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Beryn

Cepell OKCHIHUX HAMIBIPOBIIHUKIB OCOOJIMBE MICIIE
3aiimMaoTh  (epuTn BHUCOKOYACTOTHI ~ MarHiTHi
Mmarepianu, sKi sSBIIOTHE coboro cnomyku depym (I1I)
OoKcuIy 3 okcupamu iHmmMX MetaniB [1]. IIpore Oe3
JIOCTaTHBO TIIHOOKOTO PO3yMiHHS neQeKTiB
KPUCTATIYHOI CTPYKTYPH 1 3HAHHS MPOIECIB iX BIUIUBY
Ha  BIACTHUBOCTI  HAMBOPOBITHUKOBUX  MaTepiamiB
HEMOXXJIMBE BHUKOPWCTAHHS TaKWX KPHUCTATIIB 1, THM
Oimpmie, 7iX OTpUMaHHSA 3  Hamepeln  3aJaHUMH
BJIACTHBOCTSIMHU. MeTolo pobOTH € PO3riisi MexaHi3my
B3aeMozii Mix MarHii, unHk Ta ¢pepym (III) okcunamu B
CHHTE3l  MarHiii-iMHKOBOTO  QepuTy 3  MO3MLIH
KpPUCTAIOKBa3ixXimil [2].

I. ExcnepuMeHTaJlbHA YAaCTHHA

3pa3ku MarHii-IMHKOBUX (EPUTIB TOTYBAIN 3 TAKUX

pETeThbHO TOMOTEHI3yBalM B CKISHIA CTymmi 3
BUKOPUCTaHHSIM  METOAY  IIOCTYIIOBHX  pO3BEICHb
MTOPOIIKOBHX PEYOBHH. Y TBOPEHHS (DepHTIiB BinOyBaIoCs
BIIMTOBITHO JI0 PEaKITii:

(1-x) ZnO + x MgO + Fe,O; —» Mg 7n,_ Fe,0, (1)

deputn OTpUMYBaNM TBepHO(DA3HUM CHHTE30M B
KOPYHIOBHX THUIJISIX, PO3TAIIOBAHUX B 130T€PMIiuHiil 30HI
mydensHoi neui SNOL mpu temmepatypi 1373 K B
atMocdepi Cyxoro MoOBITpS Ha mpoTsa3i 4 rom. 3
HaCTyITHUM l'[OBiJ'II)HI/lM OXOJIOIKCHHSAM.

PenrreniBcbkuii (ha3oBuil aHani3 cuHTe30BaHUX Mg-
Zn  depuTiB  TPOBOAMBCSI ~ HAa  IMOPOIIKOBOMY
mudpaxkromerpi HZG-4A: reomerpist bpera-bpenrano,
Fek, — BunpowminroBanus, 46 kB, 18 MA, kpokoBe
ckanyBanHs 0,05°, excro3utist 18 c.

[lapameTpn CTPYKTypH BH3HAYalIUCS METOJOM
PitBenpaa 3a moBHUM mipodizeM mTupakTorpaMu, 3HATOL
B pPEeXHUMI MOKPOKOBOI peecTpamii. B oCHOBI MeToamkw
JIEKUTh HEMIHIHHUNA 3BaXKEHWH METON HaNMEHIINX
KBaJIpaTiB Jyis JIiHIAHOT KOMOiHAIil (QYHKUINA mCeBIO-

BuxinHux pedoBun: Fe,O; (uw.nma.), MgO (xu.), ZnO  doiirra, sxi omucyoTs audpakiiitauii  mpodins
(a.1.a.). Peaxrusnuii gepymy (III) oxcun sBisAB co6OKO peHTreHiBchbKMX peduiekciB (2) Ta KycOdHO-NiHiHAHOT
o-monudikamiro. Bymu mpurotoBiieHi cywimi CKIagy anpokcuManii JTUpPaKIiiHOTO ¢ony:
Mg Zn, Fe,0,, ae x=0+1 (3 kpokom 0,1). Pearentn
3BXYBAIM HA CICKTPOHHMX AHANITUYHHUX Barax,

C 1 C, s o

O =Px—x ————+(1-P)x—xexp(C, xH" xA"20) 2)
H (1+C,xH"xA"20) H
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ne P — mapamerp criiBBigHOIICHHS CTaHAAPTHUX (DYHKITIH
I"aycca ta Jlopenua B npodini audpakuiitnoro mika; C, —
C4 — KOHCTaHTH HOpMaJIi3alii iHTerpaiiiB Hux (YHKIIH;
H — inTerpanpaa HamiBmmpuHa MpodiabHUX (YHKIIN; 0
— KyT qudpakuii.

