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AHOTANIA

I'puyenxo O. M. HaykoBi OCHOBH OJIep>KaHHS KOMIIO3UIIMHUX METaJIOHAIOBHEHUX
KOIOJIIMEPIB MOJIBIHUIMIPOAAOHY Ta iX rigporeniB. — KBamidikoBaHa HaykoBa mparis
Ha IpaBax pPyKOMHUCY.

Hucepranis Ha 3000yTTS HAyKOBOTO CTYNEHS JOKTOpa TEXHIYHMX HayK 3a
cnemianbHicTiO 05.17.06 «TexHonoris moaiMepHUX 1 KOMIO3ULIMHUX MarepiamiB». —
Hamionanbauii yniBepcuret “JIbBiBchbka nonitexHika”, JIbBiB, 2017.

Jucepralis  NpUCBSY€HAa  pO3pPOOJEHHIO  OCHOB  TEXHOJOTIl  Ofep>KaHHS
KOMIIO3ULIMHUX  METAJIOHAIOBHEHUX  MarepiayiiB  Ha  OCHOBI  KOMOJIMEpIB
MOJTIBIHUIITIPOTIAOHY (ITBIT) 3 2-T1IpOKCIETUIIMETAKPHUIIATOM (TEMA),
BUKOPUCTOBYIOYM HOB1 METOJM, 30KpeMa MoJliMepu3alliiiHe HAaMOBHEHHS AUCTIEPCHUMHU
METaJeBUMHU MOPOIIKAMHU, XIMIYHE BIIHOBJIEHHS METaJiB y CITI TipOreio, XiMiuHe
BIIHOBJICHHSI METaJIB B MPOIEC] MoiMepu3allii 3a BUKOPUCTAHHS €K30TepMii IIPoIIeCy.
XapakTepHUM [IJIs1 TAKUX KOMIIO3UTIB € TIO€/IHAHHS BJIACTUBOCTEH MOJIMEPHOI MaTpHUIIl
— copO1iifHa 3aTHICTh, MIIHICTh, €JACTUYHICTh, OI0CYMICHICTh 3 )KMBUM OPTaHi3MOM
Ta MeTaly-HallOBHIOBaYa —  E€JIEKTPONPOBIAHICTb, TEIUIOCTIMKICTh, MAarHiTHI
BJIACTUBOCTI.

Y  nepmiomy po3futli  «AHadI3  Cy4yaCHOTO CTaHy pPO3BUTKY CTBOPEHHS
METaJOHAOBHEHUX KOMIIO3MIIIMHUX MaTepiajiBy [MOAAHO KPUTHYHHUNA  aHami3
JTEpaTypHUX JHKEpesd, MPUCBIUYECHUX JOCTIKEHHSIM OCOOJMBOCTEN OJlep KaHHS,
CTPYKTYPH, BIACTUBOCTEH Ta BHUKOPHCTaHHS  METAJOHANIOBHEHUX IMOJIMEPIB Ta
MOJIIMEPHUX TiAporesniB. BH3HAau€HO OCHOBHI MPUHLMIKA Ta HAMPSIMKU CTBOPEHHS
KOMITIO3UTIB 3 OTJIAJly Ha ICHYIOYl TUIIM Ta METOAW (OPMYBaHHS MOJIMEPHOI MaTpHIli,
CIOCOOM OTpUMAaHHS YaCTMHOK METAJEBOr0 HANOBHIOBAaya, HOro BBEJEHHS B 00’ €M
MoJIIMEPY 3 BHCBITJIEHHSAM OCHOBHHUX MpoOJieM, SKi CYNPOBOMXKYIOTh IPOIIEC
OJlep)KaHHS ~ MeTajJOHanoBHeHMX moxaimepiB. [lpeacraBienHo iHdopmanilo  1po
Bukopuctanuss [IBII y mpouecax opepkaHHd YacTMHOK MeTajiB HaHO- Ta
yIBTPAPO3MIPIB K CTaOLII3aTOpa Ta BITHOBHUKA.

OOrpyHTOBaHa TEPCHEKTUBHICTH CHUHTE3y MeTajdoHanoBHeHux [IBII-I'EMA

KOHOHiMepiB, BH3HAYCHI HalIpJAMKU  Ta 3aBJAdHHA I[OCJ'IiI[}KCHB, CIIPAMOBAHUX Ha
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pO3B’si3aHHS ~ HAyKOBO-TEXHIYHOi  MpoOieMH —  OAEpXKaHHA  KOMIO3UIIHHUX
MeTajoHanoBHeHux konoisimepis [IBII Ta rizporesniB Ha iX OCHOBI.

VY apyromy po3auni «O0’€KTH 1 METOAUKH EKCIEPUMEHTIB» OXapaKTEepPU30BaHI
OCHOBHI ()13MKO-XIMI14H1 BJACTUBOCTI PEYOBHH, SIKI BUKOPUCTOBYBAIH y AOCIIIHKCHHSIX,
OMMCAaH1 METOJUKHU 3/11MICHEHHS €KCIIEPUMEHTIB Ta 0OPOOKHU Pe3ybTaTiB.

Y  tperbomy po3auii «HaykoBl acmekTH ojAepKaHHA ~METaJOHANOBHEHUX
konosiimepis [1BIT 3 'EMA Ta rimporesniB Ha iX OCHOBI METOJOM MOJIMEPHU3aLIHOrO
HAllOBHEHHS» HABEJIEHO PE3yJbTaTH JOCHIIKEHb 3aKOHOMIPHOCTEM CHHTE3Y,
(bopMyBaHHS CTPYKTypU Ta BIACTHUBOCTEH MeTalioHanoBHeHUX Kkomoiimepis [1BII
METOJIOM TOJIIMEPU3ALIITHOTO HAMOBHEHHS AMCIEPCHUMH MOPOIIKAMU METaliB Ta
pPO3pOOJICHHSI OCHOB TEXHOJOrli iX ojepkaHHA. Po3poOieHi MBUAKOTBEPAHYYI
MeTajoHanoBHeH1 kommnosuiii Ha ocHoBi [IBII ta 'EMA. Bmnepuie BcTaHOBIEHI
3akoHoMipHOCTI KomosiMmepuzauii [IBII 3 T'EMA y mnpucyTHocTi JIuCHEpCHUX
MetaneBux HamnoBHioBadiB (Fe, Co, Ni, Pb, Zn, croniB SmCos, FeCo) 3a yuacti
cynbdatie pepymy (II, III) Ta 3a ix BiacyTtHocTi. I'eTeporeHHa mnosiiMepuzailisa y
MPUCYTHOCTI TMOPOIIKIB METalIiB BUKOPUCTaHa [JIl OJEp)KaHHS KOMIO3HUIIIIHUX
MOJIIMEPIB 1 TiAPOTesiB B JabOpaTOpHUX YMOBax 3a KIMHATHOI TemImepaTrypu, Oe3
MOMNEePETHHOTO OYMILEHHS BiJ KHUCHIO 3 PEryJibOBaHUM 4YacoM (POPMYBAaHHS B Mexkax
0,5+2 rox. Bnepiie BCTaHOBIICHO, 110 BU3HAYAIBHUHN BIUIMB HA KIHETUKY TMOJIIMEepH3allii
Ta (opMyBaHHS CTPYKTYpH MeTanoHanoBHeHHX KomonimepiB [IBII mae akTuBHICTBH
MeTaly-HalmoBHIOBaYa, sika 3MIHIOEThCS B psiay Zn>Fe>Co>Ni>Pb>Cu 1 Bignosigae
PO3MIIIEHHIO METAJIIB B €JIEKTPOXiMIYHOMY psfi Hanpyr. [Y cnekrpockoniunumu, AMP
Ta KBAaHTOBO-MEXaHIYHMUMHU JOCIIDKCHHSMH MIATBEPIKEHO KaTali3 TMojiMepu3aliii
yepe3 KOMIUIEKCOYTBOPEHHS PeakiiHOi MacH 3 METaJIEBUM HAIlOBHIOBAYEM, IO CIIPUSIE
aKTUBAIlll MOHOMEPY Yepe3 3pOCTaHHs BiJl’eMHOTo 3apsay Ha >C=C< 3B’43Ky Ta 3MiHI
3apsily Ha HITPOTeHl Yy MIPOJiOHOBOMY LMKl MeTomamu xiMiuHoro anamnizy, 14
cnekrpockomnii, CEM, ¢doTokomopumeTpii, MiATBEPIHKEHO TMepedir NpUILENIeHOT
nosiMepusanii (Mer)akpuwiarie Ha [IBII B mpucyTHOCTI MeTaliyHOI MOBEpPXHI 3
YTBOPEHHSIM CITYACTOTO KOMOJIMEpY.

Ha ocHOBi pi3HOi BeaW4MHM ajcopOLii peakuiiiHOi Macu MOBEPXHSIMU MeETajliB
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PI3HOT TIPUPOJH, EJIEKTPONPOBIAHOCTI aACOPOIIHHOrO IIapy 1 CHIJIBHOI aare3iHoi
B3a€MO/I1i, BU3HAUEHOI 32 KyTOM 3MOUYYBaHHs, OOTPYHTOBAaHA TOMOJIOT1S MOJIMEepHU3alii
Ta (opMyBaHHSI CTPYKTYypU KOMOJIMEPY BiJ MOBEPXHI METAJEBOI YACTUHKU B 00’ €M
peakuiiftHoi Macu, po 1o cBiguath pesynbratu [IMTA ta CEM.

