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KBa3icTpyKTypHI JOCTiIKeHHS] IPUPOIHA TOUYKOBHUX e eKTiB
B CHCTEMI 32J1i30-KHCEHb Y MPOoIecaxX BilTHOBJICHHS

C.C. Jlicnsik, I1.JI. Pomanko, B.O. Komroouncekuit®, LI1. Spemiii*.
* [Ipuxapnamcokuil ynisepcumem im. B. Cmegpanuxa
**lgano-DpaHKiecbKull 0epHcagHUll MeXHIYHUL YHIgepcumem Hagmu i 2azy
Yxpaina, 284019 Isano-Dpankiecek, eyn Kapnamcoka, 15.

BukoHaHi ekcriepuMeHTaNbHI JTOCIiI)KEHHS 0 BHBYCHHIO BiJTHOBIICHHS OKCHIIB 3alli3a
pi3HMMHU BiJHOBHHKaMH. BCTaHOBIIEHO, IIO BIJHOBICHHS MPOXOAWUTH IO OJHIA YU JBOX
peakuiiHNX 30HaxX, 3aJe)KHO Bi KOHKPETHHX YyMOB. [[ng ommcy MexaHi3My BiIHOBIICHHS,
BU3HAYCHHS HECTEXiOMeTpiiTa MPUPOAH JAePEeKTiB BUKOPHUCTOBYBANIACS KPUCTAJIOKBa3ixXiMiuHa

MOJENb.

KirodoBi cioBa: KpuCTalOKBa3iXiMiYHMM MEXaHi3M, HECTEXIOMETpis, aHTHUCTPYKTypa,

IréMaTuT, MaroHeTuT, BFOCTHUT.

Cmammsa nocmynuna 0o pedaxyii 20.11.1999; npuiinama oo opyky 1.12.1999

Ha cporomgni icHye BenHMKa KUIBKICT
EKCHEPUMEHTAIbHUX JIaHUX MO BiJHOBJICHHIO
oKcuIiB 3amiza razamu (H,, CO, CH,), a Takox
TBEpAUM ByrjieneMm. Po3poOnsimch — pi3Hi
Mexanizmu nporecis [1,2,3]. IIpote OUTBITICTS
JaHUX € 3acTapulMMH 1 HE BiJNOBIAAIOTH
BUMOTaM Cy4YacHOI Hayku. B maHiii po0OoTi

BIIEpIIIC Bitic: PO3KPHUTTSI MeXaHi3My
BITHOBJICHHS OKCHIIB 3ali3a (MarHeTHry,
BIOCTHTY, reMaTHTY) 3aCTOCOBYETHCS

KpUcTajgokBaziximMiuHuit wmeton. Lledt miaxin
BpaxoBye Taki (hakTopu, sIK HECTEeXiOoMeTpi,
npupozaa aeeKTiB, iX KOHIIEHTpALis Ta poib y
nporecax BIJTHOBJICHHSI. JlocnipKeHHs
BITHOBJICHHS OKCHJIB 3ajli3a Mae HE JHUIIe
TEOpPETUYHE 3HAYCHHA, ajle 1 NMpPaKTUYHE — L&
po3po0Ka HOBHX TEXHOJIOTIH B MeTalyprii,
Ximil KaTami3aTOpiB Ta HOBUX HEOPTaHIYHUX
Marepiais.

Jocnmian mpoOBOAMIMCH y Bakyymi 3
Oe3mepepBHUM  BiJICMOKTYBaHHSIM Ta301oio-

HUX TPOAYKTIB peakiiii, a Takox IiX
HAaKOTIMYEHHSIM. 3MmiHa MacHu 3pa3ka
Oe3nepepBHO dbikcyBanacs KBapILIEBOIO
NpYy>XHHOIO 3  MIKPOKaTeTOMETPOM;  CKJIaJ

ra3oBoi (a3 BU3HAYABCS BUMOPOXKYBAHHIM
CO, pinkum azotoMm. CTymiHb BiTHOBIICHHS
BU3HAYaJacs BIIHOIIEHHSIM MacH KHCHIO, SIKa
nepexoaunia B ra3oBy (asy 1o BUXITHOI Macu
KHCHIO B  OKCcHII. TBepai  TPOAYKTH
BIJTHOBJICHHSI PEHTTCHIBCHKU KOHTPOJFOBAIUCS

