUIIBKH, SKa B IOJAJIBIIOMY
MOXKE YHHHTH OIlp TMpOIecy B3aeMOJii MeTalry 3
okucioBadeM. Ormip OKCHIHOI TUTIBKA PI3HUX METaliB
HAMOLIBII YITKO BHPAKAETHCS O0'€MHHMM BiIHOIICHHSIM
&, KW € BiTHOWmIEHHSIM 00'eMy OKCHAY a0 00'eMy
MeTally, 3 SKOro Heill OKCHA yTBOpProeThCs. Skmo &> 1,
TO TUTIBKA TMOKPHUBA€ METaJ IIITPHUM IIApOM i CITYXKHUTH
e(eKTUBHOIO TepemKonoo okucieHaro [4]. Tomi
MIBUIIKICTh XIMIYHO{ peakmii 10 OKHCIIOBAaYy TIPSMO
MPOIOpIiifHAa KOHIEHTpallii OKHUCIIOBada 1 OOEpHEHO
MIPOTIOPIIifHA TOBIIWHI OKCUIHOT TUTIBKH

WOz = Zpgnozs, k= ko exp(—E/RT), (1)

o, Me O,

OKCHI; V,, V)5V, — CTEXIOMETpU4Hi KoedilieHT; k —

Me

e — OKHCIIIOBaY, — MeTall, -

KOHCTaHTa MIBHUIKOCTI XIMIYHOT

M .. .
peakuii, — ; k, — xoediuieHT audy3ii peareHTiB depes
¢

TreTepOreHHO1
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2
. M .
OKCUJHY IUIiBKY, — ; FE — eHepris aktupaiii, [[/Mob;
c

Ke

p,— TycTuHa rasy, —; h — TOBIIMHA OKCHAHOI

IUTBKA, M ; 7, s - BIAHOCHA MaCOBa KOHLICHTPALLisl KUCHIO

Ha TOBEpXHI pearyBaHHsi; R — yHiBepcajbHa ra3oBa

Lo
———; T — TtemnepaTrypa 4aCTUHKH, K .
Mmonw - K

Peaxkiist OKUCIIEHHS METANy 3 YTBOPEHHSAM IIUTBHOTO
3aXHCHOI'0 OKCHIHOTO IIapy MOXe MPOTIKAaTH 3a JBOMA
MEXaHI3MaMH:

Ha MEXIi (a3: «MeTaa-OKCHI»,

Ha Mexi (a3: «okcua-rasz».

[To mepmiomy MexaHi3My OKHCIIOETHCSI BOJb(pam.
Bu3HauanbHOIO JJAHKOK NIPU OKHCIIEHHI € Audy3is 10HIB
KHCHIO 4Yepe3 OKHCHY IUIIBKY JO IOBEpXHI MeTaly.
XimiuHa B3a€MOJis METally 3 KHCHEM IIPOTIKa€ Ha MEXi
(a3: «meran-okcuI.

[To mpyromy MexaHi3My OKHCITIOETHCS B KHUCHI 3aI1i30
1o okcuny FeO [5]. Hocnimu 3 MiTKaMu MTOKa3aJ, IO
MPU OKUCJICHHI 10HHM IMX METaliB NUQYHIYIOTH Yepes3
I1ap OKCUAY JI0 TIOBEpXHi pearyBaHHSI.

VY 3B'I3Ky 3 BUILEBHKJIAJCHUM BBEIEMO B PO3IIISI
pPyXOMy HOBEpXHIO XIMIYHOIO pearyBaHHS S, 5Ka, B

cTana,

IepIIOMYy  BHIAAKy BU3HAYATUMETBCS  HOBEPXHEIO
Heokucnenoi uacrunku, S, =zd,’,d, — niamerp
METaJeBOr0 OCEPENKy, B JPYToMy — HOBEPXHEIO
JaCTHHKH, HNOKPUTOI ~ OKCHJIOM  TOBIIHMHOIO /1,

2 .
S,=nd,,d,=d, +2h, (puc. 1). 30BHIIIHA IOBEPXHA
JaCTHHKH S, TaKOX 3MIHIOETBCS BHACHINOK yTBOPEHHS
Ha Hil OKCHHOI IUTIBKH Ta i1 BUTapOBYBaHHS.

