HaykoBuii XXypHan MeTiHBecT MonitexHikn. Cepis: TexHiuHi Hayku, Ne 3, 2025

METANYPriA

YK 669.067.411.23
DOI https:/ldoi.org/10.32782/3041-2080/2025-3-19

®OPMYBAHHA HEMETAJIEB/X BK/TIOUEHb Y MPOLIECI IX MOAN®IKYBAHHSA
KANbLIEM

EdrimoBa BepoHika MapiiBHa,

KaHAMAAT TEXHIYHWX HayK, OOLEHT,

[AOUEHT kacheapw i3nyHoi Ximii

HauioHa/IbHOro TeXHIYHOIO YHIBEPCUTETY YKpaiHu
«KWIBCbKMI NONITEXHIYHWIA IHCTUTYT iMeHi Irops CiKopCbKOro»
ORCID ID: 0000-0003-2372-8398

Manin XpuctuHa BacuniBHa,

KaHAMAAT TEXHIYHMX HayK, OOLEHT,

[OUEHT kachbeapw meTanyprii Ta opraHizawii BUpobHULTBa
TOB «TexHiuHuii yHiBepcuTeT «MeTiHBecT MoniTexHika»
ORCID ID: 0000-0002-9046-4268

CmipHoB KOpiii OnekciioBuu,

KaHAMAAT €KOHOMIYHUX HayK, [OLEHT
®i31KO-TEXHO/IOMNYHOr00 IHCTUTYTY MeTasliB Ta Cr/iaBiB
HavjioHanbHOT akageMii Hayk YkpaiHu

ORCID ID: 0009-0009-0479-5828

MununeHko TetsaHa MukonaiBHa,

KaHAMAAT TEXHIYHUX HayK,

[OUEHT kacheapu i3nyHOi Ximil

HavioHanIbHOro TEXHIYHOTO YHIBEPCUTETY YKpaiHu
«KWIBCbKMIA MOAITEXHIYHWIA IHCTUTYT iMeHi Iropst CikopCbKOros»
ORCID ID: 0000-0003-1454-2882

Y po6omi rnokasaHo, Wo 8 NMPoYeCi po3s/uBaHHs ma kpucmanizayii cmasii Heo06xiOHO KOHMPo/irBamu U 3MEHWY-
Bamu sMicm HeEMEemasieBuX BK/IHOYEHb. BusHauYeHo, Wjo MIKPOBK/IHOYEHHS € 3aHadmo Masii 07181 MpPaHCIopmyBsaHHs
8 W/ak, npu YyboMy BOHU MOXymb cmukamucs U aziiomepysamu ma rnpussooumu 0o 0eghekmis y 20mosomy rpo-
OyKmy. YemaHos/1eHO, W0 NOMeHYIUHUM PilUeHHSIM 07151 KOHMPOJTIO BK/IKOYEHb Yy cmaJii € iX XiMiYHa ma/abo ¢hisudHa
MoOubikayisi makum YUHOM, Wo6 MiHiMi3ysamu nomeHyilHi Wkidausi Hacaioku U nocusiumu cripusimausudl 8nius
Ha g/1acmusocmi cmasi ma iumux cmpykmyp. 3 BUKOpUCMAaHHsIM nompitiHoi' gpazogoi diagpamu Al,0,-CaO-MgO
YCmMaHoB/1eHO, WO Mpu 06p06UI B KOBWI Ka/lbYieM YCi BK/IOHYEHHSI nepebysaromsb y pioKOMy cmaHi. HasedeHo oaHi
mepModuHaMiYHOT MoX/1uBocmi nepebiey peakyili, Wo 00CioXyBsaucs, 3a/1€XHO Bi0 ymicmy 8 posniasi S ma Al,
BUWE SIKUX MOXe Bi0bysamucsi ocadxeHHs CaS 07151 HU3bKoBYya/eyesux cmasnel. 3’sicoBaHo, Wo koegbiyieHmu
akmusHocmel po3paxosyBa/lucs 3a cmaHAapmMHUMU Memoodukamu. [ToKka3aHo 3a/1eXXHICMb WBUOKOCMI MBepOIiHHS
BI0 memnepamypu 0719 BU3Ha4eHoI Kizibkocmi S ma Al i nposedeHa ouyiHka po3rodisly peqoBuUH, WO PO3YUHU/IU-
CS, 3 BUKOPUCMAHHSM pisHsiHHS LLlelins. YcmaHos/neHo koepiyieHmu po3nodiny S ma Al y 6iHapHUx cucmemax
Fe-X. BusHa4deHo pigHsiHHSI 07151 po3paxyHKy eHepeill [b6ca 07151 8iOnoBIOHUX XiMIYHUX MPoYecis, Wo Biobysaroms-
¢S 8 npoyeci Mooucpikayii BK/IlOYEHb. YCmMaHoB/IEHO, WO wBudKicmb pocmy CaS 3MeHWYembCsi 3i 36i/1bWEHHSIM
memmnepamypu mseepaoiHHS, OCKI/IbKU MpuU BUWUX meMiepamypax WaeudoKicmb Kpucmasnizayii nosisibHiwa rnopisHIHO
3 HWXYUMU meMrepamypamu, Wo npu3sooums 00 HU3bKOI WBUOKocmi po3nodisny S ma Al y posnsasi. [1oka3aHo,
W0 3HUXeHHs1 memnepamypu Ha 10 °C (8id 1525 °C do 1515 °C) 3HayHO 36i/1bUIye WBUOKICMb pocmy & — 3asi3a (8io
7 00 19,4 mm/c), omxe, 3Ha4HO 36i/Iblye WBUOKICMb HAOX00XeHHs1 S ma Al y posnsias. YcmaHos/1eHo, Wo WBUo-
Kicmb i picm sKmouyeHb CaS giobysarombcsi 8 oughy3iliHill OinsiHYi U MOXymb repemsoprosamucsi Ha 2/106y/1sipHi
abo PiOKi BK/THOYEHHS, a IHOOI MOXYmb ymBoptosamucsi meepoi BK/I0YEHHS. okasaHo, Wo meepodi sk/ioHeHHs1 CaS
€ MeHW raacmuyHumu U HebaxxaHumMu 07151 Modasibwoi 06pobku. Kpim moao, meepdi Bk/IHEHHS, Wjo Micmsimbs CasS,
azziomepyromscsi U ymsopromb K1acmepu, npuHalMHI KO/IU € Bi/IbHi MOBEPXHI. 3’5C0BaHO, W0 3 MOYKU 30pYy SIKOC-