3  BU3HaueHHsAM (¢a3 Ta  MapaMmeTpiB
€JIEMEHTAPHUX KOMIPOK.

ExcnepuMmeHTaNBHO, BiJTHOBJICHHS
rematuty  Mapku YA  3xificHIoBanmocs
COCHOBUM JEPEBHUM BYTLIIISM, AKe

MOTEPEAHBO TPOKAPIOBATIOCH Y BaKyyMi MpH
1100°C npotsrom 8-10 rox. 3 puc. 1 BuzHo,
[0 3 MIABUIIECHHAM TEMIIEpaTypH IIBUIKICTh
peaxiiii 301IbIIy€EeThCsl, OCOOIMBO MPH MEPEXO0Ii
Bin 650°C mo 700°C. 3a 40 xB. mpu 700°C
CTYMiHb BigHOBIEHHS JopiBHIOE 11%, 110
BiJIMIOB1/Ta€ TTOBHOMY TEPETBOPCHHIO T€MATHUTY
y Mar”Hetut. [lpomec 3ailCHIOETBCS TpH
HasIBHOCTI O/THi€1 peaxminHo1 30HU

Fe,O, . .
. 3 pe3ynbTaTiB €KCHEPUMEHTIB
Fe,O,
MO>KHa 3pOOMTH BUCHOBOK, L0 ra3osa (aza He

BIUIMBAE HA IIBUJAKICTH peakilii, Mporec
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Puc.1. BigHOBJICHHS TEMaTUTy COCHOBUM BYTUIISM Y BaKyyMi.

3M1HACHIOETHCS KOHTaKTHOIO B3a€MOJIIE0
BYTJICIIO 3 KHCHEM OKCHUJY.

st OTIUCY nedexTiB yIpolecax
BITHOBJICHHS BHMKOPHCTAaHO KPHUCTAJOKBa3iXi-
MiuHy mMonensb [4,5], B sikiii OykBa V' — o3Ha4ae
BaKaHCIIO, XpecT — eQEeKTHUBHHUNA HYJIbOBUI
3apsij, MITPUX — MiHYC, Kparka — TUTIOC.

OCKiNbKM MaTpHIEI0 TYyT € TEeMaTuT, a
pe3ysbTaToM BiJHOBICHHS € (pa3a MarHeTHTy,
neexTHur reMaTuT BU3HAYAETHCS
PE30HAHCOM  aHTHUCTPYKTYpH TEMaTuTy 3
KPUCTAJIOXIMIYHIM  CKJIAZIOM  MAarHeTHTY
MIEPETBOPEHOTO y ¢azy TeMaTHTYy.

AMTHCTPYKTYpa reMaTuTy Fe; 07
samucyersest (V). (V3" )0 , me (V) — msi

BakaHCil B IO3MIUi 3aii3a, (V;' )0— TpU
BakaHcli B OmO3uWil KHUCHIO. Mar"eTur

NEPECTBOPIOETHECA 'y I'CMATUT JABOMA HIJIAXaMM:

Mepmuii  — 30epiraeTbCs CTEXIOMETpis TIO0
MeTaly, TOOTO B MarHeTuTi Oyne J1Ba MeTanu i
TOAI HE BHUCTAYaTHME KHUCHIO (aHIOHHI
BakaHcii), ab0 30epiraeThCsi CTEXiOMETpis IO
KHCHIO, TOOTO Oy/ie BKOPIHEHU MeTall.

1)
2

(rere;) (03e,) +02.07), -
(res,res) (0377)

KniTmHKa—  KpuCTamoXiMi4Ha  BaKaHCIsl.
BigmoBigHO 10 1uX pIBHSAHB YTBOPHBCS
KJIacTep TeMaTUTy 3 aHIOHHUMH BaKaHCISIMU.
Sxio B3sTH 0L MoJiel kiactepy Ta (1-o) Monei
CTEXIOMETPUYHOTO T€MATHTY, TOJI OTPUMAEMO
(hazy reMaTuTy 3 aHIOHHUMHU BaKaHCISIMH.

