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BBEJEHUE

AKTVAJBHOCTL HCCJIETOBAHUN

CoBpeMEHHBII1 ~ pPBIHOK  HCHOBITHIBAET  ACPUIUT  BBICOKOA(D()EKTUBHBIX
TEIJIOU30JIUOHHBIX MaTEPUAIOB HEOPTaHWYECKOW MPUPOABI C JKECTKOM SYEUCTON
CTPYKTYpOH, 3aJlaHHOM TeOMETpUYecKorl ¢GopMoli W pa3MepamMu. bOJBIIMHCTBO
IIPOM3BOJIUMBIX MAaTEPUATIOB HMEIOT BOJIOKHUCTOE CTPOCHHE, YaCTh - OPraHUYECKYIO
MPUPOAY, YTO 3HAUMTENILHO OTrpaHMYMBaeT cepy NPUMEHEHHsS TaKux MaTepHalioB U
YCIHOXKHSIET NPOEKTHbIE peuieHus. lIpuMeHeHHne JKHIKOTO CTEKJIa B COYETAHUH C
BBICOKO?(()EKTUBHBIMH HAMOJIHUTENISIMH MO3BOJISIET CO3/1aTh MaTepUalbl, 00JIaalolue
YHUKQJIBHBIM COYETAHUEM CBOMCTB: JXECTKOM SYEUCTOW CTPYKTYpOW, 3aJaHHBIMHU
r€OMETPUYECKUMHU pasmepamu u dbopmoii, HU3KUM koxhpuirieHTOM
TEIUIONPOBOJHOCTH, HETOPIOUECTHIO, BBICOKOW TEXHOJOTUYHOCTBIO U 3KOJOTHYHOCTHIO
IpU CPABHUTEJIBHO HHU3KOU ceOecToMMOCTU. [IpUMEHssl Takue TErIOU30ISIMOHHbIC
MaTepuaibl B TPaXJIAHCKOM CTPOMUTEIBCTBE, MOKHO C YCIEXOM PEHIMTh MPOOJIEeMbI
CBSI3aHHbIE C JNe(PUIUTOM TEIIOM3OJSAIMOHHBIX MaTepUalioB, HEPrOCOEpPEKEHUEM U
COOTBETCTBHEM BHOBb BO3BOJIMMBIX U PEKOHCTPYUpPYEMbIX 3aaHuil Hopmam CHull

AKTyanpHOM  3amayedl  dBisIeTcsl  pa3pabOTKa  TEXHOJOTMU  IOJTYYEHUs
TEIUIOM30JSLIMOHHBIX MAaTEpHAIOB HA OCHOBE JKHUJIKOIO CTEKJIa C PaBHOMEPHOU
MOPUCTON CTPYKTYPOH, HU3KUM KOI(PPUIIMEHTOM TEILIOMPOBOJHOCTH U TOBBIITICHHOM
BOJOCTOMKOCTBIO.

HuccepranonHas paboTa BBINOJHIIACH: MPU MOAJEPKKE HHIUBUIYAIBHOTO
rpanta @DoHga coAeCTBUS pa3BUTUIO MalblXx (OpM MHpeAnpUsITH B HAy4YHO-
texHuueckoit cepe mo mporpamme YMHUK 2007r; B pamkax rocOOIKETHOM TeMbl
HUP 1.29.01 «M3yuenue (U3MKO-XUMHYECKUX 3aKOHOMEPHOCTEH TMPOIIECCOB
nepepadoTKU OPraHUYECKOr0 ¥ MUHEPAIBHOTO ChIPbSl U MPOAYKTOB Ha MX OCHOBE»; B
pamkax x/a 5-8/08 «MccrnenoBanue u pa3paboTKa TEXHOJIOTMM TOJYyYEHHS
KOMIIO3UIIMOHHOTO TEIUIOM30JIAIIMOHHOTO MaTepuaia C UCHOJIb30BaHUEM 0a3ajabTOBOM
YEUIY ).

OO0beKT HCCHe0BAHUA — IKUJAKOCTEKOJIBHBIE KOMIIO3MLMH, IOJy4aeMble
BBEJICHUEM HEOPraHUYECKHX J0OABOK U HAMOIHUTENIEH B )KUJKOE CTEKJIO.

IIpenmer mcciae10BaHUsi — MPOLECCH (POPMHUPOBAHUS CTPYKTYpBI, (Ha30BOTO
COCTaBa M CBOWCTB BBICOKOIIOPHUCTBIX MATEPHUAIOB C JKECTKOM SYEUCTOU CTPYKTYpOU Ha
OCHOBE JKMJIKOCTEKOJBHBIX KOMIO3WIMM, a TAaKXKe TEXHOJOTHUM IOJIYyYECHHS
TEIUIOM3O0JSLIMOHHBIX ~ MAaTEpPUAJIOB  C  3aJaHHBIMM  CBOWCTBAMH Ha  OCHOBE
KUJIKOCTEKOJIBHBIX KOMITO3HUIIUH.

Ileab pa0oThl: pazpaboTka croOCOOOB YIpaBiICHUS MPOIECCAMU TEPMHUUYECKOU
NOPHU3aLNH JKUIKOCTEKOIBHBIX KOMIIO3MIIUN ISl TOJYYEHUS TEIIOM30ISAIHOHHBIX
MaTepHuajoB ¢ 3aJaHHBIMU CBOKWCTBaMU.

JInst nOCTHMKEHUS e PELIAIUCh CIEAYIOIINE 3aJa4uu:

1. KOMIUIEKCHOE HCCIEAOBAHUE CBOWCTB CHIPHEBBIX MATEPHAIOB C IIEJIbIO BHIOOpA
KPUTEPUEB OLIEHKM KayeCcTBa W MPUTOJHOCTH CBIPbA IS ITOJIYyYEHUS
TEPMONEHOCUIIMKATHBIX MAaTEPUAIIOB;



UCCIEOBaHNE  (PUBHKO-XUMHUYECKUX  MPOIECCOB,  MPOTEKAIOMUX  TPH
TEPMUUYECKON MOPU3AIUHU KUJTKOCTEKOIHHBIX KOMIO3UIIHIM;

BBIOOpD KOMIIOHEHTHOT'O COCTaBa C y4E€TOM OCOOEHHOCTEM 3KCIUTyaTallMOHHBIX
XapaKTePUCTUK TEPMOTIEHOCUIUKATHBIX MAaTEPUAJIOB;

. pa3paboTKa TEXHOJIOTMM W TMPAKTUYECKUX PEKOMEHJAIUMN IO YNpPaBICHUIO
poLecCaMy MOPHU3ALUHN KUAKOCTEKOIbHBIX KOMIO3UIIUH.

HayuyHas HOBHU3HA

VYCTaHOBIIEHO, YTO HAHOJUCIIEPCHAsl CHUCTEMa KHUIKOrO CTEKJa SIBJISETCS
HEYCTOWYMBON M pa3pyllaeTcs TpH BO3JCUCTBHM XUMUYECKUX J100aBOK
(pacTBOpOB coOJ€il M OCHOBAaHUM JBYX- W TPEXBAJICHTHBIX METAJJIOB) B
pe3ynbTaTe TPOTEKaHWS peaknuii oOMeHa U rejeo0pa3oBaHus, WIA TIpH
BBCJICHNH WHEPTHBIX MUHEPAIBHBIX JT00ABOK B pE3yJbTaTe aiCOPOIIMOHHOTO
CBSI3BIBAaHUSI CBOOOTHOM BOJIBI B COCTABE KUIKOTO CTEKJIA. XUMHUYECKUE TOOABKU
BBOJATCS B KojumuecTBe 2-4% (Mac.) OT CTEXMOMETPUUECKH HEOOXOJIUMOro IO
peakiuu oomMeHa.

YCTaHOBIEHO, 4YTO B3aUMOJECHUCTBHE CUJIMKAaTa HATpusi C PpPacTBOpaMu
XUMUYECKUX J100aBOK B KojudectBax Oosee 4% (mac.), NOPHUBOIUT K
pa3pyLICHUIO CTPYKTYpPhl JKUIKOTO CTEKJIa W CHIDKCHHMIO MOPHU3ALMOHHOM
crocoOHocTH  cMmecH. [l coxpaHeHuss MOPHU3ALMOHHOM  CIOCOOHOCTH
XUMUYECKHEe N00aBKM HEOOXOJMMO BBOJUTH B BHUJE CYXHX, TOHKOJHMCIIEPCHBIX
MOPOIIIKOB, YTO Pe3Ko 3ameisieT Au¢dy3MOHHBIE TPOLECCHl MOHHOTO OOMEHa
MEXKIy pEearupyroumMd KOMIIOHEHTAMHU CMECH M YBEIMYMBAET BpeMs
JOCTUKEHUS PABHOBECHOT'O COCTOSIHUSI.

VYCTaHOBIIEHO, YTO TMpU B3aUMOJACHCTBUM CUJIMKaTa HATPUSl C  COJSIMU
IEJI0YHO3EMENBHBIX METAJJIOB CKOPOCTh MPOTEKAHUS MPSMOM peakiuu oOMeHa
MOXHO 3HAYUTEIHbHO YMEHBIIUTh, B COOTBETCTBUM ¢ mpuHuunom Jle-Illarenbe,
BBEJCHUEM B KHUIKOE CTEKJIO XMMHUYECKOW J100aBKH, COJAEpKAIed MPOIYyKT
naHHoOM oOMeHHON peakuuu. Ilpum wucnonb3oBanum nopomka comu CaCl,
He00Xxo Mo BBOUTH 100aBKy cMmecH coneit CaCl, u NaCl B cootHomenuu 1:9 -
9:1.

VYcTaHOBIEHO, YTO TMPOLIECC TEPMUYECKOW TMOPU3ALUU  KUJIKOCTEKOJIbHBIX
KOMITO3UILIMM  XapaKTepU3yeTcss JBYMs 3HAUYCHHSIMHU KaXylIeWcss »Hepruu
aktuBanmu. B muTepBane temmepatyp 100-120°C , E,=15-30 k/[»/Monb, 4TO
COOTBETCTBYET 3HEPTUHU pa3pbiBa BOJOPOIHBIX CBA3EH, a pu Temneparypax 120-
400 °C, E,= 40-100 x/[x/mMonb, rae mpeoOiagaroliuM SBISICTCS MEXaHU3M
BSI3KOTO TCUCHUSI.

BBenenue n00aBKM Cyxoil cMeCH COJIed WIEJOYHBIX U IEIOYHO3EMEIbHBIX
METAJVIOB CIOCOOCTBYET Pa3BUTHIO MPU TEPMHUYECKOW TOPU3AIUU SKUIKOTO
CTEKJIa MPOIECCOB 00pa30BaHUs TBEP/AbIX PACTBOPOB 3aMENICHUS U COBMECTHOMU
KpUCTAITU3AIUN 00pa3yIolIUXCs CUJIMKATOB MIEJIOYHO3EMEIbHBIX METANIOB U
HCXOJIHBIX COJIEM MO OOIIMM MEXAaTOMHBIM IJIOCKOCTSM. [loBbIlIeHHE CTEneHU
KPUCTATMYHOCTH  MEXKIOPOBBIX TMEPETOPOJIOK TMPUBOJUT K  YBEIUUYCHUIO
MPOYHOCTH MOPUCTON CTPYKTYphl B 1,5-2 paza v yBEIWYEHUIO BOJOCTOMKOCTU
170631 () 0505 8




IIpakTHyecKas EHHOCTh PadoThI

Pa3paboTanbl cocTaBbl M METOJbl YNpAaBIEHUSA TMpolleccaMd MOpU3alUuu
KHUJKOCTEKOJIBHBIX KOMITO3HUIIUM. [Ipumenenue pe3yJIbTaToOB Hay4HO-
HCCJIEeI0BATENbCKON paboThI MO3BOJISIET MO0JIy4aTh BOJIOCTOMKHE
TEPMOIICHOCHINKATHBIE H3ENHS C IUIOTHOCTBIO 150-250 kr/M° 1 mpounoctsio 0,3-1,3
MIla.

Pa3paboTanbl Ba BapuaHTa TEXHOJOTHUHU IMOJYYEHUS TEPMONEHOCUIUKATHBIX
U3JIEeNNN, BKJIIOYAIOIIME  MEXAaHWYECKYI0 U JKUJIKOCTHYIO  TPaHyJIALMIO
AKUJKOCTEKOJIbHBIX KOMITO3UIMKA. OO00pyAOBaHUE UCIIONIB3YETCA CTAHJAPTHOE C HUZKOM
MaTepUaAIOEMKOCTBIO, @ TEXHOJIOTUYECKHE MTPOLIECCHI HEMIPEPBIBHBI U XapaKTEPU3YIOTCS
MAaJIOW SHEPTOEMKOCTBIO.

[To npennoxxeHHbIM TexHOJMOTHYEeCKUM cxeMaM 3A0 «bazanbTomiacTuk» ObLIN
BBIMYIIIEHBI MPOOHBIE MAPTUU TEIUIOM3OJSIITIOHHOTO MaTepHalia, 4TO MOATBEPKIACTCS
aKTOM O BHEJPCHUM.

Anpobanus padoThl

OCHOBHBIE MOJIOKEHUS U PE3YJIbTAThl JUCCEPTALIMOHHON paOOThl TOKJIAIBIBAIIUCH
u o0cyxnanuck Ha X 1 XII MexnyHapoIHOM HayYHOM CUMIIO3MyM€ UMEHH aKaJeMHUKa
M.A. YcoBa «IlIpobrnemsl reosorun u ocBoenust Heap» (Tomck 2005, 2007); 1V, VI -
VIII Bcepoccuiickoit HaydHO-TIpakTUYeCKor KoHbpepeHInn «TeXHuKa W TEXHOJOTHS
IPOU3BOJICTBA TEIUIOM3OJSIIMOHHBIX MAaTEPUATIOB U3 MUHEPAIBLHOTO ChIpbs» (T. buiick
2004, 2006- 2008); XII MexayHapoaHOW Hay4YHO-IIPAKTUYECKON KOH(pepeHun
CTyI€HTOB U MOJIOJbIX Yy4eHbIX «COBpeMEHHas TEeXHHKa W TexHosuorum» (Tomck
2006r.); IV  MexnyHapoaHoil Hay4yHoOW KOH(pepeHIMH «XUMHS, XUMUYECKas
TEXHOJIOTUSA U OMOTEXHOJIOTHUS Ha pyOexe Thicsuenetnin» (Tomck 2006 r);

Ha 3a1mTy BHIHOCATCH:

1. Mertonbl yrpaBieHus TPOLECCAMU TEPMUYECKON MOPU3ALNU KUJKOCTEKOJIBbHBIX
KOMITO3UIIMA U OICHKU €€ I(P(EKTUBHOCTH C MOMOIIBI0 OOBEMHBIX (Da30BBIX
XapaKTEPUCTHUK.

2. Mexanu3m 1mporecca TMOPHU3AlMM  JKUJKOTO CTEKJIAa M KUJKOCTEKOJIBHBIX
KOMITO3UIIUNA C J0OaBKaMU MUHEpaIbHBIX HAIMOJIHUTEIEH U CyXOW CMECHU CoJiel
HIEJIOYHBIX U IIETOYHO3EMENIbHBIX METAJIJIOB.

