O. M. llleBuyk, H. M. BykapTuk, M. P. Yo0iT, 3. f{I. Hanamkesu4, B. C. Tokapes

Hanionansuuii yHiBepcuret “JIbBiBCbKa MOJITEXHIKa”,
kadenpa opranigHoi Ximil

HAHOKOMITIO3UTHI I'TAPOI'EJII,
HAINIOBHEHI MIHEPAJIBHUMH HAHOYACTUHKAMMU

© Illesuyx O. M., Bykapmux H. M., Yo6im M. P., Haoawxesuy 3. A., Toxapes B. C., 2018

MetoaoM noJiiMepu3aniiiHOr0 HANNOBHEHHSI CMHTE30BAHO CTPYKTYPOBAHI HAHOKOMIIO3UTHI
rizporeni Ha OCHOBiI NHoJiakpuiamizy Ta mnonepefHbO MOAU(IKOBAHUX PpeaKUiliHO3ZATHUMU
nojiiMepaMu MiHepaJIbHUX HAHOYACTHHOK riapokcuanarury, ZnO, TiO,. [loka3ano, mo ¢izuko-
MeXaHiYHi XapaKTepUCTHKH OTPMMAHHMX HAHOKOMIIO3MTIB 3HAYHOI0 MipOI0 BH3HAYAKOTHCS
npupoao MoaudikaTtopa MiHepaJIbHUX HAHOYACTUHOK. JloCainKeHO BILUIMB MPUPOIH MiHEepaIb-
HOT'0 HATIOBHIOBA4Aa Ta peaKkniifHo31aTHOro MoaudikaTopa noBepxHi HAHOYACTHHOK HA KOJIOIIHO-
xiMiuHi Ta ¢izuko-MexaHiuHi BJACTHBOCTI HAHOKOMIO3ZUTHUX rigporesiB. OTpumani rinporesi
XapaKTePU3YIOThCS JOCTATHHO BUCOKHMHU (Di3NKO-MeXaHIYHMMH BJIACTHBOCTAMI.

Kuio4oBi cjioBa: cTpyKkTypoBaHi rigporeli, peakuiiiHo3aaTHi KomogiMepu, paauKaibHa
KONoJiMepu3alisi, HAHOKOMIIO3UTH, MiHepaJIbHI HAHOYACTHHKH.
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Cross-linked nanocomposite hydrogels based on polyacrylamide and mineral
nanoparticles of hydroxyapatite, ZnO, TiO; previously modified by reactive polymers were
synthesized via the method of polymerization filling. It is shown that physico-mechanical
properties of obtained nanocomposites are determined to a great extent by the nature of the
modifier of mineral nanoparticles. The influence of the nature of mineral filler as well as of
reactive modifier of nanoparticle surface onto colloidal-chemical and physio-mechanical
properties of nanocomposite hydrogels was studied. Obtained hydrogels are characterized by
rather high physio-mechanical properties.

Key words: cross-linked hydrogels, reactive copolymers, radical copolymerization,
nanocomposites, mineral nanoparticles.

