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X}IMHT{E, CKA.fl TE,XHOJIOI-IIfl

y[K 666.3

K. A. Apncrsnna, P. A. Apncrcuna, A. M. Ca.naxor,
(D. I. Baruror, P. T. Axuerosa

BNI,IqHUE XIIMI'IKO-MI{HEPAJIOTUIIECKOTO COCTABA ruTTIH

HA I.IBET KEPAM}ITIECK}IX MATEPUAJIOB

Kntoueeue cno6a: 46em Kepa.rvruKu, $anawil cocma6, ueccqayepoacxaa cneKmpocKonun.

B pa6ome WqeHo 1fiia*ue xuwuno-MuHepcuo?urccKoao cocmaea aruH, metwnepamypw o6aruza u dodaeox us

cuHmemuuecKoeo eeqamuma Ha qgem Kepewu\ecKux o6paa4oe Ha ocHoae pa3ruttHb.x munoS zttuH (zudpocnnducmo-

MoHmJvropuJutouumoeoil, c edcaKutt codeptcauue xap6ouamoe u naotuuoeoi) co cxo)tcuttt codepltauueu ot<cuda

ilcele3a (4-4,5 yo)- Vcmanoeteuo, qmo Ha qsem KepavuKu atuflem He cmonbKo Korruuecm6o )rce.ne3a 6 xutttuqecKoM

coctna1e ucxoduo{t eJruHbt, cKoJtbKo u3weHeHile ezo rcoopdula4uu u SaneHmHozo cocmonHuf.

Keyw or ds : c o I or of ce r ami c s, phas e c o mp ositi o n, M 6 s s b auer spe c tr os c opy.

In this article the intluence ofchemical and mineralogical composition ofthe clay, the influence offiring temperature

and additives of synthetic hematite on the color of the ceramic samples based on dffirent types of clays (lrydromica'

montmorillonite, with the high content of carbonate and kaolin) with a similar iron oxide content (4-4-5o/o) was studied.

Established that the variation of iron coordination and valence state have more impacl on the ceramic color than the

amount of iron in the chemical composition of the clay.
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BBeReHHe
OcHoeH uBerHocru w cylrlHocru ol(paruIlBaHnfl

KepaMr,{Kpr 6ruu 3[uroxeH]I Bo BTOpOfr nOJIOBHHe

ilporlJtor"o c'r"oJrsrHf,. B H3BSCTHOfi MOHOrpasUn t t I
\'.4. Kuurepu (BBeAsHHe B KepaMHKy) BnepBbte

cSopr"ryillrpoBalrbl fipHHLtHrrbI odpa:oBauufl IIBera

crurprKaTHb-tx MaTepHtuIoB, paccMoTpeHo BJIH-,IHHe

pa3,rr{qHhrx sarropon Ha npouecc oKpauI{BaHH.fl

KepaMHKr,r c uenb[o HalrpaBneHHoro perynr{poBaHHfl

uBeToBbrx xapaKTepucrHK.

Ha ceroAHflrIJHHfi .(eHb rpoBegeno HeMturo

irccreAoBaHHfi B o6ractH o6pasoBaHHf uBeTs
hepaMr4r{ecKHx m/{enHfr KaK oTeqecTBeHHbIMH, TaK H

3apy6exnbrMu y*IeHbIMH [2-5]. OAuaxo (( 
" . . HecMorpfl

Ha Oomuroe qucno pa6ot no r1Bery KepaMHKH, .[o
Hacrof,Iqero BpeMeHH HeT HAyqHO-O6OCnOBaHHOro

clrcTeMHoro npeAcTaBJIeHHfl 0 srarnxo-xHMlftlecKofi
CVUIHOCTH Or(pa[II4BAHH,fl KepaMHKI,I, O uBeTe chlpbeBblx
KO:\{TOHeHTOB }r BJTHflHHH pA3nHr{HbIX $aKrOpon npH

cneKaHHH KepaMHr{ecKux Macc Ha H3MeHeHHe

uBerHocrr.r B npouecce ooxura I{ yilpaBneHHe I$eToM
II3.IeJIHfi)) t2l. Bo MHorHx KepaMHqecKHx Marcpuarlax
rpH BbrcoKHx reMnepaTypax B pe3ynbTaTe p{I3nl,tqHoro
poAa xHMHqecKHx IrpeBparl,etil{fi o6paryeTcfi
cpaBHHTeJrhHo JrerKofiflaBKafl cTeruIoBHxHaff sasa co
3HaqHTenbHLIMH BKJTTOqeHI,L'MH KpHCTaJIJIOB.