152



HaykoBuiin XXypHan MeTiHBecT MonitexHikn. Cepist: TexHiuHi Hayku, Ne 3, 2025

mi npodykmy ymsopeHHst CaS nid Yac kpucmastizayii MoXXHa yYHUKHYmU, SIKWO WBUOKicmb pocmy & — 3a/1i3a byde
0docmamHb0 BUCOKOK 07151 Ub020 PO3MIPY BK/IOHYEHb, @b0 MOYamKOBe BK/IHHYEHHST 00CmMamHb0 BesluKe 07151 3a0aHoi
wsuokocmi pocmy & — 3asi3a, Wob 3abesneyumu Joao paHHe Mo2/IUHaHHS. 3 BUKOpUCMAaHHSIM MEMOJIB e/1eKmpo-
HHOI' MiKpOCKOTii Moka3aHo, Wo 2/106y/1sipHi pioki abo Hanispioki sk/moueHHs Al,O,-CaO He susiB/Is/Iu meHOeHYii 00
aasiomepayii 00UH 3 0OHUM Ha MOBEPXHI Po3ri/iasy, Hasimb Ha Maslux siocmaHsix 2paHuyi nodiny ¢has; y npoyeci
Kpucmasnizayii BUOI/IEHHS] PO3YUHEHUX PEYOBUH i3 mBePA020 & — 3a/1i3a iHiYitoe peakyito Mix sk/toueHHsMU AlLO -
CaO 3 posduHeHumu S ma Al, wo npu3sooums 00 3MiHU Po3mipy U (hOpMU BK/IOHEHbL Yepe3 ymBOPEHHST mBepooi
¢haszu CaS Ha ix nosepxHi. BusHaueHo mepMoOuHaMIYHIi yMOBU repebiay npoyecis MooudhiKyBaHHsI. YCmaHoB/eHO,
Wo Ha noyamky rnpoyecy MooucpikysaHHs npoyec 8idbysacmbCs 8 KIHeMUYHIl OiIsIHYI, a nomim y ouqby3itiHid.