I1. Pe3yabTaTi T2 00rOBOpPEHHS

1. Peakuii yrBopenHst (pepuTiB

Teepnodasni peaxuii cunre3y (epuTiB y OLIBIIOCTI
BUIIAJIKIB CYNPOBO/DKYIOTBCS 3MIHOIO Macu 3pasKiB.
CriBcTaBlIeHHsI €KCIIEPUMEHTAIBHUX Ta PO3PaXyHKOBHX
3Ha4eHb, OTPUMAHUX 3 YSBJIECHb PO XapaKTep XiMiYHUX
peakuiii Ta 3MiHy Ae(EeKTHOCTI KPHUCTAIIYHOI PELIiTKH,
Ja€  MOXJIMBICTb ~ BCTAHOBUTH  ICTHHHY  IPHUPOIY
MIPOTIKAIOYM TIPOLECIB 1 peallbHy CTPYKTYpy TBEPIUX
pO34HHIB, O 6EPYTh YIaCTh Y HUX.

I'paBiMeTpuuHMiAi METOX € JOCHTH TIPOCTHUM 1
HANIHHAM Ta [O3BOJSE€ TPOBOIAWTH BHUMIPIOBAHHS 3
IOCTAaTHRO BHMCOKOIO TOYHICTIO. BimHocHa moxmOka
BH3HAYCHHS Macu 3paskiB He mepesmuryBaia =+ 0,01%.
Buxinzi okcnam nonepeaHpo Oy mpokapeHi (TIpu THX
K€ yMOBax), BTpara Macu sikux (Tabum.l) BpaxoByBajach
NP IPUTOTYBaHHI CTEXIOMETPUYHUX 3pa3KiB GepuTiB.

VY pesynbTati cUHTE3y OyJIO OTPUMAHO OAWHAILIATH
3pasKiB IIMIHEIFHUX TBEPAUX PO3YMHIB Mg-Zn depurin

(Tabmn. 2), peHTreHiBCbKMH  (a3oBHi  aHaN3  SIKHX
Taoanus 1
Brpara macu marsi, nusk ta gypym (I1I) okcuais
Oxcup MgO ZnO Fe, 05
Am, % 6,9 1,1 1,0
Taoaunsa 2
XiMIuHHMH CKJIaJ Ta TTapaMeTp KOMIpKH (epuTis
cknany Mg,Zn, Fe,O,4
3Ha4YeHHS X Dopmyna a, HM
1 MgFe,O, 8,3811
0,9 Zno,lMgo,gFezo4 8,3831
0,8 Zn,,Mg,;Fe,0, 8,3905
0,7 Zn,;Mg, ,Fe,0, 8,3937
0,6 Zn, Mg, Fe,0, 8,4014
0,5 Zn, ;Mg o,sFezo4 8,4089
0.4 Zn, Mg, ,Fe,0, 8,4151
0,3 Zn,,Mg,;Fe,0, 8,4219
0,2 Zn, ;Mg ,Fe,0, 8,4304
0 Zno,oMgo,lFezo4 8,4331
1,0 ZnFe,0, 8,4392
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MiATBEPAUB X 0HO(]A3HICTE.

ITomanpiie MOCHIIHKEHHS CHHTE30BaHUX 3pasKiB
(MarHiTHUX, HAaITiBIPOBiTHUKOBHUX, XIMIYHUX,
KaTaTiTUYHUX Ta 1HIIAX BIACTHBOCTEH) HEMOXIHMBE 0e3
3HaHHS MEXaHi3My, 3a SKUM BiJJOyBa€ThCs IX YTBOPEHHSI.