C;roxuocrb o[peAeJreHr,Ifl MexaHH3Ma o6pa:oBamnr

uBera KepaMHKI,r 3aKJlloqaeTcf B ToM, tITo oHa flBx,fleTcfi

\{HOrO$A3HbIM MATepHIUTOM H BJrHflrrHe Ha npouecc

Qopr'rerpoBauufl rrBera Hocl4r Mnoro$aKTopllblfi
xapaKTep.

Bospacraloulafl florpe6Hocrb B KspaMutlecKHx
\1 arepr4arrax 3a.[aHHoro uBeTa ooycnanJl I{BaeT BbI co KyIo
aFiryairbHocTb onpeAeJleHHfl $H:nrco-xHMlrqecKnx
3aKOHOMSpHOCTefr OKpALIIHBaHHfl H3AeJIH.TI B

rexHonoruH npoH3Bo.ucrBa. B cBfl3H c STHM Uenb
pa6oru saKmoqaercfl B BhIf,BJIeHHH ITpHHUHnoB

o6paroBaHr,Ifl ri H3MeHeHLtfl Unera KepaMHqecKIax

HSAenHfi tts pa3rHt{Hblx THIIOB nIHH.

Sxcnep[ MeHTarI bHaR qacrb

O6rexraMn HccneAoBaHu.f, cJtyxt4Jtu nrHHbI uo

cxoxHM co.ll,epxcaHHeM B XHMHTISCKOM COCTABe OKCHIA

)Kene3a (4-4,5 '/o): rHAp0cJrl0AHcTo*

MOHTMOpHJUIOHHTOBafl ruIHHa AnercceeBcKoro

MecropoxAeHHr, ruII4Ha CarnaaHoBcKoro

Mecropo)KAeHl,lfl c BbIcoKI,lM coAepxaHne I(ap6oHaToB H

KaoJrr4HoBaf ruIHHa HuxueyBenbcKoro MecTopo)KAeHHfl .

Ha nepBoM sTaIIe pa6on r rrpoBo4nnocb

IIHCIIeprHpOBaHHe rnH[IbI AO rpoxoxAeHHfr tlepsS cHro

c sqefixofi 0,5 MM. CupeU H3roroBfl-TIJIH MeToXoM

KoMnpsccllonHoro (t 5 MIIa) SopvroBaHllfl. Pa6oqax

BJraxHocrb cocraBHJra l0 %. ori[opMoBaHHble o6pa3ubl

BbrAepxHBaJIH B ecrecrBeHHhlx ycJIoBI{.nx B TerIeHHe 1

cyToK, a sareM IIpOB0AHJIH O6xur npH TeM[epaqpax
1000-1200C n uy$enbHofi reqn LOIP L,F-7113, npennx

o6xura - 4 qaca.

Ha nropoM 3Ta[e rrpoBoAHJIHch rr,recc6ayspoBcKne H

peHTreHorpasHqecKHe HccneAoBaHHrI. nepBble

ocyuecrBJr.rrJrr,rcb Ha creKTpoMerpe cM l20l (HAn
PAH, r. Casxr-Ilerep6ypr) B pex(I{Me nocrorlt{Horo
ycKopeHHfl c HCnoJIb3OBaHHeM HCTOT{HHKA cOsT B

MarpHue poAHfl npH KOMHarHofr reMneparyps.
HAeutH$laraqur noJryqeHI{hIX naecc6ayspoBcxux

cneKTpoB npoBoAHJIacb no JiHTepaTypHbIM H

6radnraoreqHbrM .qaHH6IM t6]. Pesrreuorpa$Hllecxue
HCCJISAOBAHLLfl OCyIIleCTBJIfJIHch c noMoll{blo

su$paxroMerpoB XRD-7000S (Shimadzu, .fnoHnx) lr

D2 Phaser (Epyx€p, fepnaannx).