Puc. 1. YactuHka MeTaily, 0 OKUCITIOETHCS

3HaiiIeMO KOHIICHTpAIlil0 KHUCHIO Ha IOBEPXHI
pearyBaHHs 1, ¢ 3 piBHOCTI [6]:

k
S,Bp, (”0200 - nozs) = SZ”OESpg ) (2)
ShD A
,B =, D :_g B (3)
d, CePy
ae n,, - BIIHOCHA MAacoBa KOHIICHTpAIlis KHCHIO B
. .. .M
moBiTpi; [ — KoedimieHT MacooOminy,—; D —
c
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2

koedimiear gudysii KucHIO B TOBITP, —; Ay
c

Bm

Koe(iLliEHT TErIONpOBIIHOCTI MOBITPS, ; €

MK f

TIOBITPA, Howe ; Sh

ke K

MMTOMa  TEIIOEMHICTD

mudysiitani kpurepiii llepByna.
Bpaxyemo 3anmexHICTh TYCTHHH 1
TEIUIOTIPOBITHOCTI Bi TEMIIepaTypu:

KoedirieaTa

n T+T,
pe = Peo(Ty /1) Ay = Ay (TIT,)' . 1= =2

Pgo> Ago — TYCTHHA 1 KOe(iLlieHT TEIUIONpPOBIHOCTI rasy
K2 Bm

3 >

mpu TeMmepaTypi 7:) =273 K,
Mm-K

g

Temmeparypa rasy, K ; 1, — xapakrtepHa Temmeparypa,

IpH sIKili BU3HAYAIOTHCA BIACTHBOCTI razy, K ; n=0,75
(a7 oBiTPS).

SIKIIIO OKMCIIEHHS MPOTIKa€E MO IepLIOMYy MeXaHi3My,
To §=S, 13 (2) Maemo:

k¥ (a} |
T

Ry W\ a “4)

no,s =

Ilp OKHCIEHHI Ha MEXKI «OKCHA-Ta30ImoaiOHui

OKHCITIOBAYY), O = Sh i
-1

i+1

hp

I'ycTuHa XIMIYHOTO TEIJIOBHIUICHHS BHACIHIZIOK
peaKIiii OKUCIICHHs Ha TIOBEPXHI YaCTHHKH

9. = QWO2 = Q%pgnozs ) (6)

ne Q — rtemoBuil edekT peaximii, po3paxoBaHWil Ha

©)

No,s =No,,

OJWHHIIIO MaCHu KHCHIO,
K2

3anumemo audepeHiiiiHe pIBHAHHS 30epe)KeHHs
eHeprii uIs MeTaneBoi YaCTHHKH, SKE OIUCYE 3MiHy il
TEMIlepaTypd 3  4YacOM  BHACHOK  XIMIYHOTO
TEIUIOBUAICHHS TIPH  OKWCJICHHI, TEIUNIOOOMiHYy 3
HABKOJIMIIHIM Ta30M i CTIHKAMH YCTaHOBKH, TETUIOBTPAT
Ha BUIIAPOBYBAHHS OKCHY:

oT
(Cmpme + COXp()XVOX)E = Sq(,h - Sh (qL + qW + Qev)ﬂ
Tt=0)=T,, (7)

V

m

®)

lﬂ.dnﬁ’ I/o
6

Tyr ¢, .C,, IMUTOMa TCIUIOEMHICTH MCTAIly 1

Hore ,
OKCHAy, ———; P, , P, — I'yCTHHA METaly 1 OKCHUIY,
Ke

ke K
3 b qC b qW 9 qev
M

BUKJIUKAHUX BiAMOBiAHO,

TYCTHHU TEIIOBUX MTOTOKIB

TEIUTONPOBIAHICTIO 1
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KOHBEKIIIEIO,
Bm