3. 3akoHOMEpHOCTH  (POPMHUPOBAHUS  MPOUYHBIX  MEXKIOPOBBIX  MEPErOPOAOK
TEPMOIIEHOCUIIMKATOB B IMPOLECCE TEPMUYECKOW MOPU3ALMH KUJIKOCTEKOIbHBIX
KOMITO3ULMH.

4. CocTtaBpl W TEXHOJOTUM W3TOTOBJIEHUS TEPMONEHOCUIUKATHBIX W3JIETUN
MOBBIIEHHON MMPOYHOCTH M BOJOCTOMKOCTH.

JINYHBINA BKJIAX

ABTOp y4acTBOBaja B pa3pabOTKe 3aqad MCCIEAOBaHUs, BEIOOpPE HANpPABICHUS U
METOJIOB HccienoBanus. CaMocTosITensHO 00pabaThiBasl IKCIIEPUMEHTATbHbBIC TaHHBIE.
OOOCHOBBIBAZT OCHOBHBIE TIOJOKEHHSI TUCCEPTAITMOHHONW pPabOThI U (HOPMYITUPOBAI
BbIBOJIbI. bosiee 90% paOoThl BBIMIOJIHEHO UCCEPTAHTOM JIMYHO.

IIyoaukanuu _nmo padore: 1O MarepualaMm JUCCEPTALMOHHOM paboThl
onyonukoBaHo 10 pa®oT B cOOpHUMKaxX TE3MCOB M JOKIANOB, TPyAaX M Marepuanax
Bceepoccuiickux u MexayHapoIHbIX KOH(pEpeHIusX, B TOM uucie 1 crarbs B
pELEeH3upPYEMOM XKypHalie, noaaHa | 3asBka Ha [latenT PO.




CTpyKTYpa H 00bE€M AUCCEPTANMOHHOI PA0OTHI.

PaGora cocroutr u3 BBEIEHMS, YETHIPEX TJIaB, OCHOBHBIX BBIBOJIOB, CITHCKa
nureparypsl u3 118 HaumenoBanuii; conepkut 140 cTpaHuil MaIMHOMUCHOTO TEKCTA U
BKJItOUaeT 44 pucyHka, 13 tabaun u 1 npunoxenue

COAEPKAHUE PABOTBI

Bo_BBejeHMH 000CHOBaHAa aKTYaJbHOCTh HCCIIEIOBAHUSA, IOCTAaBJICHA IIEJb
paboThI, OMpeJeNeHbl 3aJauyd  HWCCIAEAOBAaHWM, TOKa3aHa Hay4yHas HOBHU3HA WU
paKTUYECKasi 3HAYUMMOCTD MTOJYUYEHHBIX PE3YIbTATOB.

B nepBoii _riaaBe (CoBpeMEHHOE COCTOSIHUE W MEPCHEKTUBBI Pa3BUTHUS
TEXHOJIOTUM HEOPTaHUYECKUX TETUIOM30JIAIIMOHHBIX MaTEPUAIOB) MPEACTaBICHBI 0030p
COBPEMEHHOT'O COCTOSIHUS OTPACIN HEOPTAHUYECKUX TEIJIOM3OJIAIMOHHBIX MAaTEPUAIIOB
(TUM), onieHEHBI MEPCIEKTUBBI IPUMEHEHUS KUAKOCTEKOJIbHbIX KoMmmozuuuii (JKCK)
st nonydenuss TUM. Jlansl oOlue TEOpeTUYECKHUE MPEACTABICHHUS] OTHOCUTEIBHO
CTPYKTYpPbl JKHUJKOTO CTEKJIa M TIPOLECCOB (HOPMUPOBAHUSI TOPUCTOU CTPYKTYPhI
MaTepualioB Ha ero ocHoBe. [loctaBneHsl menu u 3agaud pabotel. B obOnactu
WCCIIEIOBAHUM CTPYKTYPHBI )KUIKOTO CTEKJIa U MPUKIAJAHBIX ACTIEKTOB €r0 MPUMEHEHUS
U3BECTHO OOJIBIIOE KOIMYECTBO padoT kak oTeyecTBeHHBIX (I'puropnes I1.H., MaTBees
M.A., Kopuee B.U., CerueB M.M., Mansasckuii H.W., I'opnos 10.I1., Ko3zuk B.B.), Tak
u 3apyOexHbix (Aiiep u Jap.) U MHOTMX JPYTMX Yy4YeHbIX. TeM He MeHee, M0
HACTOSIIIIETO BPEMEHU HE BBISBJICHBI MEXAHW3MbI M 3aKOHOMEPHOCTU (POPMUPOBAHUS
MPOYHBIX MEXKIIOPOBBIX Meperoponok npu Tepmuyecko mnopuzauuu KCK,
o0ecreynBaroIne CTaduILHOCTh 3TOTO Mpoliecca.

Bo BTOpoii riaase (XapakTepucTUKa CbIPHEBBIX MarepuaioB. Meroasl u
METOJMKHN HCCIICIOBAHMS) MPUBOJATCS JIaHHBIE O MPUMEHSIEMBIX B paboTe MeToAaxX u
METOJIMKAX HCCIIEIOBAHUM MCXOJ/IHBIX MaTepuaaoB u MOJTYYEHHBIX
tepMonienocunukaTHeiX (TIIC) maTepuanos, a TakXe JlaHa XapaKTePUCTHKA UCXOAHBIX
Matepuanos. [IpuBenena u 000cHOBaHa CTPYKTYPHO-METOA0JIOTHYECKas cXeMa pabOThI.

B pabGore wucnons3zoBasiock kuakoe crekiao, no ['OCT 13078-81 s
CTPOUTENBCTBA CO CHEAYIOIIUMHU XapakKTepPUCTUKaMHU: TIOTHOCTH 1500 KI/M,
Bojgocoaepxkanue 55% (Mac.), CIIMKaTHBI MOTYJIb 3.

B kaudecTtBe MUHEpaIbHBIX J100aBOK B JAHHOU pabOTE MCIOIb30BAIUCH MOJIOTHIC
(menee 200 MKM) TOpHBIE MOPOJbI U TEXHOTEHHBIE MPOAYKTHI: TMECOK KBAPIEBHIN
(aHTOHOBCKHI KBapuut), n3BecTHsIK Kamenckoro mecropoxaenus (Tomckas o6macts)
U JIOJIOMUTU3UPOBAHHBIA W3BECTHSK T. KpacHospck, Oypwlil skene3Hsk bakdapckoro
mectopoxkaenust (Tomckass o001acTh), BCIIYYEHHBIM TMEpPIUT, MaJlaXxUT, MarHuu
YIJIEKUCIIBI OCHOBHOM, MarHe3uajabHas U KaJlblUEBAasl U3BECTh B AKTUBHOM U TallICHOM
COCTOSIHUU, TUAPOKCHU AIFOMUHMUS, 0a3a7IbTOBASI YCIIIYSI.

Conu menoYHbIX METAUIOB, ucmonb3oBanHble B padote: NaCl, K,CO;, Na,COs;,
KNO;, NaNO;, K,SO,, Na,SO,, NaHCO;. B pabote ucnonb30BaiUCh TEXHUYECKHE,
YUCTHIE U XUMUYECKHU YHCTHIC BEIIECTBA.

Conu ABYyX M TPEXBAJICHTHBIX METAJUIOB, UCIOJIb30BAaHHBIE B pabOTE B KauecTBa
nob6asok: CaCl,, CaSO,, MgCl,, MgSO,, AICIl;. B ocHoBaHHO# Macce HcCClIeI0BaHUI
UCIIOJIb30BAIMNCh TEXHUYECKHUE MPOTYKTHI.




[Ipu uccnenoBaHuM CBOMCTB CBHIPHEBBIX MATEPUATIOB U MOJYYEHHBIX 00pa3IoB
npuMeHsin  peHTreHodaszoseiii  ananu3 (JAPOH-3M), KOMIUIEKCHBIM TepMUYECKUN
anamuz  (SDT Q600), »ieKkTpoHHYIO (Siemens SEM 515) u onTuyeckyro
MUKpocKonuto, uH@pakpacuyto crnekrpockonuio (TERMO Nicolet 5700) u npouue
CTaHJAPTHBIE METO/bI AHAJIN3A.

OpurvHanbHas METOJMKA OIpPEAENICHUsS BOJOCTOMKOCTH MOJYyYEHHBIX 00pa3IoB
THM, 3akirogaeTcsi B ClIeIyIONMEeM: 00pa3iibl MaTepraia oMHaKoBOU mioTHocTH (150-
200+20 kr/™M’) u 0OGbEMa OJHOBPEMEHHO IIOMEIIAIOTCS B EMKOCTH C BOZOIM.
Bonocroiikocth, B CyTKax oOINpelnensieTcss MO0 pa3pylIeHUuI0 MaTepuana Wiu
3HAYUTEIBHOMY CHUKEHUIO IPOYHOCTH.

B _Ttperbeii _riaaBe (Duzuko-xuMmMuUeckue MpOIECCh Mpu  (HOPMHPOBAHUU
MOPUCTOM CTPYKTYphl TEIJIOM3OJIALIMOHHBIX MATEpUAJIOB M3 KUAKOTLO CTEKJa)
NPUBEIAEHBl PE3YyJbTaThl HUCCIENOBAaHUA MPOLECCOB (OPMUPOBAHUS IMOPUCTOU
CTPYKTYpbl MATEpPHAIIOB M3 YUCTOrO JXHUAKOro cTekjaa. OTpaxkeHbl  MPOUECCHI,
MpOTEKAOUME TMpU TepMUYEecKol o0paboTke xkuakoro crekya. [IpeacraBieHsl
OCOOEHHOCTH TMPOLIECCOB  XOJIOAHOW U  TepMUYECKOM mnopuzanuu. OTaenbHO
HCCIIEJIOBAHO BIIMSTHUE TEXHOJOTHMYECKUX IMapaMeTPOB KUIKOCTHOW TpaHyISIMUA Ha
CTpYKTypooOpa3oBaHue u cBoiictBa TepmoneHocmnkaTHeix (TTIC) maTepuaios.

IIpoueccol, mnpoucxoasiiMe IMPH HATPEBAHUU KHUAKOro crekiaa. Ilpu
YMEpPEHHOM HarpeBaHUM HATPUEBOE IKUJKOE CTEKJIO [0 MEpe NOTEPU BIaru
YBEJIMYMBAET BSI3KOCTh W 3aTBEPJICBACT MPU CHIKEHUU coaepkaHusi Boabl 10 20-30%
(mac.) Husa ucnonwszyemoro xuakoro crekina [ITA u TI'A kpuBble nmpeAcTaBiI€HbI Ha

_ YBEJIUYCHHH  MacChl HABECKH  CKOPOCTh
e mporpeBa mMaTepuajia TMaaaeT, U TeMIEPaTyphl
' addexroB cmemarores (113°C u 155°C).
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Teamperyya 1) paccMaTpUBAEMbIX IMPOLIECCOB SABISETCS TEMII

Puc. 1. KommiekcHas tepMorpamma HarpeBaHus. Eciam  naBieHuE HACBIILIEHHOTO

KCEpOreJrd HaTpUCBOro KUAKOTO napa B INIyOMHHBIX CJIOSIX OKa3bIBA€TCS BBILIE

CTCKIa aTMOC(epHOr0 JaBJI€HUSA, TO MPOUCXOIUT

BCIlyYMBaHuEe Marepuana. TakuM o0pa3oM, IJIaBHOM ABMKYIIeH CHJIOH Ipouecca
TEPMUYECKON MOPHU3ALUM KUAKOCTEKOJIbHBIX KOMIIO3HMUMH ABJIAETCH NOBbILLIEHHE
JAaBJICHUS APOB BOAbI NPU NOBbIIEeHUU TeMniepaTypbl BHYTpH KCK.

Jns ompeneseHUss ONTHMAIBHBIX NapamMeTPOB TEXHOJIOTMYECKOTO IpoLecca
NOJIyYeHHUs]  TEPMONEHOCHJIMKATHBIX  MaTepuajoB  HEOOXOJUMO  HCIOJIb30BaTh
METOAUKH, TMO3BOJISIONINE KOHTPOJIUPOBATH 00BEMHBIN (Da30BBI COCTAB MOPU3YEMOI
CUCTEMBl B HAa4yaJbHOM, TEKYIIEM M KOHEYHOM COCTOSIHUM. B OCHOBE 3THX METOIMK
JEKUT 3aKOH TIOCTOSIHCTBA O00BEMHOr0 (pa30BOr0  COCTaBa, (POPMYJIHPYEMBIi
CJIeIyIOIUM 00pa3oM: HE3aBUCHMO OT BHUAA JUCHEPCHOW CUCTEMbI WJIH CTPYKTYPBI,

BHUaa U BCINYHUHBI SHCPIrCTHICCKOTO BOBHGﬁCTBHH, B J1I000H MOMEHT BpPCMCHH CyMMa
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OOBEMHBIX JIOJIEH TBEPIOH, XKUAKOW M Ta3000pa3Hoil (a3 cucTeMbl €cTh BEIMYMHA
MOCTOSIHHAS U paBHA €IMHUILIC.

B marematnueckom Buze, s npouecca nopusaunu JKCK, 3aKoH 3anuceiBaeTcs
CIEAYIOIIMM 00pa3oMm:

KTH+K)KH = KTi+KH(i+KFi:' = KTK+KFK:1 s (1)

rae K, Ky, K. — o0beMHoe conep:kanue TBEpAOH, KUAKON U razoo0pa3Hoi da3 B
CUCTEME Ha COOTBETCTBYIOIIEH TEXHOJIOTHUECKON CTAIUN.

Ha ocHoBe 3TOro 3akoHa MOXHO IMOJYYHUTh NapaMerp (n), XapakTepus3yrolun
WHTEHCUBHOCTBH TMPOIIECCOB CTPYKTYpOOOpa3oBaHUs B JAMHAMUYHBIX cucTteMax. OH
MOKA3bIBA€T OTHOCHUTEIHOE W3MEHEHHE COOTHOIICHUS OOBEMHOW KOHIICHTpAIlUU
TBepAOi (pa3pl U CBOOOJHOTO TMOPOBOTO MPOCTPAHCTBA, MPHU TMEPEXO0JE TUCIEPCHOU
CHUCTEMBI U3 OJHOTO COCTOSIHHS B APYTroO€, MOJ BIUSHUEM BHEIIHETO YHEPIETUUECKOTO
BO3JICUCTBUS (XMMHUYECKOT0, MEXaHUYECKOr0 WM TEIUIOBOro.) BennunHy n MOXKHO
ONPEAETUTh U3 COOTHOLICHHS:

1RIT{2 :”1[{1? » (@)
T2 Tl

rae K, K, — oObemHass nonig TBepAod (a3bl B Hayaje M KOHIE MOpHU3aLUU
CHCTEMBI.