JlocnipKeHo BIUIMB MPUPOJU Ta BMICTY JHCHEPCHOIO METAJIEBOIO0 HANOBHIOBAada
Ha (popMyBaHHS CTPYKTYypH HaroBHeHUX Komoimepis [IBII (Tun Ta ckiian komosiMepy,
napameTpu 3LUIMBaHHS MOJIMEPHOI CITKM). 3 MIIBUILIEHHSIM aKTUBHOCTI METally 3pOCTa€
edextuBHicTh npuinerienHs [IBII y komomimepi, BogHOYAac, 3MEHUIYETHCA CTYIIHb
3IIMBAHHS YTBOPEHOI TMOJIMEpHOI CITKU. JloBeneHo, IO MiJBUUIEHHS CTYIEHIO
3MIMBaHHS TIOJIMEPHOT CITKM BiIOYBAa€ThCS BHACIIIOK YTBOPEHHS JOJATKOBUX
(G13MYHUX BY3JIIB 32 y4acTl METaJeBUX YACTUHOK. BCTaHOBIEHO 3B 30K CTPYKTYPHUX
XapaKTepUCTUK 3  (PI3BUKO-MEXaHIYHUMH, TEIIOPIBUYHUMH Ta  E€JIEKTPUYHUMU
BJIACTUBOCTSIMHU, SIKI MOKHA PEryJiloBaTH B IIMPOKUX MEXKax 3aJie’KHO BlJ MPUPOAH Ta
BMICTY MeTajy-HaloOBHIOBaYa, KOMIO3UIIKHHOIO CKIaay Ta METOJy MoJiMepHu3arlii.
[MutomMuili 006’€eMHHI €IEKTPUUHUI OMip MarepiaiiB YyTJIIMBUH O 3MIHU BOJIOTOCTI1 (B
Mexax Bojorocti 0+50% nmiamasoH 3MmiHE omopy craHoButh 10°+107 Omxm),
temneparypu (i3 3MmiHoro Ttemnepatypu Bim 20°C mgo 175°C omip cyxux 3pa3KiB
3miHtoeThest B Meskax 10°+10* Omxm), pH cepemoBumia (B Mexax pH Bix 2 mo 9
Jiana3oH 3MIHM Py CTaHOBUTH Bim 2 no 170 kOmxm), HaBaHTaxeHHs (13 3MiHOIO
HanpyxeHHs1 ctuckyBanHd Bin 0 xlla mo 140 klIla py HaOpAKIMX MeTaJOHATOBHEHUX
[IBII-I'’EMA kormoniMepiB 3MEHIIIYETbCS y 2-4 pasn).

3 BHUKOPHUCTaHHSIM 3J1ACHEHUX JOCHIIPKEHb PO3pOOJIEHI OCHOBU TEXHOJOTII
(GbopMyBaHHS METOJOM MOJIMEPHU3ALIMHOIO HANMOBHEHHS MAaJIOTOHHAKHUX BUPOOIB 3
KOMITO3UIIMHUX METaJIOHAIIOBHEHHUX T1IPOTEIIB, Ky MOKHA 31MCHUTH O€3MocepeIHbo
B JabopaTopHUX yMmoBaxX. Ha OCHOBI Migb- 1 IIMHK HANOBHEHHX TIAPOreiiB,
CIPOEKTOBAHO Ta CKOHCTPYMOBAHO TEH30JAaTUYUK THUCKY 3 BHCOKOIO THPYXKHICTIO,
€JIEKTPOIMPOBIIHICTIO Ta IMiJIBUIIEHOIO0 YYTJIMBICTIO Y BOJOTUX cepepoBuiax. OnepxxaHi
KOIOJIIMEpH, HAMOBHEHI MIJII0 Ta TrpadiToM MNPONIUIM YCHIIIHE BUIPOOYBaHHA 1

peKOMeHI[OBaHi JJIs1 BUKOPUCTAHHA AK CJICMCHTU z[aBaqu BOJIOTOCT1 CHITKHX MaTepianiB

(30KpeMa, IpyHTY).
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Y uerBeproMmy po3autni  «Po3poOieHHS OCHOB TEXHOJIOTii BiILIEHTPOBOIO
(dbopMyBaHHS TUJIIBKOBUX TIAPOTENiB, HAMOBHEHUX IMOPOIIKAMH METajliB) BIIEpIIE
3alpONOHOBAHO 1 PO3POOJIEHO NPHUHIIMIOBO HOBY TEXHOJOTIIO  OJEp)KaHHSA
TIpOresieBUX IUIIBOK Ha OCHOBI peakiiiHo3gaTHux kommnosuiliid [IBII 3 'EMA
METOJIOM BiilIeHTpoBOro ¢GopmyBaHHs. CKOHCTPYHOBAaHO O0JIaJIHAHHA Ta OCHAIICHHS
JUTSL BIILIEHTPOBOTO (DOPMYBaHHS IUTIBOK, SIKE€ BIA3HAYAETHCS MPOCTOTOK) KOHCTPYKIII,
TE€XHOJIOT1YHICTIO, YHIBEPCAJBHICTIO 3 3a0€3MEYECHHSIM MOMKIHUBOCTI OJIepKaHHS
IUTIBKOBUX BUPOOIB  Oynb-iKOi, Hamepes 3aJaHoi, TOBIIMHH, OaraToIIapoBHX,
apMOBAaHMX Ta HamoBHEHUX. [LMIBKM XapakTepHu3yHOThCS BHCOKOIO SKICTIO MOBEPXHI
(Rz=30+60MKM) 1 pi3HOTOBIIMHHICTIO, sIKa HE niepeBuInye 1%.

OOrpyHTOBaHI OCHOBHI TEXHOJOTIYHI HapamMeTpu BIALEHTPOBOro (GOpMyBaHHS
riIporejeBUx IUTIBOK — Yac MUTTE3JATHOCTI KOMMO3MIli, Temneparypa (popMyBaHHs,
TpUBaIICTh (OpPMYyBaHHs, YacToTa oOepTaHHS (OpMHU, BIIUEHTPOBA CHJIA, THUCK
dbopmyBaHHsS. AHAJITUYHUM METOJOM BCTAaHOBJICHO, IO BIAIIEHTPOBA CHJa Ta TUCK
MPUTHCKAHHS KOMIIO3UIIIT 10 (hOPMYBaJIbHOI MMOBEPXHI TOJIOBHUM YMHOM 3ajiekKaTh B[
4acTOTU OOEpTIB Ta rabapUTHUX PO3MIPIB LWIIHAPUYHOI (POPMHU, TOBIIMHHU IUTIBKH,
I'YCTUHU KOMITO3HMIII].

BcraHoBneHo, 1m0 BiAUEHTPOBE (OPMYBAHHS KOMIO3ULIMHUX TiApOreaeBUi
IUTIBOK 3 METaJOHANIOBHEHUX KOMIIO3MI[I CYNPOBOIKYETHCS SIBULIEM DPO3IIAPYyBaHHS
MOPOIIKOBOTO HAIMOBHIOBaYa, IHTEHCUBHICTb SIKOTO IOCHIJIIOETHCS 13 MIJBUIIEHHSAM
4acTOTU 00€pTIB IMWIIHAPUYHOI (POPMH Ta 3MEHILIEHHAM B'I3KOCT1 BUX1AHOT KOMIO3MUIII{
— 3MeHieHHs BmicTy [IBII Ta po3BeneHHsIM pO3UMHHUKOM. J{0BeeHO, 1110 Yepe3 SBUILE
po3lIapyBaHHsS KOMIIO3HUIIlT METAJOHAMOBHEH] IUIIBKH, OJIEpXKaHl BIAIIEHTPOBUM
(dhopMyBaHHSAM, XapaKTepU3YIOTHCSI aHI30Tpomi€lo (i3UKO-MEXaHIUYHUX, EJIECKTPUUHUX
BJIACTUBOCTEN Ta SIKOCTI MOBEPXOHb. BpaxoByrouu MiABUIIEHHS B’A3KOCTI BUXIAHOI
KOMIO3UIlII TMiJ dYac TmojiMepu3allii, 3alporoHOBaHO CMoci0  BIAIIEHTPOBOTO
dbopmyBaHHS 13 cTajaiero QoprojiMepusallii Ta 3 MOCTATHUM IMiIBUIICHHSIM YacTOTH
oOepTaHHs WIIHIPUYHOT (popmu.

