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BuBueHO BIUTUMB J01AaTKIiB pi3HOI XiMiuHOI npupoan Ha ¢a3zoyTBopeHHs y cuctemi CaO—
SIO,H,0 mix yac rizporepManbHoi 00pooKku. JocaiaKkeHo MiHepamizyouy Ail0 Ta Xapakrep
BILIMBY 60po- Ta (PTOPOBMiCHMX I0AATKIB HA MpoLecH YTBOPEHHS TiAPOCHIIKATIB KaJIbLil0.

Ku04oBi cjioBa: BOJIACTOHIT, TiAPOCHIIKATH KAJIbIil0, TOOEPMOPHUT, MiHepatizaTop.

The influence of the different chemical nature admixtures on the phase formation in the
Ca0-Si0O,H,0 system at the hydrothermal treatment was studied. The mineralized action
and the boron and fluorine admixtures influence on the calcium hydrosilicates formation was
investigated.
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[ocTranoBka mnpodaemu. ligporepmanbHa 0OpoOKa MICKOBO-BAaITHSAHHUX CYMILIEH € OCHOBOIO
BEJIMKOI KiNBKOCTI BHUPOOHULTB CHJIKATHUX MaTepiasliB pi3HOro (yHKUIOHAJIBHOTO IPHU3HAYECHHS.
MiHepallbHOIO OCHOBOIO LIUX MAaTepialiB € TiIPOCHIIIKATH KalbLil0 Pi3HOTO CTEXIOMETPHYHOIO CKaxy Ta
CTYHEHS KPHCTAIIYHOCTi. Y TEXHOJOril OyIiBeNbHHX MaTepialiB aBTOKJIaBHAa 0OpoOKa 3IifICHIOETHCS B
HamnpsIMKYy CHHTE3y IIE€PEBaXHO HH3bKOOCHOBHHX TiAPOCHJIKATIB Kajblilo. Y paHille NPOBEICHUX
nociipkeHHsx [1] oGrpyHTOBaHO MOLIIBHICTE BHKOPHCTAHHS TiJPOTEPMalIbHOI OOpOOKH KpEeMHE3eMO-
BallHSHMUX CyMillleH, SIK MPOMDKHOTO €Tally CHHTE3Y IUTYYHOTO BosacToHiTy. Ilix yac aBTOKIaByBaHHS
YTBOPIOETbCA NMPOMDKHUI NPOAYKT — TOOEPMOPUT, 3 SIKOTO HaAajl HHU3bKOTEMIIEPATyPHHM BUIAIOM
OTPUMYIOTH BOJIACTOHIT.

CTpyKTypa HHM3bKOOCHOBHUX TiIPOCHJIIKAaTiB, OTPUMAaHMX TiIpOTEpMajbHOI0 OOpPOOKOI0 KpeMHe-
3eMO-BAallHSHUX CKJIaliB, XapaKTePU3YETbCS BUCOKUM CTYNEHEM HEOAHOPIAHOCTI, IO MPOSBISETHCS B
YTBOPEHHI SIK IIJIOTO psiAy MiHEpawiB L€l rpymnu, Tak i pizHoi MOphoIorii KpUCTAIIYHUX YTBOPEHb. ToMmy,
SIK HAYKOBMH, TaK 1 NPaKTUYHHUHA 1HTEPEC CTAaHOBUTh MHUTAaHHA BHBYEHHS (Di3MKO-XIMIYHHX MPOLECIB, IO
BiZOYBarOTHCS M Yac TiApOTEPManbHOr0 0OPOOICHHS BalTHAHO-CHIIIKATHUX CyMillIel, 3 METOI0 PO3POOKH
TEXHOJIOTIYHMX TapaMeTpiB HAMpsIMICHOTO PETYIIOBaHHS MpOIECiB (a3o- Ta CTPYKTYPOYTBOPEHHS LIS
OTpPHMAaHHS MaTepialiB i3 3a1aHOK0 MOP(]OJIOTIE0 KPUCTATIB.

