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Magnetite synthesis has been carried out by chemical
condensation method from aqueous solution of the salts
of two- and three-valent iron in alkaline medium
according to the reaction scheme:

Fe’'+2Fe**+80H = Fe;0,|+4H,0

black precipitate

In order to prevent iron hydroxide formation and other
undesirable side processes, one can use mostly iron (III)
chloride and iron (II) sulphate, and aqueous ammonia
solution instead of alkali sodium hydroxide. The
application of ammonia solution allows providing mild
conditions for oxides co-precipitation, which favours the
reaction of formation of fine-grained magnetite of
composition Fe;O4 or Fe,O;FeO, possessing better
magnetic properties in comparison with magnetite
obtained by other methods. Ammonium salt NH,CI,
formed in the synthesis process, is easily decomposed at
heating with gaseous ammonia release. Cl" ions and
soluble salts are extracted by multiple rinsing with
distilled water.

The thermodynamic parameters of possible reactions
were calculated in order to justify the possibility of
reaction running in the direction of magnetite formation.
The probability of formation of Fe;0,4, Fe(OH),, Fe(OH)s,
FeO(OH) under the studied conditions was estimated.

The concentrations of [Fe’'], [Fe’'], [OH], the
product of equilibrium concentrations of ions in the
solution after the formation of expected product (black
precipitate Fe;O4) were determined under the magnetite
synthesis conditions and compared to the values of the

solubility-product constant (SPC S:’CFe(OH )

SPCro0m) ). The results of thermodynamic analysis are

Fe(OH), ’

corroborated by the kinetic data.

Based on the performed thermodynamic and kinetic
studies, optimal synthesis conditions, optimal ratio Fe*" :
Fe’*, required amount of ammonium hydroxide were
selected and the possibility of magnetite synthesis by co-
precipitation method was proved.

The executed studies are important from the point of
view of the application of magnetite in metallurgy and
chemical industry for the design of catalytic masses.
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Ilpogedero cunmes maznemumy ma MePMOOUHAMIUHO
OOTPYHMOBAHO MONCTUBICHIL 11020 CUHIME3Y 3 MEMOOOM XIMIUHOT
Konoencayii. Pezynvmamu mepmoounamiunozo ananizy niomeepo-
Jcyromoca  Kinemuunumu  oanumu. Ilpoeedeni  0ocniorcenua
Maiomb 3HAUEHHA 0N GUKOPUCMAHHA 6 MemanypeiiiHiii ma
XiMEUHiTI npomucnosocmi.

KiouoBi cioBa — TepmopmHamika, KiHETHKa, MarHETHT,
enepris ['i66ca , cuHTes.

l. BcTtyn

B paniii poOoTi MarHeTHT OJEpXKyBajlH METOJOM
XIMIYHOI KOHJEHCcaIli 3 BOMHUX PO3YHHIB COJICH IBO- Ta
TpUBAJIEHTHOTO (epymMy y JIyKHOMY cepenoBuimi. Jlis
OOTPYHTYBaHHS MOXIIMBOCTI Tepeliry peakilii y HampsMKy
OTPUMAaHHSI MarHeTUTy OyJIM pO3paxoBaHi TEPMOIMHAMIYHI
XapaKTEepUCTHKH MOXJIMBHX peakiii. OlliHoBagack Bipo-
rigaicte yrBopeHHs Fe;04, Fe(OH),, Fe(OH);, FeO(OH) B
yMOBax JIOCHIDKYeMOi peakuil. B pesymbrari mpoBeneHHX
TEPMOJIMHAMIYHHX JIOCIII/PKEHb Ta MiATBEPDKYIOUMX IX KiHe-
THYHHX JIOCITPKEHb OYIIO MilidpaHo ONTUMAIIbHE CITiBBiIHO-
wenst Fe?' : Fe'', ta  HeoOXimHa KiMBKICTb 0CaIKyIOuOro
peareHTy — aMOHiH T1IPOKCHTY.