B naGoparopHux Ta MpOMHCIOBUX YMOBaX 3/A1MCHEH1 BUMPOOYBAHHS PO3POOIEHOT

BIIIICHTPOBOI ~ YCTAHOBKM Ta  TEXHOJIOTii, = BUTOTOBJEHI  JOCIIAHI  3pa3Ku
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METaJOHANOBHEHUX KOMOJIIMEpPIB Ta TILAPOreNiB, SKI MIATBEPAWIA BUCOKY iX
TEXHOJIOTIYHICTb. 311CHEHO TOCITITHY armpo0airito cOpOIIHO3TaTHUX
MarHiTOT1APOreIeBUX IUIIBOK (HAa OCHOBI camapiii-koOalbTOBOI'O HANOBHIOBaua) Ta
BCTAHOBJIEHA MOXJIUBICTh iX BHUKOPUCTAHHSA SIK MarHitogopiB s MICUEBOI
MarHiTorepanii. 3anpornoHoBaH1 MaTepiaii MEePEeBULIYIOTh BiIOMI I'yMOBI1 aHAJIOTH 3a
eKCIUTyaTalllIfHUMHU BJIACTUBOCTSIMHU, TEXHOJOTTYHOIO MPOCTOTOIO OAEpP>KaHHS, KpalluM
KOHTaKTOM 3 TIOBEPXHEI0 WIKIpU JIOJUHU Ta MOKJIUBICTIO TOKPUBATH pelibedH1
IOUISHKW, TMPOCTOI0 MIJATOTOBKOI AaruliKaTOpiB Ta BIACYTHICTIO CTajall OYMILEHHS
MOBEPXHI WIKIPU MicIs IX BUKOPUCTAHHS, & TAKOX MOXKJIMBICTIO MIJBEECHHS J1KAPChKUX
(dbopM 10 MOBEPXHI1 LIKIPHU Yepe3 aruTikaTop.

Opep>kaHl MarHiTHI MaTepiajii, HAllOBHEHI caMapii-KOOaIbTOBUM MOPOIIKOM Ta
HACHMYEeHI  pPO3UYMHOM-TIEPETBOPIOBAYEM  IpXki, NPOMIUIM  BHUMNPOOYBaHHS  Ta
PEKOMEHIOBaH1 JJisi BIPOBAPKCHHsS SIK BHCOKOE(EKTHUBHI IUIIBKOBI MaTepiaiu s
OUYHUIIEHHS CTaJIbHUX IOBEPXOHb MPOMHUCIOBOrO (HOPMYBAIBHOIO OCHAIIEHHS BiJ
KOpO3ii.

VY m’stomy po3nuti «TexHOIOr14H1 0COOIUBOCTI OJIEpKAHHS METaJIOHAMIOBHEHUX
rigporeniB Ha ocHoBl komomiMmepiB [IBII XiMiYHMM BIJHOBJICHHSIM MeETaly B CITII
MOJIIMEPY» TMOJIaHO OCHOBHM TEXHOJIOT1i ojepkaHHs MetanoHanoBHeHux [IBIT-I'EMA
KOIOJIIMEpIB METOJ0M XIMIYHOTO BIJTHOBJICHHSI METajliB B CITI moiiMepy. Bmnepiie 3a
pe3ysbTaTaMH JIOCHIJKEHb CTPYKTYPHUX XapaKTEPUCTHK, COpPOLIHOT 34aTHOCTI Ta
MPOHUKHOCT1 JUIsi HHU3BKOMOJICKYJIIPHUX PEYOBMH, a TaKOX XIMIYHOI CTIMKOCTI,
noseneHo mnpuaaTtHicTe komoiaimepiB [IBII 3 TEMA sk matpuupb s XIMIYHOTO
BIIHOBJICHHS METajiB Ta METAJIOHAIIOBHEHUX TIiApOoreiiB Ha iX OCHOBI. BuBueHO
3aKOHOMIPHOCTI TIPOIIECIB BIIHOBJICHHS METAJIIB 3 BOJHUX PO3YUHIB IX COJIEH.
JlocnipkeHo BIUIMB KOHUEHTpallii akTUBatopa Ta OKuUcHUKAa, pH cepenosuiia,
TemrepaTypu 1 KoHueHTpauii y po3uumHi [IBII Ha KiHETHYHI 3aKOHOMIPHOCTI
BIJTHOBJICHHSI, TUCIIEPCHICTh Ta CTPYKTYPY METANIIUYHHUX YACTUHOK, BiJ SKUX 3aJEKHUTh
TEXHOJIOTTYHUHN PEKUM HATIOBHEHHSI, a TAKOX 1 BIACTUBOCT1 KOMIIO3UTY.

OOrpyHTOBaH1 ONTUMAaNIbHI TEXHOJOTTYHI apaMeTpu ojepkanHs Ni-, Cu- ta Ag-

HAIOBHEHUX IUTIBKOBHUX TIAPOreIiB METOJIOM BIIHOBJICHHS METally y CITIIl MOJIMEpY.
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JUIs KOXXHOrO MeETajly BCTaHOBJIEHI pEHEenTypd OKHUCHO-BIJHOBHUX CHUCTEM Ta
ONTHUMAJIbHI TEXHOJIOTIYHI TapaMeTpu BIIHOBIEHHA, fAKI 3a0e3Mme4yloTb BMICT
BITHOBJICHOTO METAJIEBOr0 HamoBHIOBaua 110 6 mac.%. IlopiBHSHO 3 aHaNOTIYHUMU
noJiiMepaMy, HAlIOBHEHUMH TMOPOIIKAMHU METaNiB, JJIsl IOCSTHEHHS OJHAKOBOI'O PIBHS
€JICKTPOTPOBITHOCTI OACPKAHUX KOMIIO3UTIB HEOOXIHO y T'SATh pa3iB MEHIIE
HaMoBHIOBa4a. BCTaHOBJIEHO, 1110 BIIHOBJICHHS YaCTHMHOK METajy BIIOYBA€ThCS SIK Ha
30BHINIHINA MOBEPXHI 3pa3ka (3 po3MipoM 4acTUHOK 1+30 MKM), Tak 1 B ioro 00’eMi Ha
MOBEPXHI KOMIPOK MOJIMEPHOI CITKH (3 HaHOpo3MipoM yacTuHOK 50300 uMm). BmicT y
KOMIIO3UT1 METally-HallOBHIOBaYa 3pOCTa€ 13 30UIBIICHHSIM CTYNEHsS 3UIMBaHHS
MOJIIMEPHOT CITKU. 3ampOTNOHOBaHUM CMoCiO 3/IHCHEHHS BIAHOBJICHHS METATIB Yy CITII
noJyiiMepy 3 00’€HAHOIO CTaJl€l0 HAOpPSIKaHHS TIAPOreJIeBUX MaTepialliB y PO3UHMHI
OKHMCHUKAa Ta BIJIHOBHHMKA JaB MOXIIMBICTh 3HAYHO TOKPAIIUTA TOMOTEHHICTh
PO3MOALTYy HAalOBHIOBAaYa Yy KOMIIO3UTAX, 3MEHIIUTH KUTbKICTh CTaAlll TEXHOJOTIYHOTO
MpoLEeCy Ta MIABUIIUTH HOTO MPOIYKTUBHICTb.

Y mocromy po3nuti «3aKOHOMIPHOCTI OJIEp>KaHHsS KOMIO3UIIIMHUX TiIpOresiB
METOJIOM XIMIYHOTO BIJIHOBJIEHHSI METally Ha CcTajii (POpMyBaHHS MOJIMEPHOT MATPHILI»
MPEACTaBlICHl PE3yJbTaTh JAOCHIKEHb TEXHOJOTIYHUX OCOOJMBOCTEH OJIep KaHHS
KoMro3uuliaux  metanoHanoBHeHux  [IBII-I'EMA  komomimepis METO0M
noyiMepu3aiii 3 OJHOYACHUM XIMIYHUM BIJIHOBJICHHSIM YaCTHHOK METAJIEBOTO
HaroBHIOBada. Po3pobiieHO (i3MKo-XiMiuHI OCHOBHU TexHosorii noaimepu3aiii [TBIT —
'EMA xomno3uiiii 3 0JHOYaCHUM XIMIYHHMM BIJHOBJICHHSIM MeETaly-HallOBHIOBaya Ha
OCHOB1 BUKOPHUCTaHHS ek3o0edekTy mnosimepusanii. BcraHoBIeHO B3a€EMHUI BIUIMB
MpoLeciB MmojiMepu3alii Ta XIMIYHOTO BIIHOBJIEHHS HIKENII0, Mill Ta cpibia Ha
napameTpu refb-eeKTy nojiMepu3allii — yac MovaTky reJieyTBOPEHHS, 4ac JOCSITHEHHS
MaKCHUMaJIbHOI TEMIIepaTypu €K30TepMii Ta MaKCUMalbHy TEMIEepaTypy €K30TepMii.
BukopucrtanHs iHIIIIOBaJIbHOI CUCTEMH, siKa CKIamaeThes 3 cyibdary depymy (II) ta
MepoKcUly 0eH301ny, 3a0e3nedye MOKIUBICTD 3/1HcHeHHs nmoiaiMepusaltii [IBIT-I'EMA
KOMITO3HUILIIH 332 KIMHATHOI TeMIiepaTypu 13 3a0€3MeUYeHHSIM JOCSITHEHHS MaKCUMalbHOT
TEeMIIepaTypu €K30TepMii 1 XIMIYHOrO BIJHOBJCHHS METaliB y BHUIJISAA1 HaHO- Ta

YIAbTPAAUCTICPCHUX YAaCTHHOK, pOBMip AKHUX, 3aJICKHO Bi,):[ npupoan MCTAJIy Ta



TEXHOJIOTTYHUX PEXUMIB CUHTE3Y, CTaHOBUTH 100+500 HM.