- -
M

peaKLifHOTO YCTPOIO ONHUCYIOThCs 3aKoHaMu HploToHa-
Pixmana i Credana-bonpumana:
Nul

g

qcza(T—Tg), a= P

BUIIPOMIHIOBAaHHSM, BHIIAPOBYBaHHSM,

TemwooOMiH YacTMHKM 3 Ta30oM 1 CTIHKaMu

©

q,=¢0(T*-T",), (10)

B (9)-(10): o — xoediieHT TEIUIOOOMIHY, Z—K;
M .

Nu — xpurepiit Hyccenbra; & — CTymiHb YOPHOTH

YACTHHKHM, TOKPUTOI OKCHAOM; 1 w

TeMIeparypa

CTIHOK peakiiiiHoi yctaHoBKH, K .
TemmoBTpaT Ha BUMAPOBYBAHHS OKCHIHOI ILTIBKHU 3
MOBEPXHI YaCTHHKH BU3HAYAIOTHCS 3T1THO (OPMYJIH:

D ShM
_Le VVev’ VVm — ox.s.? (11)
dRT ™
ne L, — nmroma Temsora mapoyTBopeHHs, J[/KT;
P — THCK HACHYEHOi Hapd OKCHAy Ha MOBEPXHi

0X.S.

okucneHoi 4actunk, Ila; D, — koediuieHT audysii

napy OKCHIy B TOBiTpi, M7/c; M .« — MOJIIpHA Maca Iapu

OKCHJLY, KI/KMOJIb; d, — MiaMeTp OKUCIIEHOT YaCTUHKH.

3anuneMo 3aJe€XHICTh TOBIMMHM OKCHIHOI IUTiIBKH,
IO YTBOPIOEThCS HA MOBEPXHI YACTHHKH, BiJ 4Yacy IUIst
PI3HUX IPaHMIb TPOTIKAHHS PEaKIlil OKUCICHHS.

Jlns BHOAJKY OKHUCJICHHS Ha MOBEPXHI «MeTal-
OKCHU/I» OTPHMAEMO:

dh
Poc—r = Woe=We,  1=0)=h, (12)
k(d,Y ’
W =Qpn,,—|—=| =Q -
ox 1PgNo,s i\d, 1" o, d,
VOVMOX .
ae Q =—=—= —  BIJHOIIGHHS  MAacOBHUX
Vo, Mo,
crexiomerpuunnx koedirientis, M, , M 0, — MOJISpHI

MacH OKCHY 1 KHCHIO, KT/KMOJIb.
Komu okucnenHs #ine Ha MOBepXHI OKcUIy (Meran
IudyHAyE yepes map OKCUILY) MaeMO:

(13)

Buropanss Merany BpaxOBYETHCS DPIBHSHHSAM JUIS
3MiHM MacH a0 AiaMeTpy MeTaieBOi YACTHHKH 3 YaCOM:

2
d(dm):Q k ﬂ , dm(l:
dt

k
v, leg Z”o N

ox

=QW, .

_Pn

: 0)=d,, (14)

2P, Z”azs d

m
ne d, — moyaTKoBHil JiaMeTp YaCTHHKHU Oe3 ypaxyBaHHsI

OKCHUIHOT TUTIBKH.

Cucrema piBusabe  (7), (12), (14) mosBose
MPOAHATI3yBaTH TEIUIOMACOOOMIH 1 KIHETUKY OKHCIICHHS
METaJIeBOi YAaCTUHKH 3 YpaxyBaHHSAM 3MiHHM 11 giamerpy i
TOBIIMHY OKCHIHOT TUTIBKH.

