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IOHOOBMIHHE 3MIITHEHHSA JITIHAJTIOMOCHJIIKATHUX
CKJIOKPUCTAJITYHUX MATEPIAJIIB 3AXUCHOI a1i

Hayionanvuuii mexuiunuii ynigepcumem «XapKiecoKuti NOAIMEXHIYHUL IHCIMUMYm»
eyn. Kupnuuosa, 2, Xapxis, 61002, Vkpaina, E-mail: savwvova_oksana@ukr.net

3eaoicarouu Ha inmencugHe HAPOCMAMHA BIUCLKOBOI 3a2pO3u mMa CMPIMKUU PO3BUMOK 3ACO0I8 YPAICEHHS Y
ceimi, HeoOXIOHUM € YOOCKOHANIeHHS bpoHeeneMeHmi8 05 IHOUGIOYalIbHO20 MA JIOKATbHO20 3aXUCY, 30KpemMd, 3a
PAxXYHOK nioguujeHHs ix MiyHocmuux nokasnukie. IIpoananizogano ocobausocmi mexHonoeii i0HOOOMIHHO20
SMiYHeHHs cumanie [-cnooymMeH08020 CKIady, OMPUMAHUX 34 CKIAHOI mexHoaoeicln. Memoto odanoi pobomu €
PO3POOKA  BUCOKOMIYHUX NIMIUATIOMOCUTIKAMHUX CKIOKPUCMATIYHUX Mamepianié 3 SUKOPUCHAHHAM Memooy
HU3bKOMeMNepamypHo20 ionoooMminno2o amiynenns. Moougixysauns nosepxui cxia npogoounoce y napax NaNO;
6nP0006IC 2 200U 3a 00HO- Ma 080CMAIHUM MexaHizmom. Temnepamypy ma mpueanicms 06poOKU BUHAYAIU 3
BUKOPUCMAHHAM Memo0dy OugepenyianvHo-mepmiyno2o auanizy. Cmpykmypy mamepianié ma XiMIYHUU CK1ao
NOGEPXHEeSUX WAPI6 GUSHAYANU MEMOOOM eNeKMPOHHO20 30H008020 Mikpoananizy. Mexaniuni enacmugocmi
BUBHAYANU 3 GUKOPUCTHAHHAM CIAHOAPMHUX MAMEPIAN03HASHUX MEMOOUK.

Pospobneno cnoci6 3miynenus aiminanOMOCUTIKAMHUX —CKIOKPUCMATIYHUX —Mamepianie ma 6U3HAYEeHO
onmumanvui mexuHonociyni napamempu ix obpooku 6 napax NaNOs y 63aemo36’a3ky 3 ocobaueocmamu ix
cmpykmypu. Jocniodceno mexanizm ionHo20 0OMIHy ma NpOaHAni3o08aHo 3MIHYy CMPYKMYpu NOBEPXHE8020 Wapy 6
00CIOHUX CKIOMAamepianax.

Bcmanoeneno, wo ionooominte 3smiyHeHHA 6 napax Himpamy Hampito 01a CKAOKPUCMANIYHO20 Mamepiany Ha
OCHO8I Oucunikamy nimito ma f-cnooymeny 3abe3neuye 30iNbUleHHs MeXAHIYHUX 81acMugocmeti mamepianry npu
30epedicenHi OCHOBHUX eKCILyamayiitHux 61acmueocmell Ha PIGHI napamempie suxionozo mamepiany. Lle 0o3eonumo
RIOBUWUINU KOHKYPEHIMOCHPOMONCHICIY GIMYUHAHUX 3AXUCHUX OpOHeeNleMeHMi8 Ha C8IMOBOMY PUHKY.

Knrouosi cnosa: nuzvkomemnepamypuuii [OHHUU O0OMIH, 3MIYHEHHS, OpoOHeeneMeHm, aIIOMOCUIKAMHI
CKIOKPUCMANIYHI Mamepianu

BCTVYII 3Bakaroud Ha IHTEHCHBHE HApPOCTaHHS
BIMICHKOBOI 3arpo3u Ta CTPIMKHNA PO3BHUTOK
3ac00IB  ypaK€HHS Yy CBIiTi, HEOOXIIHUM €
YAOCKOHAJIEHHS OpoHeeneMeHTiB JUTST

3acToCcyBaHHS 3aXHCHHUX CKJIOKPHUCTATITHHX
MarepiamiB  (Ckiokepamika) K  €JIEMEHTIB

KOMIIO3UIIIHOI'O OpOHE3axXUCTy BUMaArae ’ .
. IHIVBIyaIbHOTO Ta  JIOKATBHOTO  3aXHCTY,
3a0e3MeYeHHs KOPCTKUX BUMOT JI0 iX OCHOBHHX . . .
} : . o 30KpeMa, 3a PaxyHOK ITiJBHINECHHS iX MIITHOCTI.
(hi3MKO-MEeXaHITHUX 1 eKCIUTyaTaIliitHuX

Tpanuiiiiaum METOI0M 3MIIHEHHS
CKIIOKPUCTAIIIYHUX MaTepialiB € MOIuQiKyBaHHI
iX ckmamy Talabo pEeXUMY TEPMIidHOI OOpPOOKH
JUIss 30UTBLICHHS BMICTY KpUCTaliuHOi (asm.

BJIACTUBOCTEH y 3B’ 3Ky 31 CTBOPEHHIM Cy4acHOI
BHCOKOE(DEKTHBHOI 30p0i Ta BIHCHKOBOI TEXHIKH.
[Ipu TboMy HaHOUTBIT BOKIUBAMH MTOKA3HUKAMHU

CTIHKOCTI hi () i BHCOKOIIBUIKICHIX
. L . [Topsa 3 UMM anbTEPHATUBHUM  METOIOM
HaBaHTa)XCHb € HACTYITHI MEXaHI4HI BIaCTUBOCTI . L .
o 3MIIHEHHsS ~ CKJIOMarepiaigiB €  TEXHOJOTis
CKIJIOKEPaMIKH: : . .
; . i0HOOOMIHHOTO 3MII[HEHHS, 3aCTOCYBAaHHS SKOTO
— tBepaicTh (HV) — BuU3Ha4Yae eQEKTUBHICTD

J03BOJISIE  3a0€3MEYUTH  MPUPICT  MIIHOCTI
CKJIOKEepaMiKH 3i 30epeKeHHSIM HaBaKIHBIIIAX
¢dizuko-TexHiYHUX  BiactuBocTed.  CyTHICTH
METOJIy 10HOOOMIHHOTO 3MIIIHEHHS TMOJIATaE Yy
3aMiHi JY)KHHUX 10HIB MEHIIOro pajaiyca B
TTOBEPXHEBOMY Iapi CKJIa Ha OUTBIII JTy>KHI 10HH
i3 30BHIMIHBOTO cepefoBuina (mapu, pPo3IUIaBy)
Opu  TeMIepaTypi  HWXKYE  TeMIepaTypH
ckiayBanHs (Tg). Ilpu mpoMy y HOBEpXHEBHX

pyliHyBaHHS OpOHEOIHOrO CepAeYHHKA MpH
B3a€MO/IIi 31 CKIIOKEPaMiKoIo;

— MIIHICTh Ha CTUCHEHHS (0.,) — BIUIMBAEc Ha
JKUBYYicTh OpoHEeeJIeMeHTa Py 00CTpii;
—ynapua B'sskicte (KCU) T1a  B’S3KiCTH
pyiinyBauas (Kyc) — BHM3HAYalOTh JKMBYYICThH
OpoHeeneMeHTa mnpu OOCTpiNi Ta B mpoleci
ekcrutyararii [1].
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mrapax ckiiomarepiary 301TbIIYyeThCS TUTOMHUI
00’eM CTPYKTYpH 1 YTBOPIOIOTBCS HANpyTH
CTUCHEHHS [2, 3], sIKi 3MILHIOIOTH CTPYKTYDY.