AHaJji3 ocTaHHIX JocTimKeHb i myomikanii. [1ix yac cuHTE3y TiAPOCHUIIKATIB OBHOTA B3a€MOIIT
MK KPEMHE3eMO- 1 KaJbI[IEBMICHUM KOMITOHCHTAMH 3HAYHOK MIpOI0 3aJICKUTh BIiJ CTYICHS
KPUCTATIYHOCTI CHJIIKaTHOI ckiamoBoi, BimHomieHHs C/S 1 pexumy riapoTepManbHOi 00podku [2].
BcraHoBIeHO, 110 MPOIECH YTBOPEHHS HU3bKOOCHOBHHUX TiIPOCHIIIKATIB BiI0OYBAIOTHCS IHTCHCUBHIIIE JIJIs
3pasKiB y B’SI3KOTEKYYOMY CTaHi MOPIBHAHO 3 BIJNPECOBAHMMHU MPOOAaMH, IO MiATBEPIKYE BaXKIUBE
3HAuUeHHs criBBigHOIIeHH B/T, a Takox i yac BUKOpUcTaHHs amopdHoi popmu kpemuesemy [1].

OnHuM 3 JI€EBMX METOIIB HANPSIMJICHOTO PEryJIOBaHHS CTPYKTYpH KIHIIEBOIO MPOAYKTY B
CHJIIKATHUX TEXHOJIOTIAX € J0JIaBaHHS y CHUPOBHHHI CyMillli HEBEJIMKOI KUIBKOCTI XIMIYHHX JOAATKiB-
MiHepamizatopiB. Huni mis nonatkiB pi3HuX XiMiuHux cnoinyk y cucremi CaO-SiO,—H,O mig wac
riaporepMaibHOI 00POOKHU € HEJOCTATHBO JOCIIHKEHOIO.
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BBenenHst noJaTKiB-MiHepasizaTOpiB € TakoK e(pEeKTHBHUM CIocoOoM iHTeHcH(ikalii mporecy
YTBOPEHHSI BOJACTOHITY 3a KJIACHYHOIO TEXHOJIOTier TBepaodaszoBoro cmikanus [3, 4]. Haromicts, y
TEXHOJIOTi] OTPHMAaHHS BOJACTOHITY METOJOM JIBOCTAIiHHOTO CHHTE3y, 3HAUYCHHS XIMIYHUX JOAATKiB
NPaKTUYHO HE JOCIHIPKEHO. TOMY aKTyaJlbHUM € NMUTAaHHS BHBYCHHS 3aKOHOMIpHOCTEH (pa3oyTBOpeHHs
BaITH;IHO-CUIIIKATHUX CHCTEM 3 JOAATKaMH MIHEPali3aTopiB y pa3i aBTOKIaBYBaHHSI.

Meta po6oTn. BuBueHHs BIUTMBY XiMiYHHX J0AATKIB Ha (ha30yTBOPEHHS i (GOpMYyBaHHS CTPYKTYpH
HH3bKOOCHOBHHUX TiipocuitikatiB Kanbliito B cucteMi CaO-SiO,—H,0 npu rizporepmanbHiii 06pooii.