IlocranoBka mpodjemu. HoBi TexHONOTIi IPYHTYIOThCS Ha PO3pOOJICHHI HOBUX MaTepiajiB, SKi
MOXYTh OyTH, 30KpeMa, IHHOBAI[IHHOIO KOMOIHAIlI€I0 BIAOMUX KOMITOHEHTIB. ChOTOIHI MiHEpalbHI
HAHOYACTHHKH 3aCTOCOBYIOTh y CIIO)KMBYHMX TOBapax 1 TEXHILil 4epe3 iX BIAMIHHOCTI y BIACTHUBOCTSIX
MOPIBHSHO 3 MaKpOPO3MIpHUMHU MaTepiajamMu. A CTPYKTYpHE MOEIHAHHS CITKH IMOJIMEPHOTO TiAPOTENIo 3
HAaHOYACTHHKaM{ (METald, HEMETalld, OKCHAM MeTaniB) o0ilsge mokpamuT (yHKIIOHAIBHICTD
KOMITO3UTHOTO Matepiaily MpH 3aCTOCYBaHHI B PI3HUX Tally3sX, 30KpeMa JjIsl KaTaidy, JOCTaBKH JIKIB, B
eJIeKTPOHIli, OloceHcopwii, HaHoMeawmwmHi 1 T. 1. [1-3]. Take mnoOe€qHaHHA MOXXE MPHU3BECTH IO
CHHEPTIYHOTO ITOKPAIICHHsS] BIACTUBOCTEH KOXHOTO KOMITOHEHTA: HAIMPHUKIAA, MEXaHIYHOI MIIHOCTI
TiIPOTEINI0 3 OJTHOYACHUM 3HIDKEHHSM CTYITEHS arperaiii HaHo4yactok [4, 5]. Lleit B3aeMHuUl MO3UTUBHUI
BIUIMB 1 TOB’S3aHI TOTEHIIiIIHI 3aCTOCYBaHHSA BHKIWKAJIHM CIJIECK IHTEPECY B OCTAHHE NECATHIITTS Y
0araTboX JOCTIIHUIBKHUX IPYyMax.
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AHani3 ocTtaHHiX AocailkeHb i myOJikaumid. 3amporoHOBAaHO TpU pi3HI CyMpaMoONeKyJSpHi
KOHCTPYKIIil KOMIIO3HUTY TiJIpOTrelb-HaHOYaCTHHKH: a) MiKpo- ab0 HaHOTeli, 10 CTabiTi3yI0Th OKpeMi yac-
THHKH a00 KiJbKa HAHOYACTHHOK OJHOYACHO, O) HAHOYACTHHKHM, HEKOBAaJCHTHO IMMOOLII30BaHI B
TiapoTreNieBil MaTpuIli, B) HAHOYACTHHKH, KOBAJIECHTHO iMMOO1Ii30BaHi B TimporeneBiii MaTpuili. B Hayko-
Bill JiTEpaTypi € OrfsiAd, UI0 CTOCYIOTHCS CTPYKTYp THIY (@), OMHUCYIOTh iX 3aCTOCYBaHHS B O10MeIUIMHI
(30Kpema, I TOCTaBKH JIIKiB), B KaTalizi i emekTpoHiti [6]. biouni rigporeni tumy (0) i (B) po3risamaiu
Mexcuannnep i Llmiar [7], i 3 Toro gacy 0yj0 KijibKa OIVISAIB, O OXOILUIIOIOTH TUIBKH AYyKe creunugiuHi
ix 3acrocyBaHHs [8].

Po3pobrneno pisHomaHiTHI komno3utn HY/rigporens 3 pi3sHUM TUIIaMHU HAaHOYACTHHOK, BOYZOBaHHX
B CiTKy Tigporemnto. [ piBHOMIpHOTO po3moairy HU B 00’emi Tigporesto 3acTOCOBYIOTh 11’ SITh OCHOBHHX
miaxofiB: 1) yTBOpEHHs TiAPOTeNio B CYyCNeH3il HAaHOYAaCTHHOK; 2) ¢i3nuHe BOYJOBYBaHHS HaHOYACTHHOK
B TiAporenb MaTpHWIli MICIsS TeNeyTBOPeHHA;, 3) (QopMyBaHHS peakmiiHO3NATHUX HAHOYACTHHOK B
MoTepeAHb0 COPMOBAHOMY Telli; 4) 3MMBaHHS 3 BUKOPHCTaHHSM HAHOYACTHHOK IS (OPMYBaHHS
TiIpOTeliB; 5) YTBOPEHHS TEII0 3 BHKOPHUCTAHHSM HAHOYACTHHOK, IOJIMEPIB 1 Pi3HUX TeEIETBIPHUX
Moniekyn [9]. Bubip Toro um iHIIOrO MiIXOAY BH3HAYAETHCS, 30KpEMa, CHPSMOBAHICTIO KiHLIEBOTO
3aCTOCYBaHHS KOMIIO3UTY HAHOYACTUHKHU-T1APOTeb.

[ompu icHyBaHHS LiJOT HU3KKM CIOCOOIB (OPMYyBaHHS HAHOKOMIIO3UTHHUX MaTepiaiiB, PO3BHTOK
HayKH 1 TeXHIKH TOTpeOye CTBOPEHHS MPOCTHX 1 MOCTYMHHX Ta YJOCKOHAICHHS ICHYIOUMX CHOCO0IB
oJIepKaHHs MOJIiIMEP-MiHEPATIbHUX KOMITO3UTIB 3 MMOKPAIIEHUMHU XapaKTePUCTHKAMH.