JIITEPATYPHUI O JISI /T

HaiiGinpmr  3HawHi JOCSTHEHHS B 00macTi
10HOOOMIHHOTO 3MII[HEHHS CTEKOJI Ta
CKJIOKPUCTAIIIYHUX MaTepianiB Oymu 3700yTi B
HJI  rtexmiunoro ckma  im. B.®. ComiHoBa,
YkpalHCbKOMY HAI CKJIa, PXTY
im. JI.I. Menneneea, OHBII «Texuosmoris» (P®),
JHBII «Kapcur» Tta TOB «Cneurexckino A»
(M. KocrsauruniBka, Ykpaina) [4].

B mpommcnoBux  ymMoBaxX — BUpPOOHHMIITBA
Kocrsatuniscekoro TOB «Crienirexckiio A» Oyio
BCTaHOBJIEHO MOXIIMBICTh 3MIIHEHHS TEXHIYHHX
CTEKOJI 1 CHTAiB Ha iX OCHOBI: CIIOJYMEHOBOI'O
cknany mapku AC-418 (cucrema Li,O — AlO; —
SiO; — TiO,), KOpmIEPUTOBOTO CKIamy MapKH
C-370 (MgO - AlLO; - SiO; — TlOz), MapKH
AC-380 (cucrema MgO — MnO - Al,O3 — SiO; —
TiO;) Ta ckmamy Ha OCHOBI JMCHIIKATY JITIFO

Mmapku AC-023 (cucrema Li,O — K;O — AlL,Os —
SiO,) (Tabm. 1) [5].

Jns  3MiIHEHHS TPOMHCIOBUX CHTAIiB
[S-CIIOMYMEHOBOTO ~ CKJIQAy, OTPUMaHUX  3a
CKIITHOIO ~ TEXHOJIOTI€I0, BUKOPHUCTOBYBAJIUCS
METOAM  KOMOIHOBAaHOrO  3MILHEHHS,  SKi
BKIIIOYAIOTh B ce0Oe TpaBieHHs B po3unHax HF i
H,SO, na rimmbuny mo 300 MKM, 10 IPUBOAWTH
0 3HIDKCHHS TOBEpXHeBOi zAedekTHocTi, 1
MOJaNbIIY TEpMOOOPOOKY, pu AKIH
BiZIOYBa€THCS OJIOKyBaHHSA MTOBEPXHEBHUX
nedekriB, B posmiaBax NaNO;z; i KNO;. Omgnak
Opd TpaBlieHHI BigOyBaeTbcd MOIMIKOIKEHHS
MOBEPXHi 3pa3KiB qepes PO3YHMHEHHS
3aaMImIKoBoi  ckiaogasu (tabm. 1) [6]. Bimowmi
pobotu nporeneni B OHBII «TexHomnoris», sxi
JO3BOJIMJIM BCTaHOBHUTH, L0 00poOKa B mapax
NaNO;  fgosBoiisie  He  JIMIIE 3HU3UTH
TEMIIEPATypPy 1 CKOPOTHTU TPUBAIICTh OOpPOOKH
BUpOOYy B po3IUIaBi, ane i icrotHo (Ha 46 %)
HiIBUNATA MILHICTE CKIIOKPHCTAIIIYHOTO
Mmarepiany (OTM-357-V) (ta6. 1) [4, 6].

Taoauunsa 1. IlepeBaru Ta HEZOJIIKK TEXHOJIOTIT I0HOOOMIHHOTO 3MIIIHEHHS BIIOMHX CKIOKPUCTAIIYHUX MaTepiais,
SIKI OTPUMaHO 32 BU3HAYEHUMH TEXHOJIOTTYHUMH MTapaMeTpamMu

Haza CkJaj po3miiaBy Ta TeMIepaTypHO-4aCOBHI Mepesarn Henoikn Tloke-
CUTATY peKUM 00poOKH peJio
AC-418 Tpasnenust B HF,NaNOs3(o5mma5), 3acTocyBaHHs JUI MaTepialis,
450+550 °C, 1+4 ron . OTPUMAaHUX 3a CKJISIHOIO
IligBrmenHs . ..
TEXHOJIOTI€I0; eKOJIOTTYHI 1
o83 1aKCUs TEXHIYHI MpodIeMu Ipu
36+4.9 pasu BUKOPHCTAaHHI PO3YHHIB KHCIIOT;
3HaYHA TPUBAIICTH TIPOLIECY 8
AC-023 KNOsposmms) (90 mac. %), [TigBuIIEeHHS 3HAYHA TEUBATICTE IDOLEC
K3SO4(p03mman ) (10 Mac. %), 550 °C, 3 ron 0 B 2 pa3u P pouecy
AC-380 nepeene Byrimns (85 mac. %), [inBrmenus 3HaYHA TOHBANICTE IDOLCE
K,COs (15 mac. %), 800 °C, 2 rox o B 3 pasu P porecy
Actpo-  KNOs3 (posnnas ) 480 °C, 1 rox ITinBueHHs
cuTtan 0 B 2 pa3u ;
JIBC  KNOj3 (posnmas ), 480 °C, 1oz TligBunienns VIIKOKEHHS TOBEpXHi BIPOGY
HeMae
Cxnoke- Tpasnenns B HF,NaNOs3 osna5) ITinBumenHs .
pamika  450+550 °C, 0.5+5.0 rox oHa340p  WKOMKEHHA NOBEpXHi Bupody 4
Crenoxpuc- NaNOs nap), 490+550 °C, 2+5 rox; IlinBuinenHs  3Ha4yHa TPUBAJIICTH IIPOLEC
taniusmii NaNO3 osmmas), 4004420 °C, 0.3+0.5 rox; aﬁ‘{ . Zf) % p poreey g
matepial NaNOj (osmmar), 420+440 °C, 0.2+0.3 ron '
OTM-357-Y NaNO3, 550+600 °C, 45+60 xB, cTaaii [Migpumenas ¢ 3HaYHA TPUBAIICTH MPOIECY 9

00poOKm; — 3

Ha 46 %
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CKIIaZHICTIO BiJIPI3HAETHCS BUKOPHCTAHHS
METOJy  IOHOOOMIHHOTO  3MII[HEHHS  JIJIs
ONTUYHUX CUTANIB. Tak, MOCIiPKEHHS MPOIECIB
3MIIIHEHHS y  pO3IJIaBi  HITpaTy  Kaiiro
MIPOMUCIIOBOTO CHTATY «ACTPOCHTAI» Ta CUTAITY
JIBC, pospobnenux B PXTY im. JI.I. Menneneega,
JIO3BOJIMIIO  BCTAHOBUTH  3AJIEKHICTh  KJIacy
MIIOPCTKOCTI TOBEPXHi BiJl TEMIIEPATYPH 00POOKH
(rabm. 1) [7]. HesBakaoum Ha  BHCOKY
e(eKTHBHICTh 3MILHEHHS B pO3IUIaBl Cymimi
Colieil Kairo, TOBEpXHS 3pa3KiB CHTATIB Ha
OCHOBI TITIHATIOMOCHITIKATHUX CTEKOJ
MOIIKO/KYETHCS, MOXIUBO, 4Yepe3 HasABHICTh
HQUTUIIKOBAX HANpPYr B TOBEPXHEBUX IIapax
Matepiany. Lle MosICHIOETBCSA, B TepIIry Yepry,
3HaYHMM po3MipoM pagiyca ioma K* (1.33 A),
1o 3amimae ionu Li* (0.60 A)

OmHak,  BHUKOPHCTaHHS  TPUCTAIIHHOTO
peKUMY  10HOOOMIHHOT ~ 0OpoOKM,  SKUH
3aCTOCOBYETHCS JUIS 3MIIHCHHS CKJIOKPHCTA-
JYHAX MaTepianiB pu BUPOOHUIITBI
pamionpo30opux OOTIYHHKIB 3HAYHOI IUIOINI, €
€KOHOMIYHO Ta TEXHOJOTIYHO HEOOIPYHTOBAHUM
JUTST HEBETIMKUX €JIEMEHTIB OpoHe3axucTy. Tomy
IUIST BUOOPY ONTHMAIIBHOTO PEXKUMY 3MIITHCHHS
3aXUCHHUX JIITIHATFOMOCHIIIKATHUX CKJIOKPHCTA-
JIYHUX MaTepiaiB HEOOXiJHUM € BCTAHOBIICHHS
B3a€MO3B’ 513Ky TMapaMeTpiB MpoIecy 3MillHEHHS
3 0COOJIMBOCTSAMHU X CTPYKTYPH Ta MEXaHIYHHX
BJIACTUBOCTEH.