Ecnu B cucremMe He NMPOUCXOAUT HUKAKMX HM3MEHEHHM, TO h=1. YMeHblIEHUE
o0beMa CUCTEMBI XapakTepuszyeTcs n>1, a npu ee ypenuueHuu (nopusamus) n<l. Eciu
HOPMHUPOBATh U3MEHEHHUE MapameTpa n B mpeaenax (0-1), To npu mopusaiuu CTENeHb
NEPECTPONKU CTPYKTYPHI (0,) MaTeprasa MOKHO ONPEEIUTh 0 COOTHOIICHUIO:

o, =27y, 3)
1/n,

rae 1/n; - BcmyunBaeMoCTh MaTepualia B MPOIECCe UM B KOHIIE BO3JICHCTBUS Ha
mucriepcHyto cucremy; 1/m=V,/V, (V, u V| — 00beM cucTeMbl KOHEYHOM U Ha4aJIbHOM
COCTOSIHHSIX, M°)

W3 nocneaHeit 3aBUCUMOCTH BUHO, YTO Y€M OOJIBIIMM 3HAYECHUEM TapaMeTpa oy,
XapaKTEPU3YETCA NEPEeXO0] CHUCTEMbl M3 HAYAIBHOTO COCTOSHUS B KOHEYHOE, TEM
WHTEHCUBHEE NPOTEKAIOT MPOLECCHl MOPHU3ALMU JTAHHOM CHUCTEMBI U IIEPECTPOUKH
CTPYKTYpbl MaTepuana. ITOT MapaMeTp MOKHO HCIOJIb30BaTh B KAYECTBE 3aBUCHUMOM
MEPEMEHHON B KMHETUYECKHUX HccienoBaHusix. Kpome toro, uz atux ¢opmyin cienyer
BAXKHBIM TEXHOJIOTUYECKHUM BBIBOJI: YEM BbIllIe OObEMHAsi KOHIEHTpALUs TBEpI0H (a3l
B UCXOJIHOM Marepuae, TEM HHTEHCUBHEE TPOUCXOAUT MTPOLECC MOPU3ALUU.

Bropoii BaxknHOUW mpeanoceuiko s nonydyeHus TIIC ¢ onTuManbHbIMA
XapaKTepUCTUKAMU, SIBISETCS COOJIIOJIEHWE TMPUHIIMIIA COOTBETCTBUS CKOPOCTH
MPOTEKAHUS (PUBHKO-XUMUYECKUX TPOIIECCOB BBIJICIICHUSI W UCIAPEHUs] BJIaTd U
CKOpOCTU (hOPMUPOBAHMS HOBOW CTPYKTYphI MaTepuaia (opu3aius).

OueHka mnponecca IMOpU3alMU KUJKOTO CTEKJIa MPOBOJAMIIACH C MOMOILBIO
KMHETUYECKHUX HCCIIEIOBAHUN. VICIIOnb3ys B KaUe€CTBE 3aBUCUMON MEPEMEHHOM CTEIECHb
NEPECTPOUKU CTPYKTYPBI O, MOXKHO MPOBOAUTH CPABHUTEIBHBIA aHAIN3 PaA3JIMYHBIX
coctaBoB JXCK, paccuntath KOHCTaHThl CKOPOCTEH M SHEPrUil aKTHUBAIIUU MPOLIECCOB
MIOPHU3aLMH, C YYETOM HAYaJIbHOTO U KOHEYHOT'O COCTOSIHUSI CUCTEMBI.

Kunernky mnopumzamun JXCK wuccnepoBanmu ¢ momompbio mpubopa [lumia,
MOJU(MUITIPOBAHHOTO 71 pabOThl C TEPMOMNEHOCWIMKATHBIMU MaTepuaiaMu. Kuakoe
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CTEKJIO C TIOMOLIBIO IIINPHUIA PA3IUBAIU MO IUIACTUKOBBIM KIOBETaM LIMUJIMHIPHYECKON
dopmel. Korma o6pazen amamerpom 50 MM W BbicOTOM 2-3 MM mpuoOperan
JOCTaTOYHYIO IPOYHOCTh U TBEPAOCTb B PE3YJILTATE CYILIKH, €r0 U3BJIEKAIH U3 KIOBETHI
U onpeaessuid HadanbHble mapaMmeTpsl (K., Ki).

[Topuzanus o0pa3loB NPOBOAWIOCH CIEIYIOUUM 00pa3oM: B Ja0OpPaTOPHYIO
MIAXTHYIO MeYb MOMEIANU THIIb3Yy MPUOopa ¢ U3BMEPUTETHHBIM IITOKOM, IIeYb U MIPUOOp
HarpeBajIu JI0 3aJaHHOM TemrepaTypsl mpoiecca (200, 250, 300, 350, 400 u 450°C).
3areM B ropsuyyio Twib3y HNOMELIAIHM AUCKOOOpa3HbI oOpasen (WK OIpeneseHHOe
KOJIMYECTBO TPaHyJ) U OTMEYAIH CKOPOCTh MOIHSATHUS HU3MEPUTEIBHOIO IITOKA IO
MUJUIUMETPOBOM 1iKane. TeMnepaTypHoe 1oJie CTadUIN3UPOBAIOCh uepe3 2-3 MHUH OT
Hayaja SKCIEPUMEHTA, TOrJa KaK BECh Mpolecc nopusannu 3anumai ot 10 go 20 muH.
['panynel u 0O0pa3mpl B KaXAOW CEPUH HKCIHEPUMEHTOB CTapajiCch TOTOBUTH B
OJIMHAKOBBIX yCJIOBUsX. Ha OCHOBE MOJYyYEHHBIX [aHHBIX PACCUUTHIBAIU 3HAYCHUS
nmapameTpoB: K, I1;, n;, 1 o;.

AHaJIN3 TOJYYEHHBIX IKCIEPUMEHTAIbHBIX JIaHHBIX MO3BOJIUI BBISIBUTH OOIIIME
3aKOHOMEPHOCTH MPOLECCOB MOPU3ALIMH.

[Ipouiecc mopu3anuu COCTOUT K3 TPEX OCHOBHBIX 3TallOB, UIMTEIBHOCTh WU
XapakTep MPOTEKAHUS KOTOPBIX 3aBUCUT OT BHUJIA M KOJIMYECTBA COJEPKAIIECICS BIaru B
Marepua’re.

— nepBbli 3Tan — nporpeB marepuana o temmeparyp 100-120°C, B stom

WHTEpBAJIE  MCXOJIHBIA  TBEpABIA MaTepuad YacTUYHO [EPEXOJUT B

IICEBJIONUPOIUIACTUYHOE  COCTOSIHUE W HAuyMHaeT JeQopMUpOBaThC €

YBEJIMYECHHEM 00bEMA.

- BTOpOM atan — npu temneparypax 130-150°C npoucxoauT MHTEHCHUBHOE

BbIICJICHHE CBOOOJHOW M aJcOpOLUMOHHOM Biaru, HaOJIOAAETCS] MHTEHCUBHAsS

nopwu3anus matepuania (o, = 0.7-0.8).

— TpeTHil dTan — npu temmeparypax 6osnee 150°C mpoucxoguT yaaneHue

KOHCTUTYLIMOHHOM  BJarv, OKOHYATeJlbHAasi IEpecTpOMKa CTPYKTYypbl U

3aBepIleHrEe MPOTEKAIONIUX PUZUKO-XUMUYECKUX TporieccoB (a,=0,96-0,98).

NntrocTpanus npouecca NopU3alvy KUJIKOro CTEKIIa MpeacTaBieHa Ha puc. 10.

AHanu3upysl MOJTYYCHHbIC JTAaHHBIE U MAKPOCTPYKTYPY MHOJYYEHHBIX OOpa3lioB,
MOHO CJIeiaTh BBIBOJ, YTO NP (HOPMUPOBAHUM CTPYKTYPHI U3JIEIUS C MAaKCUMaIbHOMN
OJIHOPOJHOCTBIO CTPYKTYpbhl HAMOOJBIIMI BKJaJ BHOCUT KOHCTHTYLIMOHHAs BOJA,
KOTOpasi HAYMHAET yAAISAThCA NpU Temreparypax Beime 150°C, Torga kak ynajieHHe
n30bITKA aJICOPOIMOHHON BJard Ha HAYAJIbHBIX CTAAUSAX MPUBOAUT K OOpa30BaHUIO
KpPYITHBIX CKBO3HBIX IOp M KaHanoB B marepuane. [loatomy ucxomnas KCK momxna
coJiep>KaTh MUHUMAIbHOE KOJIMYECTBO CBOOOHOM U aICOPOIIMOHHOM BOJIBI.

YMEHBIIUTD BIUSHAE CBOOOIHOM BO/BI MOXKHO CJIEIYIOIIMMHU CIIOCOOAMU:

- IpPSMOM TEIUIOBOM CYIIKOW W IIPEBPAIICHUEM JKUAKOIO CTEKJIA B

KCEpOTelb;

— JKUJKOCTHOU TPAaHYJSIMEW pPacTBOPUMOIO CHIJIMKATA B pacTBOpax

XJIOPUIOB KajblUs, aTIOMUHHUS, MarHus WJIA HMX cMeced (C Mocieayrolen

CYILKOK);

— BBEJICHUEM B KHUJKOE CTEKJIO MUHEPAJIbHBIX HAINOJHUTENEH (yBelnyeHue

K;) wumm xumudeckux J100aBOK, BBI3BIBAIOIIMX  pa3BUTUE  IIpoliecca
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rejieoOpa3oBaHuss M MPEBpallleHUs] KUIKOOOpa3HONW HCXOJHOM CcMecH B
TBEpI0OOpa3HYI0,  KOTOPYIO  MOXHO  TpaHyJIUMpoBaTh  Ha  IIHEKOBBIX
IpaHyJIATOpax.

HccaenoBanue BJIUSAAHUS TEXHOJOTHYECKHX TMAPaAMETPOB KHUIAKOCTHOM
rPaHy/JsIlUM HA TMOPHM3ANMI0 TPaHyJ, CTPYKTYypooOpa3oBaHME M CBOMCTBa
TEPMOTIEHOCUIIMKATHBIX MaTepHalioB  MPOBOAWIOCH B  CIEAYIOLIEH  cepuu
HKCIIEPUMEHTOB.

KunkocTtHass TpaHyIANMs OCYIIECTBISETCS CIEAYIONIMM 00pa3oM: Karuiu
KHUJKOTO CTEKJa, MpOIIEAIe udepe3 (uibepy, MOMaJaloT B BaHHY C PacTBOPOM
XJIOpHAa Kanblus (IiotHocTbio 1200-1400 kr/M’), Te BBIICPKUBAIOTCS B TEUCHHUE
onpenesneHHoro BpemeHu (o 20 muH). Ilomywatrorcst rpanynsl pazMepoM 3-5 M,
COJICpKAIllUE€ BHYTPU HCXOJHYIO JKHJIKOCTEKOJbHYIO KOMIO3UIIMIO. YIPOUHEHHE
MOBEPXHOCTH TPAHYJIbBI MPOUCXOJIUT B PE3yjibTaTe MPOTEKAHUST OOMEHHBIX pEaKIUil
MEXKy CUJIIMKATOM HATPUsI U pACTBOPOM XJIOpHUJIa KaJbIs, [0 CIAEAYIONIEH cXeme:

Na,0-3S10,-nH,0 + CaCl, = Ca0O-S10,-mH,0+2Si(OH),+2NaCl (4)

OOpasyronyecss B MOBEPXHOCTHOM CJIO€ B pe3yJbTaTe 3TOr0 B3aUMOJIECHCTBUSA
TUAPOCWIMKATBl KaJIbI[Usl M Telb KPEMHEBOW KHUCIOTHI (OpMUPYIOT OBICTPO
YIPOYHSIOLIYIOCS BO BpEMEHHU 000JI0UKY.

bbui TIpOBENEHbl CEpUU IKCIEPUMEHTOB C BapbHUPOBAHUEM IUIOTHOCTH U
TEeMIIepaTyphbl PaCTBOPA XJIOPUCTOTO KaJIbIUs, BPEMEHH BBIICPKKU T'PaHyJ B pacTBOPE,
TEeMIEPATYpPbl NOPHU3ALNUH U HAYAJIbHOW BIAXKHOCTH KHIKOCTEKOJIBHOrO Oucepa.

OO0paboTKy TMOTYYEHHBIX AKCIEPUMEHTAIBHBIX JTaHHBIX MPOBOJUIN COTJIACHO
M0JIX0JIaM TPUBEJICHHBIM BhIIIE. ['padMku MOTYyUYEHHBIX 3aBUCHUMOCTEH MPECTaBICHBI
Ha pUCyHKax 2 u 3.

8aBucumoCTs K OT TemnepaTypel nopusaluy
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T T ! HauanbHas aGconoTHas BnaxHocTs Gucepa, %

Bpems, MuH
Puc. 3. 3aBuUcUMOCTb CTENIEHU NEPECTPONKU

CTPYKTYPBI OT Ha4aJIbHOH BJIQYKHOCTH
JKUJIKOCTEKOJIBLHOTO Orcepa

N3 puc. 2, orpaxaromiero 3aBUCUMOCTh K., OT Temmeparypsl mpolecca
NopU3aIii, BUHO, YTO HAUOONBIIUNA KOIPPUIMEHT BCIOYUYMBAHMS JOCTUTAETCS MPU
temriepatype 350°C. JlanHblil rpaduk MOATBEpKIaeT BIUSHUE CKOPOCTH HarpeBa Ha
MOPU3YEMOCTh JKUJIKOTO CTeKJIa. YeM BhIIIe CKOPOCTh MPOTPEBa MACCHBA, TEM ObICTpEe
MIPOUCXOIUT YBEIMUYeHUE 00beMa 1 O0Jiee MOJIHO yAAIIeTCS BO/Ia, HO MPU JOCTHKEHUN
KPUTHUYECKUX 3HAYEHUI CKOPOCTH HArpeBa 4acTh BOJIbI YyAAISETCS U3 CTPYKTYPHI IO
CKBO3HBIM KaHajaM, 4YTO MPUBOJUT K YBEJIWYEHUIO IUIOTHOCTH TMOPU30BAHHOIO
Marepuana (temneparypsl 400 u 450°C).

Puc. 2. 3aBucumocts Kyepyy OT
TEMIIEPATYPBI IOpU3ALUU
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W3meHeHue 3aBUCHUMOCTM TMapaMeTrpa O OT HauyaJbHOM BIIAXKHOCTH Oucepa,
[IPEICTAaBICHHOE Ha PUC. 3 MOATBEPKIAET TEOPETUUYECKHE BBIBOJBI: 4eM Bhlle K; B
NEepPBOHAYAJILHOM COCTOSIHUU (MEHbLIEE BIarocojepkanue), TeM 3(pQexTuBHEe HIET
MIPOLIECC EPECTPOUKHU CTPYKTYPHL.