184

I1. Pe3yabTaTn po3paxyHky Ta iX aHaJi3

Posristremo BHCOKOTEMITEpaTypHHUHA TETI0-
MacoOOMIH 1 OKMCIEHHS METAJIEBUX YACTHHOK, SKI
MIOTIAJAI0Th B HArpiTe A0 BUCOKOI TEMIIEpaTypH MOBITPA 3
Pi3HUM BMiCTOM KHCHIO.

Jnst cnpoiueHHs 3amadi OyaeMo BBaKaTH, IO Ha
HOBEPXHI  YAaCTUHOK  yTBOPIOETBCS  OOWH  OKCHA.
PosrisiHemMo MeTaiu BoJb(paM Ta 3aii30, SKi pearymTh 3
KHCHEM IOBITPS 3T1THO HACTYITHUX PiBHSHb:

2W+30,=2WO0O,, 2Fe+0, =2FeO.

3rifiHO JiTEpaTypHHUX AaHUX came IIi OKCHUIU MOXKHA
BBa)XKaTH OCHOBHUMH IPOJIYKTaMH OKHCJICHHSI Ha3BaHHX
MeTaliB, TaK SK MpH aTMOC(EepHOMY THCKY BOHH
CIIOCTEPIraloThC B MPOAYKTaX OKUCIEHHS TIPH BCIX
TEMIlepaTypax 1 YTBOPIOIOTH OCHOBHY  YacTHHY
OKCHIHOTO IIapy.

JlirepaTypHi IaHi TakoX BKa3ylOTh Ha Te, IO
Bosb(pam pearye 3 KHCHEM Ha Mexi (a3 ,,MeTan-okcung”
1 MBHUIKICT OKHUCICHHS BH3HAYAETHCS AU(DY3i€I0 i0HIB
KHCHIO Yepe3 map OKCHIY. 3aIi30 IpU YTBOPEHHI OKCHUILY

FeO pearye na mexi da3 ,,okcua-ras” i MmBHAKICTH
YTBOPEHHS OKAJIWHH JIMITYeThCS quy3ieto i0HIB MeTay
Yyepe3 OKCH/HY ILTIBKY JI0 TIOBEpXHI pearyBaHHSI.

Bpaxyemo i 0COOJINBOCTI B (hizuko-
MaTEeMaTUYHOMY MOJICITFOBaHHI 1 aHami3l OTPUMAaHUX
pe3yibTaTiB.

Cucrema piBHsHb (7), (12), (14) ans BombdppamMoBux
1 3ami3HMX YaCTHHOK po3paxoByBallach Ha €BM
meronoM Pynre-Kyrra.

[IpoBenemo aHaImi3 OTPUMAHUX PE3YIIHTATIB.

Ha pwuc.2 mpencraBieHi 9acoBi — 3aJIeKHOCTI
temneparypu (7)), niamerpy okucieHoi (d ,) 1

HeokucneHoi (d ,) YacTUHKH, TOBIIMHU OKCHIHOI

. . ..dT
TwIiBKU (A1), MOXiTHOT i JUIsS. YaCTHHKHU BOJIb(paMy B
t

TIOBITPI 3 MiJBUIIEHUM BMICTOM KHCHIO.

Jns  omucaHHS TEIUIOBHX PEXHUMIB OKHCICHHS
METAJIEBUX  YacTHHOK  CKOPHCTAaEMOCS  METO/OM,
BHKJIaJeHUM B [6]. 3MEHIIEHHS 4YacoBOi IOXiJHOT
TEeMIepaTypH YaCTUHKU 3 9acOM JI0 TOYKH MiHiMymy I’

dT d’T d’T
(—>0,— —

dt dt dt
3aBepIICHHS IHEPTHOrO HArpiBaHHSA YAaCTHHKH Ta3oM i
MOYaTOK CaMONPHCKOPEHOTO MpPOILECY OKHCICHHS
XIMIYHOT peakuii MDK METaloM 1 OKHCIIOBaYeM 3
YTBOPEHHSIM Ha MMOBEPXHi IUTiBKK okcuay. [licist Touku 17
MIBUAKICTH XIMIYHOT peakiii 3pocTae, o MPUBOAUTH 10
30UIBIIEHHS TEMIIepaTypy YacTHHKY (puc. 2 a). B Toumi |
d’T _ d’T
,—=0,—