PeaynbraTbt H o6cpffgeHne

B npouecce peHTreHorpa$HqecKux HccnefioBaullfi,
BbrrroJrHeHHhrx c noMolJlbro AHspaKroMe'rpa D2 Phaser

(6pyxep, fepnaanufl), reMarHT B $a:oeorra cocraBe HI{

oAHofi HS HccnegyeMblx ruIHH He o6Hapyxeu (ta6n. ).
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Ko.nu.recrreunurfi cocras o6po3uoB cr,rpbfl

A,uexceeBcKor-o MecTopolr(AsHHfl

BO3MOX(HOCTb HIUIHI{Hfl )KEJIE3A B BNAC FC

crpyr(rype MHHepaJIoR reMarHT,

MOHrMOpHJrJroHH',r H MyCKOBHT (pnC. 1 ).

B KIrHre t2] aBTopbr npHBoAflT Bo3MoxHI,Ifi

$a:onrrfr cocraB KepaMllqecKoro KHpnHqa B

3aBHCr,rMOCTr{ OT MHHepaJIOrHr{ecKoro cocraBa

KpaoHo)KIyruHxcfl r-JrHH loNsoro segepffibHol-o
oKpyra. Oasaro $asonblfr coc'raB o6oxNeHHofi TJIHHrI

ArercceeBcxoro Mecropox(AeHnfl pI3 rpyrnbl
rr{ApocnrcAHcTo- M 0HTM op HnJIo HHT0BbIX

MAJTOH3BeCKOBHCTbTX rJIHH He coorBercTByer
ilpHBeAeHHbrM B MOHOrpa$uU AaHHblM.

Mur crrnTaeM, qro BepoflTuocrb o6pa:oBaHnfl
MeTaKAOJIIIHHTa W MynnHTa B AAHHOM THne ruIHH

qpe3BbrrrafiHo MaJra.

Mecc6ayspoBcKue HccneAoBauplfl

AaHHbrM ruecc6ayspoBcxnx crexTpoB KepaMHqecKHx

o6pa:qon, o6oxxeuHhlx rpn reMneparyps I 100"C,

63% xeJle3a l,IAeuTuSnuupytorcfl KaK F*"^,
o6pa:ryruulee reMarHT, 37% x(eJle3a B BHAe Fe2*

3aMelqaeT Mg B KpucTannuqeorofi peUJeTKe MHHepaJIa

MycKoBHT.

Arg B[,IrIcHeHHfl BJIHflHHfl KoruqecrBa xeJle3a Ha

rlBer KepaMHKH HB Atexceescxofi HIHHrI K Hefi

Ao6aufJrcfl cHHTerHqecKHfi reuau,IT B KoJIHqecrBe 0,5-

2% ot o6ruefi Maccbl c luaroM 0,5oh v rpon3no.ullncfl
o6xnr npH reMneparypax 1050, 1100 u 1150nC. flocre
qero c o6pasqon cHHMaJIvreb naeccc6aySpoBcrue

cneKTphl. BussneHo, tITo KaK yBerur{eHue Ao6asx}r
reMaTHTa K r-JrHHe, TaK H yBgrl4qeHHs 'reM[epaTypbl

o6xura odpa:uor rpmBoAflr K yBenuqeHnro AoxH
reMaruTa. OAnaxo reMneparypa odxnra orasaJla

Oolee cyuecrBeHuoe BJIHflHHe Ha IrBeT KepaMHKu B

orruque or Ao6arrcu. Taxnna o6pasou, Mo)KHo

3axJrroquTb, qro reMarur", o6pasyruruaficfl Hs pacfiJlaBa,

HMeeT COBepIIIeHHO HHbIe XapAKTepHCTHKH H,

coorBercTnenHo, cuoco6Hocrb K oKpamHBaHHro no
cpaBHeHHro c cHHTerHqecKHM reMaTHToM.

B nureparype t8l orMeqaercfl: <5enoxryuarlcfl
rrIHHa 3r'o ruII4Ha, B cocraBe rcotopofi cogeplKuT'cr

MHHHMaJIbHoe KonHr{ecTBo Kpacflulux oKcH.[oBD' Harun
HCCneAOBaHHf He no3BoJIflIOT HaM COrJIACHTbCfl C 3THM

yTBepxAeHHeM.