Pe3ynbraTomM NpOBEIEHHBIX UCCIEIOBAHUM SBIIIFOTCS OCHOBHBIE ITApaMETPBI, IS
TEXHOJIOTUH, BKIIIOYAIOIIEH JKUJIKOCTHYIO TPAaHYJSLUIO: IUIOTHOCTh  pacTBOpa
xnopucroro kambims 1300-1350 kr/m’, Temmeparypa pactBopa 15-30°C, Bpems
BBIICP)KKH TpaHylnl B pactBope 10-15 mMuH, HavampHas aOCOMIOTHAs BIAXHOCTh
KUAKOCTEKONbHOTO Omcepa 25-30%, temmeparypa mopusamuu 330-450°C u Bpems
nopuzauuu 60-90 MUH IIPU TOJIMHE U3AEIHS S CM.

B yerBepToii raase (IIpoueccsl popMupoBaHusi CTPYKTYpbl TEIIOU3OJISLIMOHHBIX
MaTepuajJoB Ha OCHOBE JKHUJKOCTEKOJBHBIX KOMIIO3MIIMA W TEXHOJOTMU UX
U3rOTOBJIEHUS) PACCMOTPEHBI BOIPOCHI BIMSIHHMS BBOAMMBIX J100aBOK Ha IPOLECCHI
(dopmupoBanus ctpykrypsl TIIC marepuaios.

B mepBoil 4WacTH HCCIENOBaHBlI IMPOLECCHI, IPOTEKAKOME IIPU TEPMHUYECKOU
00paboTKe MCIONBb3yeMbIX H00aBOK. OTpak€Hbl BOTPOCHI B3aMMOJIEHCTBUS T00aBOK C
KUJKAM CTEKJIOM IpH HOPMaJbHBIX M IOBBIIIEHHBIX TeMIiiepaTypax. llpuBenena
KJaccugukanus 100aBOK, UCIIOJIb3YEMbIX Ui BBEJIEHUS B )KHUJKOE cTeks1o. M3yueHo ¢
NPUMEHEHUEM KHHETUYECKUX MCCIEIOBAaHUM BIMSHHE TEXHOJOTMYECKMX JOOAaBOK Ha
(dazoo0OpazoBaHue, CTPyKTypooOpa3oBaHWE UM  CBOMCTBA  TEIJIOU3OISIIUOHHBIX
MaTepHaJIoB.

MHoroo0pa3ie MUHEpPAJIbHBIX HAIOJHUTENEH M XHUMHYECKMX J100aBOK
npenmnonaraer smnupuyeckoe Muorooopasue cocraBop JKCK. Ione3nyto nndopmanuio
0 MEXaHM3ME BIIMSHHUS MUHEPAIbHBIX HAIMOJHUTENEH M XHMHYECKHX J1I00aBOK Ha
ceorictBa JKCK, kak Ha CTaguy TNPUTOTOBJIEHUS, TaK W IpU IOPU3ALUU, MOXKHO
[OJYyYUTh Ha OCHOBE aHanM3a OOBEAMHEHHOIO YypaBHEHMs 1-ro M 2-ro 3aKOHOB
TEPMOJINHAMHUKMU:

AG=PAV+cAs+tuAn+eAq-TAS=AH-TAS, (5)

rie AG — cBoboaHas sHeprusi ['nb6ca, 1Mo BeIMYMHE M 3HAKY KOTOPOM MOKHO
IIPOTHO3UPOBaTh HMHTEHCUBHOCTh W HAIIPABICHUE W3MEHEHUS HSHEPreTUYECKOIo
COCTOSIHUS U CBOMCTB JUCIIEPCHOU CUCTEMBI;

AH — sHTanbNUiHBIA (PAKTOP CUCTEMBI, CJIAralOUNCS U3 YETHIPEX BO3MOKHBIX U
B3aMMOCBSI3aHHBIX SHEPIreTUUYECKUX BO3ACHCTBUI HA CUCTEMY;

TAS — oHTponuiHBIM (aKTOp, XapakTepU3YIOIIUKA HM3MEHEHUE CTElEHU
Oecropsika B UCCIIEyeMOM cucTeMe MPU YHEPTeTUYECKOM BO3JICHCTBUU, B TOM YHCIIE
U TEPMUYECKOM;

OHranenuiinbeiil paktop (AH) n3meHnsieTcs npu nopusaluu 3a CYET COBEpPLICHUS
CUCTEMOM CIIEYIOIINX BUIOB PadoT:

- U3MEHEHUs! 00bEMa CUCTEMBI B ITPOLIECCE UCTIAPEHUS )KUKOCTH;
- o0pa3oBaHMsI HOBOM MOBEPXHOCTH M YBEJIWYEHHS] NOBEPXHOCTHOTO HATSKEHUS

TBEep oM (hassl;

- M3MEHEHHUS XHMMHUYECKOro MOTeHLHanda, (a30BOro0 U KOMIIOHEHTHOTO COCTaBa

CUCTEMBI IIpH IIEPEX0/IE €€ U3 NUPOIUIACTUYHOIO B TBEPIOE COCTOSIHUE;

- paboThl mepeMelIeH s 3aps0B MPHU BI3KO-IUIACTUYHOM TEUEHUHU BEILEeCTBA U

YBEJIMYEHHS] HANPSYKEHHOCTH DJIEKTPUYECKOro Tmosisi npu  (HOpMHUPOBAHUU

Pa3BUTON MOBEPXHOCTU MOPOBOI'O MTPOCTPAHCTBA.
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Outponuiineii ¢akrop (-TAS) yBenmuuBaercs mpH MOPU3ALKUK HE TOJNBKO 32
CYET PE3KOT0 MOJbEMa TEeMIIepaTypbl, HO W IOJIOXKHUTEIHHOTO pPOCTa IHTPOINUU B
nmpolecce yBEIWYCHHS O0ObeMa CHCTEMBI, COIMPOBOXKIAIOIIECTOCS  YBEIHMYCHHUEM
CyMMapHOU IMOBEPXHOCTH IMMOPOBOM CTPYKTYPHI, YMEHBIIICHHUEM TOJIITUHBI MEKITOPOBBIX
NEPEropoJIOK. YBEIUYECHHE CTENeHH Oecrnopsiika B TOPU30BAHHOW CHUCTEME,
oOecrieunBaeT el HanboJiee CTaAOMIBHOE COCTOSIHHE.

Hcxons w3 JaHHBIX NPEANOCHUIOK, CGHOPMHUPOBABIIMXCS B pe3yJbTare
TEOPETUYECKOTO aHallM3a WMCCIENOBAHUNA M OMNBITHBIX JAHHBIX, MOXHO TMPEIJIOKUTH
CJIEIYIONTY IO Kilaccu(dUKaIuio 1006aBOK, HCTOIb3yeMbIX npu hopmupoBannn KCK:

- WHEPTHBIE TIO OTHONICHUIO K JKUJIKOM CTEKIy, BBINIOJHSIONIUE POJIb
KapKacooOpa3yrolIero HaroJHUTENS B TOTOBOM H3/IEIHH;

- rejieoOpa3ylonMe -  XUMUYECKHE  BEIIECTBA,  BbI3BIBAIOIIUE  PEAKIIUIO
resieo0pa3oBaHus KUAKOTO CTEKJIA, pa3pylias, TAKUM 00pa3oM, €ro MOJIMMEPHYIO
CTPYKTYDY,

- TEPMOpPEAKTUBHBIE JOOABKH, KOTOPbIE HE B3aUMOJIEUCTBYIOT C KUJKUM CTEKJIOM,

Y IIPY HarpeBaHUU pa3jararoTcs, BbIIEIAS ra3000pa3Hble TPOTYKTHI.

JI71 MHEpPTHBIX HAITOJHUTENIEM OTMEUEHBI CIEAYIOUIME 3aKOHOMEPHOCTH: IOKa
nobaBka koppekTHO BxoauT B coctaB JKCK, He paspymias KOJUIOMTHOW CTPYKTYpHI
CaMOro KHUAKOTO CTEeKJa, OHa OyJeT OKa3bIBaTh YIOPSIOYHUBAIOINIEE JEHCTBHUE Ha
MaKpOCTPYKTYpY  TEIUIOM3OJIAIIMOHHOIO  Marepuaja M MOBbIIATh  (PU3BHKO-
MexaHn4yeckue nokazarenu uzaenus. Korga o0bemMHoe copepxkanue 100aBKH MPEBBICUT
OpeleIbHOEe JUIsl JAHHOTO BEIIECTBA 3HAYEHUE, JKUIAKOE CTEKJIO KOaryJaupyeTr ¢
BBIICJICHUEM BOJABI M 0OOpa30BaHUEM KPEMHETeNs, YTO HETaTUBHO CKa3bIBACTCS Ha
BcnyunBaromieticss cnocoonoctu JKCK. B nanHol paboTe MCHONb30BaIu CICAYIOIINE
HAIlOJIHUTEIM HMHEPTHOIO Kjacca: KBAapLEBbIM IECOK, Tpemels, IWAaTOMUT, IEpiuT,
AeTUApaTupoOBaHHbIN OypsIii xene3nsk (Fe,0s), MgO, CuO, 6a3zansToBas yemrys (bBY).
KonuyecTBO BBOAMMOrO HAIIOJHUTENS 3aBHCHT, MPEXKIE BCEro, OT YIEIbHOU
NOBEPXHOCTH,  DJIEKTPUYECKOIO0  MOTEHLHMajga  MOpOIIKa,  aJACOPOIMOHHOW U
KaTHOHOOOMEHHOM CIIOCOOHOCTH BEILIECTBA.

B kauecTBe reneo0Opasyroniux BEIIECTB B JTAHHON pabOTe MCIOJIB30BAIM COJIU
XJIOPUJIOB KaJibliusg U MarHusi. [y 100aBOK pacTBOPUMBIX COJIEH IIEIIOYHO3EMETbHBIX
METAJIJIOB Ba)XHO, B KAaKOM AarperaTHOM COCTOSSHUM BBOJMTCS BewecTBo. Jliid
JNOCTUKEHUSA OIPENECICHHON BA3KOCTHU W IMEpeXoJa HMCXOAHOM KOMIIO3ULUU U3
KHUJIKOTEKY4Yero COCTOSIHMSI B BSI3KOE€ WJIM TBEPA0OOpa3HOE, MOTYT HCIOJIb30BaThCS
paznuunble BemiectBa. C  LENbI0 COXPAaHEHUs MOPU3ALMOHHOW  CIIOCOOHOCTH
KOMITO3UIIMA HEOOXOIMMO, YTOOBI HY>KHBIN TEXHOJIOTHUECKHUM 3(dEKT JocTUraics npu
MaKCUMaJIbHOM COXPAaHEHUU HCXOJHOU CTPYKTYpPHI KUJKOTO CTekJa. IHTEHCUBHOCTH
MPOTEKAHUSI PEAKIIMU MEXKJY *KUJIKUM CTEKJIOM M COJISIMH, B OCHOBHOM, 3aBUCUT OT
CKOPOCTH IMpPOLIECCOB HA TpaHULE KHIKOE CTEKJIo — peareHT. Kak mpaBuio, mnpu
B3aMMOJICUCTBUM C COJIIMH JIBYX M TpEeXBaJICHTHBIX MeTauioB (Hampumep, CaCly,
MgCl,, AICl;) o0pa3yroTcs THAPOCHUIMKATHI LIEIOYHO3EMEIBHOIO MeETajula, Telb
KPEMHEBOM KHCIJIOTBI U COOTBETCTBYIOIIASI HATPUEBAS COJIb.

BBeneHre HachIEHHBIX BOJAHBIX PACTBOPOB XJIOPHUAOB KajbllMs WM MarHus B
KUJKOE CTEKIIO MPUBOAUT K JIABUHOOOPA3HOM peakiuy, He TTO3BOJISIIONIEH paBHOMEPHO
pacrpenenuTy peareHTbl 10 MaccuBy Kommo3uuuu. Hanpumep, BBeneHue

KOHIIEHTPUPOBAHHOTO PACTBOpPa XJOPHUCTOrO Kajbliusg B KoiuuectBe 2% (Mmac.) (B
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pacueTe Ha Cyxoe BEIlECTBO) MPUBOJUT K PE3KOMY Tesieoopa3zoBanuto. Cmech uepes 2-5
CEKYH]l CTAaHOBUTCSI HE TEXHOJOTMYHOW, U pacciauBaeTCcsi ¢ 00pa30BaHHEM KPYITHBIX
arperaros. [Ipu takoit opranuzanuu npouecca JKCK umeer HEOTHOPOAHYIO CTPYKTYPY
Y HU3KYIO MOPHU3AIMOHHYIO CIIOCOOHOCTh, YTO MPUBOJIUT K OOPa30BAHUIO CTPYKTYPbI
TIIC wu3penuii ¢ KpallHE HEOJAHOPOJHOW MOPUCTOCTHIO. ECiM BBOAWTH aHAJIOTMYHOE
KOJIMYECTBO COJIM B CYXOM KpPHUCTAJUIMYECKOM COCTOSIHUM, PpEAKUUS MPOTEKAET
3HAQUUTENIBHO MEJUIEHHEE, T.K. JIMMUTUPYIOUIEH CTaaued B 3TOM CIydae SBISAECTCS
mpoiiecc pacTBopeHust conu u auddys3us oOpa3zoBaBIIMXCS HMOHOB. JKHIKOE CTEKIIO
IUTABHO TIEPEXOAUT B rejeo0pa3HOe COCTOSIHUE W CKOPOCTh B3aUMOJICHCTBHUS C COJIBIO
CHUXaeTcsa. BpeMs nepemenmBanusi TAKOM KOMITO3UIIUU COCTABIISIET HECKOJIBKO MUHYT.
Takoii meron noaroroBku KCK mno3BosisieT paBHOMEPHO paclpeieiuTh KOMIIOHEHThI U
B LIEJIOM COXPAHHUTh MOPU3ALUOHHYIO CIOCOOHOCTbH Iejisl.

TepmopeakTuBHBIE J100aBKM — 3TO TpyIla BEIIECTB, HE PACTBOPUMBIX B
IIEJIOYHBIX CHJIMKATaX M HE BCTYMAKIMX C HUMU B 3aMETHOE OOMEHHOE
B3aMMOJICHCTBUE TIPU HOPMAJIBHOW TemIepaType, TOrJa Kak MNpH HarpeBaHUU OTU
N00aBKH BCTYINAIOT B XUMHUUECKOE B3aUMOJICHCTBHE C IIEJIOUYHBIM CUJIMKATOM, y4acTBYS
B 00pa30oBaHUU BOJOHEPACTBOPUMOIO MaTepuaia MOPOBBIX MEPETOPOIOK, U 3a4acTyIO
pasnararoTcsi ¢ BbIACIIEHUEM Tra3000pa3HbIX MPOIYKTOB, YTO CHOCOOCTBYET MPOIECCY
nopuzanuu. [IpumepoM mOIOOHBIX BEIIECTB, MCIOJIL30BAHHBIX B JaHHOW pabore,
cinykatr kapO6oHaTsl Kanbiusa U Maraus (CaCO;, MgCOs3) Oypsiii xene3nsik (FeOOH),
manaxut (CuCO;*Cu(OH),), 6pycur (Mg(OH),), mMarHuii yriaeKuciblii OCHOBHOU
(MgOH*MgCOs*nH,0)u ap.