Ocobnueocmi  mexnonozii  3MiyHeHHA
i0HO0OMIHNOT 00POOKOI0 CKIOKPUCMATIYHO20
Mmamepiany. TpuBanmmii  d9ac OCHOBHHUM
HAIPSIMKOM po3poOKu MaTepiaiB i3
BUKOPUCTAaHHAM 10HOOOMIHHOI 00poOKHm OyIio
OJICPKaHHS MIPOMHUCIIOBUX CTEKOJI 31 3MIIIHEHUM

noBepxHeBUM mapoMm [2]. BuxopucraHHs
BKa3aHOT'O METOLY TSI 3MiLHEHHS
CKIOKPHCTAIIYHUX  MarepialiB  Mae€  CBOIO

cnerudiky: B Mpoleci 3MilHEHHS Oepe ydacThb
SK 3aJMIIKOBa CKJo(dasza, Tak 1 KpHUCTaivyHa
(aza. Y pesynbTaTi IIbOT0 B TOBEPXHEBOMY TIIapi
Marepialy =~ MOXYTh  PI3KO  3MIHIOBAaTHCS
MOKAa3HUK 3aJOMIIEHHS Ta TeMIepaTypHUil
Koe(imieHT JTHIHHOTO PO3MHUPEHHS KOXKHOI i3
¢da3, MmO MOXE MPHU3BECTH JO 3HUKCHHS
CBITJIOIPONYCKAHHSA 1  3MiHM  TEpMiYHHX
BJIACTHBOCTEU Matepianis [7].

Takox BaXJIMBHM ITapaMeTpoOM MO3UTHBHOI
peamizanii i0HOOOMiHHOT 0OpPOOKH CKIIOKpHUCTa-
JMYHAX MaTepialliB € BpaxyBaHHS 0COOIMBOCTEH
CTPYKTYpPHU TIpH iX OACpIKaHHI 3a CKJISHOIO abo
KepaMivyHOIO TeXHOoJIOTier. Tak, KpucTaliyHa
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CTPYKTypa Marepiaiy, OTPUMaHOI0 32 CKISHOIO
TEXHOJIOTi€l0, (OPMYETBCS B MaTpHIi CKia i
po3noninseTscs B Hild piBHOMipHO. KpucTaniuna
CTpyKTypa  Marepialy,  OJAepXaHOro  3a
KepaMiuyHOI0  TEXHOJOTI€0, (OPMYETBCI B
mpolieci CIiKaHHS OKPEMHX YACTHHOK CKJa 1
KpUCTallizamis BiAOyBa€Tbcs TEpPEBaXHO 3
MOBEPXHI OKPEMHX 3€peH, TaK II0 3aJIHIIKOBA
ckiodasza 3HaXOAUTHCS BCEPEIUHI KPUCTATIYHOT
00070HKM. BkaszaHi BiIMIHHOCTI B CTPYKTYpi
MarepiajiB B TOJAIBIIOMY BIUIMBAIOTH Ha
MeXaHi3M 10HOOOMIHHOTI'O 3MILIHEHHS.

CryniHb 10HOOOMIHHOTO 3MIIIHEHHSI CYTTEBO
3aIKUTh BiJ CKJIAmy CKJa, SKUH BH3HAyYae
mudy3iiHy pPYXJIHBICTH JIyXKHHX 10HIB. 3a
nanumu  A.M. ByraeBa [2], mo ¢axTopis, ski
YCKJIAQAHIOIOTh OUQY3il0 10HIB B CHIIKATHHX
CTEKJIaX, CIi BIAHECTH:

— HasiBHICTh TPOTHUIOHIB, SIKi 3HAYHO PI3HATHCS
3a PyXJIUBICTIO;

— HasBHICTH 00JacTi MPOCTOPOBOTO 3apsLy, IIO
KOMITEHCYE 3 OOKY CKJIa 3apsij OBEPXHi;

—3MIHM XapakTepy B3aeMOIil MpPOTHiIOHA 3
(ikcoBaHUM 10HOM (aHIOHHA MATPHILIS CKJIA);

— YTBOPEHHS CTUCKAIOUMX ab0 pO3TATYIOUHX
HAnpyr B 3aJIGKHOCTI BijJ CHIBBITHOIICHHS MiX
paniycamu i0HiB, 110 OOMiHIOIOTBCA.

B minomy, BUXOISYM 3 MPHUITYLIEHHS TIPO Te,
0 CcWia 3B’A3Ky KarioHa 3 aHIOHOM CKJIa
xapakrepusyerbesi cwioro nonst  Jitnens (F), a
HMOBIPHICTh 3MiHH MiCI[b — IOHHUM pajiycom (),
GyI1a IPOBEICHA OIiHKA GIoKyroUoi i ioniB Me”*
32 JIONMOMOTOK  JIOOYTKY LHUX  [apaMeTpiB.
BcraHOBIIeHO, W0 HAsBHICTH y CKJIAai CTEKOI
Kationis, y sxux g06yrok (F-r)° menme, Hix ueit
nokasHuK Ui ioHa Na* (Taki xartioHn, sk Be?,
Mg®*, Cu?"), He mo3HauaeThCst Ha 0OMiHI. SIKIIO &
nei mo0yTok Ounblie, HDK Ui 10HA Na', To
6rokyrounit eekt Kationis Me®* mocumoerses B
Mipy HaGmKeHHs 3HaueHns itoro (F-r)° Bemuuunu
70 aHAJIOTIYHOI BEJMYMHU [y 10HA HATPIo.
Haii6inpm Omu3bkuii 30iT CITOCTEPITA€ThCS IS
1OHIB KaJbIIit0, IIMHKY, KaJMil0 Ta CTPOHI0. Y
pe3yNbTaTi 3MiHM CHiBBIHOIIEHHS MiX pajiiycamu
10HIB, IO OOMIHIOIOTECS, MOXYTh 3MIHIOBATHCS
HIUTBHICTD 1 00°€M CKIOKPHCTAIIYHUX Marepiaiis,
CTUMYJIFOBATHCS HOTO KPHCTANI3aIlis, JIKBAIlis 1
1.1 [10].

®dopmyBaHHs 00’€MHOI 3aKpUCTaJIi30BaHOI

CTPYKTYpU  CKJIOKPUCTAJTIYHMX  Marepiaiis,
0COOIIMBO B yMOBax MeTacTabibHOTO (pa3oBoro
PO3IiICHHS, BITUBAE Ha PYXJIIUBICTH



O.B. Cassosa, I".K. BopoHoe, B.J1. Ton4uli ma iH.