(1-a)Fe;),.(07), + a(Fe%Fef% )Fe (0% vy ) N (Fe;_%aFe%a er(og_ o )0.
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Puc.2. BigHOBNIEHHSI MarHETUTY JIEPEBHUM (COCHOBMM) BYTLIIISIM Y BaKyyMi IIPH Pi3HUX TeMIIepaTrypax.

2)
3 + + - + + + - " oo
Fe,0, = Fe, 0, = Fel Fey 07 — (Fe%Fe%)Fe(Fe%)i(Of ), + (7, 757), =

(Fe%Fe%)Fe(FeZ)[(O; )0'
TyT yTBOpHUBCS KIacTep 3 BKOPIHEHUM 3aJi30M (Fe'" )i. Bxopintoetses 3amizo (3+), ToMy 110

v . 193 + o .
jloro posmip MeHummii 3a Fe’". Ha P-moxeii maHoro kmacrepy i Ha (1-B) Momp aedexTHOro
TCMATUTY 3aIllUCy€EMO:

(1- p)Fez),.(07), + ,B(Fe%Fe% )Fe (Fe%' ) (03), - [Fe;_% P ﬂ)pe (Fe%'ﬁl (05),.

1
[Ipu BiZHOBIIEHHI B yMOBax HEPIBHOBAaru OJHOYACHO MOXE ICHYBaTH T€MATHT 3 aHIOHHHUMH
BaKaHCISIMM Ta 3 BKOPIHCHUM 3aji30M. SIKIIO Y—MOJICH TeMaTHTy 3 BKOPIHEHHM 3alli30M, TO OJHMH
MOJIb 1e(EeKTHOTO TeMATHTY (BaKaHCii Ta BKOpiHEHE 3al1i30) Oy/e :

Fe) Fe! Fe™ || O” Ve
2202 2alir i py La -La(loy) La(i-y)
33 4 3 Fe 4 i 3 3 0
[Ipupona nedekTHOCTI TeMATUTY 3aJICKHUTh 3ajmiza  3AIMCHIOETBCS 32 MEXaHI3MOM

BiJl CIIBBIJHOIICHHS IIBUAKOCTI YTBOPECHHS
aHIOHHUX BaKaHCIM Ha TOBEPXHI 1 X qudy3ii B
rmbuny kpuctany. IIpu BHCOKIN MIBUAKOCTI
YTBOPEHHS  BaKaHCIi  BUHHUKAE  TPATIEHT
KOHIIEHTpalii mo KucHio 1 3ami3y. [Judysis

BKOpiHeHHs Fej — V,;'+ Fe!™, ne npuBoIuTh

0 3MEHIIEHHS  KOHIICHTpalii  aHIOHHHX

BaKaHCIi 3a paxyHOK aHITUIAI
L4 oo L4 oo

2'VFe + 3I/O - (VZ )Fe (V3 )0 * y HBOMy

BUTIAJIKy TeMaTuT Oyze ne(heKTHUM OJHOYACHO
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Puc.3. BigHOBIEHHS MarHeTUTy y BaKyyMi pi3HUMH BUAAaMH TBEPIOTO BYTJIELIO.

[0 aHIOHHMX BAaKaHCIX Ta IO BKOPIHEHOMY KOHIICHTpaLii nedexTiB B reMaTHTi
3aIizy. B110yBa€ThHCS 1oro TIePETBOPECHHS B
BukopucroByroun KPHUCTAJIOKBA31X1UHY ne@eKTHU  MarHeTuT 3 KaTIOHHUMH

MOJICIb MOKHA TIOKa3aTH, IO TIPH TIEBHIN

. ! X m
Fe,| Fe . . s.Fe V

2 1
l+e—e€+—=8¢ =8
< 3 g 3 4

ne O 1 & — KUIBKICTh MOJeHl kiactepy 3
KaTIOHHUMHU BaKaHCisIMA Ta 3 BKOPIHEHUM
KHUCHEM BIAMOBITHO, & — MOJIBHA JIOJIS
MarHeTuTy 3 KaTiOHHUMHU BakaHCisMu. B
IbOMY BUTAAKY KPHCTAIIOKBA3IXIMIYHUN CKIIaL
BU3HAUAETHCS  PE3OHAHCOM  AHTHCTPYKTYPH

maruerury  V![V)] 5 (V4" )0 (e 4 i B —

BIJIMIOBIIHO TE€Tpa- 1 OKTaepUYHI MiAPEIIITKH)
Ta KPHUCTAJIOXIMIYHHM CKJIAJJOM TE€MAaTHTY,
MEPETBOPEHOTO Y (ha3y MarHeTury.