[l. TepmoamHaMmiyHi Ta KIHETUYHI
AOCNIAKEHHS NPOoLeCy CUHTe3Yy MarHeTuTy

Jist oOrpyHTYBaHHS MOXKIIMBOCTI nepeliry peaxuii y
HaNpsIMKY OTpPUMaHHS MarHeTuTy Oyjiu po3paxoBaHi
TEpPMOAMHAMIUHI XapaKTEePUCTHKU MOXIIUBUX PEAKILi.
OrintoBanacek BiporiaHicte yrBopenHsi Fe;O,4, Fe(OH),,
Fe(OH);, FeO(OH) B ymoBax IOCHIKYEMOI peaKiii.
3rigHo Merony kouaeHcarii maraetut (Fe;O4) ortpumy-
BaJIM i3 BOJHHUX PO3YHMHIB COJNEH JIBO- Ta TPHBAJIEHTHOT'O
(bepymy y Ty)KHOMY CEpeIOBHIIII 32 PIBHSIHHSIM peaKuIii:

2FeCl;+FeSO4+8NH,OH= Fe;04|+(NH,4),SO, +
+ 6NH,CI+4H,0.
CkopoyeHe 10HHE piBHSIHHS L€l peaKiii:
Fe’'+2Fe*"+80H = Fe;0,|+4H,0 (1)

[Mobouni mpoaykTH MOXYTh OyTH OTpHMaHi 3a
PIBHSHHIMH peaxiid (2) — (4):
Fe’"+20H=Fe(OH), )
Fe’+30H=Fe(OH)3| (3)
Fe’'+30H= FeO(OH)|+ H,0 4)

BpaxoByrouu mepe0ir peakiii 3a yMOB JIYKHOT peakitii
cepenoBuina nependadaemo icHyBanus kationiB Fe(Il) ta
Fe(Ill) y Burmani BiamoBiguux rigpokcuzis Fe(OH),,
Fe(OH);, FeO(OH). TakuM umHOM peaxiisi repedirae 3
YTBOPEHHSIM MarHETUTY 332 HACTYITHUM PiBHSIHHSIM:

FC(OH)z‘f‘ FC(OH)3: Fe304+4H20
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3mina eneprii [100ca peakuii, eHTanbmii Ta EHTpOIIisL
peakiii po3paxoByBaJIKCh 110 HACIIKY i3 3akoHy ['ecca:
AGDpeaK.: ZAGO (I'Ip()}:[.peaK.)-ZAGD(BI/IX.peLI.)
ASopeauc = ZASD(npo;(.peaK.)'zASD(Bux.peq.)
AI—Iopeauc.: ZAHD(npon.peaK.)'ZAHD(Bux.pev—r.)
CrannaprHa 3MiHa eHeprii ['i00ca peaxuii moB’si3ana 3
KOHCTAHTOIO PIBHOBArd Peakilii HACTYITHUM PiBHSHHSIM:
AG=-2.313RTIgK
e R=8.134 JIx/(monp-K), T=298 K.
Pe3ynpTaTi po3paxyHKiB HABEIACHO B TAOJIHIII.

Po3paxyHkoBi TepMOaHMHAMIYHI XapaKTepUCTUKHA

Ne AG® ., AR, ,, K ASpears
peakuii | k/x/mMonb | k/[x/Monb P JIx/(monb-K)
1 -760.1 -238.56 10™% 1210.48
2 -93.46 -25.31 10™ 226.95
3 -234.19 -106.57 107 421.12
4 -270.76 -107.24 10% 46222

Awnamni3 Tabmuni CBiIYMTH MPO TepeBary MpOTIKaHHS
peaxiii (1) — piBHOBara JaHoi peakiiii 3CyHyTa IpaBopyd,
B OiK YTBOPEHHSI JJOCUTh CTIHKOI CIIOJTYKH — MarHEeTHTY.