dt’ ar’
MIPOIIEC 3amajieHHs] METAJeBOi YaCTHHKH, MICIS SKOTO
BOHAa NEPEXOANUTh [O BHCOKOTEMIICPATypHOTO CTaHy.
TakuMm 4YHHOM, dYac HHU3BKOTEMIIEpPAaTypHOi cTamili —
nepio iHAYKUIi ( 7,,, ) BKJIOYAE MIPOJOBXKEHHICTh CTaAIl

=0,——>0) (puc.2,B) XapaxkTepusye

(MakcuMyM ajT >0 <0) BimOyBa€eThCS
t

iHEpTHOTO 1 XIMIYHOrO  pO3IrpiBaHHA  MeTaJjeBol
YaCTHHKH 1 BU3HAYA€THCS TOUKOIO 1.

[Ticns mepexomy A0 BHUCOKOTEMIIEPATypHOTO CTaHy
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Puc. 2. BruB 3MiHH AiaMeTpy YaCTHHKU BOJIb(PaMy i TOBIIMHU OKCH/IHOT IUTIBKH Ha 4aCOBI 3aJIE)KHOCTI
T(t), h(r), dr/de(t), d,(¢), d,(t).d, =100 mxm, T, =2000K, T, =293K, n,,, =0,8.1-6es

BpaxXyBaHHS 3MiHU AiameTpy (d, =d, =d =const),2 — 3 BpaxyBaHHIM , d = f (t) .

MIBUAKICTH XIMIYHOI peakmii i Temmeparypa YacTHHKH
30UIBIIYIOTECS, JiaMeTp YacTUHKH 3MEHIIYEThCS, a
TOBIIMHA OKCHIHOTO IIapy Ha TOBEPXHI 3pOCTaE.
Temmeparypa YacTHHKM  JOCSTa€  MaKCHMAaJbHOTO

3HagenHs (T . ) B MOMEHT dacy, KOJH TyCTHHA

max
TEIUIOBOTO TOTOKY BiJf YaCTHHKH TETUIOTIPOBITHICTIO i
BHUITPOMIHIOBAaHHAM 3PIBHIOETHCSA 3 TYCTHHOIO XIMI9HOTO

. dT .
TEIIOBUALTEHHS  ( m =0). 30imbIIEHHS  TOBIIWHH
t

OKCHITHOI ILTIBKH B BHCOKOTEMIICPATYPHOMY DPEXKHMIi
MPUBOAUTL JI0 3MEHINCHHS UIBUAKOCTI OKHCICHHS, a,
3HAYUTH i TYCTUHU XIMIYHOTO TETUTOBHUILICHHS.

[pr nesdxuX KPUTHYHUX 3HAYCHHSX TOBIIMHU

okcuaHOoi mmiBku h£ 1 pgiamerpa wacturkum d7-F

BiIOYBA€THCS 3aTyXaHHS YACTHHKH, SIKC BHU3HAYAETHCS
. d d’T a’r

yMOBOIO ~ MiHIMyMy ——>0,—=0,—4>0. Ilpn
dt dt dt

EOMY BiIOyBa€eThCA nepexin YaCTHUHKH o

HHU3BKOTEMIIEpATypHOTO CTaHy, B sIKOMYy i jgiamerp i
TOBIIMHA OKCHIY IPAKTHYHO HE 3MIHIOIOThCA. I3 puc. 2 T
BUIIHO, III0 B MOMEHT 3aTyXaHHS AiaMeTp YacTHHKH,
TIOKPHUTOI OKCHIIOM, MEPEBHIILYE IOYATKOBUH JiaMeTp.
TakuMm  4YMHOM, 3aTyXaHHS MeETaleBOl YacCTHHKHU

185

00yMOBJICHO  3MEHIICHHSAM  TYCTHHH  XIMIYHOTO
TETUIOBUAIJIEHHSI B PE3YJIbTaTi POCTY TOBIIMHHM OKCHIHOI
IUTIBKY 1 pO3Mipy YaCTHHKH.