JlepeKkTHICTp MarHeTUTy  BHU3HAYAETHCSA
CHIBBITHOIIEHHSIM IIBHJKOCTI CTPYKTYpPHUX
MEePeTBOPEHh ~ I'eMaTUTy B  MarHeTUT i
MIBUJIKICTIO BHWJIYYEHHS KHUCHIO 3 TIOBEPXHI
OKCH]TY.

58

BAKaHCISIMHM Ta BKOPIHCHUM KHCHEM:

en)for, |

—&
2 i

[Ipy BiAHOBIIEHHI MAarHeTUTy B SKOCTI
BIJTHOBHHKA 3aCTOCOBYBAJIUCS Pi3HI BUAN
BYTJICLIO: TpadiT eNEeKTPOAIB, AePEBHE BYT LIS
— Oepe3oBe Ta COCHOBE, B OKPEMHUX BHIAJIKax
3aCTOCOBYBAJIMCS aHTPALUTH PI3HOI 30JIbHOCTI.
I'padit, Byriuist Ta aHTPAMTH CIIOYATKY
npoxaproBanucs |y Bakyymi npu  1100°C
npotsiroM 8-10 roau.

3 puc.2 1 3, Ha AKUX TPUBEICHI JaHi 1O
BITHOBJICHHIO MAarHeTHTY, BUIHO, IO BiJHOB-
JeHHs BiIOyBaeTbcs HE TUIBKHM B PI3HUX
TEMIIEPATypPHUX IHTEpBAJIAX, aje 1 3 Pi3HUMHU
3aKOHOMIpHOCTSIMU. Hamu BcTaHOBIIEHO, IO
IIBUKICTH BIJIHOBJICHHS TaKOXX B 3HAYHIM Mipi
3aJIe)KUTh BiJl COPTY BiHOBHUKA (puc.4). Skio
s Tpadity Ta cocHoBOTO Byruwis mpu 21%
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Puc.4. llIBuakicTs BiAHOBICHHS MarHeTUTY Y BaKyyMi pi3HUMHU BUIAMH TBEPJOTO BYTJIEIIO.

BIJIHOBJICHHSI ~MAarHeTHTy ICHYE MIHIMYM
MIBUJKOCTI, TO Y BUIAAKY O€pe30BOro BYTLILISA
IIOTO HE CITOCTEPIra€ThCA.

PeHTreHiBchki JaHi MOKa3ykoTh, M0 ¥
BUMAAKY rpadity i cocHoBOro Byruwis 10 21%
BITHOBJICHHSI BiJI0YBAa€ThCS MOBHUN Tepexin
dazu Fe;04 y BIOCTUT, TIPOLIEC 3AIMCHIOETHCS
Opy HassBHOCTI OJIHIET peakIiiiHOi 30HU, MPHU
IIbOMY  YTBODIOEThCS  (aza  BIOCTUTY 3
MaKCHMaJbHOI KOHIICHTpaIli€ero KkucHwoo. lle

Vil ), +3Fe 0

MIITBEPIKYETHCS 3MIHOIO rnapameTpy
€JIeMEHTAapHOI KOMIPKH TIOYaTKOBOi  (hasu
BIOCTUTY 1 ()a3u KOJIM € MeTajiyHe 3alli30;
napamMeTp KOMIPKHA 3pOCTa€e Bif 4,281A hi()
4,301+0,002 A,

HesanexxHo Big mNpuUpoAM  BiTHOBHHKA
MIEePIIMM BiI0OyBA€ThCS Mepexia KUCcHIO FesOy B
ra3oBy ¢aszy 3 YyTBOPEHHSIM MAarHeTUTy 3
AHIOHHUMH BaKaHCISIMH:

— Fe, [Fe; ]B (O;V" )0 >

(1-a)Fe; [Fe'Fe ], (07), + aFe’[Fe,1,(0:7 ), — Fe'|Fel, Fe . |, (01.72"), -

TakuM YMHOM CTBOPIOETBCS  T'PATIEHT
KOHIICHTpAIlli Mo KHUCHIO 1 mo 3ami3zy; Oyxae
BinOyBaTucs qu]y3isd KHUCHIO 3 TITMOUHH 3pa3Ka
Ha MOBEPXHIO 1O BAKaHCISIX, a TaKOX AUQY3is
fioHiB Fe'" MexaHi3MOM BKOPiHCHHS B TIIHOMHY

3paska:
Fe', > Vi+Fe Fe, >V, +Fe .
3a  paxyHOK

aHIrUIAmIl  aHTUCTPYKTYpHU

KOHIICHTpAIlil  KaTIOHHUX Ta  aHIOHHUX
BaKkaHCId OyJe 3MEHITyBaTUCSA. Y TBOPCHUM
neeKTHUN MarHeTuT BKOPIHEHHS
3aJIMIIAETHCS:

Fe;|Fel, Fel ), (Fe;) (03),

Sk Bxe Oyno ckazaHo, iCHye OJHO(Da3HUI
MarHeTUT 3 aHIOHHMMH BaKaHCIIMH  Ta
BKOPIHEHUM 3aJT130M. [Tpu TIeBHIH
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Puc. 5. BigHOBJICHHS BIOCTUTY JIEPEBHUM (COCHOBHM) BYTLIIISIM Y BaKyyMi ITPH Pi3HUX TeMIIepaTypax.
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Puc. 6. llIBuAKICTH BiTHOBIIEHHS BIOCTHTY JACPEBHUM (COCHOBHM) BYT1JUISIM Y BaKyyMi.

KOHIIeHTpanii gedekTiB  ¢aza MarHeTuTy BrocTuTy. [Iporiec Oyme BigOyBaTucs Ha OJHIMN
nepeOynoByeTbess vy dazy  AeeKTHOro
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peaxiiiiHii 30H1 FeO 0

XapakTep KIHETUYHHMX KPHUBHUX 3aJICKUTh
BIJI CIIBBIOHOIIEHHS IIBUIKOCTI XIMIYHOIL
peakuii mepxomay KHCHIO y Tra3oBy a3y Ta
nudy31iHIMEU TIporiecaMy y MarHeTuTi. ko
MIBUJKICTh TEPXOIy KHCHIO y Ta3oBy a3y
BEJIMKa, TOT HAa TIOBEPXHI  MarHeTUTY
YTBOPIOETBCS HE TUIBKM BIOCTUT, ajne 1
MertaimiyHe  3amizo.  [Ipomec  omHOYacHO
BiMOYBAa€ThCS HA JBOX PEAKIIHHUX  30HAX
Fe/FeO/Fe,O

[Ipn BigHOBJIEHHI BIOCTHUTY B yMOBax
aQHAJIOTIYHUX TONEpPEeAHIM, BCTAHOBJIEHO, IO

mporiec B110yBa€THCS aBTOKATaJITUYHO
(puc.5,6), mpu LBOMY 3 BUCOKOIO EHEPri€lo
akThBaIli  (MBHIKICTh  peakiii  CHUJIBHO

3aJeKUTh BiI TemmnepaTypu). IIpm HU3BKHX
CTyNeHsX BimHOBIEHHS (1m0 5%) peaxiis
NPOXOJUTh B MeEXaxX OJHi€l (a3u BIOCTHUTY,
napameTp eJIeMEHTapHOI KOMIPKH 3pOCTa€ Bif
4,281 R 104,301 &

KpucranokpazixiMmiyHui CKJIa
HECTEXIOMETPUYHOTO BIOCTUTY 3aIllUCy€ThCS
yepes Moro aHTUCTPYKTYPY:

VaVy + 1 Fe,0, - (Fes,n), 05

(1-y)Fe;,0; +7/(Fe/V") o} —>(Fel e, /) 0},.
Fe

B ymoBax OnM3bKMX 10 piBHOBaru
YTBOPIOETHCS  BIOCTUT 3  MaKCHMaJIbHOIO
KOHIICHTpAI[I€I0 KaTIOHHUX BaKaHCIH; Tepion

peunTku HWOoro MIHIMAJIBHHA 1 JOPIBHIOE
4,281 R [5].