PesyabTaTu nocaizxens. Ilin yac BucokoTeMmnepaTypHOro TBeproda3oBoro CHikaHHs HpPiOPUTET-
HUM HamnpsIMKOM pETyJIOBaHHA NpoLeciB (a30yTBOPEHHHS € BBEJCHHS Yy CHPOBHHHY CYMIIl HH3KH
PEUYOBHH, SIKI TPH BHIIANTI BUKOHYIOTH MiHEpami3ylody [if0. Y KepaMiyHid TEXHOJIOTii, MpH pO3TIsi
MUTAHHS YTBOPEHHS KPUCTANIYHHUX (a3 MiJ 4ac BUMIATY, BKA3yeThCsl Ha €(EKTHBHICTh BUKOPHCTAHHS SK
MIiHEpaJIi3aTopiB MarepiaiiB, MO0 MICTITh ioHHM Oopy Ta ¢Topy. [Ipu 1bOMY, BaKJIMBOIO YMOBOK €
BBEJICHHS JI0J]aTKa MiHEpali3aTopa B TOHKOJMCIIEPCHOMY BUIIISAJI Ta PIBHOMIPHOTO HOTO TepeMillyBaHHS
3 BHUXIJHAMH CHPOBMHHHUMH KOMIOHEHTaMH. [[1s TexHoyorii JBOCTalidiHOrO CHHTE3y BOJACTOHITY
BBEJICHHS MiHEpaJli3aTopa Ta 3MilllyBaHHS MOT0 3 BUXIJIHUMHU KOMIIOHEHTaMHU JOIIBHO 3IIMCHIOBATH IIC
J0 cTafil rizporepMalbHOi 00pOOKK 3 THM, 00U 3a0€3NeUUTH HOro PiBHOMIPHUN PO3MOALT Y Maci yxe
M 9ac yTBOPEHHS Ii[pOCHIIKATY KaNbI{ii0 B aBTOKIaBi. [lompu Te, mo mineparisyroua mis B* ta F~ Ha
YTBOPEHHSI BOJIACTOHITY MPOSBISIEThCS Mijl Yac BUMANy 3a IMiJBUINCHUX TEMIIEpaTyp, COJi IMX iOHIB
MOKYTh MaTH TaKOX BIUIMB Ha Mepedir peakuiii MK BalHAHUM Ta KPEMHE3EMHCTUM KOMIIOHEHTaMU Ha
cTajii aBTOKJIaByBaHHs. Y 3B’S3Ky 3 I[UM, BUHHUKJA HEOOXIJHICTh BHBYCHHS BIUIMBY 3a3HAUYCHHUX 1OHIB-
MmiHepamizaropiB Ha peakuito Mk SiO, i Ca(OH), Ta mnpomecu (Ha30yTBOpEeHHs MiJ dYac
TiAPOCUITIKATOYTBOPEHHS.

Jnst mocmimkeHb sk BUXiTHI O0poBMicHI kommnoHeHTH Oynu Bukopuctani HsBO3; Ta NaBO,, a mns
BBeneHHs ioHa Gropy — NaF, CaF, ta Na,SiFs. Po3unHHICTh BKa3aHHX COJICH MPU Pi3HUX TeMIlepaTypax
HaBeeHo B Tabi. 1 [5].

Tabauysa 1
Po3uunHicTH cONTYK
Crionyka Po3uunHHICTB, I/
H,BO; 27,0 32 0 °C; 390,0 3a 100 °C
NaBO, 164,0 3a 0 °C; 1252,0 3a 100 °C
NaF 42,832 20 °C; 49,6 32 94 °C
Na,SiFs 7,0 32 20 °C; 18,0 32 80 °C;
CaF, 0,016 3a 18 °C; 0,017 3a 26 °C

JlomaTku MiHepati3aTopiB BBOIWIM y cKian jociigaux mac B kijgpkocti 0,5; 1,0 ta 1,5 % (monan
100 % Bix Macu CHpOBUHHMX KOMIOHEHTIB). LIIUXTy roTyBaiu i3 cymilili HONEepPeHbO PO3MEICHUX CYXUM
crioco6oM 110 3anumky 1-2 % na cuti Ne 0056 mopoIkiB KpeMEHIO Ta HEraieHoro BalHa Mpy MOJISIPHOMY
criBBignomenni CaO: SiO, sk 1:1. Bixgo3oBani MelieHe BAalHO Ta KPEMiHb 3MIIIyBajil B CyXOMY CTaHi 3
MOJIAJIBIITUM JIOJJaBaHHIM BIJIIOBITHOTO MiHepaii3aTopa 1 BOAM B TaKii KiJIbKOCTI, ska micis racinus CaO
3abe3neuyBana BifguHouieHHs B/T sk 1:1. Jlns mopiBHsAHHS Oyna TakoK MpUroToBaHa 0a3oBa Maca 3
BHXIiTHMX KOMIIOHEHTIB (BalHa Ta KpeMeHI0) 0e3 0aTka MiHepasi3aTopa.