MIKDOHEOJHOPITHUX  O0lacTe  CTPYKTYpH
(obmacti  daykryartii, 3apOAKH  KPHCTAIIiB,
KpuUCTaliyHi (a3u) Ta BU3HAYAE MOBLIBHHI
penakcanidHuii mporec. 3anuimkoBa amopgHa
daza MoOKe TMiJABHIIYBATH IIBHIKICTH IMPOIECY
peakiii, 10 TMOB’S3aHO 3  JIOKAJIbHUMHU
bnykryaniiianmMu  medopmMarisMid  KpeMHe-
krcHeBoro kapkacy [10]. Pemakcartifini mpomecu
BH3HAYAIOTh pO3citoBaHHS eHeprii B
HEOPraHIYHHMX CTEKJIaX NpH ix aedopmarii, 1o
OOYMOBIIIOE BHYTDIIIHE TEPTSA, € BAKIUBHM
(dakTopoMm,  sAKMHA ~ BU3HAYaE€  OCOOJIMBOCTI
B’SI3KONMPYKHUX  XapaKTEPUCTHK  MOBEIIHKH
MatepiagiB MpH MexXaHiYHMX BrumBax [11].
[IpuumHOI0 TOXATKOBOI penakcallii € yTBOpEHHs
MOBEPXHEBUX MIKPOTPIIIKH, 10 MPU3BOIATH 10
«MEXaHIYHOI» penakcauii CTHCKAIOYMX Hampyr.
TpimmHaM Ha TOBEPXHI 3MIITHEHOTO CKJIa MOXKYTh
YTBOPIOBATUCST B pe3ysbTari  00OpPOTHOCTI
peakmii po3puBy 3B's13ky Si—O-Si abo mepebiry
IHIIMX CTPYKTYPHO-XIMIYHHUX MPOIeciB [2].
Tomy ocobmmBy yBary mpu po3poOIi
TEXHOJIOTIYHOTO PEXUMY 3MIIHCHHS CHTAJIiB
METO/IOM 10HOOOMIHHOI 00pOoOKH HEOOXiIHO
OPUAUTITA BIUIMBY CTPYKTYPHHX MOBEPXHEBUX
Ta 00’€eMHUX TapaMeTpiB CKIOKPUCTATIYHUX
MmarepiaiiB Ha  XapakTep (dbopmyBaHHS
MOIU(IKOBAaHOIO IIapy Y B3a€EMO3B’SI3KY 3
MIITHOCTHUMH BIIACTHBOCTSIMHU MaTepialib.

IIOCTAHOBKA METU TA METOJIUKA
JIOCJIJKEHHS

Mertoro  maHoi poOoTH €  po3poOka
BUCOKOMILIIHUX JITIHaJIIOMOCHIIKATHUX CKJIO-
KPUCTAIIYHAX MaTepialliB 3 BHUKOPUCTAHHIM
METO/Y HU3BKOTEMIEPaTypHOI0 10HOOOMIHHOTO
3MIL[HEHHS.

MonaudikyBaHHS MTOBEPXHIi CKJIa
NPOBOAMJIOCE B JBi CTafil 3a HACTYIHOIO
MeTouKoro. CKIISHI 3pa3ku fiameTpoM 15 MM Ta
Bucororo 10 MM, ski Oyau BigmosipoBaHi Ha
ycranoBi OEC 500 3a m0moMoror CyKOHHOTO
kpyra (90 06/xB) BrpomoBx 5+7 XB, HarpiBaiu y
napax NaNO; BnpomoBxk 2 roj 3 MPOMIKHUM
oxonmomkennsm depe3 1roxg mo 50+100 °C Ta
HOBTOPHUM HarpiBoM (y KOPYHIOBOMY THIJI,
MIUTBHO 3aKpUTOMY Kpuinkor). Temmepatypy Ta
TPUBATICTE OOpPOOKM BH3HAYAIH  CKCIIECPH-
MEHTAIBHUM HUISIXOM 3 BUKOPHCTAHHIM METOIY
I epeHIiaTbHO-TEPMIYHOTO aHaIizy Ha
nmepusarorpadi  Q-15001 cucremu  Paulik-
Paulik-Erdly 3a munaTomMeTpuuHOI KPHUBOIO BiJ
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TeMIEpaTypH IIOYaTKy CKIyBaHHA Iy 10
TeMIlepaTypH MovYatky po3m’ sikiieHns i [7].

CTpYKTYpy CKIOKpPHCTAIIYHHX MaTepiajiB
Ta XIMIYHAH CKJIaJ TIOBEPXHEBUX IIapiB
BU3HAYAIX KIJIBKICHUM METOIIOM €JIEKTPOHHOTO
30HIOBOTO  MiKpoaHalily Ha CKaHYIUYOMY
eNeKTpOHHOMY Mikpockomni PEM TescanMira
3LMU 3 BHKOpPUCTaHHSM €HEProAUCIEPCIHHOTO
criextpomerpa Oxford X-Max 80 mm?. Miricts
Ha CTHUCK, TBEPIICTh 3a BikkepcoMm Ta MOKa3HUK
TPIIIMHOCTIMKOCTI ~ MaTepialy BHU3HaYald 3
BUKOpUCTaHHsIM mnpunaxy TII-2 3rigHO 3
I'OCT 9450-76.

EKCIIEPUMEHTAJIbHA YACTHUHA

st 10HOOOMIHHOTO 3MIITHEHHS Oy 00paHi
3pa3KH 3aXHMCHUX CKIOKPUCTANIYHUX MaTepiaiis,

Kl  po3pobieHo Ha Kadedpi  TeXHOJNOTiI
KepaMiK{, BOTHETPHBIB, CKJa Ta eMmalei
HTY «XIII», a came:

— ckinokpuctamiyauid - marepian  CJI-12  nmas
3aXUCTy ONTHUYHHUX TIPHIAJIB HaBEICHHSA Ta
CIIOCTEPEIKCHHS, OTPHUMAaHMH 32  CKIISIHOIO
TEXHOJIOTI€I0;

— cxokpuctaniuauit  marepian  CII-10  mns

IHIUBITyaTbHOTO OpOHE3aXUCTy, OTPUMAaHHHA 3a
KepaMIiYHOIO TEXHOJIOTIE€I0 METOJIOM IILIIKEPHOTO
JIUTTSL.

Po3po0rnieHi  cKIOKpUCTaNiyHi MaTepiand B
YMOBaX  HH3BKOTEMIIEPATypHOi  JIBOCTaJiifHOI
TEPMiYHOI OOpPOOKM XapaKTepHU3ylOThCsl 00’ €MHO-
3aKPHCTAI30BAaHOI0 TOHKOJWCIIEPCHOIO CTPYKTY-
poro 3 wHasBHicTIO f-criogymeny (CIT-10) Ta
nucunikary Jitito (CJI-12).

Jnsa ckmokpucramigHoro marepiamy CJI-12
CIIOCTEPITAEThCSI  (OPMYBAHHS IIACTHHYACTUX
a00 MPU3MATHYHUX KPHUCTAIIB TUCHIIKATY JITiIO
(puc. Lal) posmipom Omusbko 0.4 MKM; 1Ist
CII-10 — nomoBkeHUX MPU3MATHYHUX KPHUCTATIB
p-cionymeny (puc. 1 6 1) posmipom mo 1.0 MM,
OB’ sI3aHUX KIHISAMH OJUH 3 oqHuUM (puc. 1 6 11),
0  J03BONIsiE  3a0e3MeYnuTH  iX  BHCOKI
eKCIUTyaTamiiai BmactuBocTi (tadm. 2) [11, 12].

3a xapakTtepoM cTpykTypu nociimni CKM
MOXKHA BIJIHECTH 10 KOMOIHOBaHO-IEe()EKTHUX
CUTaNiB, UI SKUX 00 €MHI TPINUHA MEHII
po3BuHeHi, aHibK Jedektn moBepxHi. Taki
CUTaIM MOXYThb OYyTHM 3MiIHEHI HUIIXOM
10HOOOMiHHOT 00p00OKH [5].

Jmst 3pa3ka CKIOKPUCTAIIYHOTO Marepiary
CJI-12, oTpuMaHOro 3a CKISIHOIO TEXHOJIOTIEIO,
XapakTepHOIO €  MNPAaKTHYHO  HEMOPHCTa
cTpykTypa. st 3pa3ka CKIOKPHUCTATidHOTO
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marepiamy CII-10, sxuii cdopmoBano 3a HasBHiCTH MIKpPOCKOIIYHUX HOpP € XapaKTepPHUM
KepaMIivYHOIO TEXHOJIOTIEI0 METOJIOM IILIIKEPHOTO 00’ eMHHUM JIe(EKTOM, SIKUH MOXKE MPU3BECTH JIO
JUTTS, y BIUIMBII CIOCTEPIraeThcsi HE3HAYHA 3HW)KEHHSI MEXaHIYHHUX BJIaCTUBOCTEH MaTepiany
KinbkicTh (67m3pk0 10 06. %) BigKpUTHX MTOP. micist Bianmany [13].