[IBII-I'’EMA rigporeii, oepKaHi 3a po3p00JICHOI0 TEXHOJIOTIE MoJiMepu3altii 3
OJIHOYACHUM BIJTHOBJICHHSIM METally, 13 BMICTOM BiAHOBJIEHOTO Hikemwo 1,5+4 mac. %
XapaKTepU3yIOThCS MiBUIIEHUM BOJOMNOTIMHAHHAM (BOJOBMICT CTaHOBUTH 50+74%),
MarHiTHUMH BJIACTUBOCTSAMH (KoepuuTuBHa cwia — 1,4+2,8 KA-M'I, HAMarHiyeHICTh —
0,9+2,35 A'Mz'Kr'l), a TaKOX EJCKTPOMPOBIAHICTIO, AHAJOTIYHE 3HAYCHHS SKO1 Y
BUIIAJIKY MOJIMEPHU3aLIMHOIO0 HAIOBHEHHS 3a0€3MeUy€eThCsl BBEJACHHIM JI0 MOJTIMEpPY Ha
MOPSIAOK OUTBIIOT KITBKOCT1 MOPOIIKY METay.

OnHiero 3 mepeBar 3ampornoHOBAaHOTO METOIY € MiHIMajdbHa KUIBKICTh BIIXO/IB Ta
BIJICYTHICTh CTaJii yTuiizalii abo pekymneparii po3urdHiB OKMCHO-BIIHOBHOI CHUCTEMHU.
TexHonoriydi  BIaCTUBOCTI  (POPMYBaJbHUX  KOMIIO3ULIA  JAIOTh  MOXJIHMBICTh
nepepooIIATH X K 3aIMBaHHAM y QOpPMHU, TakK 1 BIILEHTPOBUM (opMmyBaHHIM. [1111BKOBI
BUpOOM HA OCHOBI JIOCHII)KYBaHMX KOMIO3MWIINA, oOJepKaHl  BIJUEHTPOBUM
dhopMyBaHHSAM, XapaKTePU3YIOThCS PIBHOTOBIIMHHICTIO, OJHOPITHICTIO, BIACYTHICTIO
ra3oBUX PAaKOBUMH Ta MakKpomop, M0 3a0e3MeuyeThCcsl BHUJAJIEHHSAM BOJHIO (Mia 4ac
HaroBHeHHs Ni a0o Cu) 13 30HU peakxilii BHACIIOK BIALICHTPOBOT CHITH.

Po3po6neni Texnomnorii HamoBHeHHs [IBII-TEMA  rigporeniB  MmeTomamu
BIIHOBJICHHSIM Cpibjia y cCiTIi M[oJiMepy Ta TMOJIMEpU3aIli€l0 3 OJHOYACHUM
BITHOBJICHHSIM cpibsia Oynu anpoOOBaHi y MPOMMCIOBUX yYMOBaX, IO MiATBEPIKEHO
BIIMOBIIHUM akTOM BunpoOyBaHHs. [limx dwac BumpoOyBaHb BCTAHOBJICHO, IIIO
pPO3pO0OJIEH] TEXHOJIOTIT 32 BCTAHOBJIECHUMHU PEXHMAaMHU € HEYCKIAIHEHUMH, OJepKaH1
TUTIBKU — SIKICH1, 0€3 MOBITPSIHUX BKJIIOYEHB, PIBHOTOBIIMHHI, 0€3 BUANMUX JAe(DEKTIB, 3
PIBHOMIPDHUM PO3MOAUIOM cpibiia B 00’€Mi, BiI3HAYAIOTHCA BUCOKMMHU MIIHICHUMH Ta
copOuiiHuMu  Xapakrtepuctukamu. OpeprkaHi CpiOJOHANOBHEH1 IUTIBKOBI BHUpPOOH
NpOMIUIM BUIPOOYBAaHHS Ta BIPOBAPKEHI B MPaKTUYHY pOOOTY SK MaTepiaiau AJis
KOHCEPBAaTUBHOIO JIIKYBaHHS TPOQPIYHUX BUPA30K MiJ Yac BAapUKO3HOI XBOpPOOM Ta
aTEePOCKJIEPO31 CYJMH HUKHIX KIHIIIBOK. BcTaHOBIIEHO, 110 cpi0IOHANIOBHEH] IIJIIBKY Ha
ocHoBi [IBII-I'’EMA konosiMepiB MiIBUILYIOTh MIBUAKICTb OYMILNEHHS, TPAHYJALIl Ta
3aro€HHs TpPO(IUHUX BUPA30K, BII3HAUAIOTHCS BUCOKOIO €JIaCTUYHICTIO, IO 3a0e3neuye

MO>KJIMBICTh X BUKOPUCTAHHS Ha peNbe(PHUX JUISTHKAX IIKIPU HIXKHIX KIHI[IBOK.



9

KuarouoBi cjoBa: ModiBIHUIMIPOTIIOH, 2-T1APOKCIETUIMETAKpUiIaT, KOIOIIMED,
METaJOHANOBHEHU  TIApOrelib, KOMIIO3MIIIMHUN  Tiaporeiab, MoJiMepHU3aliiiHe

HAIIOBHCHHS, XIMIYHE BIJTHOBJICHHS MCTAIIIB.

ABSTRACT

Gritsenko O.M. Scientific bases for the production of composite metal-filled
copolymers of polyvinylpyrrolidone and their hydrogels. - Qualified scientific work on
the rights of manuscripts.

Dissertation for the Doctor of Technical Sciences degree in specialty 05.17.06
"Technology of Polymer and Composite Materials". — Lviv National Polytechnic
University, Lviv, 2017.

The dissertation is devoted to the development of the bases of the technology for
the production of composite metal-filled materials on the basis of copolymers of
polyvinylpyrrolidone (PVP) with 2-hydroxyethyl methacrylate (HEMA) using new
methods, in particular, polymerizational filling with dispersed metal powders, chemical
restoration of metals in a grid of hydrogel, chemical regeneration of metals during
polymerization using the exothermy of the process. Such composites are characterized
by the combination of polymer matrix properties - sorption ability, strength, elasticity,
biocompatibility with living organism with the metal filler’s properties - electrical
conductivity, heat resistance, and magnetic properties.

In the first section "Analysis of the current state of metal-filled composite materials
creation development", a critical analysis of literary sources devoted to the study of the
peculiarities of obtaining, structure, properties and use of metal-filled polymers and
polymeric hydrogels is conducted. The basic principles and directions of composites
creation are determined taking into account existing types and methods of formation of
a polymer matrix, methods of obtaining metal filler particles, their introduction into the
volume of polymer, covering the main problems that accompany the processes of metal-
filled polymers obtaining. Information on the use of PVP in the processes of obtaining
nanoscale and ultra-fine metal particles as a stabilizer and reducing agent is provided.

The prospect of the synthesis of metal-filled PVP-HEMA copolymers is
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substantiated, the directions and tasks of research are aimed at solving the scientific and
technical problem - the production of composite metal-filled copolymers of PVP and
hydrogels on their basis.

The second section, "Objects and Techniques of Experiments" describes the basic
physical and chemical properties of substances used in research, describes the methods
of conducting experiments and processing the results.

In the third section "Scientific aspects of the PVP copolymers with (meth-)
acrylates production and hydrogels on their basis using polymerization filling method",
the research results of the regularities of synthesis, structure formation and properties of
metal-filled copolymers of PVP by the method of polymerization filling with dispersed
metal powders and development of the basis of their obtaining technology are
presented.

Fast-hardening metal-based compositions based on PVP and HEMA are obtained.
For the first time the laws of PVP copolymerization with HEMA in the presence of
dispersed metal filler (Fe, Co, Ni, Pb, Zn, stoppers SmCos, FeCo) involving Fe (11, I1I)
sulphates and in their absence. The heterogeneous copolymerization in the presence of
metal powders is used to produce composite polymers and hydrogels in the laboratory at
room temperature, without prior purification from oxygen with adjustable time of
formation within 0,5 + 2 hours. For the first time the decisive influence on the kinetics
of polymerization and formation of metal-filled PVP copolymers structure of the metal-
filler activity, which varies among Zn> Fe> Co> Ni> Pb> Cu and is responsible for the
deployment of metals in the electrochemical voltages series, was established. IR-
spectroscopic, NMR- spectroscopic and quantum-mechanical studies confirmed the
catalysis of the polymerization through complexation of the reaction mass with metal
filler that promotes activation of the monomer by increasing of the negative charge of
the >C=C< bond and changing the charge on the nitrogen in pirrolidon cycle. Chemical
analysis, IR-spectroscopy, SEM, photo colorimetry confirmed the course of graft
polymerization of (meth) acrylates on PVP in the presence of a metal surface to form
crosslinked copolymer. With the increase of metal activity, the efficiency of grafted

PVP in the copolymer increases, while the degree of crosslinking of the formed polymer
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network decreases. It was established that increasing the cross-linking of the polymer
mesh occurs due to the formation of additional physical nodes with the participation of
metal particles.