Knrouosi cnosa: moougpikayis, thasosa diazpama, HeMemasesi BK/IIOYEHHS, KiIHemuyHa OiisiHka, ougbysiliHa
0ifisiHKa, eHepais akmusayii, mepModUHaMiYHi yMOBU.

Yefimova Veronika, Malii Khrystyna, Smirnov Yuri, Pilipenko Tatiana. Formation of non-metallic
inclusions during the process of their modification by calcium

The paper shows that in the process of pouring and crystallization of steel, it is necessary to control and reduce
the content of non-metallic inclusions. It was determined that micro-inclusions are too small to be transported in
the slag, while they can collide and agglomerate and lead to defects in the finished product. It was established
that a potential solution for controlling inclusions in steel is their chemical and/or physical modification in such
a way as to minimize potential harmful effects and enhance the beneficial effect on the properties of steel and cast
structures. Using the ternary phase diagram Al,O,-CaO-MgO, it was established that when treated in a ladle with
calcium, all inclusions are in a liquid state. Data are presented on the thermodynamic possibility of the course
of the reactions studied, depending on the content of S and Al in the melt above which CaS precipitation can
occur for low-carbon steels. It is shown that the activity coefficients were calculated using standard methods. The
dependence of the solidification rate on temperature for a certain amount of S and Al is shown and the distribution
of dissolved substances is estimated using the Scheele equation. The distribution coefficients of S and Al in binary
Fe-X systems are established. The equations for calculating the Gibbs energies for the corresponding chemical
processes occurring during the modification of inclusions are determined. It is found that the growth rate of CaS
decreases with increasing solidification temperature, since at higher temperatures the crystallization rate is slower
compared to lower temperatures, which leads to a low rate of distribution of S and Al in the melt. It is shown that
a decrease in temperature by 10 °C (from 1525 °C to 1515 °C) significantly increases the growth rate of & — iron
(from 7 to 19.4 mm/s) and, thus, significantly increases the rate of S and Al inflow into the melt. It was found
that the rate and growth of CasS inclusions occur in the diffusion region and can transform into globular or liquid
inclusions, and sometimes solid inclusions can be formed. It was shown that solid CaS inclusions are less ductile
and undesirable for further processing. In addition, solid inclusions containing CaS agglomerate and form clusters,
at least when free surfaces are present. It was found that from the point of view of product quality, the formation of CaS
during crystallization can be avoided if the growth rate of 5-iron is high enough for a given size of the inclusions, or
the initial inclusion is large enough for a given growth rate of -iron to ensure its early absorption. Using electron
microscopy methods, it was shown that globular liquid or semi-liquid Al,O_-CaO inclusions did not show a tendency
to agglomerate with each other on the melt surface, even at small distances from the phase boundary,; During
the crystallization process, the release of dissolved substances from solid 5-iron initiates a reaction between Al,O,-
CaO inclusions with dissolved S and Al, which leads to a change in the size and shape of the inclusions due to
the formation of a solid CaS phase on their surface. The thermodynamic conditions of the modification processes
have been determined. It has been established that at the beginning of the modification process the process occurs
in the kinetic region, and then in the diffusion region.

Key words: modification, phase diagram, non-metallic inclusions, kinetic region, diffusion region, activation
energy, thermodynamic conditions.

Bctyn. 3a [JaHuMy HaykoBUX [OCHIIKEHb
[1-4], ymicT HemeTanieBUX BKIHOYEHb HEOOXiaHO
KOHTpONOBATU Nepes po3/IMBaHHAM roTOBOrO Npo-
OykTy. Tak, y pobotax [2—4] nokasaHo, Lo nif, yac
NINTTA MOXHA NPUTHITUTU KPUCTasi3aLlito BKHOYEHb
i, 3aMiCTb KPUXKOro, yTBOPUTY MS1aCTUUYHE CK/10MOo-
[Ai6He BKTHOYEHHS, L0 3HAYHO MEHLU LWKIANNBO AN
roTOBOro NPOAyKTY. Y npausx [3—5] 3a3HayeHo, Wwo
XiMiYHWUIA cknag i gpopma BK/IHUEHb MOXYTb OyTK
BUKOPUCTaHI 19 KOHTPOJIK0 MIKPOCTPYKTYpU cTani
LLIAXOM NOAPIGHEHHS 3epHa nif Yac kpucTtasizadii
a60 (pa3oBMx NepeTBOpPeHb Y TBEPAOMY CTaHi.