VY BIANOBIIHOCTI 3 PIBHSHHSAMH pEaKiiil yTBOPEHHs
IIMHEIBHUX I[IMHKOBOTO Ta MarHi€eBoro (epuriB Ha
noBepxHi crukanHs (a3 ZnO, MgO Tta Fe,0;
YTBOPIOETHCS INMiHENbHA (ha3a, TOOTO CTBOPIOETHCS
ZnO | ZHF6204 | F6203

NOCHIZOBHICT  LIapiB: Ta
MgO | MgFe,0, |F €,0; [3] 3a peakuismu.
7Zn0 + Fe,0O3 = ZnFe,0, (3)
MgO + Fe,O3 — MgFe,04 4

Komu posrnspatu nponecu Ha nosepxHsx MgO un
ZnO (matpuui), Toai Fe,O; Mo>kHa BBaXKaTH JOMIILIKOIO 1
B Pe3yNbTaTi YTBOPIOBAaTUMEThCA Ae(eKTHA (a3a Martii
abo mumHK okcunpy. Komm >k posrmsmaTu mporecu Ha
nosepxHi Fe,O5; (Marpurs), Toai MgO, ZnO - nqoMimkw,
BHACJIIZIOK YOTO YTBOPIOETHCS NeekTHa (paza TeMaThry.
B3aemopis nedextanx a3 i npu3BOJUTH 10 YTBOPEHHS
MarHi€BOTO Ta UHKOBOTO (hEPHUTIB.

MexaHi3M NOBepXHEBUX B3aeMoniil Mix MgO, ZnO
ta Fe,O; Moxke BigOyBaTucs JBOMA IIUISIXaMH: KOJH
JOTPUMYETBCSI  CTEXIOMETpisl KaTIOHHMX IiJpPeIliTOK
(MexaHi3M A) Ta KOJM JOTPUMYETHCS CTEXIOMETpis B
aHIOHHUX mifpemriTkax (MmexaHism b). B nmaniit poGori
JETAIPHO  PO3IJIINAEThCS  MeXaHisM A,  To0TO
BPaxXOBYETHCS CTEXIOMETPis 3a KaTioHOM. BukopucTaHHs
KPHUCTAIOKBA31XiMITHOTO TiIXOAY JO3BOJISIE IPOCTEKUTH
nusixu  yrBopeHHs MgFe,O, Ta ZnFe,O4, ockinmbku
MeXaHi3M yYTBOPEHHS MarHi€BOro Ta IUHKOBOTO (epuTy
yepes aedexTHi Gpa3u € IPAaKTHYHO HE BUBUCHHM.

HaiirnuOrre mosicHeHHs IIbOTO MEXaHi3My J1a€ METO
KPHCTAJIOKBa3iXiMii, SKUI Ha BiJMiHY BiJl KpUCTAJIOXiMil
BPaxOBY€ MPUPOJY TIOBEPXHEBUX AKTUBHHUX IICHTPIB
¢epwuris [2].

2. Peakuii, siki Bin0yBaloTbcsi Ha noBepxHi ZnO

SAxmo  marpuuero  Buctymatume — ZnO,  TO
CYTIEepIIO3UIIis ii aHTUCTPYKTYpHU 3 KPUCTAJIOXIMIYHOIO
tdopmynoro  Fe,O;  mpu3BomuTh 10 YTBOPEHHA
KPHUCTAIOKBA3iXiMI9HOTO KIIacTepy:

1
" oo 3+ 2- . x ”
VIV +5Fe2 07" — Fe;, 05 (07 ,). 5)

OCKIIBKM MaTpuilsl 3 KJIacTEpOM IOBHUHHI pa3oM
ckiagati 1 Monb, ToO OepeMo sl OTPUMAaHHS LUHK
okcuay o moiiert kinactepy (5) i (1-a) moneit marpui (6):

(1-a) Zn;,0; +a(Fe') O, (Of) — ©

zn)i

3a (6) yTBOpIOEThCS IMHK OKcHJ 13 nedekramu

—(zn; Fe}) 05(0;

0,50

. o "
BKOP1HCHHUH OKCUT'CH Oi Ta CJICKTPOHHUMU Z[e(beKTaMI/I

B T JIPELIITII UHKY.

3. Peakuii, sixi Bin0yBaroTbcs1 Ha noBepxHi MgO

Sxmo  matpunero  Buctymarume  MgO, ToO
CYNeprno3uilis il aHTHCTPYKTYpH 3 KpPUCTAIOXIMIYHOIO
tdopmynoro  Fe,O;  mpu3BomuTh 10 YTBOPEHHA

KPHUCTAIOKBA3iXiMI9HOTO KIIacTepy:



KpucranokBa3zixiMiuHe MOJIEIIOBaHHS B3a€MO/Iii OKCHAHUX KOMIIOHEHTIB...