The topology of polymerization and formation of the copolymer structure from the
surface of a metal particle in the volume of the reaction mass, based on the results of the
DMTA and the CEM, is grounded on the basis of the different adsorption of the
reaction mass by the surfaces of metals of different nature, the electrical conductivity of
the adsorption layer and the strong adhesion interaction determined at the angle of
damping. The influence of the nature and content of particulate metal filler on the
structure filled copolymer PVP (type and composition of the copolymer crosslinking
polymer mesh settings) and link structural characteristics on the physical and
mechanical, thermal and electrical properties, that can be adjusted over a wide range
depending on the nature and the content of the metal-filler composite structure and
method of polymerization, is established. Specific volume electric resistance of
materials is sensitive to changes in humidity (in moisture range 0+50% resistance
change range is 10°+10° Ohmxm), temperature (from 20°C to 170°C resistance of dry
samples varies 10°+10* Ohmxm), pH (from 2 to 9 resistance change is 2+170
kOhmxm), pressure (with pressure changes from 0 kPa to 14 kPa resistance change is
70x10°+10x10° Ohmxm).

Using the carried out research, the foundations of the forming technology of low-
tensile products made of composite metal-filled hydrogels using the polymerization
filling method, which can be carried out directly under laboratory conditions, have been
developed. Using synthesized copper- and zinc-filled materials the strain gauge pressure
with high elasticity, electrical conductivity and high sensitivity in wet environments was
designed and constructed. The obtained copolymers filled with copper and graphite
were tested successfully and recommended for use as elements of humidity sensors of
friable products (soil, in particular).

In the fourth section "Technology bases development of centrifugal forming of
film hydrogels filled with powder" for the first time a fundamentally new method and

technological mode of hydrogel films obtaining based on reactive compositions of PVP
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with HEMA using centrifugal formation was proposed and developed. The equipment
for centrifugal forming of hydrogel films with high design simplicity, adaptability,
versatility that enable the reception of multilayer, reinforced and expanded film
materials with predetermined thickness, was constructed. Films are characterized by
high surface quality (Rz = 30+60mkm) and variation in thickness not exceeding 1%.

The basic technological parameters of the centrifugal formation of hydrogel films
are substantiated - the viability time of the composition, the formation temperature, the
formation time, the frequency of the rotation of the form, the centrifugal force, the
formation pressure. The analytical method has established that the centrifugal force and
compression pressure of the composition to the molding surface mainly depends on the
speed and overall dimensions of the cylindrical shape, the thickness of the film, and the
density of the composition.

It is proved that the centrifugal formation of composite hydrogel films from metal-
filled compositions is accompanied by the phenomenon of bulking of powder filler, the
intensity of which increases with increasing the speed of cylindrical shape and the
reduction of the viscosity of the initial composition -reducing the content of PVP and
dilution of the solvent. It is established that due to this phenomenon metal-filled films
obtained by centrifugal formation are characterized by anisotropy of physical-
mechanical, electrical properties and surface quality. Taking into account the increase of
the viscosity of the initial composition during the polymerization, a method of
centrifugal formation with a prepolymerization step and a stepwise increase in the
cylindrical rotational speed is proposed.

In laboratory and industrial conditions the developed centrifugal installation and
technology were tested, the prototype samples of metal-filled copolymers and hydrogels
were made, and their high productivity was confirmed. The experimental testing of
sorption-capable magneto-hydrogel films (based on the samarium-cobalt filler) has been
carried out and the possibility of their use as magnetors for local magnetotherapy has
been established.

The obtained magnetic materials, filled with samarium-cobalt powder and

saturated with rust-converter solution, were tested and recommended for
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implementation as high-performance film materials for cleaning of steel surfaces of
industrial molding equipment from corrosion.

In the fifth section "Technological features of the production of metal-filled
hydrogels on the basis of PVP copolymers by the chemical reduction of metal in a
polymer mesh", the bases of the production technology of metal-filled PVP-HEMA
copolymers by the method of chemical recovery of metals in the polymer net are given.
For the first time, based on studies of structural characteristics, sorption and
permeability for low molecular weight substances, as well as chemical stability, the
suitability of copolymers PVP with HEMA as matrices for chemical recovery of metals
and metal-filled hydrogels on their basis has been proved. The optimal technological
parameters of obtaining Ni-, Cu- and Ag-filled film hydrogels by the method of metal
recovery in a polymer grid are substantiated. Compared to similar polymers filled with
metal powders, five times less filler is needed to achieve the same level of electrical
conductivity of the resulting composites. It was established that the recovery of metal
particles occurs both on the outer surface of the sample (with the particle size of 1+30
um) and in its volume on the surface of the cells of a polymeric net (with a nano-sized
particle size 50+300 nm). The content of the metal-filler composite increases with the
increase in the degree of crosslinking of the polymer mesh. The proposed method for
restoring metals in a polymer net with a combined stage of swelling of hydrogel
materials in a solution of oxidizer and reducing agent has made it possible to
significantly improve the homogeneity of the distribution of the filler in composites,
reduce the number of stages of the technological process and increase its productivity.

In the sixth chapter "Patterns of obtaining of the composite hydrogels by chemical
reduction of metal at the stage of polymer matrix formation" shows the results of
technological research on features of composite metal-filled PVP-HEMA copolymers
obtaining by polymerization with simultaneous chemical reduction of metal filler
particles. Physical and chemical bases of polymerization technology of PVP-HEMA
copolymers with simultaneous chemical reduction of metal-filler on the basis of
exothermic effect of polymerization were developed. The mutual influence of

polymerization processes and chemical reduction of nickel, copper and silver on the
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parameters of the gel effect polymerization - the gelling start time, maximum
temperature of exothermy and the time of maximum temperature of exothermy was
established. Use of the initiator complex, which consists of sulphate of iron (II) and
benzoyl peroxide, provides the possibility of polymerization of PVP-HEMA
compositions at room temperature, providing maximum temperature of exothermy and
chemical reduction of metals as nano- and ultrafine particles with size depending on the
nature of the metal and the technological modes of synthesis that varies from 100 to 500
nm. PVP-HEMA hydrogels obtained by the developed polymerization technology with
simultaneous reduction of metal have the content of reduced nickel 1.5+4% mass. and
are characterized by increased water absorption (water content is 50+74%), magnetic
properties (coercive force 1,4+2,8 kA m’, magnetization 0,9+2,35 A-mz-kg'l), and
electrical conductivity, which in the case of polymerization filling is caused by the
introduction of a ten times larger amount of nickel powder.

The developed technologies of PVP-HEMA hydrogels filling by means of silver
restoration in a polymer mesh and polymerization with simultaneous restoration of
silver were tested in industrial conditions, as confirmed by the relevant test certificate.
During the tests it was established that the developed technologies are uncomplicated
according to the established regimes, the obtained films are of high-quality, without air
inclusions, have even-thickness, are without visible defects, have even distribution of
silver in volume, are characterized by high strength and sorption characteristics. The
obtained silver-filled film products were tested and introduced into practical work as
materials for the conservative treatment of trophic ulcers during varicose disease and
atherosclerosis of the vessels of the lower extremities. It has been established that
silver-filled films based on PVP-HEMA copolymers increase the rate of purification,
granulation and healing of trophic ulcers, are characterized by high elasticity, which
provides the possibility of their use on the relief areas of the skin of the lower
extremities.

KiarouoBi cjoBa: mOMBIHUIMIPOTINOH, 2-TIAPOKCICTHIMETaAKpUIIAT, KOIOIIMED,
METaJOHANOBHEHUH  TIAPOrelib, KOMIO3MIIIMHUN  Tiaporeiab, MoJiMepHU3aliiiHe

HAIIOBHCHHS, XIMIYHE BIJTHOBJICHHS METaJIiB.
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CIIUCOK MPUMHATUX CKOPOUYEHB TA ITIO3HAYEHbD

KMII — koMno3utiiieui
MeTaJOHaIOBHEHUH MOTIMED;

KMI" — koMIo3uminuui
METaJOHaIOBHEHU T1pOrelib;

[THK — nonimMepHUil HAHOKOMIIO3UT;
[II" — moniMepHUH T1APOTEND;

HY — nanouacTtuHka;

MH — MmeTaneBuii HaOBHIOBAY,

P — po3unHHUK;

K — xommo3uriis;

[IMK — nonimMep-MOHOMEpHA KOMITO3HIIIS;
OBC — 0KMCHO-BIJTHOBHA CHCTEMA;
[1BII — nomiBIHLIMIPOIIIIOH;

'EMA — 2-rizpokcieTuiMeTakpuiaT;
JIMCO — numeTuiacyab(poKCcu;

[I" — muKIOreKcaHo;

I1b — mepokcuna 6eH30iny;

[ICK — nepcynbdat kamniio;

JNAK — nuHiTpun a30-0ic-130MacisiHOT
KHUCIIOTH;

A — BUXiJ TIOJIIMEPY;

f — edeKTUBHICTH NPUILIETIIICHHS;

p — CTyMiHb IPUILETIIICHHS;

M¢ — MonekyisipHa Maca pparmMeHTa
JIAHIIOra MK BY3JIaMH CITKU;

V — CTYNiHb 3LIMBaHHS;

Ty — TeIIOCTIMKICTE 3a Bika;

F — nmoBepxHeBa TBEpAICTD;

H — yucno tBepaocTi;

E — yucno npyxHocTi;

P — 4ucno nmuacTu4HOCTI;

W — BOIOBMICT;

k — koedilieHT HaOpsIKaHHS;

0. — CTYMIHb BOJIONOTJIMHEHHS;