HaykoBi pgocnimkeHHs [6-8] csigyatb, LWoO
06pobKa KanbLieM NPU3BOAUTL [0 YTBOPEHHSA

pigknx BkntoueHb ALO,-Ca0, siki € 6inbLU NnacTny-
HYMW Ta He arioMepyrThCs.

Cipka, fika MiCTUTbCA B pO3MJiaBi CTasli, yTBOPKOE
3 KaslbljieM TBepAe BK/IOYEHHSA CaS Ha NoBepXHi
pigknx BknoueHb Al,O,-CaO, o npusBoauTb A0
noripLweHHs B/1aCTUBOCTEN rOTOBOIO NPOAYKTY.

Y 3B'A3KYy 3 TeXHOJIOTYHOK BaX/MBICTHO CUC-
Temn Al,O.,-CaO-CaS y nitepatypi HaBefeHo
barato TepMoAMHaMiYHUX OaHuX pigknx ¢as uiel
TepmMoauHaMivyHoT cucteMu. Y pobotax [2—4] npo-
BEAEHO [OCNIIKEHHA B3aEMOLIT PO3UMHEHNX ene-
MeHTIB Ha Al, Ca Ta S y po3nnasneHoMy 3anisi
 nokasaHo, Wo yTBOpeHHst CasS BigbyBa€eTbcs Nig,
yac gopasaHHs Ca, Konm akTuBHicTb Al,O, nagae
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H/KYE KPUTUYHOTO PIBHS M KIHLEBMM NPOAYKTOM
€ BKJ/IIOYEHHS 3 TBEpA00 060/10HKOK CaS.

Ha BigMiHy Bifg i30TepMiyHUX ymOB, (hOpMy-
BaHHA HeMeTasIeBUX BK/OYEHb Mif Yac JMTTH
€ GinbL cKkNagHMM, OCKINbKN BiAOYBaETbLCA 3MiHA
SK TeMneparypu, Tak i XiMiYHOro cknagy posnnasy.
Mpn ubomMy nependavnmT 3MiHY BK/IHOYEHHS Nif,
4yac pPO3/MMBaAHHA BaXKKO, OCKiI/IbKM B TepMOAMHa-
MiLli oKcuAiB i cynbgigiB 6pakye TepMOLgUHAMIYHUX
JaHnx Ona Temnepartyp MeTauTyprilHUX CUCTEM.
OTXe, BM3HAYEHHA TepMOAMHAMIYHUX | KIHETWY-
HUX 3aKOHOMIpHOCTel npoueciB MoAnMiKyBaHHS
BK/THOUEHb € aKTyas/IbHUM 3aBAaHHSM.

Metoaun Ta metogukn gocnigkeHHsA. MeToto
JocnimpkeHb 6yno Take:

1) 3a JONOMOro METOAIB €/1EKTPOHHOT MiKpO-
CKOMii NPOBECTUN CMNOCTEPEXEHHSA MNPOLECY YTBO-
PEHHSA 11 pPO3BUTKY BK/OYeHb Al,O,-CaO Ta po3no-
aini S ta Al;

2) NOPIBHATK faHi eKcnepuMeHTasIbHUX 40Chi-
[DKEHb i3 TepMOAUHAMIYHMMUW pO3paxyHKamu;

3) BU3HAUUTK [OiNsHKY, Y SKiii BigbyBa€eTbCs
nepeo6ir reTeporeHHoro NpoLecy.

Y LOCNIfKEHHAX MU BUKOPUCTOBYB&/IN HWU3b-
KOBYr/leueBy cTasib, WO Oyna poskucrieHa aso-
MiHiEM Ta 06pobrieHa KanbuieM. XiMiYHWIA cknag
cTasli HaBefeHo B Tabnumuy,i 1.

BignoBigHO A0 NOTpPIiiHOT (ba3oBOi Aiarpamu
ctaHy cuctemn Al,O,-CaO-MgO [10, c. 627], yci
BK/IIOYEHHSA LjeT cuctemn Bynm nepeBadkHO pid-
K/MU nif Yyac 06po0KM B KOBLLUI.