Hocmigni Macu migmaBanu TrigpoTepManbHid 00poOmi mpu HammmkoBomy TrCcky 1,0 MIla
BrposoBK 10 rox. IloBHOTY B3aeMomii MK KpeMHE3eMO- 1 KaJbLiEBMICHAM KOMIIOHEHTaMHU I dYac
ABTOKJIABYBaHHS BU3HAYAIM KOMIUIEKCOHOMETPUYHHAM THUTPYBAaHHSIM 3a BMICTOM HEIpPOpPEaroBaHoOro
Ca(OH); micns rizpoTepManbHOi 0OpOOKH MO BiHOIICHHIO 0 3arajbHOr0 BMICTY HOTO y BUXIiIHIH HIMXTI
(tadm. 2, puc. 1).
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Tabauys 2
Bwmict Henpopearosanoro Ca(OH); B 3pa3kax
MicCJIA ABTOKJIABYBaHHS

. . Bwmict minepanizaTopa, mac. Bwmict HenmpopearoBaHoro
Minepanizatop % Ca(OH),, mac. %

Basosa — 0,85
0,5 1,26

H3BO; 1,0 1,32
1,5 1,27

0,5 8,95

NaBO, 1,0 7,52
1,5 6,71

0,5 0,61

NaF 1,0 0,61
1,5 0,79

0,5 0,57

Na,SiFg 1,0 0,60
1,5 0,34

0,5 0,82

CaF, 1,0 0,81
1,5 0,79
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Puc. 1. I'icmoepama emicmy nenpopeazoséanozo Ca(OH), y 3paskax nicis agmoknagy8anHs

Pesynbratn Busnadenus Bmicty Ca(OH), B aBTOkIaBOBaHiii mpoOi 0e3 momaTtka MiHepami3aTtopa
BKa3ylOTh Ha JOCTaTHbO BHCOKMH cTymiHb 3B’s3yBanHs CaO 3 SiO, mig dac riapoTepManbHOi 00poOKH.
[lpu 1pOMY Ha peHTreHorpami MpPOABTOKJIABOBAHOI MPOOW HAasBHI IUPPaKUiHHUMH MaKCHUMyMaMH
TipoCcHITiKaTy KalbIlito TodepMopuToBoro ckmany 3 d/n =1.130, 0.307, 0.305, 0.297 um (puc. 2).

3a pe3ynbTaTaMu EJEKTPOHHO-MIKPOCKOMIYHHUX JIOCTI/KEHh MIiKPOCTPYKTYypa aBTOKJIABOBAHOTO
MaTepiany 0e3 moxaTka MiHEpali3aTopa XapaKTepU3yeThCsl 3HAYHOI HEOAHOPIAHICTIO. 3arallbHUM MacHB
3pa3ka MPeACTaBICHUN MaTPUYHOIO IesIeNoJi0HOI0 PEUYOBHHOIO i3 3HAYHOIO KUIBKICTIO MOP Ta PO3PUBIB
(puc. 3, a). Ha okpemux MiIsiHKaX CTPYKTYpPH, MEPEBaXKHO B MOpax, CIIOCTEPIraeThCsi CKYMYEHHsS Tab-
JUTYATHX, TOTYACTHX 1 paiabHOIPOMEHHUCTUX KPHCTATIB, OPIEHTOBAHUX Y Pi3HUX HampsiMKax (puc. 3, 6).
Taxki kprCTaNiYHi yTBOPEHHS € XapaKTepHUMHU s ripocuiikariB Tuiry CSH(B).