Tabauusa 2. BinMmiHHOCTI 32 XIMIYHMM CKJIaJIOM MOJENIBFHHX CTEKOJI, TEMIIEPAaTYpPHO-YaCOBHX PEKHMIB BapKU Ta
00poOKM 3 XapaKkTepHCTHKOIO OCHOBHHMX KpUCTaIIYHMX (a3 Imicis TepMiuyHOi  0OpoOKH
CKJIOKPUCTAIIYHHUX MaTepiaiB

BigminHocTi 32 XiMiyHuM XapakTepucTHKa

InTepsan cknypanns T4—T5,
CKJIaZI0M PO3pP00/IeHHX CTEKOI, revmepaTypu: Bianay (T,) OCHOBHHX
Mmac. % patypu. BUmaty (fo), KpucTamiyaux ¢a3 B

. Temnepa- craaiii Tepmiunoi 06podKM Ta iX .
Map- ®a3oyTBOpIOIOYi P A P P CUTAJIAX mmic/s

KyBaH- kommnouentu KartanizaTopu B:yl:::l TpuBaicTs (7) TepMidHOI 00p0o0KH
HA KpucTagizamii ? ' | et Il et .
ra C rec Kiab-
Li,O Al,O; SiO, . . T-T¢ “ T, °Clt, T°Cl, Bun KicThb, 00.
OCBiT/IIOBaYi Iz, xB o
XB XB Y0
P20s, ZnO, . 550/ 850/ e
CII-10 8.0 20.0 60.0 CeO, 1450 440+640 - 120 120 B-LiAlSi,Oq 85
P,0s, Zn0O, .
. . 450/ 630/ 850/ Li,Si;0s,
CJ-12 150 20 60.0 ZrOSZIS C(D)eOz, 1270  450+580 30 30 5 B-LiAISi, O 50
PASK)

Puc. 1. MikpocTpykrypa ckiokpuctanigaux marepianis CJI-12 (a) ta CII-10 (6) micmst tepmiuaoi 06poOku

s cxnokpucraniyaoro matepiany CI1-10 B JlocsiTHeHHS MIPaKTUIHO HYJIbOBOL
npolieci TepMivyHOT 0OPOOKH 3aliKOBYBaHHS TIOP nopucrocti uis gochigaoro ckia CI1-10 micns
BinOyBaeThCs 3a MEXaHI3MOM B’S3KOi Tedii 3a TEpMidHOi OOpOOKH peai3yeTbcsi TakoXK 32
paxyHOK 3abesmedenns B’s3kocri 10°° Iac B pPaxyHOK TPOPOCTAaHHS KPHUCTAJIB y CTPYKTYPI.
00acTi 3apoJKOYTBOPEHHS KPUCTATIB OIU3BKO Leit mpomec peami3yeTbcss 3a  PaxyHOK
Tt. OnTUMaldbHMM CIOi BBaXKaTH TaKUH XIO 3a0e3rneveHHs TepMiuHOoi 00poOku Ha |l cranii
KPHBOI 3aJ€KHOCTI BiA TeMmmeparyp, KOJH (850 °C), m0 € OuTbIIOID 3a TeMIepaTypy
MaKCUMyM 11 3CyHYyTHH B 00JacTh TEMIIEPaTyp kpucramsanii f-cnogymeny (=800 °C). Onnak,
HIDKYE TOYKH PO3M’SIKIICHHS, TOOTO B 00JIACTH MpH BHCOKOTEMIIEPATypHil TepMidHii 00poOIl
3Hauenb B s3Kkocti Bume 108 [Ma-c. CliJ BpaxoByBaTH HOOiuHI mpomecu, fKi
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3MIHIOIOTh CTPYKTYPY CKJa, HAMpUKIAJ, PICT
kpuctaniB Oinpie 1 MM, 3 1ieto MeToro OyIo
CKOPOYEHO TPHUBAJICTh OOpPOOKH CKIIOKpHCTa-
JNYHOTO Marepially Ha Tepmiiii Ta Ha ApyTid
cTajii 1o 2 To.

JlocmikeHHsT 3pa3KiB  MICHsS MPOBEICHHS
10HOOOMiHHOI OOpPOOKM  MOCHIAHHUX  3pa3KiB
CKIIOKPUCTAIIYHUX  MaTepialiB  JTO3BOJIHIO
BCTAaHOBUTH HacTymHe. Ha mepmmiii cramii mpu
00poOIIi 3pa3KiB JOCHITHUX CKIOKPUCTAIIYHUX
matepianie CJI-12 Ta CII-10 nHaj posrmraBom
HiTpary Hatpito npu Temmepatypi Bume 500 °C
Ha TIOBEPXHIO BUpOOYy BIUTMBAE aepo30iib, IO
CKJIAIAETHCS 3 HaWApiOHIINX Kparneib
po3IIaBy, y pe3yJNbTaTi 4Yoro B Marepiam
BiZIOyBa€eThCcst OOMIH 10HIB JITiIO HAa 10HU HATPIIO
3 aeposono. BcraHoBneHo, IO oNTUMalbHA
TeMIiepaTypa oOpoOku BHpOOy HaJ PO3ILUIABOM
cranoButh 550 °C, a uac Butpumku — 1 rom.
Hwxue 500 °C ionHuit 0OMiH TpUBa€ 3 MaJlOO
MIBUKICTIO 1 e()eKTUBHICTH TIPOIeCY 3MillHEHHS
CyTTEBO 3HWXKYeEThesa, a Bume 550°C B
MaTepiajax BHHUKAIOTH IIEPEHANpPYTH, IO
BUKJIMKAIOTh TOIIKOKCHHS TTOBEPXHI.

Tax mpm momanpmnii oOpoOmi Ha IpyTiid
cramii y mapax 550°C Bmnpomomx 1ropg
CIOCTEPIraeTbesl 3HIKEHHS CBITJIONPOIYCKaHHS
(7) 3paska CJI-12 no 50 %. Ile moxe OyTh

MOB’S3aHO 3  HAONMKEHHSM  TeMIlepaTypH
10HOOOMiHHOI ~ OOpOOKM [0  TemmepaTrypH
MOYaTKy  po3M’sKmieHHs 7, Tpu  sIKid
YTBOPIOETHCS ~ 3HAYHA  KUTBKICTH  3apOAKiB