Mertow maHoi poOoTu OyJ0 OACpKAHHS HAHOKOMITO3UTHHMX TMOJIMEPHUX MAaTepialliB Ha OCHOBI
CTPYKTYpOBAHHUX TipOreliB i3 BOYZOBaHUMH MiHEpAIbHHMH HAaHOYACTHHKAMH METOJOM IIOJIiIMepH3a-
IIHHOTO HATIOBHEHHS Ta JOCIKEHHS 1X KOJIOIMHO-XIMIYHUX Ta ()i3UKO-MEXaHIYHHUX BJIACTUBOCTEH.

ExcnepumenTtanbna yactuHa. CHHTE3 MEPOKCUAOBMICHUX peakniiHo3maTHuX komnoiimepis (PK),
oyrunmerakpunaty (BMA), akpunaminy (AkAm), ManeiHoBoro anriapuny (MA) abo akpHIOBOI KUCIOTH
(AK) six rigpodinbHOT CKIIQJI0BOT Ta MEPOKCHIHOTO MOHOMEPY S-TpeT-Oy THITIEpOKCH-5-MeTHII- | -TeKceH-3-
iny (IIM) 3 pi3HEM BMICTOM MOHOMEPHHX JIAHOK TPOBOAMIN PAJAUKAIHLHOK KOMOJIIMEPHU3AIli€l0
BiMOBiAHUX MoOHOMepiB B erwmianerari (EA) 3a pi3HMX iX cHiBBiJHOIIEHb (CymMapHa KOHIEHTpALlis
MoHOMepiB 3,5 moinb/n) nipu 333 K y npucytHocTi nepokcuny naypury (1) sk iHimiaropa (KOHIEHTpaLis
iniriaTopa — 2-107 Mob/11) 3a Bizomoro Metoaukoio [10].

CunTtes nepokcugoBanoro riapokcuanaruty (I'AIl) mpoxoaus 3a peakiiero:

10CaCl; + 6(NH4);PO4+2NH4,OH — Ca;¢(PO4)s(OH), + 20NH4C1

3a TAaKOI0 METOIUKOI0: OYJI0 MPUTOTOBIEHO 5 % BOAHI PO3YMHU XJIOPHUIY KaJblil0 Ta TpUaMoHii ¢ocdary
3a MOJIbHOTO criBBigHomeHHs [Ca]:[P] = 1,67. HeoOXiqHy HaBaKKy peakiiiiHo31aTHOro MoaudikaTopa y
KUTBKOCTI 25 % BiJ Macu XJIOpHUAY Kajbllifo Oyia MonepeJHhO po3dYrHEHa Yy pO34YHHI TpHaMoHil docdary.
Po3unH xmopuay Kamnblifo TepMocTaryBaiu mpu Temmeparypi 313 K y peakropi 3a iHTEHCHBHOTO
MepeMilTyBaHHS JOMATHO Mimankoro. [lotiM B peakTop mo kparursix gogasanu po3duH (NHy);PO, ta PK,
MiClIsl YOro peaklidHy CyMilll TEPMOCTATyBaJlH MPH TepeMillyBaHHI mpoTsrom 7 roauH. Ilicns mporo
peaxuiiiHy cymim BindinbTpOBYBal M Ta TPHUYI NMPOMHUBAIM AWCTHIHOBAHOK BOAOI0. OnepkaHHl ocaj
CYLIHJIM 32 KIMHATHOI TEMIIEPaTypH J0 MOCTIHHOI MacH.

MomudikoBaHi peakiiiiHo3naTHIMH KomoriMepamu HamiBnpoBigaukoBi HY TiO, (Sy,,=5,4 Mz/l“) Ta
ZnO (Sun=3,4 M*/r) orpumyBamu Mommbikamiero ix mosepxHi 3 1% ameroHOBOro posumay PK 3a
CHiBBiIHOMIEHHS TBepAa ¢a3a : po3unH = 1 : 3 mpu Temmepatypi 29812 K. Yac momudikauii — 2 rog,.