D — ctyninb BUCYIIyBaHHS;

VH — MIBUAKICTH BOAONOTIMHAHHS

V¢ — MBUAKICTh BUCYIITYBAHHS;

[T — yMOBHa OPHUCTICTB;

py — MUTOMUH 00’ €MHUMN €IEKTPUUHUN
o1tip;

Yy — IATOMa €JIEKTPOIPOBIIHICTD;

n — 4yactota o0epTiB BIILIEHTPOBOI PopMU;
Op — PyWHIBHE Halpy>KEHHS II1J1 4ac
pO3TATY;

€, — BIIHOCHE BUJIOBKEHHS 32 PO3PUBY;
Gyp — FPAHMI MILHOCTI ITiJl Yac IPOPHBY;
€np — BIITHOCHE BUJIOBKECHHS II1J1 4ac
IIPOPUBY;

[n] — xapakTepUCTHYHA B’ A3KICTh;

0oy — KoediieHT HaOpsAKaHHS
MaKpOMOJIEKYJISIPHOTO KIyOKa;

h'? - BIZICTAaHb MK KIHIIIMH JIQHIFOTa
MaKpOMOJIEKYJ;

@ — xoHcranta dnopi;

b — 10BXXHHA CTATUCTUYHOT'O CETMEHTY;

Ns— KUIBKICTh JIJAHOK B CETMECHTI;
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BCTYII

AKkTyanbHicTh TeMH. [lomiMepHi rigporeni Ha  OCHOBI  KOIOJIMEpIB
noxiBiHutmipoaigony (IIBII) 3 (MeT)akpuioBUMH ecTepaMu TJIIKOIIB — OJUH 3
HAWOLIbII MEePCHEeKTUBHUX TMPEICTABHUKIB PIIKOCTPYKTYPOBAHUX T1APOGUIBHUX
MartepiaiiB. 3aBASKM CBOIM YHIKQJIbHUM BJIACTUBOCTSM, 30Kpe€Ma 3/IaTHICTIO
MOTJIMHATU 3HAYHY KUTBKICTh BOJM, 3a3HaI0UU (Pi3UUHOTO MEPEXOy 13 CKIOMOIIOHOTO
y BUCOKOeJacTUyHui crtaH, konoximepu [IBII 3 (Mer)akpunatamu MaroTh MIUPOKUN
CIIEKTp Trajly3eil BUKOPHUCTaHHS — BiJI TEXHIYHUX (COPOEHTH, Ta30pO3IUIBHI Ta
HOHOOOMIHHI MEMOpaHU) 1O XapyOBUX Ta MEIULIMHH (CTPYKTYPOTBIPHI Ta CEJIEKTUBHO
MPOHUKHI COPOEHTH, HOCIi JIIKApChKUX 3ac00iB, 3aMIHHUKH O10JIOTIYHMX TKaHWH,
MaTtepiaiy sl KOHTaKTHUX JIIH3, IITYYHOI MiIUTYHKOBOT 3aJ1031 Ta HUPKH).

PosmupenHns chep BUKOPUCTAHHS MOJIMEPHUX T1IPOresTiB 00yMOBIIIOE J0/IaTKOBI
BUMOTH JI0 iX BillacTuBOCTei. Ha choromHimHii AeHb BUHUKIIA NTOTpeda y MaTepiaiax,
K1 TMOpsAx 3 TIAPOPUIBHICTIO 1 COPOIIMHOI0 3JATHICTIO BOJOAUIM OW W IHIIMMU
XapaKTEepUCTUKAMU, HAMPUKIIAJ, TAKUMU SK €JIEKTPO- Ta TEIIONPOBIAHICTh, MAarHITH1
BJIACTUBOCTI TOowO. JlaHa mpoOnema Moxe OyTH BHUpIIIEHA 3a JONOMOTOI0 JIBOX
METO/IB — CUHTE30M HOBHUX MOJIMEPHUX MarepialiB, a00 X MOAN(DIKYBAHHAM BKe
icHyrounx. Came MoanGiKyBaHHS ICHYIOUMX MaTepialliB Ha ocHOBI komnonimepis [1BII
HAllOBHEHHSIM MeETaJlaMd pIi3HOT MNPUPOJIM  BIIKPUBAE MOXIMBICTH OJEpKaHHS
noyiMepiB 13 crnenupiuHUMHU BIACTUBOCTSIMU — €JEKTPO- Ta MAarHiTONPOBIIHUX
KOMITO3UIIHHUX TiporeniB. Taki MaTepiaiu XapaKTepu3yloThCs eJIeKTPOIPOBIAHICTIO,
AKa MOXE 3MIHIOBATHCH 3aJIEKHO BIJ BMICTY BOJIOTH, TUCKY, Temmepatypu Ta pH
CEpe/lIoBUINA, WLI0 BIAKPUBAE TPUHIMIIOBO HOBI MOXJIMBOCTI iX BHUKOPHUCTAHHS.
['onoBHa mpobriema, ska BUHUKAE IiJl 4ac CTBOPEHHS KOMIIO3UIIIMHUX T1IpPOTeiB
noJIsirae y crnoco01 BBeICHHSI MeTasieBoro HanoBHioBaua (MH) y noxiMepHy MaTpuiio.
BonHowac Ha ChOroJHIMIHINA J1€Hb BIACYTHI BUCOKONPOAYKTHUBHI TEXHOJOTI]
dbopMyBaHHs BUPOOIB Ha OCHOBI MOJIMEPHUX TiAPOreNiB, 30KpeMa IUIIBKOBUX Ta
TUCTOBUX. Bimomi Ha naHuii yac poOOTHM CTOCYIOThCSA aHamizy (hi3UKO-MEXaHIYHUX

0COOMBOCTEN METAJIOHAMOBHEHUX TIAPOrediB Ta BHU3HAUEHHS HANpPSMKIB iX
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3aCTOCYBaHHS, OJIHAK, IMPAKTUYHO BIJACYTHI CHCTEMHI JOCHIPKCHHS B HAIPSIMKY
CTBOPEHHSI TEXHOJIOT1M OJepKaHHS METaJOHANOBHEHUX TIIPOreiB 3 KOMIUIEKCOM
HEOOX1IHUX BIIACTUBOCTEM.

3 orsay Ha 1€, aKTyallbHOIO MPOOJIEMOI0 B rajy3l TEXHOJIOTI MOJIMEPHUX i1
KOMITO3UIIHHUX MarepiajiB € pO3poO0JICHHS HOBUX HEYCKJIaJHEHHUX,
BHCOKOC(EKTUBHUX TEXHOJOTIM CHHTe3y MeTanoHanmoBHeHUX komnoisimepiB I[IBII Ta
TIApOreNieBUX MaTepiajiB Ha X OCHOBI, 30KpeMa, 3 MOXJIUBICTIO IMOEJHAHHS B OJHIHI
CTaJli CUHTE3y KoIoJiMepy Ta oAep:kaHHs yacTuHOK MH 3 ¢dopmyBanusm BupoOy. B
3B’SI3KYy 3 TUM, HEOOX1JJHE HAYKOBE OOIPYHTYBaHHS KEPOBAHOI'O BIUIMBY Ha CTPYKTYpPY
KOIIOJIIMEPIB, B OCHOBI SIKOTO € (pyHAaAMEHTaJIbHI JOCHIIKEHHSI 3aKOHOMIpHOCTEH iX
CUHTE3y. BCTaHOBIIEHHS TaKUX 3aKOHOMIPHOCTEH HAJacThb MOKJIUBICTH CTBOPEHHS
Cy4YaCHHUX  BHCOKOC(EKTUBHHUX  TEXHOJOTIM  OAep>KaHHS  METaJOHAIIOBHEHUX
kononimepiB TIBII i rigporeiaeBuX KOMIIO3UTIB Ta Ha iX OCHOBI HOBUX BHUpPOOIB 3
cneuu(pIYHUMU BIACTUBOCTSAMH, 11O CHPUSITUME CYTTEBOMY PO3IIMPEHHIO rany3ei ix
3aCTOCYBAaHHS.