3rigHO 3 JaHMMH KOMIUICKCOHOMETPUYHOTO THUTPYBAaHHS, BBEICHHA OOPOBMICHHX CIIOJIyK
CIOBUIBHIOE TIPOLIEC YTBOPEHHS TiAPOCHIIIKATIB KAJBIII0 i Yac aBTOKJIaByBaHHS. BomHouac y pasi
nonatka HzBO; 1e CnoBUIBHEHHS € HEICTOTHMM, MPO IO CBIIYMTh HE3HAYHE 3POCTaHHSA BMICTY
Henpopearoanoro Ca(OH), y uux mnpobax mnopiBHsHO i3 6a3oBoro. Hartomicte BBemenHst NaBO;
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CIOpUYMHSIE ICTOTHE TaJbMyBaHHS peakUii YTBOPEHHS TOOEPMOPHUTY, BHACHIZOK YOro KiJIbKIiCTh
HEIMPOPEearoBaHoOTo TiAPOOKCUIY KalbIli0 pi3ko 3pocTae. lle 3ymMOBIIO€ HENOUINBHICTHP BUKOPHCTAHHS
HaTpieOOPHHUX CHONYK K IOJATKa y CKJIaji BallHIHO-KPEMHE3EMHUCTHX CyMilleil AJs TiapoTepMabHOro
CHHTE3Y T'1IpOCHIIIKATIB.
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Puc. 3. Mikpocmpykmypa nogepxui 6a308020 3paska niciis asmoKia8y8aHHs.

HesBaxaroun Ha HEOJHAKOBHH BIUIUB Pi3HUX OOPOBMICHHUX CIONYK Ha MOBHOTY peakiii Mix SiO, Ta
Ca(OH), HasBHiCT iOHa OOpYy MO3MTHBHO BIUIMBAa€ HA MPOLECH MEPEPODKCHHS Ta YIOPSIKYBAaHHS
renenoAioHoi Marpuui i popMyBaHHS 3 HEl KPUCTATIYHOI CTPYKTYPH TAPOCUITIKATY KalblLilo. Sk mokazaau
€JIEKTPOHHO-MIKPOCKOMIYHI JOCHTIDKEHHS, CHHTE30BAaHUH TOOEPMOPUT y MNPHCYTHOCTI OOPOBMiCHUX
CHONYK KpHUCTANi3ye€ThCS y BHUIVIALI UITKO OQOPMIICHUX KPHUCTANIYHUX YTBOPEHb IIEPEBa’KHO
roskonoaioHoi gopmu. Ha wmikpodororpadisx mpod 3 momatkom GopHoi kucimotu (puc. 4) mo wmipi
30inbmieHHst BMicty B,Oz; mpocimiaKoBYeThCsl TEHOACHLIsS M0 TpaHCopmamii IMIACTUHYATUX YTBOPEHb
TOOEPMOPHUTY y TosrdacTi Kpuctainu po3mipom a0 10 — 15 MxM. MiKpocTpyKTypa HOCIiIKyBaHUX 3pa3KiB
MpeCTaBiIeHA HAsSBHUMH IO BCbOMY O0’€Mi XaOTHYHO OPIEHTOBAHUX BHIOBKEHHUX MEIOCTKOMOTIOHUX
KPUCTATIYHUX YTBOpPEHb, sIKi Mpu 3’€AHaHHI (HOpMYIOTH KOHIiIomepatu posMipoM g0 40 mxm. [Jns
CTPYKTYpPH MaTepiajly XapaKTepHUM TaKOX € HasBHICTh aMop(i30BaHOI TeJCHOoIiOHOT Macd, L0 He
MEPEePOIUIIACh Y KpUCTATIYHY (asy.