)

OCKIIBKM MaTpuilsl 3 KJIacTepOM IOBHUHHI pa3oM
ckiaamat 1 Momb, TO OepeMO i OTPUMAaHHS MAarHii
okcumy 1M Monei kmacrepy (7) 1 (1-m) mouedt marpwuii

(8):

1
YA +EFe;*O§’ — Fey, 0 (o;;,s )i

(1-n)Mg,,, 0, +n(Fe’)  O; (Of;), -

(Mg Fe} ), 05 (03,
YTBOprOETHCS OKCH]L

®)

MarHii i3 nedexramu

. o 14
BKOPIHEHUH OKCHUTeH Oi Ta CNEKTPOHHUMH JTe()eKTaMH
B IIIPEIIITII MarHiro.

4. Peakuii, sixi Big0yBaThcst Ha noBepxHi Fe,0;
npu B3aemoaii 3 ZnO
Y nmaHoMy BHIAAKy MATPHUIECHO
depym(IIl) oxcupa:
. 22 ’ .
(V) (V7). +220707 —(zn}), (O3V™) ©)

Otpumannii kactep Oyne MaTH MPUPOITY NePEKTY —
anionHi Bakascii. [Ipu conydenHi  moeit kinacrepy (9)
3 (1-B) mome#t marpumi, oTpumMaemMo | MONb OKCHAY 3
AHIOHHUMHM BaKaHCISIMH Ta EJISKTPOHHUMU Jedexramu:

(1—[3)<Fe§)Fe (0 )O +B(Zn}),, (0;V")0 -
— (Fej Znj )Fc (03,V; )0

35 VP
5. Peakuii, siki BinOyBaloThcss Ha nmoBepxni Fe,0;
npu B3aemoxii 3 MgO
B nmaHoMmy Bumagky —MaTpHIErO
¢depym(I11) oxcnn:
(V). (V57 )O +2Mg?0” —(Mg,), (O5V™ )O

BUCTYTIaTUME

(10)

BUCTYIIaTUME

(11

Otpumanuii kmacrep (11) Oyme ™matm mnpupomy
nedexry — anionHi BakaHcii. [Ipu crosydenHi ¢ monei
kiactepy (11) 3 (1- @) momeit marpuii, orpumaemo 1

MOJIb OKCI/IHy 3 aHiOHHI/IMI/I BaKaHCiHMI/I Ta
€JIEKTPOHHUMH JIe(DEKTAMH:
(1-9)(Fe;), (05), +o(Mg;), (05V™) - .
- (Fe;szg;Q )Fc (O;*‘PV‘;. )o

B pe3ynbTaTi YTBOPIOETBCS TeMaTUT i3 JAedeKTaMu
KaTIOHHI BakaHCii Ta eJIEeKTPOHHUMHU jaedeKTaMu B
nigpenritii Gepymy.

Takum uYMHOM, Ha OCHOBI PO3IISIHYTHUX MOAENEH
NPOLIECIB MOKA3aHO YTBOpPEHHs JedeKTHHX (a3 HIMHK
okcuny (6), mariit okcuny (8) Ta remarury (10) i (12) 3
€JIeKTPOHHUMH nedexTamMu B KPUCTATITHIX
migpemitkax. HactymHa B3aemonis nedexktaux das (6)-
(10), (8)-(12) 1 mpu3BOAUTH 10 YTBOPEHHS LIMHKOBOTO Ta
marHieBoro ¢epuris. [Ipu HanMcaHHI KBa3iCTPyKTYPHOTO
MeXaHi3My YTBOPEHHSI MarHi€BOro Ta IIMHKOBOTO (hepuTy
CJiJT BpPaxOBYBaTH, IO METOJ KPUCTAJOKBA3iXiMii
nependayae pe30HAHC KPUCTAIOXIMIYHOI CTPYKTypH i3
AHTHCTPYKTYPOIO INITHENI, a TAKOXK Te, MO HoHM Zn"
BOJIOZIIOTH BHUCOKOIO CIIOPIJHEHICTIO /10 TeTpaeIpUIHUX
MTO3MIIiH, HOHHU Mg2+ — CIOPIAHEHICTIO IO OKTaeAPHIHIX
nosuuiii, a #onn Fe’* MoxyTh posmimyBaTHCh B
OKTAaePUYHMX Ta TeTPaeOPUIHUX MO3HULisAX (Tabi. 3).