AHanu3 pe3ylbTaTOB B3aMMOJICHCTBUSI BBOJUMBIX JOOABOK C YKHJIKUM CTEKJIOM
IIPY HOPMAJIBHBIX YCJIOBHSX MPUBOAUT K BBIBOJY O TOM, YTO XMUMHUYECKOE OOMEHHOE
B3aumMoJiericTBue Ha 3tane GpopmupoBanus KCK qomkHO ObITh MUHUMAIBHBIM. B 3TOM
Cllydae COXpaHSIETCSi MaKCUMaJlbHAs MMOPU3AIlMOHHAs CIIOCOOHOCTh CMECH. Y MEHBIIIUTD
HETaTMBHOE  BO3JCHCTBME OOMEHHBIX  pEaKIMii  MOXXHO  OCHOBBIBAsSCh  Ha
(yHIAMEHTAIBHBIX TOJOXKEHUSX 3aKOHa JEUCTBYIOIUX Macc W mnpuHiuna Jle-
[arenpe. CorsacHO 3aKOHY JEHCTBYIOLIMX MacC CKOPOCTh pEaKUUH MPSIMO
MPOTNOPLIMOHANIbHA KOHIIEHTPAIMM PEarupyrommx BelmecTB. XUMUYECKOe OOMEHHOE
B3aMMOJICHCTBHE MOXHO paccMaTpUBaTh KaKk CyMMYy MpSAMOW W OOpaTHOM peakluid,
MPOTEKAOIIMX C Pa3au4yHONl ckopocThto. Hampumep, B3aumoneicTBue XJIOpuaa
KJIbIUS M LIEJOYHOrO CUJIMKAaTa, MPU CTAHJAPTHBIX YCIOBHSX, XapaKTEepU3YyeTCs
BBICOKOW KOHCTAHTOM CKOPOCTH B TMPSMOM HAMpaBlICHUH, TaK Kak oO0pa3yroTcs
MaJiopacTBOpPUMBbIE TUIApocHIMKaThl Kanbuus. CornacHo npuniuny Jle-Illatense
BBEJCHUE IMPOAYKTOB pEaKUMU B CMEChb C HCXOJHBIMM pPEareHTaMu IO03BOJISET
3aMeIIuTh NpsAMylo peakuuto. Takum oOpazom, BBenenue NaCl coBmectno ¢ CaCl,
MO3BOJISIET 3aMEJUINTh Pa3JOKEHHE MKUJKOTO CTEKJIa, YTO IIO3BOJISIET COXPAHUTh
MOPU3AIMOHHYI0 CIOCOOHOCTh KHUJAKOCTEKOJBHOW KOMIIO3UIIUU TIPU CPABHUTEIHHO
BBICOKHX JIO3MPOBKAX XJIOPUAA KaJbIIHs.

B ycioBUSIX NOBBIIIEHHBIX TEMIEPATYP BO3MOXXHO MpOTEeKaHUE (PUIHKO-
XUMUYECKHUX TMPOIECCOB M PEaKIMii, KOTOPhIE HE XapaKTEPHBI JJIS KUIKOCTEKOJIbHBIX
cMecell Tpu CTaHAapTHBIX ycJOBHX. [Ipy MOBBIIEHUU TemIepaTypbl YBEIUYUBACTCS
pacTBOPUMOCTh ~ MaJOpAaCTBOPUMBIX  KOMIIOHEHTOB  KOMIIO3UIMHU,  MOSBIISIETCS
BO3MOXHOCTh CHHTE€3a HOBOOOpa3oBaHH B aMophHON W KpUCTaUIMUecKou dase,

YBCIIMINUBACTCA CKOPOCTH peaKum”I MCKOY CHIHUKATOM HATpud W BBCIACHHBIMHU
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nob6aBkamu. Ilpu moBeimenun Ttemmeparypsl, koraa JKCK  nHaxomutcs B
NUPOIJIACTUYECKOM  COCTOSIHUM, BO3MOXHO O0Opa3oBaHHME TBEPABIX PacTBOPOB
3aMeNIeHUs MO0 IeTepOBAJICHTHOMY MexaHu3My. Tak Kak MOHHBIC paguyChl HaTpUS U
KaabLus Oyms3ky 1o pasmepy (0,98-107'° 10,9810 M cOOTBETCTBEHHO), TO BO3MOXKHO
o0pa3oBaHNE HETIPEPBHIBHOTO PsJia TBEPABIX PACTBOPOB, OOLIUI COCTAB KOTOPHIX MOXKHO
BbIpazuth Gopmysoit (Ca,Na)SiO;. HMonbwl, obOnamaromiye pa3audHbIM CTPOSHUEM
ANIEKTPOHHBIX 000JI04YEK, HECMOTPS Ha OJIM30CTh MOHHBIX PAJINyCOB, HE U30MOP(DHBI, TIO
ATON MPUYMHE MEIb HHUKOI/A HE 3aMellaeT HaTpuil. DTOT TEOPETUUECKUU MOCTYJaT
J0Ka3aH BBeJieHNEM 100aBok Manaxuta U CuO B xuaKoe cTekio. Beaenue nocneqaux
HE TMPUBOJAWT K 3HAYUTEIBHOMY TMOBBIIIEHUIO TMPOYHOCTH U BOJOCTOMKOCTH
MEXIIOPOBBIX ITEPErOPOJIOK.

HaunOoisiee yacTo BCTpeyarOMMUCS B CHJIMKATAaX INapamMu B3aHMMO3aMEHSEMBIX
AJIEMEHTOB SIBISIOTCS:

Ca’" — 2Na'";
Na'+Si*" — Ca>" + Al’".

Brenenne koMOMHUPOBAHHOW A00aBKU COJIEH XJIOPUCTOTO KajblUsl U HATPUS
NPUBOJUT K TOSBICHUIO KPUCTAIUIMYECKHX HOBOOOpPAa30BaHMM B  MPOAYKTax
TEPMHUYECKON MOpU3AIUHU, XAPAKTEPUIYIOIIUXCS MEKIIIOCKOCTHBIMU PACCTOSHUSMU
COOTBETCTBYIOIIMMHU  Bosutactonuty (3.23, 2.97, 2.82, 1.99, 1.63)-10'1 HM,
KpUCTAILINYECKOMy Xiopuay Kambims (2.84, 2.32, 1,9)-10" um u xmopuay Harpus
(2.82, 1.99, 1.63):10" M. NHTEHCHBHOCTb NHKOB BapbHPYETCS COOTBETCTBEHHO
KOJIMYECTBY BBEJICHHOM J00aBKM W KOMIIOHEHTHOMY coctaBy. Ha pucynke 4
MPEICTABIICHbl PEHTICHOTPAMMBI COCTABOB, TJI€ HCIOIh30Bajach KOMOWHHUpPOBAHHAs
no6aska - cmechb CaCl, u NaCl B cootHomenun 50:50 u BapbHpOBaIOCh KOJIMYECTBO
N00aBKHU MO OTHOLUEHUIO K KUIAKOMY CTeKy (2, 5, 6% (mac.)). AHanmu3upysl JaHHBIE,
OTMEYAIOTCSI CMEUIEHUSl IMOJYYEHHBIX pe(IEKCOB OTBEYAIOIIUX MEKIIJIOCKOCTHBIM
paccrosinusim (2.82, 1.99, 1.63)-10'1 HM, Ha OCHOBaHHMHU YEro MOKHO CJeJIaTh BBIBOJ O
BO3HUKHOBEHUU TBEPJBIX PACTBOPOB B CUCTEME KUAKOE CTEKIIO - XJIOPUJ KaldbIUs —
xjopun Hatpusi. ObpazoBaBiiuecs npu tepmuueckoit nopusaiuu JKCK BotacTOHUT U
TBepAbld pacTBop Na,O-CaO-SiO, apMUPYIOT MEXKIOPOBbIE MEPETOPOAKHU, MPUABAs
UM CBOMCTBA CTEKJIOKPHUCTAJUIMYECKOTO MaTepusa, YTO CIOCOOCTBYET MOBBILIICHUIO
IPOYHOCTH W BOJOCTOMKOCTM wu3Aenuid. Tak, mnpu BBEIEHUH KOMOMHUPOBAHHOMU
nobaBku CaCl, u NaCl cocraBa 50:50 B xonuuectBe 2% (Mac.) IpoYHOCTh 00pa3loB
yBenuuuBaercs B 1,5 pasa, a CTpyKTypa U3JIeNus CTAHOBUTCSI PABHOMEPHO KECTKOU IO
BCEMY O0BEMY H3JICIIHS.

Beenenne komOounupoBanaor n1o6asku MgCl, u NaCl npuBoaUT K COBMECTHOM
KpUcCTaJUIM3anuu cuwinkaroB wMarnusa (3.28, 2.97, 2.87, 2.37, 2.02)-10'1 HM H
xJjiopucroro Harpus (2.82, 1.99, 1.63)-10'1 HM, YTO OTPAKAECTCS B CMEILECHUM TJIaBHBIX
MakCUMyMOB, cM puc.5. [loBblllleHHE KOJIMYeCTBA BBOJMMOW KOMOMHUPOBAHHOM
no6aBku, HezaBucuMo o1 cooTHoteHuss MgCl, nu NaCl npuBoAUT K yBEIHMUEHHUIO TTHKA
2.00 W CHMXKEHHIO OCTAIBHBIX OTPAXKEHHM, YTO MOMKET HHTEPIPETUPOBATHCS
o0pa3oBaHHWEM TBEPJbIX PACTBOPOB 3aMEIICHUS: CHUJIMKAT HATpuUs — HaTpuUl -—
MAarHUeBBIN CHJIMKAT — CUJIMKAT MarHusl.

Beegenne no6aBku Mg(OH), B kommyectBe 10% (Mac.) mpu TepMHUYECKOM
HarpeBe, MPUBOJUT K MOSIBJICHUIO HOBOOOPA30BaHUI M TBEP/BIX PACTBOPOB 3aMEIICHUS

B KpI/ICTaHJIH‘ICCKOﬁ (bOpMG. Ha PCHTICHOIpaMMC OTMCYAIOTCA MUKW COOTBCTCTBYIOIIUC
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Mg(OH), (4.78, 2.36, 1.79, 1.57, 1.49)-10"" um, MgO (2.43, 2.10, 1.48, 1.27, 1.21)-
10" 1M, Na,0-2MgO-6Si0, (4.85, 2.85, 2.35, 2.12, 2.00)-10" um. [TpexpapurenpHas
o0paboTka — yactuunas nopuzanus KCK B nosie TokoB CBY, npuBOAUT K CHUKEHUIO
pednekcoB, otBewarommx MgO u Mg(OH), wu yBenuueHuto pedIiekcos,
COOTBETCTBYIOLIMX CHIMKAaTy MarHus (2.87, 2.45, 2.11, 2.01)10" um wu
Na,0-2MgO-6Si0, (4.85, 2.85, 2.35, 2.12, 2.00)-10™" M, puc. 6.

BBeaenue 1010MUTU3UPOBAHHOTO U3BECTHAKA, KaK B YHCTOM BHJIE, TAK U B CMECSX
C COJIOM, TPHUBOJUT K TIOSBJICHHUIO PE(IIEKCOB HAa PEHTTEHOTPAMME OTIUYHBIX OT
COCTaBJISIFOIIMX KOMIIOHEHTOB. B mpojykTax oOHapyKMBaeTCs KaJlbIIM-MarHUEBBIN
cunukar (2.99, 2.53, 2.20, 2.07, 1.97, 1.62)-10'1 HM, U HaTPpUH-KaJbIUECBbIA CHJIMKAT
(3.97, 3.55, 3.04, 2.99, 2.39, 2.20, 2.07, 1.88, 1.71)-10'1 HM COBMECTHO C HMCXOJHBIMHU
pearenTamu. PacTBOpuMOCTh KapOOHATa KajablKs HU3Kask MPU HOPMAIbHBIX YCIOBUSX,
BO3pACTAET MPU TEPMUUYECKON 00pabOTKe, YTO MPUBOJUT K apMUPOBAHUIO NIEPETOPOIOK
KPUCTAUIMYECKUMH  HOBOOOPA30BaHMSIMH W YBEJIMYEHUIO  BOJOCTOMKOCTH.
Pentrenorpamma  coctaBa 83%  (mac.) oxkuagkoro  crekna, 10%  (mac.)
JIOJIOMUTU3UPOBAHHOTO U3BECTHSIKA U 7% (Mac.) cofpl pecTaBieHa Ha puc. 7.

Kceporenu u mopuzoBaHHbie 00pa3ibl CIEAYIONIUX COCTABOB: YHUCTOE >KUJIKOE
CTEKJIO, KMAKOEe CTeKJIo ¢ nobaBkoit 2% (mac.) cmecu CaCl, u NaCl cocraa 50:50,
Kuakoe creksio ¢ qodaskoit 7 u 10% (mac.) cMecu 10JIOMUTU3UPOBAHHOTO M3BECTHSKA
u conl coctaBa 80:20 ObuTH HccleI0BaHbl ¢ ToMolbio MeToaoB UK-crekTpockonuu B
obmactu  400-4000 cm'  (2,5-25 wmkm). B kceporemsix u TIIC o6pasmax
oOHapyxuBatorcss OH rpynmnel xumudeckoit Boabl, CO; TpyIibl, BOSHUKAIOIIUE MPU
KapOOHM3aIMu KUAKOro crekna, W SiO4 TPyNmbl, OTHOCAIIUXCS K Pa3IUYHBIM
CTPYKTypaMm: OCTPOBHBIM, LIETIOYEUHBIM M JIEHTOYHBIM CHUJIMKaTaM. Paznuuus Mexay
HCXOJHBIMU KCEPOTENIIMU U MOPU30BAaHHBIMU 00pa3liaMu MPOSIBISAETCS B HEOOJIbIIOM
CMEIIEHUH MAKCUMYMOB M YBEJIMYEHUH UHTEHCUBHOCTH MOTJIOLIEHUS JIJIi TEPMUUYECKU
MMOPU30BAHHBIX 00Pa3IOB. Y MOCIEIHUX MOSBISIOTCS MHTEHCUBHBIE MOJOCHI B 001aCTH
1720-1730 cM' ¥ M3MeHsEeTCS MONOKEHHE MAKCHMMyMa H MHTEHCHBHOCTbH Y TIOJIOCHI
3600 cm”', xapaxrtepHoi mmst OH rpymm, 9To OTBEYAaeT MPOIECCAM TEPMHUUYECKON
JNECTPYKIIUU KUJKOTO CTEKIIA.

b
v o = CaSiO,

=N
v caCl,
o NaCl

287

n <0199

"o 163

6 %mac.

I, oTH. eg.

5 I\ 5 Y%mac.

2 %mac.

- "2,
2,34

T T T T 1

30 40 50 60 20 30 40 50 60
2, rpaga. 2 ®, rpag.