[IponoBXKEeHHICTF BHCOKOTEMIIEPATypHOI CTamii —
Yyac TOpiHHSA YacTUHKU (7,, ) BU3HAYAETHCS YAaCOBUM

iHTEpBAJIOM MK MOMEHTaMH 3amajieHHs i 3aTyxaHHs. [3
MOPIBHSIHHS KpUBHX | 1 2 BUIUTMBaE, 110 ITPU BpaxyBaHHI
BUTOpaHHS MeTany (KpuBa2) TeMieparypa TOpPiHHS
HIDKYa 1 TOBIIMHA OKCHIY, YTBOPEHOTO Ha IOBEPXHIi
YaCTHHKH, MeEHIIa. B 1bOMy BHUNAJKy 4YacTHHKA
BoNb(h)paMy 3aTyxae IpU MEHIIOMY 3HA4YCHHI TOBIIUHH
okcumHOi TOUTiBKKA. Yac TOpiHHA 3 ypaxyBaHHIM
BUTOpaHHs BOJb(Gpamy 301IbIIYETHCS.

[IpoaHanizyeMo BIUIMB 3MiHU JiaMeTpy 4YaCTHHOK
BOIIb(pamy Ha OCHOBHI XapaKTEPUCTHKH
BHUCOKOTEMITEPATYpPHOTO  TEIOMAacooOMiHy:  Iepiof

inykmii ¢, , vac ,,, Ta MaKCHMaIbHY TeMIepaTypy

ropinsst 1, , KPUTHYHI 3HAYCHHS OKCHIY h, mpu
3aryxaHnHi (Ta0:1.). s Beix ToCiKyBaHUX MOYaTKOBUX
miamerpis @,  ypaxyBamms uwacoBoi 3mimm  d(t)

MPaKTHYHO HE BIUIMBAE Ha Mepioj IHIYKLIl 1 NPUBOIUTH
JI0 HE3HAYHOTO 3MEHIICHHS KPUTHYHOTO 3HAYCHHS

TOBIIMHM OKCUIYy h ., NpH fIKOMY YacCTHHKAa 3aTyXae.
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Tadauusn

BrumB BUropaHHs MeTary Ha XapaKTEPUCTHKH 3araJeHHs, TOPIHHS 1 3aTyXaHHs YaCTUHKH BOJIb(paMy MpH Pi3HUX

MOYaTKOBUX Aiamerpax. T g = 2000K, T, =293 K, Mo = 0,8.

d, ,MKM 50 100 150 d
8,7 32,4 71,5 d=f{(t)
tind ,MC
8,8 35 71,9 d=const
8,8 35,8 71,4 d=f{(t)
tbur MC
7,8 31,9 73,1 d=const
h 3,5 5,6 7,2 d=f(t)
g 3.8 6,5 8,2 d=const
3506 3102 2834 d=f(t)
T max ’K
3688 3242 2945 d=const
OnHak, crocTepiraeTbCsi 3HAYHWN BIUIMB BUTOPAaHHS [IpoananizyeMo BIUIMB BHUIIAPOBYBaHHS OKCHIHOTO
MeTaly Ha 4ac 1 Temmeparypy ropiues. s npiOHux mapy Ha BHCOKOTEMIEPATYpHHH  TEIJIOMacooOMiH

yacTHHOK (50 MKM) TOpiHHS 3 BpaxyBaHHAM 3MiHH
miamMeTpy ~— TemImeparypa ~ TOpiHHA  3MCHIIYEThCA
mpubmm3ao Ha 200°C, mo BigNoOBigae pearbHUM
3HaYeHHsM. Yac TOpiHHS IpH LIbOMY 3HAYHO 3POCTAE.