3B'A30k  po0OTH 3 HAYKOBHUMH NpOrpaMamMu, IUIAaHAMH, TeMaMHM.
Huceptaniiina pobora BHUKOHaHAa Ha Kadeapi XIMIYHOI TEXHOJIOrl mnepepoOKu
mactMac HamionaneHoro yHiBepcuteTy «JIbBIBChbKa MOJIITEXHIKA» BIAMOBIAHO 3
HAyKOBUM HamnpsMKkoM kadenpu «TeopeTUuHl 1 NpUKIAAHI aCTEeKTH OJepKaHHS,
MOAUGIKYBaHHS, CYMIINIEHHA 1 TepepoOku (yHKIIOHATI30BaHUX (KO)MoIiMepiB,
NOJIIMEPHUX (HAHO)KOMIIO3UTIB, T1IPOTeIiB; PO3POOJEHHS TEXHOJOTIH OJepKaHHS
BUPOOIB (JIMTTEBUX, KOHCTPYKIIHHUX, 130JSALIMHUX, ONTUYHUX, TUIIBKOBUX, MeMOpaH,
IMIUIaHTIB, JIKApChKUX (OpM, KIEHOBUX, aJAre3MBiB, CHHTETUYHUX BOJOKOH, TKAHUH 1
TEXHOJIOTTYHUX PIAWH) 31 CHeliaJbHUMHU BJIACTUBOCTIMMY». JlucepTamiitHa poOota
BHUKOHAaHa B MeEXKaX HayKOBO-TOCHIIHUX poOiT: «IloBepxHeBi epekTH B MaTpUUHO-
KOOpJMHAIIWHIN mojiMepu3aii 1 JUCTEPCHOHAMOBHEH] T1IpPOTeNieBl KOMIO3HIlIHHI
Martepianu creuiaibHoro mnpusHayeHHs» (Ne nepxk. peectp. 0110U001113),
«TeopeTnyHi 1 NpUKIaAH] ACTIEKTH OACP>KaHHs, MOAUPIKAIli, CYMIIIEHHS 1 TEPEePOOKH

(GyHKIIOHANI30BaHUX (KO)MOJIIMEPIB, MOJIMEPHUX (HAHO)KOMIIO3UTIB, TiApOTreNiB Ta
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BUpPOOIB 31 cmemiaibHUMH BiacTUBOCTAMU» (No gepxk. peectp. 0115U0004224),
«HaykoBi ocHOBU ojepkaHHs ()YHKIIIOHATI30BaHUX BUCOKOT1APO(DITLHUX MOJIMEPIB,
riiporeqiB 1 HAaHOKOMIO3UTIB Ta (OpMyBaHHS BHUPOOIB 13  CIHElialbHUMHU
BrnactuBocTsIMuU» (Ne nmepxk. peectp. 0110U006172), B sxux aBTop Auceprarllii OyB
BUKOHAaBLIEM, Ta HAyKOBO-JOCIIIHOI pobotn «OnepxkaHHA Ta JAOCHIIKEHHS
MOJIBIHUIIPOI1A0H-(MET)aKpUIOBUX KOMOJIIMEPIB B MPUCYTHOCTI APIOHOAUCTIEPCHUX
nopoiukis metaniBy (Ne mepx. peectp. 0107U004836), I'panra Ilpesunenra Yipainu
JUTSL MITPUMKH HAYKOBUX JHociixeHb monoaux yuyeHux GP/F11/0022 «Po3pobienns
KOMIIO3UIIMHUX  TIApOrejeBUX  MarepiajiB CIeiaJIbHOT O MIPU3HAYCHHS»
(Ne0106U002687), B sikux aBTOp AUcepTalli OyB KEPIBHUKOM.

Meta i 3aga4di gocaigkeHHss. MeToro poOOTH € CTBOPEHHS HAYKOBHX OCHOB
TEXHOJIOT1M OJiep>KaHHSI METaJOHAIIOBHEHUX KOIMOJIMEPIB MOJIBIHUIMIPOIIIOHY Ta
KOMITO3UIIHHUX T1pOorejaeBUX MaTepialiB CHEI1aJbHOI0 MPU3HAYEHHS Ha X OCHOBI.

Jlnis peanizauii miei MeT B poOOTI HEOOX1THO OYyJI0 BUPIIIUTHU TaKl 3aBJAaHHS:

- BCTaHOBUTHU 3aKOHOMIPHOCTI 1 pPO3pPOOMTH OCHOBH TEXHOJOTII OJepHKaHHS
MeTanoHanoBHeHuX komnousimepiB TIBII 3 (MeT)akpuiaoBUMU ecTepamMu TIIIKOIIB Ta
KOMIO3UIIIHHUX T1POTEIIB Ha iX OCHOBI METOJaMH TOJIIMEPHU3aI[IMHOTO HATIOBHEHHS,
XIMIYHOTO BIJJHOBJIEHHS METaJliB B CITLI TiAPOTeIio, MOJIMEpPU3aIli€l0 3 OJJHOYACHUM
BIJHOBJICHHSM METAJIB;

- JOCHIAUTH BIUIMB METOJYy HAMOBHEHHS Ha (QOpPMYBaHHS CTPYKTYpH 1
BJIACTUBOCTI T1JPOreJeBUX KOMIIO3UTIB Ta HA 1[I OCHOBI PO3POOUTH PEKUMU CUHTE3Y
MaTtepialiB 13 3alaHUMU BIIACTUBOCTSIMU;

- pO3pOOHWTH OCHOBH HEYCKIAQJHEHOI BHCOKOMPOIYKTUBHOI  TEXHOJIOTI{
OJlepaHHsA  IUTIBKOBUX  TIIpPOrelieBUX  MarepiajiB  METOJOM  BIALEHTPOBOTO
dbopMyBaHHS Ta BCTAHOBUTH 3aKOHOMIPHOCTI (pOpMYBaHHS TiIpOTeNIEBHX IUIIBOK Ha
ocHoBi konosimepiB TIBII 3 2-rigpokcieTunmerakpunatom ('EMA) 3 MOXKIIMBICTIO 1X
BUKOPHUCTAHHS SIK MATPULb JUIsl XIMIYHOTO BiIHOBIICHHS METaJliB;

- BCTAHOBUTHU OCOOJMBOCTI CHHTE3y Ta CTPYKTYPOTBOPEHHS METaJOHANIOBHEHHX

KOMIO3UIIIMHUX T1APOTreNiB MiJ Yac iX oJiep>KaHHS METOJO0M XIMIYHOI'O BIJIHOBJICHHS
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MEeTaJiB B TMpoleci ModiMepu3alii 3a BUKOPUCTAHHS  TEIJIOBOTO  €(eKTy
noJIiMepu3allii;

- JOCHIIMTH B3a€EMHHUI BIUIMB MPOLECIB CUHTE3Y MOJIMEPHOI MATpHIll Ta
XIMIYHOTO BIJIHOBJICHHS MeTaldy Ha (i3UKO-MeXaHIYHl, COpOLIiHI, ENEeKTPUYHI Ta
MarHiTHi BJIaCTUBOCTI JOCHI)KYBaHUX KOMITO3UI[IHHUX MaTepialiB.

O0’ekT a0C/iIzKeHHSI: TEOPETUYHI 3aKOHOMIPHOCTI CHHTE3Y Ta TEXHOJOr1l
OJIepaHHS KOMIIO3UI[IHHUX METaJIOHAIIOBHEHUX T1JIPOTENIeBUX MaTepialiB Ha OCHOBI
kononimepis 'EMA 3 TIBII, ix cTpykTypa Ta BIaCTUBOCTI.

IIpeamer pocaimkenHsi: kommnosuimii Ha ocHoBi ['EMA 3 TIBII Ta
copOLIHHO3/1aTHI METaJOHAIOBHEH1 KOTIOJIIMEPH Ha X OCHOBI.

MeToau nOCHiIAKeHHSI: €KCIEPUMEHTAIbHI JaHl OJep)KaHl 3 BUKOPUCTAHHAM
CTaHAAPTHUX METOAUK Ta CY4aCHHUX METOJIB JOCHII)KEHb — KBAaHTOBO-MEXaHIYHUX,
(G13BUKO-MEXaHIYHHUX, TEIUVIO(I3UUYHUX, EJIEKTPUYHUX, COPOIIHHO-IecOpOLiiHuX,
IWIATOMETPUYHHUX, TEPMOMETPUYHHMX. BukopHucTaHl CKkaHylo4a  €JeKTPOHHA
Mmikpockomniss (CEM), dotokonopumerpia, iHppauepBoHa crekrpockonis (1Y),
Biitoyatoun 4 3 ®@yp’e mepeTBOpeHHSAM, METOJ SASPHOTO MAarHiTHOTO PE30HAHCY
(AAMP), pentreno-crpykrypuuit (PCA), tepmorpasimerpuunuit (T1"), nudepenuiitnuii
tepmiuHuit (ITA) Ta nuHaMiuHui MexaHiuyHuit Tepmivauil (IMTA) anamizu.

HaykoBa HOBHM3HA o/ep:KaHUX Ppe3yJbTaTiB IMOJISITa€ y TEOPETUUYHOMY
OOTpYyHTYBaHHI Ta €KCIIEPUMEHTAILHOMY ONPAIIOBAaHHI HOBUX TEXHOJIOT1M OJlepKaHHS
MatepianiB Ha ocHoBi MetanmoHamoBHeHuX [IBII-ITEMA kononimepis (MIITK) 1
T1ApOresIeBUX KOMIIO3UTIB HA X OCHOBI.

Bnepmie BcTaHOBieH1 3akoHOMipHOCTI komoniMmepusauii 'EMA 3 IIBII y
npucytHocti aucnepcaux MH (Fe, Co, Ni, Pb, Zn, cromie SmCos, FeCo) 06e3
BUKOPHUCTAHHS JOJATKOBUX IHIIIATOPIB Ta 3a ywacTi cyibdary depymy (II), ska
BiIOyBaeThCcsl 3a KIMHATHOI TeMIepaTypu Ha mnoBiTpl. BcranoBneno, 110
BU3HAYaJbHUU BIUIMB Ha KIHETUKY THodiMepu3alii Ta QOpMyBaHHS CTPYKTYpHU
MeTtanoHanoBHeHuX komnoJiiMepiB [IBII mae aktuBHicTh MH, sika 3MiHIOETBCS B Py

Zn>Fe>Co>Ni>Pb>Cu. 3 mniiBUIIEHHSM aKTHUBHOCTI METaly 3pOCTalOTh MIBHIKICTb
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nomimepu3zamii, edexrtuBHicts npumeruienHs [IBII y komomimepi, BoaHOYac
3MEHIIY€EThCS CTYMIHb 3IIMBAHHSA YTBOPEHOI MOJIIMEPHOT CITKH.