Bwmict He3BOpOTHBRO ajcopboBaHoro odjiromnepokcuanoro PK Ha moBepxHi AucriepcHHX
aIcOpOCHTIB BU3HAYAJIM IPAaBIMETPUYHO Ta XpoMaTorpadidHo 3a GopMyIioro:

APK: (CHMl/CHMz)‘IOOO, MF/F, (1)

ne Crvi — BMicT nanok [IM wa agcop6enti; Crvn — BmicT naHok [IM y PK.
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Ha ppyriif crazii mpoBOAMIN MPHIIEIJICHY MOJIMEPU3alilo aKpuiIaMiay, iHiliHOBaHY MEPOKCHI-
Humu rpynamu PK, nonepennso iMmmoOinizoBanuMu Ha moBepxHi HY. [l mporo rotysainu po3und AKAM
y BOJi, m0 sikoro monxasanu MiHepanbHi HY. CrmiBimHomeHHs kommoHeHTiB [AkAM]:[H,O]:[HY]=1:1:1
mac angi HY TiO, ta ZnO a6o 1:1:1,5 y Bumagxky HY T'AIl. Otpumany macTy roMoreHi3yBamd i
3aBaHTaXXyBajiu B ammyiy. Temmepatypa nomimepusauii 353K, wac — 8 roa. J{ns miaBUIIEHHS CTyneHS
3IIUBKA KOMIIO3UTY B PO3UMH AKAM JojaBaiy CTpYKTypyrouwii areHT N, N'-meTuieH-Oic-akpuiamii
(MBA) y ximskocti 0,5-2 %. Y Bumaaky cuHTe3y HamoBHeHMX TrizporeniB Ha ocHoBi HY T'All
MOJIIMEPU3AIIIO 1HILIFOBAIIN TepCyTb(aTOM aMOHII0, SIKAW TIOTIEPEeTHRO PO3UMHSUIIA y BOAHIM (asi.

Kongepcito akpuiaminy npu mnojimMepu3alifHOMy HANOBHEHHI BH3HAYalId AWIATOMETPUYHUM
MeTo0M. MakcuMallbHy KOHBEPCiI0 KOHTPOJIIOBAJIM 32 3aJUILIKOBHMH HOABIMHMMH 3B’S3KamMH OpoMin-
OopomatrHuM MetozoM [11].

s Bu3HaueHHs renb-(ppakmii 3MKUTHX TigporeiiiB, HAIOBHEHUX MiHEPAJIbHUMH HAaHOYAaCTHHKAMH,
3pa3ku OTpUMaHuX cTpmwkHIB cymnum npu T=333K mig BakyymoM 1o moctiifHOI Baru. ExcTpakmiro
po34unHHOI ¢pakIlii mpoBoauau B amaparti CokciaeTa BoAow ab0 MiOKCAaHOM MPOTIroM 12 roi. 3aranbHy
renb-Ppakifito BU3HavaIu 3a HopMyJIor0:

I = (Myemen/Myex,) 100 %, )
€ Myepex — Maca HAIOBHEHOI'O TiIPOTENIO MICHsA EKCTPAKIii; My, — Maca HaBaXKH BUCYLIEHOTO
HAaITOBHEHOTO TiIPOTEIIIO.

I'enb-pakiiro, po3paxoBaHy BIAHOCHO TIOJMIMEPHOI MAaTpHWIN, BHU3HAYAIHM, BPAaXOBYIOUH, IO
CHIBBiTHOIIEHHS y BICYIICHOMY TiJIporesli [HaHOYacTHHKH |:[roimep]|=1:1:

I, =(I3-50)-2, 3)
ne I'3 — 3aranpHa reiap-(Qpakilis, po3paxoBana 3a GopmMyIioro (2).

MiIlHiCTh HAIOBHEHUX HAHOKOMITO3UTIB Ha po3puB (P, klla) Ta BimHOCHE BUIOBKEHHS MPU PO3TATY
(e, %) BusHauanm Ha po3puBHii MamuHi TIRA test 2200 Ha 3pa3kax, BUTOTOBJICHUX Y BHUTJISIII CTPHKHIB
nmiametpom 5,720,1 Mm.