BimoMo, 1m0 ocajg BuUmamae TOMi, KOJIH T0OYTOK
PIBHOB&)XHMX KOHIIGHTpalildi iOHIB y poO3uMHi Oinblie
Benuuunu JIP ocany.

[purmyctimo, o kontentparii Fe (IT) Ta Fe (1I1) 3riguo
peakuii (1) 3HaXOmATHCS B EKBIMOJISIPHOMY  CITiBBiJHO-
wenni: [Fe*']=2[Fe’’] a6o 0.5[Fe’"|=[Fe’’], a Tak sK
pH=11, toxi [OH =10 mons/1.

Buxozsuu 3 BUpasiB A1 KOHCTAHT PIBHOBArd peaKilii
(1)-(4) Oyno po3paxoBaHO pPIBHOB&KHI KOHIIEHTpAIl
TOXiTHUX pe4oBHH. Po3paxyHKH mokazaiu, o0 3CyHyTH
piBHOBary peakuii (2) mpaBopyd — B OiK YTBOpEHHs
Fe(OH),, neobxinna [Fe*' 1>10"" momb/m.

Jlns 3mimenHs piBHoOBaru peakiii (3) mpaBopy4 — B
6ik yropennst Fe(OH); neo6xinna [Fe®1>107? momns/m.

Jlst 3MillieHHsT piBHOBAaru peaxiii (4) mpaBopyd — B
6ik yropennst FeO(OH) motpiGua [Fe*'1>10"* momns/m.

VY noGiuniit peakuii (2) mae yrBoputucs ¢epym (II)
rigpokcua. I3 konmenrparii ¢pepymy (II), mo mopiBHIOE
0.49-10° Mons/m Ta Gimpmoi Oyme BHMAZaTH OCal
Fe(OH),; B mamomy posunni [Fe’']=8-107*mons/n, mo
3HayHO MeHie 3a 0.49-10™ Momb/1I.

J100yTOK piBHOBa)XKHUX KOHIIEHTpamlili 10HIB y BOA-
HoMy posumni: [Fe?'][OH]<< JIP =4.8:10"°. ToGro

Fe(OH),
ocan Fe(OH), He yTBOpDIOETBCS, CHHTE3 Yy HAIPSIMKY
peaxiiii (2) He Hie.

VY noGiuHiit peakuiit (3) mae yroproBatucs depym (I1I)
rigpokcun. IlounHaroun i3 koHreHTpari ¢epymy (1), mo
nopierroe 0.2:10° Morb/n Ta GimbLIol Gyie BUMAZATH OCal
Fe(OH);, B Hamomy posumui [Fe’'J=4-10*moms/n, 1m0
3nauno Memmre 3a 0.2:10° Momb/m. J[0OYTOK piBHOBAKHHX
KOHILICHTpAIIii 10HIB Y BOIHOMY PO34MHI (B yMOBaxX CHHTE3Y
marneruty): [Fe”'T[OH] << zp =3.8-107, I11o cBimunTs

0 HeMOXJIHBOCTI yTBOpeHHs1 ocany Fe(OH);, 1 BiamoBinHO
CHHTE3 Y HanpsMKy peakuii (3) He ize.

Fe(OH);

VY noOiynili peakuii (4) Mae yTBOpIOBAaTHCS oOca

FeO(OH), Tak sk [Fe-”HOH' ]3 <APreoion) OueBnaHo, WO
[1,0]

yrBopenHs ocany FeO(OH) 3a peaxiiero (4) mpobie-

MaTHYHO.