MMig vyac ekcnepMMeHTy BCi 3paskm CTauli OUnLLY-
Ba/IN CONMAHOK KUC/IOTOK OJ11 YCYHEHHA OKCUAIB
Ha NoBepxHi nepes BUKOPUCTaAHHAM B eKcrepu-
MeHTax. [icns uporo ix nomilany B LMAIHAPUYHNIA
Turenb i3 unctoro Al203 giameTpom 5 MM i BUCO-
TO0 3 MM. HaBKO/IO 30BHILHBLOI CTOPOHU TUMNA
6yna po3mileHa TuTaHoBa dosbra, sika cryxuia
razonoriMHa4em As1a 3HWKEHHS MICLLeBOro Kuc-
HEBOro noTeHujany. HAK 3axuCHWl ra3 BUKOPWC-
TaHo 95 % Ar 3 5 % H,. [ani 3pa3ok Harpisasim
Ta po3nnaBnsaan npu Temnepatypi NpuUean3Ho
1550 °0C. Micna nnaBneHHA TeMneparypy AesKuii
yac nigTpumMmyBsasin, MOKX TNOBYMAPHI BKIHOYEHHS
AlLO,-CaO He cnuBYTb Ha MOBEPXHIO. 3roAoMm
Temneparypy 3HWKyBa/IM 4O eKCNepUMeHTasIbHUX
Temnepartyp 1525 °C, 1520 °C i 1515 °C, wo cnpu-
S0 NoYaTKy KpucTasizalii 3paska Bif, CTiHKM TUrns
yepes rpagieHT Temnepatypv B kamepi nedi, o6

BignoBigHO [0 6iHapHOi (ba3oBOi  Aiarpamu
cuctemn Al,O,-CaO [10, c. 627], a TakoxX 3 ypaxy-
BaHHSM CKnagy cTani, Wo [0CiAKyBaBCs, BK/O-
YeHHsl, 4Aki cnoctepiranucsa, 6ynu  npeacras-
neHi pignHowo (1) (AIZOS)X(CaO)y, (2) pignHoro
(AIZOS)X(CaO)y + 1Bepae CaAl,0O, (L + CA) uu (3)
TBepAoto cymiwwto CaAl,0O, + CaAl,0, (CA + CA2).

Mig yac TBepAiHHA S Ta Al noTpannsawTb y pos-
nnas i NiABMLLYIOTb MOTeHUiasl ocamkeHHsa CaS
3rigHo 3:

3-2y
3x -3y

(Ca0)._-(ALO,). . +2[Al]+[S] >
X X 3
@
222 (ca0) -(AL,0,),  +CasS.
3x-3y y y

AKWO UA peakuis nepebdirac B HanNpsiMKy yTBO-
peHHs TBeppgoro CasS, ue npusBoauTb A0 3MiHU
thopmu pigkmx rnodynspHUX BraueHs Al,O.-CaO,
BKpMBaKOUU X TBEPL0H0 060/10HKOK CaS. SHMKEHHS
BMicTy CaO TakoX npu3BOAuTb A0 NiABULLEHHS
Temnepartypu Kpuctanisauii BktodeHb Al,O,-CaO.

BignosigHo po puc. 1, y gianasoHi cknagy Big,
Bif 50 mMac.% po 75 mac.% ALO, Ans [ocniaxXy-
BaHOI Mapku cTai iCHYIOTb Tpy cneundiyHi peak-
Lii (3rigHO 3i 3HAaYEHHAMN X Ta Y), Y NPOLECI AKNX
YTBOPKOKTLCA BK/lOUEHHA CaS:

1) BugineHHsa CaS Ha pigkomy BK/IHOUYEHHI Bif-
O6yBaTUMETbLCS, KON KOHLeHTpauil S Ta Al y pos-
nnasi CNpUATUMYTb Nepebiry HacTyNHOT peakw,ii:

3Ca0 + 2[Al] + 3[S] — 3CaS + Al203.  (2)

CyMiLL, WO YTBOPKETLCS B pe3ynbrati nepebiry
Li€T peakuii, AB/se cOb60L0 piaki BKIOYEHHS, 36a-
raueHi AlLO,;

2) BuaineHHa CaSiCaAl,O, 3 pifikvx BK/HOUYEHb
Oyae BigbyBaTUCS, KO BKIKOUYEHHS MICTUTUMYTh
HeBenuky Kinibkicte CaO g0 Takoi Mipu, WO BOHO
Aocsirae NiHii HacuueHHs ALO,, BUK/MKatoum oca-
mkeHHs CaAlO,. Lie npouec BiabyBaeTbCs 3rigHO
3 nepebiroM HaCTYNHOI peakLii:

2 (AL0,),,. -(C20),,, +2[A]+[S]¢
o g
ﬁ(CaO)OV5 -(ALLO, )0‘5 +CaS,,

3) OcapxeHHa CaS i CaAl, O, 3 CaALO, byae
BigOyBaTu1CA BIANOBIAHO [0:

4,59(A1,0,), , -(Ca0),. .+§[A|] +[s] >

AOCAIANTY LWBUAKICTL TBEP/IHHSA 3-3a/i3a i1 po3no- (4)
niny S Ta Al'y posnnasi. ©3,92(AL0;),, -(Ca0), ., +Cas.
Tabnuus 1
XimiuHwnii cknag ctani, Wo focigKyBaBcst
C S Al Ca Si Mn P
mac. % 0,062 0,014 0,027 0,002 0,033 0,33 0,013
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3anexHo Big BUXiQHOrO cknagy BK/IHYEHb
i thazoBoro cknagy, ocamkeHHsa CaS Bigdysatu-
MEeTbCA MOCNILOBHO Bif peakuii (2) fo (4).

TepmogmMHamiyHi AaHi, WO BUKOPUCTaAHO ANs
pO3paxyHkKiB, BU3HAYEHO | AOCMIMKEHHI i HaBe-
[eHO B Tabnuui 2. KoeilieHTM aKTMBHOCTEN
MEeTa/1eBOro po3nsasy po3paxoBaHo 3a CTaH4apT-
HAM MeToAMKaMU.

Kinbkicte S Ta Al oTpyMaHo 3 BUKOPUCTaHHAM
LUBWAKOCTE TBEPAiHHS, WO MW CcrnocTepirann
B AOCHIMKEHHI ANs TPbOX eKCnepumMeHTaslbHUX
Temnepatyp. OuiHKy pO3MoAiny peyoBuH, WO po3-
YMHUAINCSA, NPOBOANAN 3 BUKOPUCTAHHSM PIBHSHHS
LWenns.

KoedpiuieHTn po3noginy S 1a Al y 6iHapHUX cuc-
Temax Fe-X craHosunn 0,04 1a 0,6.

MoyaTKOBUIA YMICT po3vmHeHoro Al BU3Havasun
3a 3arasibHO0 3MiHOW BMICTy Al y BuxigHomy
3pasky (Tabnuus 1) Ta 38’a3Horo Al'y Burnsagi AlLO.,.

Tabnuus 2
PiBHSAAHHA ANA po3paxyHKy CTaHA4apTHUX
eHepriii Fi66ca

Peakuisn AG, BxImonb
Al(T.) - Al(p.) 10,802 — 11,5T
Al(p.) + 3/20,(r.) > ALLO(TB) -1,687200 + 326,8T
Al(TB.) — Al (Imac% y piakomy -43,1 - 32,26T
3aU1isi)
Ca(t.) — Ca(p.) 8541 - 7,7T

Ca(p.) + 1/20,(r.) > CaO(18B.) —640,58 + 108,6T

Ca(p.) + 1/2S(r.) - CaS(1B.) ~548,47 + 103,9T

1/2S,(r) —» S (Imac%y pigkomy | —131,968 + 22,06 T

3aU1i3i)

Ons peakuii (2) po3paxyHks MpoBOAUAN MNPU
KOXHI TemnepaTypi TBEPAHHA ANs1 ABOX PiOKMX
cknagis niksigycy CaAl,O, 3a BM3Ha4YeHoi Temne-
patypu. TepmoguHaMmiYHi po3paxyHKU MoKasasiu,
o yTBOpeHHA CaS 306iraeTbCsi 3 4acoM, KO/u
KOHLEHTpaUil PO3YMHEHUX PEYOBUH Yy pPO3NJasi
€ 0OCUTb BUCOKMMMU, L06 BifOyBanocs BUAiINEHHS
CasS signosigHo go peaku,ii (3). Mepeobir peaku,ii (2)
€ AMOBIpHUM, aJie He CNPUSIE 3HAYHOMY YTBOPEHHIO
TBEpAoro Cas, ockisibkn Cas, Lo yTBOPUBCH, CMo-
YyaTKy PO3UYMHSETBLCA B PIAKMX BK/IOYEHHAX | Mae
PO34YUHHICTL NprbnM3Ho 0,02 (y MOMAPHUX 4YacT-
kax) y cuctemi Al,O,-CaO. BugineHHsa Cas, signo-
BiAHO A0 peakuii (4), € MasI0AMOBIPHNM, OCKI/TbKM
TepmogMHaMiyHa piBHOBara [0csAraeTbCcs 3a Bid-
HOCHO TpUBaUsnit yac.