KpPHUCTAJIiB METacWJIiKaTy JTII0 3a pPaxyHOK
MPOIECY METACTa0IbHOTO (ha30BOTO PO3AIIEHHS
Ta, SK HACTINOK, NpPOsBY omajecteHitii. [Tpu
MOJAIBIIIH 00pooii CKJIOKPHCTAIIIYHOTO
marepiany CII-10 y mapax NaNO; Bmpomomx
OJTHI€T TOUHY TaKOXX HE CIIOCTEPIranocs 3MiHU
XapakTepy MOBEepXHi Marepiany (HasABHOCTI
pPAaKOBHH,  PO3TPICKYBaHb,  BiJIIAPOBYBaHb).
30ibIIeHHS TPHUBAIIOCTI BUTPHUMKH
ckiokpucTanigydoro matepiaay CII-10 mo mBox
rogud y mapax NaNO; Ha npyromy erarmi
OPU3BOAUTH A0  TOPYIIEHHS  CYLIIBHOCTI
MOBEpPXHi. MiX TMepmior0 i Ipyror CTamissMH
00poOKH ckiokpucTaniyHoro matepiany CII-10 y
napax NaNO; Bupi6 0x0JOmIKYIOTH B Iedi /0
50+100 °C mnst crabimizaltii 3MIITHEHOTO TIapy.
JlocmimKkeHHsT  PO3MOITICHHS — €JIEMEHTIB
BITIMO MMOBEPXHEBOTO MIAPY MicCJs 10HOOOMIHHOL
00pobku B mapax NaNOj; 3paskiB mociimHUX
ckiokpuctamigaux matepianiB CII-10 ta CJI-12
JO3BOJIMJIIO  BCTAHOBHUTH  Xapaktep Moaudi-
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KyBaHHS TTOBepXxHi. Di3UK0-XiMiYHI MPOLIEcH, sIKi
3a0e3MmeuyoTh e(PeKT 3MIlHEHHS, MOJSATralTh B
10HHOMY 00OMiHI Li* Ha Na*, 110
CYIPOBOJUKYETHCS BHHHKHEHHSM CTHCKAIOUUX
Halpyr B TIOBEPXHEBUX Iapax marepiamy i
ONOKyBaHHSM  IOBEPXHEBMX 1 00’ €MHHX
nedektiB Ha TauOMHI g0 252 Ta 296 MM
BiamoBigHO. [Ipy MboMy MakcHMabHA TOBIIIMHA
chopmoBaHOro AuQy3iHHOro mapy, Mo MICTUTh
ionn Na’, mns ckiokpucTaniuyHOro MaTtepiamy
CJI-12 cxknanae Bxe 296 MKkM micis 0OpoOKH B
napax NaNO; npomorx 1lrog 3 BMicTOM
Hatpito 6.28 mac. % (puc. 2). B uimomy mnpu
JOCTI/DKEHHI 3MIiHM BMICTy €JIEMEHTIB BIJIHO
3pa3Ka CIIOCTEPIraeThCsS CTPIMKE 3MEHIICHHS
BMICTY HaTpitlo B CTpyKkTypi. [lpum 1pOMy
MOBHOTO 3aMillleHHs i0HAMH HaTpilo 10HIB JITiIO
IUIS TOCTITHMX MaTepiaiiB He mocsraeTbes. lle
SIBUILIE ITOSCHIOETHCS TUM, 1[0 YACTHHA 10HIB, K1
OOMIHIOIOTBCSI, 3HAXOAMTHCS B  «IIACTKaxX»,
HENOCTYyMHUX Juis obminy [14]. B minomy
CTymniHb OOMiHY iOHIB B ITOBEPXHEBOMY IIapi
CKJa 3pocTa€ 3i 30iNbLICHHSM TeMIepaTypH i
TPHUBAIIOCTi 1I0HOOOMiIHHOT 0OPOOKH.

Hocmimkennst ctpykrypu CJI-12 Ta CII-10
JIO3BOJIWIIO  BCTaHOBUTH, Mo B [Y-cnekrpax
marepianiB (puc. 3) cHoOCTEpiraloThCs MIMPOKA
CMyra BaJICHTHHX KonuBaHb (v) B oOmacri
900+1200 cM™' 3 TIHGOKMM MAKCHMYMOM IIpH
1050 cm™' Ta neopMALIMHUME KOJTMBAHHSIME
npu 470 cM® 3B’s3kiB Si-O-Si B ckmamHux
cuimikaTHUX aHioHax [15] 1 HemicTKOBHMH
xonuBaHHaMu —Si-O— ... Me' 3 Makcumymom
omu3eko 1005 cm™t [16]. Micas ioHOOGMiHHOT
00poOkM MaTepianiB y pe3yibTaTi B3aeMOAi
OKCHUJIIB CHWIIIII0 Ta HATpPi0, HE3BAXAIOYHM Ha
30epekKeHHS  KOOPAWHAINI  aTOMIB  CHIIINIO
BIJTHOCHO KHCHIO, O€3MepepBHICTh KPEMHEKHCHE-
BOI'O KapKacy CKJIa MOPYIIYETHCS 3a PaxyHOK
4acTKOBMX o00OpmBiB 3B’s3kiB  Si—O-Si, 1m0
MOEAHYIOTh TeTpaelpu Mix cobor. Tomy mis
JOOCHITHUX MaTepiaimiB miciass 10HOOOMiHHO{
00pOOKM IHTEHCHUBHICTh TOTJIMHAHHS CMYTH 3
MakcuMymami B obGmacti 1030+1100 cm™t e
MEHIIOI, 10 CBiAYUTH NP0 3MEHIICHHS
KITBKOCTI  3B’SI3KIB Y KPEMHEKHUCHEBOMY
terpaeapi [SiO4]* [17].

CeigueHHsiM 1epe0iry mporecy 10HHOTO
o6Miny Mix iomamu Li* Ta Na* B mosepxueBux
mapax MarepiajiiB 3pOCTa€e iIHTEHCHBHICTh CMYTH
B obmacti xommBamp 1005+1010 cM™!, sika
00yMOBJICHa KOJIUBAaHHSMHU aTOMIB B 3B’sI3Kax
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-Si-O" ... Li*, Ta nosBa  nedopmaniitHux
konuBanb B obmacti  400+660 cml,  ski
BifiHOCATBCS 710 3B’s13ky Si—-O-Me (Me-nyxHuii
abo myxHozemesnbHUi Mmertan) [18]. HaiiGinbin
IHTEHCHBHI CMYTH 3 MakcuMyMamu Om3bko 530,
610 Ta 660cM*  crocrepiraroThCs s
CKJIOKpHCTa-TiuHOro Matepiany CJI-12; s
CII-10 — 660 Ta 620 cM". Takox [7Is MaTepialis

260-296 |
212-252

164-200 §

124-160

ToBWMHA WAPIB CKAOMATERIAAY, MKM

BmicT Na* 8 wapi cknomatepiany, mac.%

a

ToBlWMHA WAPIB CKAOMaTepiany, MKm

micnsl 10HHOTO OOMiHY CIIOCTEpiraeTbes IMOsiBa
cMyrs normmHaHHs 1npun 850 cM T, ska €
XapakTepHOIO JJs JIAHLIIOTOBHX CHJIIKATIB 3
BAJICHTHUMH  CHUMETPUYHUMH  KOJHMBAHHSIMH
O-Si-O [19]. Ile ™moxe OyTH TOB’s3aHO 3
(OopMyBaHHSAM 1 POCTOM 3apOJIKIB f-CIIOIyMEHY
Ta METacWJIKaTy JITil0 HOOIU3y TeMIeparypu
CKJIyBaHHS.

Bmict Na* B wapi cknomatepiany, mac.%

7

Puc. 2. Posmozin Na* Brim6 Bijt moBepxHi 3paskiB JAOCTITHMX CKIOKpHcTaniunux Marepianis CJI-12 (a) ta CII-10 (6)

TTicTst i0HOOOMIHHOT 0OpOOKH

12

—I ---T ,

[HTeHCHBHICTH TIOTJIHHAHHS

1400 1200 1000 800

Xpmsose 4ncIo v, oMl

a

[HTEHCHBHICTL TIONTHHAHHA

1250 1050 850 650 450

XBHIBOBE YHCIIO V, M

7

Puc. 3. Y-cektpu mocmiauux ckiokpuctaniunux marepianie CJI-12 (@) ta CII-10 (6) o (kpusa I) Ta micns (xpusa II)

10HOOOMIHHOT 0OPOOKH

[linTBepmXKEeHHSIM 1LBOMY € T[0fBa B
IY-cniextpi matepiany CJI-12 xonuBaHHA Tpym
[SiO,]* mpu 640 cM™ Ta 3pocTae iHTEHCHBHICTH
cmyru  mpu 786 cMl,  XapakTepHHX  UIA
JUCWIIKaTy JiTito, Ta mosiBoro B [Y-crexTpi
ckinokpucraniydoro matepiaimy CIT-10 gitkoi
cmyru  mpu 740 cMt,  xapakrepHoi  uIs
f-cionymeny. Hns matepiany CII-10 obGnactsb
9acTOT,  XapakTepHUX I  [-CIOIyMEHY,
3ByXKyeTbes g0 750+760 cM™ mpu TopiBHAHHI 3
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BUXITHUM MatrepiajioM, s SKOro (iKCYHThCS
YiTKi CMyTW HOTJIMHaHHS fS-criogymeny mpu 740,
780 cm . Takox  micas  I0HOOOMIHHOTO
3MIIIHEHHS 3HMKA€ CMyra pf-ClOOyMEHY IIpH
580 cv'. Pismmns B Xapaktepi CTIPYKTypH
MOCTIAHMX  MaTepialgiB  Mmiciasd 10HOOOMIHHOL
00pOOKM  TOSICHIOEThCS ~ iX  3/aTHICTIO  JIO
(dopMyBaHHS 3apO/IKiB KPHCTAaJiB npu
TEeMIlepaTypi CKIyBaHHA. [lpy 1bOMY  Jist
Mmarepianry CJI-12 Bka3aHwii mnpoluec TpuUBae 3
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OUIBIIOK) I1HTEHCHUBHICTIO BHACIIOOK HAsBHOCTI
IIMPOKOT 00yacTi (ha30BOr0 PO3MOAUICHHS 3a
paxynok HecymicHocti tpyn [POs]",, [Zn0O,4] Ta
[BO4].