OTxe, KBa3iCTPYKTYpPHHH MEXaHi3M IPOIECiB
YTBOPEHHS IIMIHEIbHUX IUHKOBOTO Ta MarHI€EBOTO
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Tabauus 3
Eneprii ciopiJHEHOCT]I KaTiOHIB 10 OKTaeAPUIHUX
no3uttii [4]

Viou Mg* Fe’* Zn*"

E, xx/mone | -25,1£3,1 | -22,2+29

(epuTiB 3aNHIIETHCA HACTYITHUM YHHOM:

245+3,6

a) 63aemo0isn mixc (6) i(10):
)+
05 Vi), + VAV, 1, (Vi) —

) +
i

O”
+(Fe; ,2n,) [OZ;QV;'; ]

0,50
— Zn;[Fe; J3(03)o

Tyt B 3amiHemMo Ha 0, BUXOJSIYM 3 YMOBH, II0 Ha | HOH
Zn"? npunagae 2 ionn Fe, Toxi:

O "

(207 Fe}) ,,05 (O,
+(Fe§_2[5Zn'2[3 )Fc (
N (Zn;aFe;) ol

+ViV, 5 (Vi) > (13)

o

l-a+2=12a+1-; (14)
B=12a (15)
0) 63aemo0in misxric (4) i(8):
(Mg} Fe} ) 4,05 (04, ) +(Fes o, Mg, ) (05, V"), +

VAV 15 (Vi) =

— (Mg, Fe; ) ,, 05 (Of

0,5m

)+

J + V[V, 15(Vi")o = (16)

3——
2" "

+(Fe; Mg, ) [o* vy
— Fe} [Mg Fe'];(0),
TyT @ 3aMiHIOEMO Ha T BUXOJSIUM 3 YMOBH, 110 Ha 1 HoH
Mg"? npunazae 2 itonn Fe', toxi:
l-m+20=12n+1-¢;
¢=1/2n

Mar"ii-mMHKOBUX

)
(18)
¢epuris
YTBOPIOIOTCS HA OCHOBI MarHieBoro Fe) [Mg'Fex]B )0

X X X
Zn’, [FeZ]B (0; )O
TeTepOBaJCHTHIMH 3aMIIIEHHSIMH B KaTIOHHIN TATPATI.

MexaHI3M [BOTO NPOLECY B 3arajJbHOMY BHIAAKY
3aIUILIETHCS] HACTYITHUM YHHOM:

(1B, [Me'Fe ], 00), 2 20, [Fe ] (0

- (Fej zn} )| Mg;, Fei,, ] (07)

TBepni  po3unHH

Ta LIUHKOBOTO (hepuris 3

),

(19)

o

BucHoBkn

OTxe, 3aCTOCYBaHHS KBa3iCTPYKTYpHOI METOJUKHU
JIa€ MOKJIMBICTh HabaraTo riuOIIe MOSCHUTH MeXaHI3M
OJIep>KaHHS MarHi€BOTO Ta IIMHKOBOTO (PEPHTIB, a TAKOXK
JO3BOJISIE BUPOOUTH pPEKOMEHIAIIl i1 KepyBaHHS
BJIACTUBOCTSIMH HAIliBIPOBITHUKOBUX MaTepialiB.

T'amaniok H.b. — acuipant kadeapu TeOpeTH4HOI Ta
MPUKITAIHOT X1Mii.

Tamapuyk T.P. — kaHougar XIMIYHMX HayK, MJOLIGHT
Kadenpy TEOPETUIHOI Ta IPUKIIAIHOT XiMil.
Axyboecokuii P.P. — marictp.
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Crystalquasichemical Modelling of Interaction of Oxidic Components
at Formation Magnesium-Zinc Ferrites

Vasyl Stefanyk Precarpathian National University Institute of Natural Sciences
Galitska Str., 201, Ivano-Frankivsk, 76008, Ukraine

In work the formation mechanism of ferrite of general composition Mg,Zn,_,Fe,O, (where x changes from 0 to 1
with step 0,1) with the use of method of crystalquasichemistry for the first time is reflected. Occurrence of defective
phases of oxides is shown, interaction between which result in formation of spinel structures of magnesium-zinc
ferrites.
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