METaJIEBUX YaCTMHOK 3 ra3oM Uil DPI3HUX MEXaHI3MiB
mudy3ii peareHTiB depe3 OKCHAHY IUTiBKY. [lpm
JNOCATHEHHI ~ TeMIIepaTypol0  OKHCIEHOI  YaCTHHKH
TEeMIIepaTypy IUIABICHHS OKCHIY BiIOYBa€ThCS IMEpexin

3000
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S T,K a)

5.0 LLMKM

4,5:
4.0:
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6)
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102

Puc. 3. BB BUIIAPOBYBAHHA OKCHIHO1L ILIIBKY Ha BUCOKOTEMIICPATYPHE OKUCJICHH YaCTUHKU Bom,(bpaMy.

d, =100mxn, T, =2000K, n,, =04

1-W, #0, 2-W, =0.
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BucokoremnepaTypHuii TEIoMacooOMiH MeTaJIeBUX YaCTHHOK...

OCTaHHBOTO B PIMMHHHUN CTaH Ta 3POCTAHHS MIBHIKOCTI
Horo BHUIApOBYBaHHS 3 TIOBepXHi. BumapoByBaHHsS
OKCHIIHOI IUTIBKM #Hae 3 TMONNIMHAHHSAM TeIula, SKe
BUJIUISIETHCSL B PE3YJIBTATI XIMIYHOT peaKilii OKUCIICHHSI.
Ha pwuc.3 mpencraBieHi 49acoBi — 3aJeKHOCTI
TeMIIepaTypH, JiamerpiB yacTuHku (d,,d, ), TOBLIMHH

OKcHAy Ha il TOBEpXHi, MIBHIKOCTEH BHIIApPOBYBaHHS

(7..)

BpaxyBaHHSM BHUIIAPOBYBaHHA (KpuBa 1) TOBIIMHA
OKCHIHOT IUTIBKM JOCATAE MAaKCHMAJIBHOIO 3HAYCHHS
hyax, € 3pIBHIOIOTBCS IIBHAKOCTI BUIIAPOBYBaHHA i
HapOCTaHHS OKCHILY (puc. 3, B), i TIOYMHAE
3MEHIIYBaTHCh B Ppe3yJIbTaTi 3pPOCTAHHS IIBHIKOCTI
BUIIAPOBYBaHHSI. Bracmiox LBOTO MTOYHHAE
3MEHIYBAaTHCh TaKOX JliaMeTp YacTUHKH, IOKPHUTOI
okcunom dy, (kpuBa 1), sikuii He3abapoM 3pIBHIOETHCS 3

Ta YTBOpeHHI W, OKCHUIHOI IUTIBKH. 3

ox

JiaMeTpoM MeTaneBoro sanumky d, , KON IUTiBKa BCS

BUMAPYETHCS. 3MCHIICHHS! TOBIIMHHU OKCHIHOI IUTiBKA
MPHUBOANUTE 0 3POCTAHHS MIBHUAKOCTI XIMIUYHOI peakiii,
TeMIlepaTypa YacTHHKU pi3ko 30imbinyeThest (puc. 3, a,
KpuBa 1).

Jnst  vacTWHKA  BoJb(pamy Oe3  BpaxyBaHHS
BUITIAPOBYBAHHS OKCHJIY CIIOCTEPIraeThCs ii 3aTyXaHHS B
T. E 1pu JOCATHEHHI TOBIIMHOIO OKCHIY KPHTHYHOTO
3HaveHHA hg (puc. 3, 6, kpusa 2).