st nocmiganx matepianiB CIT-10 Ta CJI-12
micis  10HOOOMIHHOTO — 3MIIIHEHHS  3pOCTae
IHTEHCHBHICTh cMyrH mornmuHaHHS npu 1380 Tta
1420 cM™, BiMOBiZHO, sIKi € XapaKTEPHUMH IS
3’s3kiB P=0. Ile Moke BkazyBaTh Ha 3MiHY
Mepiony 1MEHTUIHOCTI Bill ABOX — JUIS JIAHITIOTIB
3 BMICTOM JITif0, 0 TPhOX — JJIs JIAHITIOTIB 3
Bmicrom Hatpito [20]. Takox mis marepiany
CII-10 xapakTepHOIO € CMyra MOTJIMHAHHS TPYIl
[POs]", (vP—O—P) mpu 820cm™, sika
30epira€Tbes 1 micias iI0HOOOMIHHOTO 3MIITHEHHS,
32 paxyHOK 30iIbIIEHHA BMICTY VY CKJIaAi
Matepiany okcuny docdopy no 3 mac. %.

[ToxazHWKKM MEXaHIYHUX BIACTUBOCTEH IS
CKJIOKPUCTAJIIYHUX MaTepialliB, 3MIIHEHUX B
napax NaNO; BrnpomoBx opHi€i TomuHU IS
CJI-12 ta nBox romun musa CII-10, BigmoBinHO,
3pOCTal0Th, OJHAK 3 PI3HOI I1HTEHCHUBHICTIO
(tabm. 3). MeHmmiA OpPUPICT TBEpAOCTI 3a
Bikkepcom (mo 18 %) nmisi CKIOKPHCTAiIYHOTO

matepiaxy CII-10 moxe OyTtu moB’s3aHUil 3
BMICTOM Yy CKJaJi Marepialy OKCHAY JIiTit0
(7 mac. %). lns martepiaiiB 3 i0HAMH JITIIO, 10
OOMIHIOIOTBC B TIOBEPXHEBOMY  IIapi,
30UTBIIICHHST TBEPAOCTI € OOMEKEHHM. TaKox
BKa3aHW TMPOILEC 3HIKCHHS MIITHOCTI MOXKe
3anexatd 1 Bim OnOKyro4oro edekry KaTioHIB
Ty>KHO3eMeNbHUX MeTamiB. Ciij 3a3Ha4YMTH, 10
BUCOKHUH BMICT OKCHIy JITIIO Y CTEKJIaX MOXKe
NPU3BECTH 10 CIHUIBHOTO PYXy  BEJIMKHX
CTPYKTYPHHUX OJWHUIL B IPOLECi 10HOOOMiHHOL
00pOoOKH, BHTHMHY 1 CIIOTBOpPEHHs, a00 HaBiTh
YacTKOBOTO po3puBy uHM zAedopmanii kyta
3B’s3kiB Si—O-Si [14]. Ile Moke MO3HAYUTHUCS
Ha 3HW)KEHHI MEXaHIYHUX  BIACTHUBOCTEH
CKJIOMAaTepialiB.

Hnst cxnokpucraniunoro matepiany CJI-12
3a0e3MeUYeHHs] BMICTy OKCHAY JITiI0 Y KiTBKOCTI
15 mac. % 103BOJSE MiABHIUTH TBEPIICTh IO
Bikkepcy Ha 22 %, MilHICTh Ha CTHCK Ha =~ 25 %
micnst i0HooOMiHHOT 00poOKku B mapax NaNO;
BIIPOJI0BXK 1 roj.

Ta6mumnsa 3. MexaHiuHi BIaCTHBOCTI BUXITHUX CKIOKPUCTAIIYHUX MATEPIaiB Ta Micas i0HOOOMIHHOT 00pOoOKH

MexaHiuHi BJ1acCTHBOCTI BUXITHHX

MexaHi4Hi BJIaCTHUBOCTI CKIOKPHCTAJIYHUX
MarepiajiB micjas i0H000MiHHOI 00p0O0KH

CKM CKJIOKPHCTAJIIYHHMX MaTepiaJib
Kic, MIIa-m®® HV, I'Ma 6o Ta  Kic, MIa-m®>® HV, I'Ma Gem, T'Tla
CJI-12 3.10 8.74 650 3.25 11.50 810
CII-10 3.40 8.90 750 3.50 10.80 820
OTxe, 3MiLHEHHS po3polbIieHNX MarepiajgiB  Ta  BH3HAUYEHO  ONTUMAJbHI
CKIIOKPUCTAIIIYHIX T TIHATIOMOCHITIKATHUX TEXHOJIOT1YHI MMapaMeTpu 0oOpoOKH po3poOIeHUX
MaTepiaiB  MIITXOM  HH3BKOTEMIICPATypPHOTO CKJIOKpUCTaniyHuX MaTepiamie B mapax NaNO;z y

10HHOTO OOMIiHY JIO3BOJISIE CYTTEBO IiJBUIIUTH

iX MexaHi4HI BJIACTUBOCTI TpH 30epekeHH]
BHCOKMX  €KCIUTyaTallifHUX  XapaKTEePUCTHK
BUXIJHUX CUTAIIB.

BUCHOBKUA

[IpoBeneHo anami3 po3poOOK 31 3MIITHEHHS
CKJIOKpUCTAIIIYHUX  MarepiaiB 3  BMICTOM
CIIOMYMEHY Ta JUCHIIKATy JITil0, 30KpeMa,
METOJIOM 10HOOOMIHHOT 00poOKHu. JlociimKkeHo

0COOIMBOCTI  TexXHOJOril 3MINHEHHS 10HO-
oOMiHHOT 00p0o0OKOTO CKIIOKPUCTATIYHUX
MaTepiaiB.

Po3pobiieno croci6 3MIIIHCHHS
TTIHATIOMOCHITIKATHUX CKIIOKPUCTAIIIYHIX
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B3a€MO3B 13Ky 3 OCOOJIMBOCTSIMH iX CKIamy Ta
crpykrypu: s CII-10 3 BMicTOM KpuCTadiqHOT
¢dasu f-ciogymeHy y KinmbkocTi 10 8500. % y
2 cramii npu 550 °C TpuBamictio 1rom s
KOXHOI ctamii 3 oxomomkeHasM g0 50+100 °C
Mixk cragismu Ta CJI-12 3 BMICTOM KpHCTaTiuHOT
¢dasu gucwiikaty JNTiF0 1 f-CIOIyMEHy Yy
3aranpHii KinbkocTi ~50% y 1 cramito mpu
450 °C TpuBadictio 1 rog.