3a omHOYaCHOI TPUCYTHOCTI B cucTeMi ioHiB Oopy Ta Harpiro (NaBO,) tumoBuM s
MIKPOCTPYKTYPH aBTOKJIABOBAHMX MPOO € YTBOPEHHS TiAPOCHUIIIKATY Kalblil0 y (OpMi SK MOOJUHOKHX,
TaK 1 3’€IHAHUX MK COOOK KOHIJIOMEPATIB, MPEICTABICHUX IEPEBAKHO 0e3()OPMHUMH, TIIO0YISIPHUMHU
yrBopeHHssMU (puc. 5). Y cTpyKTypi 3paskiB HasBHI TaKOX XapaKTEpHi I TOOEPMOPHUTY TOJIKOMOIiOH]
KPHCTAJIH.
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a)

Puc. 4. Mixpocmpyxmypa nosepxui spaska 3 0odamxom HyBOs nicis asmoxknasysauus:
a) 0,5 % B,0x4; 6) 1,0 % B,0;3; 6‘) 1,5 % B,03

WD=10.9mm .00V x2. 20.00kV__ x2.50k 20.00kV__ x1.50k ___ 20um

a) 0) 6)

Puc. 5. Mikpocmpyxkmypa noeepxi spaszka 3 0dooamxom NaBO, nicist agmoxiagyeanms:
a) 0,5 % B,0s; @ 1,0 % B,0s; 8) 1,5 % B,0;

[aTencudikanis npouecis GopMyBaHHS Ta POCTY THIIOBHX T'OJIKOIOAIOHMX KPHUCTAJIB TiAPOCUITIKATY
KaJIBIIiI0 Y IPUCYTHOCTI i0Ha OOpy (HE 3aJIeKHO Bij CIIONTYKH, 3 KOO BiH BBOJMBCS) MMOBIPHO MOB’s3aHa 3
KpPUCTAIO-XIMIYHUMH OCOOIMBOCTSIMH OOpPHOTO KOMIUIEKCY. Y CTPYKTypl CHIIIKaTiB KOMIUIEKCH Oopy
npencrasneHi Terpaeapamu [BO,], ski aHanoriuHo, sk i Terpaenpu [SiO4], cXuibHI 10 yTBOPEHHS
MIPOCTOPOBOI MOMIMEPHOI CTPYKTYpH. YTBOPEHHS TiAPOCWIIKATY KajbLil0 HaWOULIbII MpaBAONoAiOHO
BiI0OyBa€ThCS y IEKiIbKA ETaIiB!

- JemnoniMepu3aiis i po3unHeHHs y Bozi SiOy;

- 1udy3is CUITIKaTHOTO KOMIUTEKCY 10 moBepxHi yacTHHOK Ca(OH)y;

-  ximiuHa B3aemopis mapiB yactTuHku Ca(OH), 3 KpeMHEBOI KHCIOTOK 3 YTBOPECHHSIM
mapyBaroi  peHTreHoamopdroi  cyOmikpockomiuynoi CSH-¢asu TobepmopuroBoro ckmamy (mpu
MossipHOMY criBBigHomenHi C/S = 1/1);

—  3ropTaHHS IapyBaTHX IUIACTHHYATUX YTBOPEHB TiJPOCHIIKATY y TONYACTI BOJIOKHA, JOBKUHA
sxux 3a M. Itapkom Moxe nocsrati 0,1 MkM 3 giamerpom 10 50 Hwm.