Puc. 4. PentrenorpamMmmsl 06pasiia ¢ 100aBKOM Puc.5. Pentrenorpammel o6pasia ¢ go6aBkoit 2%
cmecu CaCl, u NaCl cocrasa 50:50 mocie cmecu MgCl, u NaCl cocrasa 50:50 mocne
TEPMUYECKON 00pabOTKH TEPMHUECKON 00pabOTKH
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Puc. 7. Pentrenorpammsl o0pasia ¢ 100aBKOi
10% mOIOMHUTH3NPOBAHHOTO U3BECTHIKA U 7%
COJIBbI TIOCJIE TePMHUYECKOM 00paboTKH

Ha pucynkax 8 u 9 mpexacraBiensl Mukpodororpabun  obpasia
TEPMOINEHOCUJIMKATHOTO  MaTepuaiga C Jo0aBkol 8%  OJTOMHUTHU3MPOBAHHOTO
u3BecTHsAKa U 2% conapl. 3 Mukpodororpaduii BUJHO, YTO MOPOBBIE MEPETOPOJIKH
HACBIIIEHbI KPUCTANIMYECKUMU 00pa3oBaHUsIMU ¢ pazmepoMm 1-5 MxMm. B oOpasmax
TIIC w®3 4YuCTOro KHUAKOTO CTEKJIa apMUPOBAHUS TMOPOBBIX TMEPETOPOJOK HE
IPOUCXOJIHUT, YTO OOBACHAECT HU3KYIO IIPOYHOCTD TAKKX 00PasIoB.

..

Puc. 6. Pentrenorpammsl o6pasua ¢ 100aBKOii
Mg(OH), 10% mocie Tepmudeckoii 00paboTKu

I/IC 8. MHUKpOCTpyKTypa oa3ua ¢ 100aBKOM Puc. 9. MukpocTpykTypa nopoBOil NEPEropoaKu

8% MOMOMHUTHU3MPOBAHHOTO U3BECTHSKA U 2% obpa3sna ¢ 1o6aBkoii 8% MOIOMUTH3UPOBAHHOTO
COJIBI ITOCJIE TEPMUYECKOM 00pabOTKH. U3BECTHAKA U 2% COJIBI MTOCIIE TEPMUYECKOM
VBenuuenue 170 pas. obOpaboTku. Yeenuuenue 1360 pa3

Ounenka BJNSHUA COJIell  IHEJOYHBIX META/UIOB M  MHHEPAJIbHBIX
HanoJHuTeJel Ha rporecc mopusanuu XKCK npoBoauiack ¢ MOMOIIBI0 KHHETUUECKUX
HUCCJIEIOBAHUM.

[Ipu uccnenoBaHUM KWHETUKH TOPHU3ALMKM HCTOJIb30BAJIOCh JKHAKOE CTEKIO U
HATOJIHUTETTU: TOHKOMOJIOTBIA M3BECTHSIK, okcua MarHusi (MgQO), Oypblii Kele3HSK B
HE000#OKeHHOM U 000xckeHHOM Buje, Manaxut (CuCO;*Cu(OH),) u 000 KeHHBIN
ManmaxuT (CuO). CocrtaBel ¢ 000XOKeHHBIMH 10 Temreparypel  S500°C wu
HEOOO0XOKEHHBIMU HAMOJIHUTENISIMU, MCHOJIb30BAJIMCH JJIsl OLICHKHU CTENEHH BKJaJa B
o0IyI0 TOpH3AIMI0 Ta3000pa3HBIX MPOIYKTOB pas3jiokeHus no0aBok. KommdecTtBo
BBoauMoOro HamojgHutels — 10% (mac.) Comm: Na,COs;, NaNOs, K,SO,4, NaCl, KNO;,
NaHCO;, K,COs;, Na,SO, BBoguimch B koimdectBe 0,5 m 1% ot oOmied Macchl
KHUJKOTO CTEKJIA.
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Brusaue uccnemyembix 106aBOK 1 HamoaHUTENeH Ha nponecc mopusanun KCK,
IpecTaBleHo B TaoI. 1.

O6paboTKy MOJYYEHHBIX JAHHBIX MTPOBOJAMIIN C MIOMOIIBIO YPABHEHUS:

a,=1-e"e" mm In(l-a,)=-kInz +b, (6)

rae 0<a,<l;

k — KOHCTaHTa CKOPOCTH MOPH3ALHH CTPYKTYPEL, C .

Ha ocHOBe KHMHETHUYECKMX [@HHBIX CTPOWIH TpadudecKue 3aBUCHMOCTH B
KOOpAMHATAX

In(1-0,)=f(Int). XapakTepHble 3aBUCUMOCTH MpUBEACHBI Ha puc. 10-12.

AHanmu3upysi  TOJIydeHHble  TpaUKM  MOXKHO  OTMETUTh  CJICIYIOIIHE
3aKOHOMEPHOCTH:

— CHWXEHHE TEeMIEPATypbl MOPU3ALUU MPUBOJIUT K YBEIUYECHHUIO BPEMEHHU
HayaJsa nporecca Nopu3aluy;

— s 00pas3lia COCTOSIIETO M3 YUCTOTO >KUAKOIO CTEKJIa, 3aBUCUMOCTH
MPEICTABIICHBI TIPSIMBIMH JIMHUSMH, TOT/Ia KaK BBEJCHUE HOO0ABKHU COJIU
WM HANOJIHUTENSl TMPUBOJUT K TOSBICHHIO JIByX Y4YacTKOB Ha
KMHETUYECKUX 3aBUCHUMOCTSIX C Pa3JIMYHBIMU YIJaMHd HaKJIOHAa K OCH
BPEMECHH.

Kaxymyrocs sHepruro aktuBauuu npouecca nopusauuu Beex JKCK onpenensum
10 METOY U300PIMHATHBIX CEYEHUM, 10 hopMmyIie:

_ R(lnz, —In7,) 7
Tourn-ur
rae E, — kaxymascs sHeprusi akTUBAIUK TIPoTiecca Mopu3anu, KJ[»k/MoJIh;

R — ynuBepcanbHas razoBas noctosiHHas, R=8,314 JIx/(moinpb-K);

T1,Ty — BPEMSI JOCTHXKEHUS 3HAUYECHUS O TIpU Temneparypax Ty,T,;

T,=573°K, T,=723°K

Jns no6aBok coneit E,, paccuuteiBanacek npu 0,=0,8 u 0,=0,985, a nnsa nod6aBku
10% (mac.) wanmonmuutenedt npu o,=0,8 u 0,=0,97. Bpibop Takux 3HaYEHUUN 0
OoOyCJIOBJIEH HaJIUYUMEM JIBYX MPAMBIX YYAaCTKOB C PA3IUUYHBIMU MEXaHU3MaMHU
nopu3alii, a COOTBETCTBEHHO M pazNuyHbIMM 3HaueHusiMu E;. Begenue nobaBok
coJied B YHCTO€ >KMIKOE CTeKJIo B KommuecTtBe Oonee 0,5% (Mac.) He MpUBENO K
YIIYUIIEHUIO TTOPU3ALMOHHOW CIIOCOOHOCTH, MTOATOMY PE3YyJIbTaThl MPUBOJASTCS TOJIBKO
s nob6aBok 0,5% (mac.)

CkopocTh OpHU3aLMK OI[EHUBAIACH 10 CTEIEHU MEPECTPOMKHU CTPYKTYPHI O, BO
BPEMEHHM Ha JIBYX YyuyacTKax. AHAIU3UPYys MOJIYyYCHHbIC JaHHBIE MOKHO OLIEHUTh
BIIMSIHUE BBOJUMBIX J00ABOK Ha MOPH3AIMOHHYIO CIIOCOOHOCTH >KHJIKOCTEKOJIBHBIX
koMmno3unuii. Tak, Hampumep, CKOPOCTh TOpHU3allMM HAa TMEPBOM y4YacTKe JIst
KOMIO3UIIUA C J00aBKaMU MHUHEPAIbHBIX HAMOJHUTENEH W CcoJed HaXoauTcs B
JIana3oHe oOT 2,9><10'2 hi (o) 3,4><10’2 c’l, TOrJa Kak CKOPOCTh IMOPHU3ALUU YHCTOTO
KUIKOTO CTeKna Ha dTOM oTame Hmke — 2,5x107 ¢, Ha BTopom sTame cKOpoCTH
MOPU3ALMH KOMIIO3HIHMIA ¢ qo6aBkamu coctaBisiot ot (0,2-1,5)x10™ ¢!, mpu cxopoctu
MOpHU3aIlA YUCTOTO KUAKOTO cTeKIIa 4,4% 10 ¢

WNureppan 3nauenuii E;=13-30 x/x/M01b Ha IEPBOM y4aCTKE XapaKTEPHU3yeT
MPOILIECC, COMPOBOKIAOIIMICS Pa3pbIBOM BOJIOPOIHBIX CBA3EH B JKUJIKOM CTEKJIE, a
npu 3HaueHUsIX E>40 x/>k/M0ob Ha BTOPOM y4acTKE XapaKTepu3yeT Pa3BUTHE
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In z, cek

Puc. 12. Kunetuka nopuzauuu XuAKOCTEKOIbHOU
Kommo3uruu ¢ nobdaskoit 0,5% (mac.) KNO;

nponecca BA3KOIO TCUCHUA IIpHU

Nopu3alM  CUCTEMBbI, Tl€ IO
muddy3noHHOMY MEXaHU3My
YAQISIOTCS OCTaTKU
XEMOCOPOIIMOHHOM BJIaru u
MPOIAYKThI TEPMHUYECKOM
JIECTPYKIUU 100aBOK "
HaIOJIHUTEICH.

HeOombiioe 3nauenune E, Ha
11(50): 1005 cTaauu [OpU3alnu
00yCJIOBJICHO Y4YacTHEM B TIpoliecce
opU3aINu Marepuasa

3HAUYUTEJILHOTO KOJUYECTBA ra30BOM
da3pl  (mapel Bojbl). B uuncrom
KUJIKOM CTEKJIE BOJa BXOJUT B €r0
MOJIMMEPHYIO  CTPYKTYpYy, H BCS
BJlara CHUCTEMBI yjaaisieTcss Oosee
PaBHOMEpPHO, TOTJIa KaK BBEJCHUE
n00aBOK M HAIlOJHUTEJICH B COCTaB
KCK npuBOguT K YacTUYHOMY
Pa3JIOKEHUIO JKHJIKOTO CTEKJa ¢
BbIJICJICHUEM KpEeMHeT eIl u
Mepexo10M BOJIbI u3
XEMOCOPOIIMOHHOTO  COCTOSIHHSI B
a7IcOpOLIMOHHOE, MaJIOCBSI3aHHOE
COCTOSIHUE. DTHUM SIBJICHUEM MOXHO
OOBSCHUTH HAJUYHE JIBYX YYaCTKOB
C pa3IUYHBIMU 3HaUCHUSIMU E,.

Cxembl TOpU3allUM  YUCTOIO
xkugkoro crekia um JKCK ¢
nobaBKaMH MUHEPaAJIbHBIX
HaIMoJIHUTEIeH u coJieu

WJUTIOCTPUPOBAHbl pUCyHKaMu 10 u
12. B kceporeie 4UCTOrO >KHUIKOTO
CTEKJIa npu OpU3aALNHU
HaOJIIOIaeTCsl yBeIMYeHHEe oObeMa
op, 3apOJMBIIMXCS Ha HEPBON
CTaJUH, YTO MPUBOJUT K MOITYUYECHUIO
MaTepuajia ¢ HH3KOH OOBEeMHOU
IJIOTHOCThIO, =~ HO  OYEHb  HE
PaBHOMEPHOU MOPOBOU CTPYKTYPOH.
TonmuHa  TakUX  MEXIOPOBBIX
NEPErOpoJOK OKa3bIBAETCS MeEHee
0,5 w~MxMm. Bseagenume  100aBok

OpUBOAUT K OoJiee OBICTpPOMY yAalieHHWIO M30bITKA aJCOpOLMOHHON BJIard BHAYale,
3apOXKJICHUIO M POCTY MOp Ha 00€UX CTausX MpoIlecca MOpU3AIUU 33 CUET yAaleHus
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MapoB BOJBI M MPOAYKTOB TEPMHUYECKON aecTpykuuu mg06aBok. Takum oOpazom
dbopmupyeTrcsi paBHOMEpHasi IMOpPUCTas CTPYKTypa, M OOpa3yloTCsi MEKIIOPOBBIC
neperopoaku ¢ rtommuHoM creHkn 0,5-1,5 MKM, apMuUpOBaHHBIE MUHEpAJIbHOMN
100aBKOW WM KPUCTAIUNIMYECKUMU HOBOOOPA30BAHUSIMU.

CpasuuBas 31HaueHus E; nopuzanuu JKCK coctaBoB No2 u Ne3, a takxe Ned u No5
(Tabn. 1) MOXHO OIICHUTH BKJIAJ paszjararolieiicss TepMOpPEaKTUBHON [T00aBKU B
nopuzaiuio kommnosuiuii. Yem 6ombimm 3HauenueM E; xapakrepusyercs mnpoiiecc, TeM
OOJbIIIE CKA3bIBACTCS BIIMSHHE TEMIIEPAaTypbl Ha 3TOM Ipoiecce. AHaIN3 JaHHBIX
Tabn. 1 TMO3BOJIIET cAenaTh BaXKHBIM TEXHOJIOTHYECKHUI BBIBOM: TpHu mopusaruu KCK
11eJIeCO00pa3HO MCMOB30BaTh J00AaBKH, 00ECIEUMBAIONINE JOCTHKEHHE Ha BTOPOM
y49acTKe KHHETHYCCKOW 3aBHCHMOCTH 3HaueHus E >65 kJ/[x/monb. B aTtom ciyuae

(opMHpyETCS OTHOPOHAS U JOCTATOYHO )KECTKAsA CTPYKTYpa TEPMOICHOCUIIUKATA.
Tabauya 1 — Pe3ynomamul KUuHemMuuecKux ucciedo8anull

CKopocTh CKOpOCTh
Ne mopu3arm TOpU3aIIH-2 Eui, En,
/1 Hobaska K xuaKOMY CTeKIy,% (Mac.) yeraCTl(I)K, }I?‘{aC"lI:IOK, KI[)K/I\I/IOJ'II) KI[)K/I\Z/IOJIL
A/At<10% ¢! | Aa/Atx10°, ¢!