JocmimkeHo MexaHi3M 10HHOTO OOMiHY MiX
10HaMU JITIIO Ta HATPIlO, IO CYNIPOBOAKYIOTHCS
CTPYKTYPHUMH TIEPETBOPECHHSIMH B Marepiajiax i
MIATBEPKYIOTECS  3POCTAHHSAM 1HTEHCHBHOCTI
cmyru B obOnacti konuanb 1005+1010 emt, Ta
MosABOIO JeOopMaliiHUX KOJMBaHb B 0O0JIACTi
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400+660 CM_l, aKi OOYMOBIIEHI KOJHMBAaHHSIMU OXOJIOKEHHAM o 50+100 °C TUTS
aToMIB B 3B’sI3Kax -Si-O™ ... Li". CKJIOKPHCTAJIIYHOTO ~ MaTepially Ha  OCHOBI
[IpoananizoBaHO BiANOBIAHY 3MiHY CTPYKTYpH f-ciogymeny 3abe3neyye 301IbIICHHS
MOBEPXHEBOT'O uapy B JOCITITHUX MeXaHIYHUX BJIACTHBOCTEH Martepiany
cKIIoMaTepiajlaXx Ta BHU3HAUYEHO BMICT HATpitO 1 (Kyc = 3.25; 3.50 MITa-m*®; HV =10.8;
TOBIIMHY AUDY3IHHOTO IIapy, IO MICTUTHh 10HU 11.5TTla; o, = 810; 820 MIla) mpu 36epexeHHi
Na®*, sxuit nocsrae 252 ta 296 MKM. OCHOBHHMX €KCIUTyaTalliiHNX BIACTHBOCTEH Ha
BcTanoBneno, mo i0HOOOMiHHE 3MIITHEHHS, piBHI TapaMeTpiB BHXigHOrO Matepiamy. lle
sKe BKJII0Yae 0OpOOKy B Mapax HIiTpary HaTpiro JIO3BOJIUTH iABHIIATH KOHKYpPEHTO-
JUISE  CKJIOKPUCTAJIIYHOTO Martepially Ha OCHOBI CIIPOMOXKHICTh BITYM3HSHUX 3aXHCHUX
JMUCHITIIKATy JITIF0O Ta JBOCTalIiiHy OOpOOKYy B OpOHEeeJIeMEeHTIB Ha CBITOBOMY PHHKY.

mapax  HiTpaTy  HaTpilo, 3  MPOMDKHUM

HonoodMeHnHoOE YIOPOYHECHHEC JUTHHAATIOMOCHINKATHBIX CTCKJIOKPUCTANIHICCKUX
MaTE€pHaJI0B 3allIUTHOTO IleﬁCTBI/Iﬂ

0.B. CaBBoBa, I' K. Bopounos, B.JI. Tonuuii, C.A. Paounun, A.U. ®ecenxo

Hayuonanenvii mexuuyeckutl ynusepcumem «Xaporosckutl Iorumexnuyecxutl Uncmumym»
yi. Kupnuuesa, 2, Xapvkos, 61002, YVxpauna, savvova_oksana@ukr.net

Yuumuieass unmencusnoe napacmanue 80eHHOU yepo3vl U CMPEMUMENbHOE PA36Umue CpeOCme NopaNceHus 6
Mupe, HeobX00UMO COBEPULCHCMBOBAHUE OPOHEINEMEHMO8 Ol UHOUBUOVANLHOU U JIOKAJIbHOU 3aWumbl, 8
YACMHOCMU, 34 CYem NOGBIUEHUSI UX NPOYHOCMHBIX noKazamenel. IIpoananusuposanvi 0CO6EHHOCMU MEXHOL02UU
UOHOOOMEHHO20 YHPOUHEHUs. CUMALN08 [-CHOOYMEHOB020 COCMABA, NOJYYEHHbIX NO CHMEKISAHHOU MeXHOI02UU.
Lenvio dannoil  pabomvl sensemcs  paspabomka BLICOKONPOUHBIX — TUMULATIOMOCUTUKATIHBIX
CMEKNOKPUCIATIIUYECKUX MAMePUalo8 ¢ UCHONb308AHUEM Memood HUKOMEMNepamypHo20 UOHOOOMEHHO20
ynpounerus. Moouguyuposanue nogepxnocmu cmexia npogoounocs ¢ napax NaNOz 6 meuenue 2 uacos no oono- u
ogyxcmaoutinomy mexanuzmy. Temnepamypy u npoooIICUmMenbHOCHb 00pabomKy Onpedeisiiu ¢ UCHOIb308AHUEM
Memooa  ouggepenyuanvro-mepmuyeckozo ananusza. Cmpykmypy Mamepudanog U —XuMU4ecKuiti cocmas
HOBEPXHOCHIHBIX CNI0€8 ONPeOeisii MEMoOOM IJeKMPOHHO20 30HO08020 MUKpoananusa. Mexanuyeckue ceoticmea
onpeoesiiu ¢ UCNONb306AHUEM CIMAHOAPMHBIX MAMEPUATLO8EOYECKUX MEMOOUK.

Paspaboman cnocob6  ynpounenuss IumuiarOMOCUTUKAMHBIX — CMEKIOKPUCTNATIUYECKUX — MAMepuailos u
onpeodeienvl ONMUMATbHble mexHonocuueckue napamempsi ux oopabomku ¢ napax NaNO;z; eo ezaumocssazu c
ocobeHHoCmAMU UX cmpykmypwl. Hccredoean mexamusm UOHHO20 0OMeHAa U NPOAHATUIUPOBAHO USMEHEHUe
CMPYKMYpPbl NOBEPXHOCIMHOZ0 CIOSL 8 UCCAEOYEMbIX CIEKIOMAMEPUANax.

Yemanoeneno, umo uonoobmennoe ynpounenue 6 napax HUmMpama Hampusi O CMEKIOKPUCALIUYECKO20
MAmMepuana Ha OCHoge OUCUIUKAMA Aumusi U [-cnodymena obecneuugaem YGeiudeHue MeXaHUYecKux CEolcms
MAmepuana npu  COXPAHEHUU OCHOBHLIX IKCHIYAMAYUOHHBIX CGOUCMSE HA YPOGHE NAPAMEMPOE UCXOOHO20
mamepuana. Imo no3601um nOGbICUNL KOHKYPEHMOCNOCOOHOCb OMEYeCTN8EHHbIX 3AUUMHBIX OPOHEINEMEHMO8 HA
MUPOBOM DbIHKE.

Knroueesvie cnosa. Hus'KomeMnepamypruZ UOHHDIL 06M€H, ynpodHeHue, 6p0H€3ﬂeM€HWl, ajliomocuiuKkammtoie
CmeKJloKpucmaiiuvecKkue mamepudaibl
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lon-exchange strengthening of lithium-aluminosilicate glass-ceramic protective materials
0.V. Savvova, G.K. Voronov, V.L. Topchiy, S.A. Ryabinin, O.l. Fesenko

National Technical University "Kharkiv Polytechnic Institute"
2 Kyrpychova Str., 61002, Kharkiv, Ukraine, savvova_oksana@ukr.net

In view of the intensive increase of the military threat and the rapid weapons development in the world, it is
necessary to improve the armored elements for individual and local protection, in particular, by increasing their
strengths and hardness characteristics. The peculiarities of the technology of the ion-exchange hardening of
S-spodumene glass-ceramics obtained by glass technology are analyzed. The purpose of this work is to develop high-
strength lithium-aluminum silicate glass-ceramic materials using the method of low-temperature ion-exchange
hardening. Modification of the glass surface was carried out in sodium nitrate vapor for 2 hours under one- and two-
stage mechanism. The temperature and processing time were determined using the method of differential-thermal
analysis. The structure of materials and the chemical composition of the surface layers were determined by the
method of electron probe microanalysis. Mechanical properties were determined using standard material-based
techniques.

The method of hardening lithium-aluminum silicate glass-ceramic materials has been developed and the optimal
technological parameters of their treatment in sodium nitrate vapors are determined in connection with the
peculiarities of their structure. The ion-exchange mechanism was studied and the structure of the surface layer in the
experimental glass-ceramic materials was analyzed.

It has been found that ion-exchange hardening in sodium nitrate vapors for glass crystalline material based on
lithium disilicate and S-spodumene provides an increase in mechanical properties of the products while preserving
the basic performance properties at the level of the parameters of the base material. This will increase the globally
competitiveness of domestic protective armored elements.

Keywords: low-temperature ion-exchange, hardening, armor-iron, lithium-aluminum silicate glass-ceramic
materials
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