Hecuorpfl Ha BLIcoKoe cogepxaHue B xHMHqecKoM

cocraBe rrHHbI CaluaHoBcKoro Mscropo>lgteHurt

oKcn.[a xene3a (ororro 4,5%) npu o6xure odpasubl Ha

ocHoBe srofi rxHHbI npno6peraror cBerJIbIe orreHKH,

CrreAoeaTeJlbHo, B npouecce o6xura $asa reMarura He

o6pasyercq uilbr ee coAepxauue MaJIo. Teruneparypuble
HccneAoBaHH, H3MeHeHHr $asororo coclaBa
Caruauoscrcofi TJILIHrI, trpoBeAeuHble Ha

auQparffoMerpe XRD-7000S, He noKa3aJIH HarHqHe

Qassl reMarl,Ira. OAuaxo o6pasoBaHne gtofr Saru
loATBepxAaercs ruecc6ay3poBcKuMH mMepeHHflMH

KepaMHqecKHx o6pasqor, o6oxxeuublx npn

reMneparype 1 100'C (puc.2). OcnoBHafl rlacrb xeJle3a
(94%) pacilpeAentlercn B lqpucraJlruqecxofi peulerKe

Hosoo6pa3oBanHoro MuHepala AHoncH,q, oQTaBilIaflcfl
qacrb (6%) o6pa:yer MHHepan reMarur'

rJII,IHbI

TIOKA3AJIH
2+ n3+n re B

KJTUHOXTOp,

Alekseevskaya glina

106 mg/crn?

.10a-6-4-20218810
Velocity, mm/s€c

Puc. 1 - M0cc6ayrponcrcHfi cnelcrp aJlemceescxofi

rJIIIHbI

B npoqecce o6xura TJIHHa npno6peraer cBerno-

KopHLIHeertfi uBer, o6ycnosreuustfi o6paroBaHHeM

Saeu reMarnTa, oAHaKo HccJIeAoBaHHrIMH,

npoBeAeHHbIMH Ha Au$palffoMerpe XRD-7000S,
MHHepan reMarHT He o6napyxeH B TeMIIeparypHoM

Auana3one or 50oC Ao 1000"C. BH.aBJIeHo, tro
reMarnr (BbrrraAaer)) npn ocTbIBaHHH o6pasUon [7]. [Io
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PHc. 3 Mecc6ayspoBcr(ufi cneKTp o6parqa H3

HnlI(HeyBeJIbCI(Ofi ruIHHbI. Tn6a6 =I 100oC

Brleogbr

l. Hau6oJrbrrlse BJIr,rflHHe Ha uBer KspaMHKH r{3
aJreKceeBKofi urHHbr oKa3arra TeMneparypa o6xara,
Hex(eJIH Ao6anxa culrreTuqecxoro reMaruTa B

KoruqecTBe 0,5-2oh.
2. I-enaarur, o6pa:yroulufics H3 pacnJraBa, HMeer

coBeptIIeHHo HHbre xapaKTepHcTfiKH H,

cooTBeTCTBeHHO, CnOC06HOCTT) K OKpamHBaHHrc IIO
cpaBHeHHro c cr{HTeTHrrecKrIM TeMATHTOM.

3. Cserirnlfi uBer o6pasuon H3 rJrprHbl
calrr,raHoBcr(oro MecropoxAeHHfl AoCTHraerCfl
pacilpeAerreHneM )Kerre3a B nonoo6pa3oBaHlroM
Ml{Hepane .qHoncHA, Kos$SHuHeHT orpax(er-rnfl
KOTOpOTO sHarIHTeJIbHo BLIUre, qeM y oKcHAa
xerre3a (IID.

4. y xeJre3a, HaxoArrrlerocrr B pacfi]raBe,
cnoco6Hocrb K BHeApeHHro B crpyr(rypy AHorcHAa
cpaBHHTeJrbHO BbIIIIe, r{eM y xeile3a, BxoAflulero B

cHHTerHqecKHfr reuatHr.
5. Ocsernenue o6pa:qon H3 rJIHHbI

HuxHeyBeJrr,cxoro Mecropolx/reHnfl rrpu yBeJrHrreHr4H

reMneparypbr o6xnra o6ycnoBJreHo SopurnpoBanueM
MHHepAna MyJrJrr,rr, B cTpyKTypy r(oToporo BHeApfleTcfl
xeJle3o.