350 Tpyr, MC a)
300+
250~
200
150+

1004

d MKkM

T T T
0 50 100 150 200 250

1 hg,MKM
14 -

124

Ha pwuc.4 mnpeacraBieHo 3aleXHOCTI dYacy Ta
TEMIIEpPaTypu TOpPIHHS YaCTUHKH 3alli3a Ta TOBIIUHU
OKCHY Ha TI MOBEPXHI B 3ale)KHOCTI BiJ| MOYaTKOBOTO
nmiameTpy 3 ypaxyBanHsM (1) i Oe3 BpaxyBaHHs (2)
BHUIAPOBYBaHHSI. Buno, 110 BpaxXyBaHHS
BUMAPOBYBaHHSA MPUBOAWTH [0 pEATbHHUX 3HAUYCHB
TEMIIEpaTyp TOPiHHS YaCTUHOK MaJlMX AiameTpiB (puc. 4,
0). B iHTEepBaTi MTOYaTKOBHX JiamMeTpiB

d, = (30+200) MKM BUIIAPOBYBAHHS OKCHAY CYTTEBO

BILJIMBA€E Ha
IIOYaTKOBUX

XapaKTEPUCTUKH
JiamMeTpiB

okucieHus. [nsa
d, > 250 mrm

BUIIAPOBYBAHHAM OKCHUIHOT IUTIBKY MOKHA 3HCXTYBATH.

BucunoBkn

Po3zpobieHa (hi3nKo-MaTeMaTHIHA MO/IEITb
BHUCOKOTEMIIEPATYPHOTO TEIJIOMacOOOMIHY 1 OKHCIICHHS
Ha TIOBEPXHI METAJIeBUX YACTHHOK B HArpiTOMy rasi i3
3MIHHOIO 3 YacoM MOBEpXHEI XIMIYHHX 1 (ha30BUX
NIepETBOPEHb.

BcTaHOBIICHO, 10 BpaxyBaHHS BUTOPAHHS METATy Ta
HApPOCTaHHS OKCHJHOTO Iapy Ha TOBEPXHI YaCTHHOK
BOJb()paMy NPHBOOUTH JO 3MEHIICHHS TEeMIEPaTypu
TOpIHHA I KPUTHYHOTO 3HAYCHHS TOBLIMHH OKCHAY TPH
3aTyxaHHi Ta 301IbIIeHHS Yacy ropiHas. i MexaHizmy

1 TmaxaK 6)

T T T
0 50 100 150 200 250

————— d MKM
200 250

Puc. 4. 3anexHicTs yacy Ta TeMIepaTypy TOPiHHS, TOBIIMHA OKCUAHOT TUTIBKH BiJl IOYATKOBOTO [IaMETPy YaCTUHKHU

sanisa s punancy d = f(2). T, =2000K, n,, =0,8 1-W, =0, 2— W, =0.
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C.I'. OpnoBceka

OKHCJICHHST Ha TOBEPXHI «OKCHUI-Ta3y (HApPUKIAM, s
YaCTHHOK 3aji3a), [ed BIUIMB CIa0MIUi, HDK IIs
MeXaHi3My XIMIYHOTO pearyBaHHs Ha MOBEPXHI «MeTal -
okcum» (dactmHKa  Bomb(pamy). Ilokasano, mI0
BpaxyBaHHS ~BHIIAPOBYBAHHS  OKCHIHOI IUTIBKH 3
MOBEPXHI YAaCTHHKH BOJIb(PaMy HPUBOAUTH 10 MOSBH

MaKCUMyMy Ha 3aJIeXHOCTAX h(t), IO MOSICHIOETHCS
MEPEBAXKECHHAM MPU BHCOKHMX TEMIlepaTypax YacTHHKHU
IIBUJIKOCTI BUIIAPOBYBAaHHA OKCHIY HaJ IIBHUIKICTIO
HOr0 YTBOPEHHSI.
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Metal particle oxidation with account of its diameter change was investigated numerically by computer
simulation. The initial diameter and oxygen concentration influence on combustion characteristics (ignition delay
time, burning temperature and time, critical parameters of particle extinction) was defined.
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