Pe3yabTaTu i 06roBopenns. [lonimepusamniitHum/peakifHiM HallOBHEHHSIM OJIEPKAHO CTPYKTYpO-
BaHi riporesi Ha OCHOBI MOJiakpuiaminy i3 BOyZOBaHMMH HaHOYacTHHKamu rigpokcuanatuty ([AID),
MoNepeHb0 MOIU(IKOBAHUMH MEPOKCHIOBMICHUM KomoiiiMmepoM IIM-MA a0o HH3KOMOJIEKYJISIPHUMH
MonudikaTopaMu MOBEPXHI, IO MICTATh NOABIMHI 3B’S3KW, 3JaTHI A0 MoJjiMepHu3alii — OJeTHOBOIO
kucinotoro (OK) un msaoto omieto (JIO). TokazaHo, mo (i3uKo-MeXaHidHI XapaKTEePUCTUKU OTPUMaHUX
HAaHOKOMIIO3UTIB BH3HAUYAIOThCcA Npuponoro Momudikaropa HY (puc. 1). 3 TepMOMexaHIYHUX KPHUBUX
BHJIHO, 110 HaHOKoMMo3UT Ha ocHOBI HY T'All, momudikoBanux nepoxcumoBmicHuMm PK IIM-MA, He
po3M’sikiryeTbesi HaBiTh npu T=405 K, mo cBiguuth npo QopMyBaHHS BHCOKOCTPYKTYPOBAHOIO i
KOPCTKOTO HAHOKOMITO3UTHOT'O MaTepiaiy.

Haiinmkuy TepMoMexaHiuyHy CTIHKICTh JEMOHCTpPYE 3pa30K Ha ocHOBi HemoaudikoBanoro ['AIL Ile
MOSICHIOETBCSL THM, L0 y BUNaAKy HemoaudikoBaHux MiHepanbHux HY uepe3 Benuky pi3HHLIO MiX
MOBEPXHEBUMH CHEPTisIMH TiJ[PpOKCHANIATHTY Ta TIIOJIMEPHOI MATPHIIl Ta HHU3BKY CYMICHICTh ITUX
KOMIIOHEHTIB BiJI0OYBa€ThCs arjoMepailisi HAHOYaCTHHOK, Y PE3yNIbTaTi YOro 3HIKYETHCS PIBHOMIPHICTH 1X
PO3TOiTy B MOMiIMEpi, M0 W MPU3BOAUTH 10 MOTIpIIeHAS (i3NKO-MEXaHIYHUX BIACTUBOCTEW HAHOKOMIIO-
sutHOrO Martepiany. Kommosutn Ha ocHoBi HY T'All, moamdixoBaHHX HHU3BKOMOJIEKYISIPHUMH
peakuifHo3faTHUMH MoIU(piKaTopaMu, 3aiiMal0Th MPOMIJKHE CTAHOBHIIE 32 CBOIMH (hi3WKO-MEXaHIYHUMHU
BIIACTHBOCTSIMH, Tpu4oMy 3pa3ok Ha ocHoBi HU ['All, momamdikoBaHMX JUISHOIO OJI€I0, XapakTepH-
3YIOTBCS BUIIMM 3HAYEHHSM TeruiocTiHkocTi mo Bika. lle MoXke MOSCHIOBATHCH BHIIUM BMiCTOM
MMOABIMHMX 3B’A3KIB Yy IIill CHONyIi TOPIBHSHO 3 OJETHOBOIO KHCIIOTOIO, SKI MOXYTh OpaTH ydacTh y
PEaKLifX CTPYKTYPyBaHHS.

VY pesynbraTi Moaudikamii HaHouacTHHOK TiO; Ta ZnO, SKi BUKOPHUCTOBYIOTHCS SIK IMTHPOKO30HHI
HaITBIPOBIMHUKH (30KpeMa, B (OTOBOJBTAIYHMX KOMIpPKax), IMEPOKCHABMICHUMU MoaudikaTopaMu
OTPUMAaHO MiHEpPaIbHI HAHOYACTHMHKH 13 TOHKHM aJCOPOMIMHWM TOJIMEPHUM IIIapOM, TIEPOKCHIHI
(hparMeHTH SKOTO 37aTHI 1HIIIIOBATH paauKaibHI mporecH (Tadm. 1).
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Puc. 1. Tepmomexaniuni Kpusi HAaHOKOMNO3UMI6
Ha ocrosi moougixosanux HY I'AIT