3rigHo 3 manumu [6] 3amexHo Bix KimbkocTi Bogu Mixk mapamu CSH-da3u MOXyTh YTBOPIOBATHCH
to6epmopurn 9; 11,3; 12,6 a6o 14 A. V upomy Mexamismi yTBOpeHHs i (OPMyBAaHHS KPHCTATi4HO
CTPYKTYPH TiAPOCHIIIKATY KaJbIif0 JIMITYIOUOK CTami€o mporecy € posuuHenus SiO, y Bomi. 3a
HOPMAJIBHUX YMOB po3umHHICTH SiO, y BoAi € Haa3BuuaiiHo Maioro i cranouth juire 0,006 r/n mis
KPUCTAJIIYHOIO KBapIly 1 € JeHI0 BHIIOK ajisi Horo amopdHux ¢opM. Y TiapoTepMalbHHX yMOBax 3a
temmepatypu 175-180 °C posumHHICTH KpeMHe3eMy 3pOcTac Ha ACKiNbKa MOPSAKIB, MPOTe Leil mporec
BiOYBA€THCS MOBIIBHO 1 JUTA TOCATHEHHS PiBHOBArd, 3riHO 3 AaHuMH byta Ta PamkoBuua [2], BuMarae
TPUBAJIOTO Yacy.

Karamituuna ¢yHkiis 60pHEX KOMILIEKCIB TIOB’s3aHa i3 3maTHiCTIO Tetpaeapis [BO,] isomopdHO
saminnyBatu Tetpaeapu [SiO4] y ckmami momiMepHHX CTpyKTyp. OTKe, HasBHICTH B CHCTEMi ioHa OOpy,
Oepyud yd4acTb Yy TMpolecax IoJiMepH3alii KPEeMHEKHCHEBUX TETPACApiB, IPUCKOPIOE IMPOIECH
(hopMyBaHHSI KPUCTAIIYHUX YTBOPEHb, X POCTY Ta OPOPMIICHHS Y BUTJIAI FOJYACTUX BOJIOKOH.

Hemro inmmii Brutie Ha XiMiury B3aemogito Ca(OH), Ta SiO, BUABIAIOTH (GTOPOBMICHI comi. SKIo
6opatu abo HesHauHoro Mipoio (H3BOj), abo ictorHo (NaBO,) radpMyroTh peakiifo Mik BallHOM Ta
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KpeMmHe3eMoM, To (ropunu abo He BruuBaiTh (CaF,), a00 HaBITh HEBEIMKOK MipOKH iHTEHCHU(IKYIOTh
(NaF Ta Na,SiFs) neii mpouec (tabun. 2, puc. 1). Tak, nogatox CaF,, sikuil XapaKTepU3yeThCsl MiHIMATbHOO
PO3YHHHICTIO 3-TIOMIXK JOCHTIKYBaHHX (DTOpOBMiCHHX crmonyk (tabm. 1), mpakTHYHO HE BIUTMBAE Ha
intencuBHicTh B3aemoaii Mik Ca(OH), Ta SiO,, mpo 10 CBiAYMTH OJM3BKHH BMICT 3aJIHIIKOBOIO
TiAPOOKCHY KaNbLilo B MPo0i 3 BKa3aHUM MiHEpani3aTopoM i B 6a30BoMy 3pa3ky. Beenenns coneir NaF ta
Na,SiFg, siki XxapakTepU3yIOThCsSl 3HAYHO BHIOK PO3YMHHICTIO mopiBHSIHO 3 CaF,, crpusie 3MEHIICHHIO
sanumikoBoro Ca(OH); B aBTOK/IaBOBaHUX MPOOAX.

SIK TOKa3zaaM eNeKTPOHHO-MIKPOCKOMIYHI JOCHI/KEHHS BHI (TOPOBMICHOTO [OJAaTKa TaKOX
BUSIBJISIE ICTOTHILIMH BIUIMB HAa MIKPOCTPYKTYPY IOCHiIXKyBaHMX NpoO. Tak, cTpykTypa MaTepiany 3
nonatkom CaF, micns aBTOkiIaByBaHHS € OJM3BKOIO [0 CTPYKTYpPH 3pa3kiB 0a3oBoro ckiamy i
MPECTaBICHA IMEPEBAKHO TIJIOOYIAPHO-IIACTUHYATUMHU YTBOPEHHAMHU po3MipoM 1o 10-15 mkmM, ski
YTBOPEHHSI XA0TUYHO 3’ €HYIOTHCS MK c00010, (OPMYIOUM IyOUyacTy TEKCTypy 3 BEIHMKOIO KUJIBKICTh TOP
Mix HUMH (puc. 6).