B pe3ynbrati npoBeneHNX TepPMOAMHAMIYHHMX PO3paxyH-
KiB BUsiBIIeHI KoHIIeHTpaii ioHiB (epymy (II) Ta pepymy (I11)
y posunni: [Fe''=4-10**mons/n, [Fe*']=8 10> *moms/nm. TTpu
TaKUX KOHIIEHTPAISX HE OCATAIOTHCS YMOBH YTBOPEHHS
ocamie 3a mnoOiunmMu peakmisimu Fe(OH),, Fe(OH)s,
FeO(OH), MarHeTut € OCHOBHUM MPOJYKTOM pPEaKIIii.

lll. TexHonoria CUHTE3y MarHeTUTy

MarHeTuT oiepKyBaJli METOJIOM XIMIYHOI KOHJIEHCAITi 3
BOJIHMX PO3YMHIB COJEH J[BO- Ta TPUBAJIEHTHOTO (epymy y
JIY)KHOMY CEPEIIOBHILI 32 PIBHAHHAM PEAKIIi:

2FeCl;-6H,0+FeSO, - 7H,0+8NH;-H,0=Fe; O+
+(NH4)2804+6NH4C1+23H20

ToryBamu cymim FeSO,7H,0 (Mapku yma) i FeCl;-6 H,O
(Mapku u), B3sTHX Yy BuDpial ix 10% BomHuX pozumHiB. lyis
3arobirannst okucHeHHs Fe(Il) kucHem moBitpsi, Boma Iyist
npuroryBanHs po3unHy depym (II) cymsdary migxucmo-
Banack 0.03-0.06 M koutieHTpoBanoi HSO,.

CyMiln po3unHIB AofaBanack 70 25% po3uMHy amiaky
TIPH IHTEHCUBHOMY TIepeMilllyBaHHI MEXaHIYHOIO MIIIAIKOIO,
sIKe TPOOBKyBasiocst e 20-25 XBWIMH MICHS 3aKiHYeHHS
peaxwii. Oca/pkeHHs TPOBOAWIN 10 JTY)KHOIO CEpPEIOBHIIIA.
YopHuii ocaj, sSIKMH YTBOPIOBABCS B HACTIZOK PEAKINi Bifl-
MUBJIU JIUCTHIILOBAHOIO BOJOI0 METOJIOM MArHIiTHOI JIeKaH-
Tanii 10 cnabkomykHoro cepenouina. [lotiM po3unH QLIBT-
PYBaJIH Ta BUCYIITYBAJIM TIPY KIMHATHIH TeMIiepaTypi.

OpnepxaHuii B pe3yJbTaTi CHHTE3y MarHeTHT BiJpi3Hs-
€ThCS. MOHOMCIICPCHICTIO YAaCTHHOK (po3Mip yacTuHok 100 —
200 HM), BACOKUMH MarHITHUMH BJIACTHBOCTSIMH.

BucHoBOK

HaiiOinbln  mpuifHSITHAM  CIIOCOOOM  OfIEpKaHHS Mar-
HETHTY € MeToJ KoHzeHcawil. [IpoBeneHo TepMomrHaMiuHi
PO3paxyHKH iIMOBIPHOCTI YTBOPEHHS MarHETUTY 3a PEaKITiEr0
crmiBoca/uKeHHs.  Po3paxoBaHO — I00YTOK — PO3YMHHOCTI
FeO(OH), xonuentpanii ioniB ¢epym (II) ta depym (1II) y
pO3uMHI, TIpU SIKHX HE JOCATAIOTHCS YMOBH YTBOPEHHS
ocajiB 3a MOOIYHUMH pEaKIlisiMH, & MarHETHT € OCHOBHHM
NpoAyKTOM peakuii. HaiOinpmr BiporigHO —yTBOpEHHs
MAarHeTHTy 32 BUIIEBKa3aHUM METOJOM cuHTe3y. OTpumaHi
pE3yNBTaTH JOCITIIKEHb PEKOMEHIOBAHO ISl BIIPOBADKEH-
HsI B TEXHOJIOTiO (hapMatlii Ta XapyoBY rany3b.

NiTepatypa

[1] Lmoxa M. I'., BapcoBa 3. B., Benepuukona 1. O. ta
inm. HaHoxiMiuHa TexHoJoris MarHetuty / XimiuHa
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