6. Ha rlBer r(epaMHKH BJrHfler He cronbrco
KofiHqecTBo )KeJIe3a B xnMuqecr(oM cocraBe Hcxo.qnofr
rJrHHbI, CKOJIbKO H3MeHeHHe ero KOOpAHHaUHH H

BANEIITHOTO COCTOfl HHfl .
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Puc. 2 - Mecc6ayspoBclcufi cnerffp o6palua H3

caJrManoBctcofi rurnnbr. To6* :I 100"C

C noBbrrueuueM TeMneparypbr o6xura uBer
r(epaMr{rrecrnx Hsgelplfr Ha ocuoBe caflMaHoscxofi
r",.:IHHbI CTAHOBHTCfl CBCTJIEE. MNr NPCANOJIATASM, 3TO

rrpoHcxoAHr B cBfl3H C ytIpOqHeHHeM CBfl3efi Xene3a B
Kp r{craxrrnqecxofi peruerxe .qnoncuAa.

Am BrilflBJrer{Hf BJTHflHHe KorurlecrBa )KeJIe3a Ha

uBer KepaMHKpI Hg canMaHoscxoil rJIHHbr K nefi 6r,m

Jo6aueH cnHreTuqecxufr rsMarHT B npoUeHTHoM
coAepiKaHHH or o6uefi Maccbr 0,5-2oh c maroM A,SYa.
O6xHr npou3ro.quJrcn npu reMreparypax 1050, I 100 H

I 150"C. I{ner KepaMHqecKHx o6paruoB c yBenHr{eHHeM

lo6asru craHoBuTcff po3oBee, c IIoBbuileHHeM
reMreparyphr npno6peraet cnerrtufi oTreHoK. Mrr
npeAnonaraeM, qTo y xeJle3a, Hax0Aflrqerocfl B

pacnJrane, cnoco6Hocru K Bue4peHr{ro B crpyrTypy
-lr{oncHAa cpaBHHTeJIbHo Bbrrrrer qeM y }KeJre3a,

BxoArruero B cul{TeTuqecrufi reMarHT, rITo H

oSycraBJruBagr H3MeHgHHe rlBera B HanpaBJreHHH

ocBerJreHufl KepaMHqecKHx o6parqon.
KaorHuoBarr TJIHHA HuxueyBeJrhcKoro

Mecropox(AeHnfl c yBerHqeHHeM TeMneparypu odxura
or l000oC no l200oc MeHner uBeT c 6legHo-po3oBoro
ro 6exenoro. OcnerteHme o6pasqon H3 rurr.{Hbr

HuxueyBenbcKoro MecropoxAeHnfl rtpu yBenuqennn
reMneparypu o6xmra cBfl3aHo c yBerHrreHHeM
HepacTBopeHHoro urHHo3eMa H KpeMHe3eMa ts

ar,rop$nofi $are, Koropbre 3areM KpHcTairnu3yrorcfl B

.\{yJIJIHT.

Ha ocHoBe auarraSa Mecc6aySpoBcKnx cnexTpoB
o6pasqou KepaMurffi H3 HuxHeyBeJrbcxofi Hrr{Hbr

1puc.3) 6rmo BrrrflBJreHo, rrro B peurerr(e MynnHTa
rpoHcxQArm rracTuqnoe H3oMopSHoe 3aMerqeHue Al3*
Ha Fe3* B oKTapApHqecKHx KoMrrJrexcax. Srpr
3aMeueHHfl B KpHCTIUTJTOXHMHTIeCKHX onUSrcHX rroHilx
He Bbr3brBaror SnerfipoHHhrx H r(pHcrannolpa$rnuecKHx
rr3MeHeHr,rfr crpyrffypbr Kpucranru.recxofi perreTru
MynxHTa, qro He cnoco6cTByer 3Har{HTenbHoMy
CHH}I(eHHK) CBeTOIIOrirOrqeHHfl kt pe3KoMy cHr,IxeHH]o
roo$SruIHeHTa oTpilKeunr. EnaroAapff rreMy

orMeqaercfl ocBerJreHne KepaMHqecKHx odpasqoe"
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