&
20.00kV__ x500

Puc. 6. Mikpocmpyxkmypa noeepxi spaska 3 0dooamxom CaF, nicis asmoxnagysanns:
a) 0,5 % CaF,; 6) 1 % CaF,; ¢) 1,5 % CaF,

Crpykrypa 1npod 3 gomatkom NaF XxapakTepusyeTbcs MNEPEIICTCHUMH YITKO BHPAKCHUMHU
TOJTYACTUMH KPHCTAIaMHM, SKi 4epryloThCs 3 INIOOYISpHUMHU KoHriomeparamu (puc. 7). Ilpu mpomy 3
migsumieHHsM Bmicty NaF 3 0,5 mo 1,0 % cnocrepiraerbess 301bIICHHS KOHICHTpAIl I'OTYaCTHX
KpPUCTAJIIB 13 OJHOYACHUM 3MEHIICHHSIM iX po3MipiB. [lomanbime 3poctands Bmicty NaF go 1,5 %
MPU3BOJUTL JO JEAKOr0 TajbMyBaHHS MPOLECIB KpUCTaNi3amii TiIpOCHIIKATy, MPO IO CBIAYUTH
3MEHIIICHHS B CTPYKTYpi 3pa3Ka KUIbKOCTI YITKMX KPUCTAJIYHMX YTBOPEHb 3 OJHOYACHUM 301IbIICHHSIM
rII00YJISIPHUX KOMILIEKCIB.

Beenennst B cuctemy pogatka NapSiFg cripusie GopMyBaHHIO CTPYKTYpH Oe3mepepBHOI MaTpHIll y
BUTTISIAI 3’€IHAHMX IOPUCTHUX KOHIJIoMepaTiB po3mipoM 15-20 MkM, IO mpencTaBieHi MEPeBaKHO
00y ISIPHO-TA0NMUTYATHMH YTBOPEHHSIMH po3Mipom MeHmie 2 MkM (puc. 8). Ilpu upomy oinsHKd 3
KpUCTATIYHUMHU YTBOPEHHSMH NpH BMicTi noxatka 1-1,5 % TpamisroTbcsi 3HaYHO piflie MOPiBHSHO i3
npobamu 3 nmomatkoM NaF, mo cBiguunTh Npo HWKYY €(EKTUBHICTH KpeMHE(TOPHCTOrO HATPIIO K
MiHepani3aTopa IpoLeciB yTBOPEHHS T IPOCHIIIKATY KaJbLIilo0.

AL ‘WD=10.0mm 20.00kV_ x2.50k

Puc. 7. Mikpocmpyxmypa nosepxui 3paszka 3 0ooamxom NaF nicis aemoxiagysanms:
a) 0,5 % NaF; 6) 1 % NaF; ) 1,5 % NaF
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a) 0) 6)

Puc. 8. Mixpocmpyxmypa nosepxui 3pasxa 3 0odamxom NaSiFg nicia asmoxnasysanus:
d) 0,5 % NazsiFﬁ; 6) 1,0% NazsiFﬁ; 6‘) 15% NazsiFﬁ

JocnimkeHo BILIMB OOpo- Ta (TOPOBMICHHX CIIOJAYK Ha IPOIECH YTBOPECHHS, (OpMYyBaHHS
CTPYKTYpH Ta MOPQOJIOrii0 TiAPOCHIIKATy KaJbIil0 IiJ] 4ac TiApoTepMalbHOi 00poOku. BusiBieHo
MiHEpali3y04y Jif0 OOpHOT KMCIOTH 1 (hTOPHY HATPIIO HAa KPUCTATI3AIlII0 TOOSPMOPUTY.
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