Tabauys 1
YMoOBHU cHHTe3y Ta XapaKkTepucTHKH riaporesis Ha ocHoBi HY TiO; Ta ZnO,
MoaudikoBanux nepokcuaoBmicaumu PK (cmiBBiznomennst [HU]:[AxAm]:[Boga]= 1:1:1 mac.,
T=353 K, uyac nmoJrimepu3auii — 8 rox)

0 _ ‘g O :

No Tpuposa PK IIpupona Apk, |Cwmgpa, %0 T'enp (bpaxum, % ' Crymiap
HY MT/T MOJI 3aranpHa BinHocHO monimepy HaOpskanHs, %

1 - - 0 54,2 8,4

[IM-AxAM-AK TiO, 17,5

2 (17:72:11) 1 72,6 45,2

3 0 74,5 49,1 -

4 . 0,5 96,0 92,0 301
TiO, 24,4

5 IM-EMA-MA 1 98,5 97,0 172

6 (29:27:44) 95,1 90,2 154

7 83,0 66,1

8 ZnO 20,0 0,5 91,8 83,5 870

9 2 96,3 92,7 309

MoaudikoBaHi TaKMM YHHOM HAHOYACTHHKH OylO BHKOPHCTaHO SIK HAIlOBHIOBAY-iHIL[IaTOp MpH
CHHTE31 HaHOCTPYKTYpPOBAHHUX TOJIaKpHWIAMITHUX TigporeniB. BuaHo, 1m0 3a BiIICYTHOCTI TOJATKOBOTO
3IIUBAIOYOTO areHTy Telib-(QpaKIlisl OJIEpPKaHUX KOMIIO3UTIB € HU3BKOK, 1 CTPYKTYpOBaHWU TiJpOTeb,
3IaTHUN 10 HaOPSKaHHS y BOAI, HE YTBOPIOEThCS. TOMY B OJANbIIOMY NPH CUHTE31 HAIIOBHEHUX 3LIMTHX
TiIpOTENiB B peakliiiHy CyMill BBOJWIN JOAATKOBHH 3mmBaiouuii areHT — MBA. OpHak y BHIAAKy
peakuiitHo3matHoro  komoiyimepy IIM-AkAM-AK HaBiTh y TPUCYTHOCTI 3IIMBAlOYOrO areHTy
CTPYKTYPOBaHHUH TiIporeib XapaKTepH3YEThCs HU3BKHM BMICTOM Tenb-(pakiii. O4eBHIHO, 1€ OB’ I3aHO
3 HU3bKHUM BMICTOM IEPOKCUAHUX (hparMeHTiB B uboMy PK.

B roii xe wac, y Bumaaky PK IIM-BMA-MA oTpuMyIOTBbCS CTPYKTYpPOBaHI HaHOKOMIIO3WUTHI
rizporeni 3 BUCOKUM CTyNeHeM 3MIMBKH. HaBiTh 3a BiICYTHOCTI JOAATKOBOTO CTPYKTYPYIOUOTO areHTy
renb-(hpakiis, po3paxoBaHa Ha TONiIMep, CTaHOBUTH O1m3bko 50 %, a mpu 3actocyBanHi MBA, B 3anex-
HOCTI Bif #oro Bmicty — 90-97 %. Cnin BiA3HAUMTH, 10 3AaTHICTH 10 HAOpsSKaHHS 3pa3KiB, HAIOBHEHUX
ZnO € CyTTEBO BUIIIOIO, HIXK 1A Tiporesis, HanmoBHeHUX Ti0, (Tadu. 1, puc. 2).

Le, oueBnaHO, mosicHoeTbca MeHIMM po3mipomM HY TiO,, 1mo, mpu 0JHAKOBOMY MacOBOMY BMICTi
MEPOKCHIOBAHOTO HAINIOBHIOBAYA, BEAE A0 3POCTaHHS KUJIBKOCTI LEHTPIB CTPYKTYPYBaHHS, 1, SIK HACHiIOK, 1O
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(opMyBaHHS TiZpOTENI0 3 BHIMM CTyHeHeM 3mmBaHHA. OYeBHIHO, IO TPHBUMIpHA CiTKa, OTpHMaHa B
Ppe3ysbTaTi MPHUILEIUICHO] MoTiMepu3allii, iHiliHoBaHoi 3 moBepxHi nepokcupoBanux HY okcunis, € rycrimioro,
HDK OTpHMaHa MoniiMepH3allii B po3unHi, a MiHepanbHi HY, sKi 3HaXomsThes y By3iax CITKH, 30UTBIIYIOTH ii
YKOPCTKICTB. SIK HACTIAOK, 3AaTHICTh HATOBHEHHUX T'1IPOTEIiB 10 HAOPSKAHHS 3MEHIITY€ETHCS.