Hamu CKCIICPUMCHTAJIbHO BCTAaHOBJICHO,
mo y  BIOCTHTY 3  MaKCHMAaJIbHOIO

KOHIICHTpAIll€l0 KaTiOHHMX BakaHcid y=0,33:

(Feg.67Fe(;422V0’4,ll)Fe 0, > 0-93(F€3,88F€5,08Vo','o4 )Fe 0, +

[Iporiec  BiTHOBIECHHS CYIPOBOIKYETHCS
YTBOPEHHSIM AQHIOHHHX BaKaHCIH.
HecrexioMmeTpuyauii BIOCTHUT 3 KPUTHUYHO
MIHIMaJIbHOIO  KOHIIGHTPAIIEI0  KaTiIOHHUX
BaKaHCili 3a paxyHOK aHIOHHMX BaKaHCii
HEepeTBOPIOEThCA Yy (pa3y MeTasiqHOro 3aiisa.

AHIOHHI  BakaHcCii, SKi  TIPOJOBXKYIOThH
YTBOPIOBATUCS, AHITUTIOIOTH 3 KAaTIOHHUMH
BaKaHCIAIMM  3ajli3a, SK€  BKOPIHIOETHCH,

YTBOPIOIOUW (pa3zy MeTaniyHoro 3amniza. Takum
YHMHOM CTBOPIOETHCS CHUTYaIlisl, KOJU TOPSA 3
KaTIOHHUMH BaKaHCISIMH y BIOCTHTI ICHYE
BKOpiHEHE 3aii30. HasBHICTh TAaKOTO BIOCTHTY
Oyna nokaszana paxime [8]. Bumipsuuii Hamu

foro mapaMeTp  eJeMEHTapHOi  KOMIpKH
JIOPIBHIOE 43018 1 gmani sammmaerses
HE3MIHHAM aX [0 3aKiHY4eHHS I[I0BHOI'O

(F o b e(;.szo'.’n)Fe O, - Le
Y3TOJKYETHCS 3 JIITEPATYpPHUMHU JaHUMHU [ 6,7].
B wMipy mepeGiry mporecy KOHIICHTpAIlis

nobpe

KaTIOHHUX  BAaKaHCIH  3MEHIIYETbCS  JIO
KPUTHUYHOT 3a paxyHOK aHITUIALIT
AHTHCTPYKTYPH:

woz(e) +0.07(72vs").

BIZTHOBJICHHS 3aJTi3a.

B nmaniii po6OTi TEOpPEeTHMYHO PO3TISTHYTO
NPUPOAY TOYKOBHX Je(EKTIB B CHCTEMI 3aITi30-
KHCEHB y TIPOLIECax BiHOBICHHS 3 TOYKH 30py
KpHCTaIOKBa3ixiMiuHOT Mozeni. BeraHoBieHo,
mo y $asi 3 OUTBIINM CTYyIEHEM OKHCIICHHS
Opyd  BIJHOBJIEHHI CIIOYaTKy YTBOPIOIOTHCS
aHIOHHI BakKaHCii , a IpH X JesSKid KPUTUUHIN
KOHLIEHTpaIIli 111 (ha3a mepeTBOPrOEThCS y a3y
3 HIDKYUM CTYTICHEM OKHCIICHHS 3 BKOPIHEHHM
3amizoM (Fe,Os—Fes0y, FesO4—FeO, FeO—Fe).
BigHOBIEHHS TMPOXOAWTH HAa OMAHIN YW ABOX
peaKmiiHuX 30HaX, KUTBKICTB SKUX
BU3HAYAETHCS CIiBB1IHOIIICHHSM MIXK
MIBUJKOCTSMU YTBOPEHHS Ta PyXy aHIOHHHX
BaKaHCIii 1 BKOPIHEHOTO 3alli3a.
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Quasistructural investigation of the dot defects nature in system iron-oxygen in
reduction processes

S.Lisnyak, P.Romanko, V.Kotsyubynsky, [.Yaremiy
The investigation have been done on the study of the reductant oxide iron by different
reductants. It has been defined, that the reduction process is being fullbilled in one or two reactional
zones, depending on the conditions. For the description of the reduction process definding
nonstoichiometry and the defects origin crystalquasychemical model has been used.
Keywords: crystalquasychemical mechanism, nonstoichiometry, antistructure, hematite,
magnetite, wustite.
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