1 JKunkoe crekio, 6e3 100aBok 2,51 4,40 24,57 36,25
2 Bypsiii xene3nsik - 10% 3,16 0,62 18,29 49,55
3 Bypeiii xkene3nsk 060xk. - 10% 3,38 0,61 14,90 36,25
4 Manaxut (CuCO;*Cu(OH),) -10% 3,25 0,54 28,60 61,23
5 Manaxur 000xxk. (CuO) - 10% 3,55 1,34 20,94 37,47
6 M3eectasik (CaCOs) - 10% 3,10 1,04 29,35 66,76
7 MgO - 10% 3,11 0,90 16,52 35,86
8 KNO; - 0,5% 3,13 0,38 21,29 92,22
9 Na,CO; - 0,5% 3,32 0,88 13,30 35,05
10 | Na,SO, - 0,5% 3,35 0,60 16,17 45,07
11 | NaNOs - 0,5% 3,27 0,37 15,71 39,61
12 | K,SO4-0,5% 3,03 0,25 22,50 98,83
13 | K,COs-0,5% 3,18 0,22 21,18 81,95
14 | NaHCO; - 0,5% 3,23 0,50 22,10 51,56
15 | NaCl - 0,5% 3,25 0,46 17,72 42,70

HccaenoBanue BJIUSIHUS COBMECTHOTO BBeJ€HHMSI COJIed IEJOYHBIX H
1IeJI0YHO3eMeJIbHbIX METAIOB. DKCIIEPUMEHTAIbHBIE JaHHBIE IO XJIOPUCTHIM COJISIM
MOBPEKJIAIOT 1€J€CO00Pa3HOCTh HCIONIb30BaHUS KOMOMHUPOBAHHBIX 100aBOK. bbul
UCCJIEIOBAHO BIUsIHUE JOOABKM CMECEH CoJiel XJIOpUAa KalbIUsl C XJIOPUJIOM HaTpus,
XJIOpUJa MarHus C XJOPUJIOM HATpus U JOJIOMHUTH3UPOBAHHOTO M3BECTHSKA C COJIOMU
py COOTHOIIEHUH KOMIOHEHTOB OT 10:90 no 90:10% (mac.) KonudecTBo BBOAUMOM
CMeCH JIJIsl XJIOPUI0B cocTaBisio ot 1 1o 6% (mac.), a st kap6onatos j0 18% (mac.)
Pe3ynbTaToM BBeEHUS 3TUX 100ABOK SBJISIETCS 3HAUUTEIBHOE YBEIUYEHUE TPOUYHOCTH
00pa3oB U UX BOJOCTOMKOCTU. [IpM COBMECTHOM BBEAEHUU XJIOPUCTOrO KadbLUS U
HaTpus no3upoBka CaCl, moxer ObITh yBenuueHa Ha 30%, 0 cpaBHEHUIO ¢ 100aBKOU
OJTHOTO XJIOpWJA KaJIbIHs, TMPH COXPAHEHWHW W YIYYIICHUH MOP(OTOTUIECKUX U
AKCIUTYaTAllMOHHBIX ~ XapaKTePUCTUK MaTepuagoB. AHAJIOTMYHBIE 3aBUCHUMOCTH
ormevatorcss u g cmecer MgCl, — NaCl. Jlns cmecu XJIOpUI0OB, BBOJAMMBIX B
koJimuecTBe 2% (Mac.), OTMEUEHO PE3KOe YBEIUUYEHUE MPOYHOCTH CTPYKTYPhI U3JIETUi
npu COooTHomeHHH KoMmmoHeHTOoB cMecu 90:10, 50:50 u 10:90. KomOunupoBaHHas
n00aBKa JAOJIOMHUTHU3MPOBAHHOTO M3BECTHSIKA M COJbI JAA€T 3HAUUTENbHBIN 3h(dEKT npu
cooTHomeHnr komrnoHeHToB 80:20 u komumyectBe cmecu B JKCK 7-10% (mac.)
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PactBopumocTh kapOoHaTa KaibIUMs HE3HAYUTENIbHAS TMPU CTAHIAPTHBIX YCIOBUSX,
YBEIMYUBACTCS, KOIJla MaTepual HAaXOJUTCA B MUPOIJIACTUYHOM COCTOSIHUU TIpU
MOBBIIIIEHHOM JIaBJICHUW M PEaKUMsl B3aUMOJICUCTBUSL CO IIEJIOYHBIM CHJIMKATOM
MPOTEKaeT C OO0pa30BaHMEM TBEPABbIX PACTBOPOB 3aMEIICHUS U KPUCTAUIMUECKUX
CPOCTKOB, apMUPYIOIIHUX MEKIOPOBBIE MEPEropoaKu (cM. puc. 4-9).

HcciaenoBanue (PU3MKO-XMMHYECKHX M IKCIUVIYAaTAIMOHHBIX CBOMCTB
TEPMONEHOCWINKATHBIX MATEPUAIOB

TepMONEHOCUIMKATBL ~ COYETAIOT  PSJ  YHUKAJIbHBIX  AKCIUTyaTal[MOHHBIX
XapaKTEepPUCTHUK:

—  JKecTkas mopuctas crpykrypa (pasmep nop 0,1-2 MM cM. puc. 13), ¢ 3amanHoit
reoMeTpUYECcKoi popMoii U pa3mepamu;

—  peryiHpyeMsblii auamasoH miotHocTeidl or 100 1o 300 Kr/M’, 9TO COOTBETCTBYET
koaddunrenty rerionpoBogHocTH oT 0,045 mo 0,095 B1/M°C u npodyHocTH mipu
cxxatun ot 0,2 1o 1,5 MIla;

—  abcomoTtHas HeroprodecTb, TIIC OTHOCHTCS K HEroproYMM MaTepuajiaM To
I'OCT 30244-94 wu o06mamaer CpaBHUTEIBHO BBICOKOM TeMmeparypou
skcrutyartauuu 10 400-500°C , B 3aBUCHUMOCTH OT TEXHOJOTHMYECKUX J100aBOK.
[Ipu npeBbIIEeHUN BEPXHEro TEMIIEPATYPHOTO Mpejielia HKCILTyaTallui MaTepuat
OTUIABJISICTCSA, HE BBIJENSAS BPEIHBIX BEIIECTB U MPOJIOKAET COMPOTUBIATHCS
TEIUIOBOMY BO3JICHCTBUIO JO MOMEHTA MOJIHOTO PACIIABICHUS;

—  peryiaupyemasi BOJIOCTOMKOCTb. [[pruMeHeHue 1eneBbIX 100aBOK U CHelUaIbHbIX
TEXHOJIOTUYECKUX MPHUEMOB IO3BOJIAET MOJy4YaTh MaTepuajbl NPUTOIHBIE IJIS
AKCIUTyaTallH B Pa3JINYHBIX YCIOBUSX.

CpaBHUTENbHBIE XAPAKTEPUCTUKH OOpa3loB, MOJYYEHHBIX MpPU IPOBEICHUU
AKCIIEPUMEHTAILHBIX MCCIIEIOBAaHUM, TIPEACTaBICHBI B Tabmuie 2. Tak Kak ajsi Takux
M3/ICJIMA  HET YETKUX CTaHJapTOB MO ONPEIEICHUI0 BOJOCTOMKOCTH, TO OHa
ONpeeNsAach M0 OPUTMHAIBHON METOIUKE. Pe3yabTaThl UCCIIEIOBAHUS MPE/ICTABICHBI
B Tabmuue 3. Ecim s u3genuii Ha 4KMCTOM KUIKOM CTEKJIE BPEMsl pa3pyIICHHS
U3JIeNIUA B BOJIE COCTAaBIISIET OKOJO CYTOK, IJi M3JEIUNd Ha MHEPTHOM HAIOJTHUTENE
(TOHKOMOJIOTBIM TECOK, MeHocwinkar, ManaxuT, CuO) 1o 2 CyToK, TO Marepualsbl,
W3TOTOBJICHHBIE C TMPUMEHEHUEM HEKOTOPHIX TEPMOPEAKTUBHBIX HAIMOJHUTEICH U
XUMHUYECKUX J00aBOK, YBEJIMYMBAIOT BOJOCTOMKOCTh B 8-10 pa3. VYBenuueHue
BOJIOCTOMKOCTH OOBSICHSIETCSI OOpa30oBaHUEM TBEPIBIX PACTBOPOB 3aMEILCHHS THUIA
(Ca,Mg,Na)SiO;, KpuCTAIU3alMK BOJUJIACTOHUTA M JAPYIHX IIEI0YHO3EMETbHBIX
CUJIMKATOB B IMPOLECCE TEPMHUUYECKON MOpU3alUU, 4YTO MPUBOJUT K IOBBIIIEHUIO
KPUCTAIUIMYHOCTH  TEPETOPOAOK, YBEIMYEHUIO MX XHMHYECKOH CTOMKOCTH H
npouHoctn. Tak kak dacth mop B TIIC sBasiorcs CcOOOIIAIOMIUMHKCS, TO
BOZOIOTIIOIICHHE s 00pasia miotHocTsio 200 Kr/M° ¢ 106aBKoit 2,5% (Mac.) cMecH
CaCl, — NaCl (50:50) B ycnoBusix HEMOCPEACTBEHHOTO KOHTAKTa C BJIArod Wi MpU
BO3JICVICTBUU HACBIIIEHHBIX MapoB BOAbl, MokeT gocturath 100-150% (mac.) u 25-30%
(00.) Ilpu craHgapTHBIX YCIOBUSAX OOBEMHOE BOJOMOTJOIICHUE OKAa3bIBAETCA B
npeaenax 1,5% (00.), a maccoBoe B mnpenenax 8% (mac.) AjacopOuUHOHHOMY
MOTJIONIECHUIO BJIarv BO3/lyXa 3HaUYUTEIIbHOE COMTPOTUBJIEHNE OKA3bIBAE€T MOBEPXHOCTHAS
Kopouka tonmuHou 0,1-1,5 MM, oOpasyromasicss npy TEpMUYECKON MOPU3ALNU U3AETTUN
B 3AMKHYTBIX (hopMax, cM. puc. 14.
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Tabauya 2 - OcHosmbie c8olicmea mepmMOneHOCUTUKAMHBIX U30eULL.

Ne Cocra,% (mac.) Meroa Mertog ILtotHocTh, | IIpouyHOCTH MpHU A, XapakTepuCTHK
n/n rpaHyJsuuu NOpH3aUUHU Kr/m® cxaTuu, MIIa Br/m-°C a
MAaKPOCTPYKTYP
bl
1 100% x.c. JKHMJIKOCTHAsI TepMUYecKas 155 0,37 0,057 paBHOMepHast
2 100% x.c. JKUJIKOCTHAs! TepMHUYECKast 195 0,28 0,068 paBHOMEpHast
3 100% >x.c. JKMJIKOCTHAs CBUY+nporpes 210 0,55 0,072 paBHOMeEpHast
4 100% >x.c. MEXaHUYECKas TepMHUYECKast 155 0,96 0,061 TOJICTast KOpKa
5 100% >x.c. JKUJIKOCTHAsI TepMHUYECKast 220 0,76 0,076 TOJICTast KOpKa
6 85% x.c., 15% Oypblii sKeJIe3HIK JKHMJIKOCTHAsI TepMUYecKast 415 1,30 0,141 paBHOMepHast
7 85% x.c., 15% Oypbli sxene3Hsk JKHJIKOCTHAs! TepMHUYECKast 350 1,10 0,111 paBHOMEpHast
8 90%x.c., 10% Al(OH); cyxoii JKUJIKOCTHAs! TepMHUYECKast 360 2,20 0,114 paBHOMEpHast
9 97%x.c., 3% Al(OH);, xuakuii MeXaHUYeCKas CBY-+nporpes 150 0,47 0,054 paBHOMepHast
95% x.c., 5% 2TC-40
10 | ruaponn3oBaHHBIN MeXaHUuecKas TEepMHUYECKast 150 0,29 0,056 paBHOMEpHast
11 | 90% sx.c., 10% u3BecTHAK MEXaHUYeCcKas TepMHUYECKast 240 0,54 0,078 HE paBHOMEpHas
12 | 90% sx.c., 10% u3BecTHSIK MeXaHUuecKas CBY-+nporpes 230 0,73 0,065 paBHOMepHast
83% x.c., 10% u3BecTHsIK, 7%
13 | coma MeXaHUYecKas TEepPMHUYECKast 280 1,00 0,092 paBHOMEpHast
93% 3.c., 5,6% uzBecTHsIK, 1,4%
14 | coma MeXaHUuecKas TEepMHUYECKast 250 1,28 0,079 paBHOMEpHast
93% ix.c., 5,6% uzBecTHsK, 1,4%
15 | coma MeXaHUYecKast TepMUYEcKast 200 0,45 0,07 paBHOMepHast
93% x.c., 5,6% u3BecTHsK, 1,4% CKBO3Has
16 | coma MeXaHUueCcKas CBY-+nporpes 150 0,23 0,600 TIOPUCTOCTh
17 | 90% x.c., 8% u3BecTHsIK, 2% coxa MeXaHUYecKast TepMUYecKast 250 0,73 0,081 paBHOMepHast
18 90% x.c., 8% un3BecTHsK, 2% coaa MexaHHYeCKast TEepMHUYECKast 200 0,32 0,072 HE paBHOMEpHas
19 92% 3x.c., 8% M3BECTHIK MeXaHH4YecKast TepMUYecKas 240 0,90 0,078 nopel dosiee 3 MM
20 | 92% x.c., 8% HM3BECTHAK MEXaHUYECKas CBUY+nporpes 170 0,40 0,064 nopsl 6osiee 3 MM
21 | 90% sx.c., 10% Mg(OH), JKUJIKOCTHAsI TepMHUYECKast 290 0,68 0,095 HE paBHOMEpHas
22 90% x.c., 10% Mg(OH), JKUJKOCTHAs TepMUYecKas 330 0,81 0,102 HE paBHOMEpHast
23 | 90% x.c., 10% Mg(OH), JKUJIKOCTHAs! CBY-+nporpes 275 1,10 0,090 paBHOMEpHast
24 | 98%x.c., 2% CaCl, MEXaHUYeCKas TepMHYECKast 185 0,45 0,066 paBHOMeEpHast
25 96%x.c., 2% CaCl,, 2% NaCl MeXaHHYeCcKast TepMUYecKas 170 0,59 0,062 paBHOMepHast
26 | 98%x.c., 2% MgCl, MeXaHuuecKas TepMHUYECKast 235 1,03 0,081 HE paBHOMEpHas
27 | 98%x.c., 2% MgCl, MeXaHu4YecKas CBUY-+nporpes 180 0,43 0,065 paBHOMepHast
95%x.c., 2% NaCl, 8% OYEHb KECTKas,
28 | 0GazanpTOBas yelrys MeXaHUueCcKas CBY-+nporpes 300 1,43 0,095 paBHOMeEpHas
97,5%%.c., 2,5% GazanbroBas
29 | uewys JKUJIKOCTHAs! TEpPMHUYECKast 340 0,63 0,106 HE paBHOMEpHas
97,5%x.c., 2,5% 0a3zansToBas
30 | vemrys JKHJIKOCTHAs! CBY-+nporpes 275 0,61 0,087 paBHOMEpHasi
KpYIHbIC
96%k.c., 2% Ga3anbTOBas YelIys, IOJIOCTH,
31 | 2% MgCl, MeXaHUuecKas TEepMHUYECKast 220 0,46 0,06 HepaBHOMEpHasi
96%x.c., 2% Oa3anbToBas Yelrys,
32 | 2% MgCl, MeXaHu4YecKas CBUY-+nporpes 220 0,87 0,056 paBHOMepHast
97%x.c., 1,5% Ga3anbToBas
33 | gemys, 1,5% CaCl, MeXaHUuecKas CBY-+nporpes 200 0,63 0,051 paBHOMeEpHas
KpYIIHbIE
96%3x.c., 2% Oa3anbToOBas Yelrys, MOJIOCTH,
34 | 2% CaCI2 MeXaHUueCcKas TepMHYECKast 230 0,44 0,079 HepaBHOMEpHasi
96%x.c., 2% Oa3anbToBas yeurys,
35 | 2% CaCl, MeXaHUYeCKas CBY-+nporpes 210 0,82 0,054 paBHOMeEpHas
96%x.c., 2,5% Ga3anbroBas
36 | wemys, 2,5% CaCl, MeXaHUYecKas TEepPMHUYECKast 290 0,92 0,091 HE paBHOMEpHas
96%x.c., 2,5% Ga3anpToBas
37 | gemys, 2,5% CaCl, MeXaHUuecKas CBY-+nporpes 265 0,94 0,08 paBHOMEpHas
90%3xk.c., 8% u3BecTHIK, 2%
38 | GasampToBas yenrys MeXaHuuecKas CBY-+nporpes 205 0,75 0,052 paBHOMEpHas
paBHOMepHas,
39 | 90%x.c., 2% 6azanpToBas yenrys JKMJIKOCTHAs! CBUY+nporpes 170 0,83 0,050 MEJIKOIIOPUCTAs
40 | 90%3x.c., 2% GazanbTOBast YSILyst JKUJIKOCTHAsI TepMHYECKast 180 0,44 0,052 HEpaBHOMEpHast
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Tabnuya 3 - Onpedenenue 6000CMOUKOCIU MEPMONEHOCUTUKAMHBIX MAMEPUATO8.