a 7] 8

Puc. 2. 3pasxu ciopoecento n (AkAm) i3 6yoosanumu HY TiO; 0o (a)
ma nicna (0, 8) nabpaxanusa, (Cyza=0,5 % (a, 6), 2 % (8))

Pesynbratu gocnimkenp Gi3uKo-MeXaHIYHUX BIACTUBOCTEH OTPUMAaHUX TiIpOreiiB i3 BOyIOBaHUMHU
HaHowacTHKaMu Ti0, Ta ZnO no0pe y3roKyooThCs 3 JaHUMHU, OTPUMAaHUMU TPH BUBYEHHI 3/1aTHOCTI
TiiporeNiB 10 HaOpsKaHHs (Tad. 2).

Tabnuys 2
3agnexnicTs PizMKo-MexXaHiYHUX BJIACTHUBOCTENH HANIOBHEHUX
rigporesiiB Ha OCHOBI MOJIAKAM BiJl CKJIa1y KOMIO3UTY

HanosHioBau Cwusba D, Mmm S, Mm? F,H P, xIla g, %
1 0 5,7 25,5 33,7 1321 665
2 . 0,5 5,7 25,5 53,4 2093 422

TiO,

3 1,0 5,8 26,4 91,7 3472 42
4 2,0 5,7 25,5 89,5 3509 34
5 Zn0O 2,0 5,7 25,5 12,8 501 899

Taxk, 31 30iNbIIEHHSIM KOHLIEHTpaMLii JOAaTKOBOIO CTPYKTypytouoro areHty MBA 3pocrae MinHicTh
IIPY PO3PHBI 3 OAHOYACHUM 3MEHILIECHHSAM BiTHOCHOTO BUIOBXKEHHS MPH PO3PHUBI, IO MOXKeE MOSICHIOBATHCH
301IBLICHHSM TYCTOTH 3LIMBKH 1 KOPCTKOCTI MOJIIMEpHOTO rixporento. BogHouac HaBiTh 3a BiACYTHOCTI
MBA, mompu HU3bKY BEIMYUHY Tenb-Qpakiii, OTpUMaHI Tigporeni XapakTepPHU3YIOThCS OOCTATHBO
BHCOKHMH (i3UKO-MEXaHIYHUMH BIACTUBOCTSIMU.

BucnoBku. Po3pobieHo Meromu onepXaHHS Ta CHHTE30BAHO METOAOM TONIMEpU3aliitHOTO
HATIOBHEHHSI HAHOKOMIIO3MTHI TiZIporeli Ha OCHOBI Mojiakpwiamiay Ta minepanbaux HY rigpoxcuarna-
tuty, TiO, ZnO, monepenHb0 MOIU(IKOBAHUX peaKUiiHO3IATHUMH TomiMepaMu. OTpHUMaHO CTPYKTYpO-
BaHI HAHOKOMIIO3UTHI TiApOresli 3 BUCOKUM CTYNEHEM 3IIUBKH. 3a BiICYTHOCTI JOJATKOBOTO CTPYKTY-
PYIOUOTO areHTy Tenb-Ppakilisi, po3paxoBaHa Ha TOJiMep, CTaHOBUTH Omm3bko 50 %, a 3a ioro
3aCTOCYBaHHS, 3aJIeKHO Bil Horo BMicTy — 92-98 %. IlokazaHo, mo ¢i3uKo-MexaHiuHI XapaKTepPUCTHKH
OTPUMAaHMX HAIIOBHEHUX HAHOKOMITO3HTIB 3HAYHOIO MIpOIO0 BU3HAYAIOTHCS MPUPO0I0 MiHepansHuX HY Ta
MIPUPOAOIO peakLiifHo3AaTHOrO MoaudikaTopa nosepxui HY.
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