YMOBU, WO OOMEXYHTb KiHETUMKY 3POCTaHHS
Cas, Taki:

1) TpaHcnopTyBaHHS B po3nnasi S a6o Al,

2) AMdoysiiiHe  TpaHCMOPTYBaHHA  TBEPAOro
MPOAYKTY Yepes Mexy noginy dgas.

MpoBepeHi focnigXeHHs nokasau, Wo LWBna-
KicTb pocTy CaS 3MeHLWYEeTbCA 3i 30i/IbLUEHHSM
Temneparypuv TBEPAiHHA.

3 BUKOPUCTaHHAM METOZIB €/1IEeKTPOHHOI MIKpO-
CKONIT BCTAHOB/IEHO, LU0 YTBOPEHHSA BK/OYEHb CasS
BinOyBaeTbCcs B Anpy3iiiHin AinsaHui y Burnagi rno-
6yniB abo pigKMx BKIHOYEHb. TakMM YMHOM, 3 TOUKM
30pYy SKOCTI NPOAYKTY YTBOPEHHS CaS nig vac Kpuc-
Tavli3auii MOXHa YHUKHYTU, AKWO LUBUAKICTb POCTY
8 — 3aniza 6yge [OCTaTHbO BMCOKOK /15 LbOro
po3Mipy BK/tOYEHb ab0 noyaTkoBe BK/IHOYEHHS
[OCTaTHbO Be/IMKe AN 3a4aHoi LWBWAKOCTI POCTy

Puc. 1. Knactepu CasS, wo copmyroTbCA B Npoueci Kpuctanisauii
MeTas1IeBOro po3nnaBy
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d — 3ani3a, Wo6 3a6e3neunTn Moro paHHe Noru-
HaHHs.

OcHOBHI TMnNK BK/oYeHb CaS HaBedeHO Ha
puc. 1.

BuCHOBKW. Y pe3ynbTaTti npoBeAeHoi poboTtun
3 BUKOPUCTaAHHAM METOfIB €NeKTPOHHOT MiKpo-
cKoniT fOCNiAKEHO NPoLEeC YTBOPEHHS BK/IHOYEHb
CaS i ix BnauB Ha hopmMyBaHHs BK/oueHb Al O, -
CaO nig yac kpucTanizauii ctani M BUABNEHO
Take:

1) rno6ynspHi pigki abo HaniBpigKi BKIOYEHHS
Al,O,-CaO He BMSIBNAMM TEHAEHUIT A0 arnomepa-
Uil 04VH 3 O4HMM Ha MOBEPXHi PO3M/iaBy, HaBITb Ha
MasInx BigCcTaHaX rpaHunui noginy gas;

2) nig yac npouecy Kpuctasisauii BUAIIEHHA
PO3YMHEHNX PEYOBUH i3 TBEPLOro & — 3ani3a iHi-
Luitoe peakuito Mk BkaodYeHHamu AL O,-CaO
3 po3unHeHuMn S Ta Al, WO NpU3BOANTbL 40 3MiHU
po3Mmipy 11 hopMU BK/HOYEHb Yepe3 YTBOPEHHS
TBEPAOT hasn CaS Ha iX NOBEePXHi;

3) TepmoAMHaMivHi po3paxyHKM i OLiHKa po3-
noAisly pO34MHEHOT PEYOBUHN NOKa3asiu, Lo peak-
Lis (3) € OCHOBHOHO B NMpoLEeci yTBOpPeHHA CasS;

4) npoBefieHe CNoCTEPEXEHHS MPOLLeCy Kpucta-
nizauii 3a Tpbox pisHNX Temneparyp (1515 °C, 1520
°C i 1525 °C) BusiBUNO, L0 cnovaTky npowuec Bugi-
neHHA CaS KOHTPOJIETHCA KIHETUYHOK AINAHKO,
a gani BigbyBaeTbCA 3a ANAY3iNHM MEXaHI3MOM;
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