Jlo6aBka (IIOTHOCTH 0Opa3Ia, Kr/M’) Bpews paspymieris

B BOJIC, CYT
JKunkoe crekio, 6e3 qo6aBok (150) 1
Masaxut 1 CuO — 10% (mac.) (170) 2
BazanmpToBas gemys — 2% (mac.) (200) 3
Byperit xenesnsk - 5% (mac.) (170) 4
Jonomutns. n3BecTHsiK - 8% (mac.) (170) 5 “
Al(OH);, B xugkom Buae 3% (mac.)(170) 5 '-.‘. b
CaCl, — 2% (mac.) (180) 5 ¥ e
CaCl, — NaCl 50:50 — 2,5% (mac.) (200) 6 3 pre
BazampToBas gemrys — 2% (mac.), (CaCl, — NaCl) — 10 e Al il o 7 iz
3% (mac.) (200) Puc. 13. Makpoctpykrypa
CaCl, — NaCl 90:10 — 2,5% (mac.) (200) 10 TEPMOIICHOCHJIMKATA.

Ha ocHOBe NpoOBEIEHHBIX HCCIEAOBAHMM pa3pabOTaHbl U MpPEIJIararoTcsi JiBe
TEXHOJIOTUH H3TOTOBJICHUS TEIJIOM3OJISIIUOHHBIX MaTepUajoB U3 KUIKOCTEKOJBbHBIX
koMmno3uiuii. OCHOBHOE pa3iMyMe 3aKI04YaeTcss B METOJIe MOJTOTOBKH HCXOJIHOM
KUJAKOCTEKOJIBHOW KOMMO3UIMU. [IpruMeHeHne yka3aHHBIX CHOCOOOB MOATOTOBKU U
nopuzaiuu JKCK nmo3BosieT NoBBICUTh MPOYHOCTh MaTepuaia npu cxkatuu B 1,5 paza u
BOJ0CTOMKOCTh B 8-10 pa3. IIpu mopuzarmuu KCK B 3amMKkHyTO#H (hopmMe BepxHUE CIIOU
MaTepuayia YIUIOTHAIOTCS U POPMHUPYIOT MPOYHYIO KOPOUKY Ha MOBEPXHOCTH, KOTOpas
MOJIOKUTENBHO BIIMSIET HA SKCIUTyaTallMOHHBIE XapaKTePUCTUKU U3Aenus B 1enoM. Ha
puc. 16 mpuBemeHa MaKpOCTPYKTypa oOpas3lia ¥ Kopouka, chOpMHpOBaHHAs Ha
MOBEPXHOCTU MaTepHaia.

i JIByxcraauiinas TEXHOJIOTUA

08 CIMEKAD - e o

00 500 2. s iy ey nonyuenus TIIC usnenwmii, BKIOYaeT Ha
| T 11(50): 105 cTaauu CPaHyJISILHAIO
| | | v v

[Ctveti g [ ecated | [ ecato o | MPUTOTOBICHHOMN JKUJIKOCTEKOJIbHOM

| KOMIIO3UIIMM B  pacTBOpe  XJopujia
KJIBIUSL U TOCEAYIOUIUNA HarpeB rpaHy
B 3aMKHYTOH (hopMe Mpu Temreparypax

400-450 °C.

JlaHHast TEXHOJIOTUS MO3BOJSET
MOJIy4aTh Marepuain Cc O4YEHb
paBHOMEpPHOU MEJIKOIIOPUCTOMN

CTPYKTYpPOH MU XOPOILUMMH CTPOUTEIBHO-
TEXHUYECKUMH XapaKTEPUCTUKAMH, HO
BO3HUKAIOT TPYIHOCTH CBSI3aHHBIC
IrpaHyJIALMEN KPYIHOTO HAIOJHUTEIS,
KOTOPBIM  IUIOXO  MPOXOOUT  CKBO3b

e bunbepy M ¢ TOAJACPKAHUEM 3aJaHHOMU
v onunodka yravoba KOHILICHTpaI1 pacTtBopa xJiopuaa
Kb B pabouem LIUKJIE "

Puc. 14. Texnonoruueckas cxema yTUJIM3aIKUeR oTpaboTaHHOTO paccoa.
nonyuenust TIIC maTepuanos c VYkazaHnHble MpoOJEMbl OTCYTCTBYIOT

IMPUMCHCHHUCM )I(HI[KOCTHOﬁ I'panyJjIsinuun Ipu HNCIIOJIB30BaHUHN MEXaHUYECKOU
I'panyJIsIHuHA, ITOABJEACTCA BO3MOKHOCTD MCIIOJIIB30BATh CTAHAAPTHOC 060py,Z[OBaHI/Ie. Ha
,HaHHbIﬁ MOMCHT OHHOCTaHHﬁHaﬂ TCXHOJIOI'MA, BKIIIOHaromasas MCXAaHUYCCKYIO

TPaHyJISAIUI0, KAKETCS Hau0oJiee TEXHOJIOTHYHON U MEPCIIEKTUBHOM.
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JIns KOMIO3MIHMKM NOABEPTAIOIIMXCS KUIKOCTHOM TPAHYJIALMU PEKOMEHIYETCS
CIeAYIONIUHN pelenTypHbIi cocTaB, % (Mac.):
— Kunkoe crexio — 85-93
— MuHepanbHbli HAOJHUTENb (U3BECTHSIK) — 2-5
- Monotsiii TepMonieHocunukar — 5-10
JInst KOMIO3ULIMKM MOABEPTAOIINXCS MEXAaHUUECKOW TPAHYJISIIUA PEKOMEHYETCS
CIEeAYIONINI pelenTypHbIi cocTas, % (Mac.):
— Kunkoe crexiio — 85-88
- MuHepanbHbI HAITOJTHUTEIb — 5
- Cwmecsk conert XJIOpUAOB KaJbLHs U HATPUA — 2-5
— MOoJIOTBIM TEPMOTIEHOCUIIMKAT — 5
TexXHOJIOTUYECKHUE  CXEMBI  KMIAKOCTHOM M  MEXAaHUYECKOW  TpaHyJsALUU
IIPEACTABIICHBI HA pUCYHKAX 14 1 15 cOOTBETCTBEHHO.
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- CYUtIBHBIN Babapan; I:'—'
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0 - neuw 6cnenusanus. obpabomka baokos CcKIaduposanue

Puc. 15. Texnomnornueckas cxema nosyderus TTIC marepranoB ¢ IpuMEeHEHHEM MEXaHUYECKON TPaHy ISAIIH

2 " . o
Puc. 16. MaKpOCprKTypa TEPMOIICHOCUIIMKATHOI'O MaTepuaia
1 yIIpOUYHAIOIIass KOPpOYKa Ha TOBEPXHOCTHU.
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BbIBO/IbI

NHTEHCUBHOCTD  TEPMHUUYECKOU MOpU3ALIMM  HUCXOJAHOM  KHUAKOCTEKOJIBHOU
KOMITO3HUIIMKM TIpeonpenensieTcss o0sA3aTeIbHbIM MPUCYTCTBUEM B KOMIIO3UIUU
HEpa3pyLIEHHOIO0  JKMJAKOTO  CTekna.  Pa3BuTme  mpoumecca — mopusauuu
COMPOBOXK/IA€TCA U3MEHEHHEM (Pa30BOTO COCTAaBa CUCTEMBI, €€ JHTAJIBIIUUHOTO U
SHTPOMUUHOTO (PAKTOPOB, CyMMapHO€ 3HAYEHHE KOTOPBIX JaeT OTpUIlATEeNIbHOE
3HaueHue cBOOOMHON sHepruu ['mOOca. Ilone3nyro uHPOpMaALUIO O MeXaHHU3ME
BJIUSHUS MHUHEPAITbHBIX HAINOJHUTEICH W XUMUYECKUX J00aBOK Ha CBOWCTBA
YKUAJIKOCTEKOJIbHBIX KOMIIO3ULMKA, KaK Ha CTaJdW IPUTOTOBJICHHS, TaK WU NPHU
HOpHU3allii, MOXHO IMOJIyYUTh HA OCHOBE aHajn3a O0OBEAMHEHHOTO YpaBHEHHs 1-To
U 2-T0 3aKOHOB TEPMOJAVHAMUKH.

B TexHOMI0rHYECKOM MpOIECcCe KUIKOE CTEKIIO MPOXOAUT CTAANIO TeIeoOpa3oBaHus,
U Ul COXpaHEHHUsS TOPHU3AIMOHHOM CIIOCOOHOCTH XUMUYECKUE J00aBKU
HEOOXOIMMO BBOAMTH B BUJE CYXHMX, TOHKOJHUCIIEPCHBIX MOPOILIKOB, YTO PE3KO
3amensisier AU(@Py3uOHHBIE TPOLECCHl MOHHOTO OOMEHa MEXIy pearupyrouumu
KOMIIOHEHTAaMU CMECHM M YBEIMYMBAECT BpEMS JOCTHKEHUS PABHOBECHOTO
COCTOSIHUSL.

CKopoCTh MpOTEeKaHUsl MPSMOM peakiuu OOMEHa MpU B3aUMOJCHCTBUU CHIIMKaTa
HaTpUsl U paCTBOPUMBIX COJIEM IIEIOYHO3EMENIBHBIX METAJIJIOB MOYKHO 3HAYUTEIBHO
YMEHBIIUTh, B COOTBETCTBUM ¢ NpuHUUIIOM Jle-1llarense, pyu BBEIEHUU B KUIKOE
CTEKJI0O XUMHUYECKOW M00aBKH, COeprKaliell MPOAYKT JaHHOW OOMEHHOW pEaKIuu.
Hampumep, ecnu B kadecTBe reixeo0pa3oBateis ucnoib3yercs mopomrok conu CaCly,
TO HeoOxoauMo BBOJUTH nM00aBKy cmecu coiieii CaCl, m NaCl B cooTHomieHun
1.9 - 9:1. CHuxeHue CKOPOCTHM B3aUMOACHUCTBUS KOMIIOHEHTOB ITO3BOJISET
COXPAaHHWTh NOJMMEPHYK) CTPYKTYpy JKMAKOTO CTEKJIa U IOPU3ALMOHHYIO
CHOCOOHOCTh KOMIIO3MIIMM, YTO BEAET K YIYYIICHHIO SKCIUIyaTalMOHHBIX
XapaKTEPUCTUK U3JIECITUN.

BBenenue B cocTaB KMAKOTO CTE€KJIa KOMOMHMPOBAHHON J00aBKH, cojlepraiiein
MUHEpaJIbHBIA HANIOJHUTEIh U CYXYI0 CMECh XMMUYECKUX TOOABOK B ONTUMAJIbHOM
KOJIMYECTBEHHOM  COOTHOWIEHWH, To3BoyiieT mnoiayuuTh JKCK ¢ BbICOKOU
nopu3alMoHHo crnocoOHocThio. [lpu Tepmuueckoit mnopuzauuu XKCK Ttakoro
cOCTaBa MPOUCXOJAT MpPOLeCChl 00pa30BaHUsA TBEPIbIX PACTBOPOB 3aMEIICHUS U
COBMECTHOM KpHUCTAUIM3AIUU OOpa3yIONIMXCSd CHUJIMKATOB IIEJIOYHO3EMENTbHbIX
METAJIJIOB U UCXOJHBIX COJIEH MO OOIIMM MEXKATOMHBIM IJIOCKOCTSM, YTO MPUBOIUT
K YBEJIMYECHHMIO NPOYHOCTH IOPHUCTOM CTPYKTYpel B 1,5-2 paza M yBEIMYEHHIO
BOJIOCTOMKOCTHY nU3Aenuii B 8-10 pas.

OHeprus akTUBALMU Npoliecca MOPU3ALUUA YUCTOTO KUIAKOIO CTEKJIA COCTABISAET
24-36 x/lx/monb. BBenmenue n00aBOK MMHEpAIbHBIX HAMOJHUTENEH M COJEH
MPUBOAMUT K OOpPA30BAHMIO JBYX YYAaCTKOB HA KMHETUYECKHUX KPUBBIX C Pa3HbIMHU
MeXaHu3MaMHu TpoleccoB nopusanuu. Murepsan 3nayenuit E,=13-30 k/[>x/mMonp Ha
IIEPBOM  YYaCTKE XapaKTepU3yeT IPOLECC, COMPOBOXKAAIOIIMUNCI Pa3pbIBOM
BOJIOPOJHBIX CBA3EH B KUIKOM cTekie. Ha BTopoM yuyacTke 3HaueHus E,; nocturaror
70 u Oosee k/[x/Monb, YTO yKa3blBaeT Ha NpeoOiaJaHhe MeXaHU3Ma BSI3KOTO
TEUCHUS [IPU MOPU3ALIUU CUCTEMBI.
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. lIpu  mpuroroBnenuun  KCK  memecooOpa3HO  HWCHONB30BaTh  JT0OABKH,
o0ecrneunBamIre JOCTHKCHHE Ha BTOPOM YYAacTKE KHHETHYECKOW 3aBHCHUMOCTH
3Hauenusa E >65 xJx/monb. B asrtom cnydae ¢opMupyercss OAHOpPOIHAs U
JOCTATOYHO KECTKAsI CTPYKTypa TePMOTICHOCHIINKATA.

. IIpumenenue CBY HarpeBa, mno3BojgeT wucnoib3oBartb KCK ¢ BbICOKUM
conepxkanuem Biaru (50% (mac.)) mpu 3TOM 00pa3yroTcs u3aenus obiajarouiue
MOBBIIIEHHON TPOYHOCTHIO ¥ BHICOKOW PABHOMEPHOCTBIO CTPYKTYPHI.
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