4 cnexktpockonmiynumu, SIMP nocnipkeHHSIMH Ta KBAaHTOBO-MEXaHIYHUMU
pO3paxyHKaMU MiATBEPPKEHO I1HIIIIOBaHHS MOJIMEepHU3allli yepe3 cTaiilo ajacopOiii
'EMA Ta IIBII B xommiekci Ha MH 3 mepepo3nofiioM eleKTPOHHOI T'YCTUHHU IMijl
BIUIMBOM MeTally, o0rpyHTOoBaHa Tomosoris noiaiMepusaiii T'EMA-TIBIT kommno3uirii
Ta (OpMYyBaHHA CTPYKTYpH KOTOJIIMEPY BiJl MOBEPXHI METAJIeBOI YACTUHKH B 00’ €M
peaKkIiifHol MacH.

Brnepiie BCTaHOBIIEHO BIUIMB MpUPOAM Ta BMicTy aucnepcHoro MH Ha
dbopmyBaHHA CTPYKTypu HamoBHeHux komnomimepiB [IBIT (ckmaxm xomosimepy,
napamMeTpu 3UIMBAaHHS MOJIMEPHOI CITKH) Ta 3B’SI30K CTPYKTYPHHUX XapaKTEPUCTHUK 3
(G13UKO-MEXaHIYHUMH, TEIIOQI3UYHUMHU Ta EJIEKTPUYHUMHU BJIACTUBOCTAMM, SKI
MOHa PEryJiloBaTH B IMIMPOKUX MEXKax 3ajJekHO Bia mpupoau Ta Bmicty MH, cknany
BHUXIJTHOI KOMIIO3UIIlI Ta MeToAy noJsimepu3zaiii. [lutomuit 06’eMHUN eNeKTpUUHUI
omip (py) MIII'K € uwyTnuBuii 70 3MiHK BOJOTOCTI (3 MIABUIIEHHSIM BOJOroCTI Bia 0 110
50% py 3menmryetsest Big 10° 1o 10> Omxm), Temmepatypu (i3 3MiHOIO TeMIepaTypu
Bix 20°C no 175°C py cyxux 3pa3kiB 3MeHIIyeThes y 4,5 pa3zi), pH cepenoBuina (B
Mexkax pH Bim 2 mo 9 pgiamazoH 3MiHUM py CTaHOBUTH Bix 2 1o 170 kOmxm),
HaBaHTaxeHHs (13 3MiHOI0 HampyxeHHs cTuckyBaHHs Big 0 kxlla mo 140 xlla py
HaOpsaknux MIIT'K 3meHmyetses y 2-4 pasn).

Brnepiiie BCTaHOBIIEHO BIUIMB TEXHOJIOTIYHUX MMapaMeTpiB BIAUEHTPOBOTO METOAY
(dbopMyBaHHsI HAMOBHEHUX MOPOIIKAaMU MeTaniB miiBkoBux riaporenis ['EMA-TIBII
Ha aHI30TpoMit0 (PI3UKO-MEXaHIYHUX 1 €JIEKTPUYHHUX BIIACTUBOCTEH, SIKI 3MIHIOIOTHCS
3QJIEKHO BIJ 4aCTOTU OOEPTIB BIALICHTPOBOI (popMu Ta CKJIaay KOMIIO3HIIIi, MO €
HACJIJIKOM PI13HOTO PO3MOALTY MOPOIIKOBOTO HAMTOBHIOBaYa MO TOBIIMHI TUTIBKHU.

Brnepiie mporec XiMiYHOTO BIIHOBJIEHHSI METAIIB B MOJIMEPHIN CITIII HA OCHOBI
[IBII-TTEMA «kononimepis (III'K) mokianeHo B OCHOBY TeXHOJIOTIi (opMyBaHHS
MIII'K 1 rizporeniB, siKi XapaKT€pU3YIOThCS BUCOKOIO €JIEKTPOINPOBIIHICTIO 13 3HAYHO

MEHIIMM BMICTOM MeTaly HDK Yy BHIAJAKy [OJIMEPU3aLIMHOTO HAMOBHEHHS



34

JUCTIEPCHUMU  TOPOIIKAMHM  METajiB. 3amporoHOBaHAa TEXHOJOTIS  XIMIYHOTO
BiHOBIeHHS Ni, Cu Tta Ag 3 po3umHIiB iX coiseir y nonimepniit matpuui III'K. Ha
NpUKIAJAl HIKEI0 Ta cpibia BCTAHOBIEHO, LIO BIJHOBJIEHHS YacCTUHOK METaly
B1I0yBa€eThCs SIK Ha 30BHIIIHIN MOBEPXHI 3pa3ka (3 po3MipoM yacTUHOK 1+30MKM), Tak
1 B oro 00’emMi Ha MOBEPXHI KOMIPOK HAOpAKIOI MOJIMEPHOI CITKU (3 pO3MipoM
HaHovyacTHHOK 50+300 uM).

Bnepmie po3pobieHo (izuko-xiMidyHI OCHOBM TexHosorii oaepxkanus MIITK
METOJIOM TMOJiMepu3allii 3 OJHOYACHUM XIMIYHUM BigHOBIeHHsM MH 3a
BUKOPHUCTaHHS eK30e(deKTy peakuii mojgiMepusanii. Brnepiie noenHaHo XxiMiuHe
BimHoBieHHs Ni, Cu Ta Ag 1 mnomimepuzauito ['EMA-IIBII kommnosumiit 3
HIIIIOBaJIbHOIO cucTeMorw mnepokcua Oenzoiny (IIb) — cynsdar depymy (II) Ta
BCTAHOBIIEHO, 10 3 BuKopucTaHHsAM [Ib pa3zom 3 FeSO, nmocsraetbcs Temmepatypa
ex30TepMii, noctatHs s BigHOBIeHHA Ni, Cu Ta Ag 0e3 monepeHbOro HarpiBaHHs
peakiiiiHoi kommno3uiii. B Takux ymoBax BiOyBa€eThCs BIJHOBJICHHS METAJIB Yy
BUIJISIZ[I HAHO- Ta YJIBTPAAUCIEPCHUX YaCTHHOK, PO3MIp SKHUX, 3aJI€KHO BiJl PUPOAU
MeTajy Ta TEXHOJOTTYHUX PEXKUMIB CUHTE3Y, CTaHOBUTH 100-500 HM.

IIpakTHYHe 3HAYEHHS OTPUMAHUX Pe3YJIbTATIB MOJATA€ Y PO3POOICHHI OCHOB
texHosorii oxepxkanHs MIII'K 1 ix rigporesniB mnosiMepu3aliiiHUM HarmOBHEHHSIM
JUCTIEPCHUMH METAJIEBUMH MOPOIIKAMH, XIMIYHUM BIJTHOBJICHHSM METajliB Yy CITII1
TiIpOreNio Ta XIMIYHUM BIJHOBICHHSM METaJiB B MpoLeci MmoJjiiMepu3anii 3a
BUKOPHUCTAHHS €K30TEPMIi MPOIIECY.

[Tonmimepu3zaiiiiHe HamOBHEHHS MOPOLIKAMU MeTaliB 0e€3 TMOoIepeHbOro
OUMIIECHHS Bl KHCHIO 3 pPeryjibOBaHMM uacoM ¢opmyBaHHa B Mexax 0,5+2 rop
Bukopuctane st oxaepxkanHda I[II'K 3 mwmpokum jiana3oHoM Hamepes 3aJaHHUX
CTPYKTYpHU Ta BIACTUBOCTEN — PI3MKOMEXaHIYHUX B TBEPAOMY (IIOBEpXHEBA TBEPAICTh
240+330 MlIla) Ta y Habpskiaomy (uucio tBepaocti 0,06+2,8 MIla, uncio npyKHOCTI
75+90%) craHax, eneKTpuuHuX (mutomuit omip 10°+10° OM-M), MarHiTHEX (iHZYKIis
MarHiTHOTO ToJyist 4+15 MTin), Temnmodizuunux (TemaocTiikicTs 3a Bika 87+122°C),

copOuiinux (ctyminb HaOpskanus 0,7+1,6 1(H,O)/r(m)) B ymoBax KIMHATHOI
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TEeMIIepaTypHu.

Ha ocHOBI Mijlb- 1 HIMHKHATIOBHEHUX T'1IPOTeIiB pO3pOOJIEHO TEH30/1aBa4 TUCKY 3
BHCOKOIO TPYXHICTIO, €JIECKTPOMPOBITHICTIO Ta MIJBHUIICHOI YYTJIUBICTIO A0 3MIHHU
THUCKY Y BOJIOTHX CE€peOBUIIAX.

Opepxani [II'K, HamoBHeHl Miagi Ta TpadiToMmM, MNPONUNUIM  YCIIIIHE
BUNPOOYBaHHA Yy BIIJUI 1HCTPYMEHTAJIbHO-TA00PAaTOPHOTO KOHTpOIIO JlepkaBHOI
€KOJIOT1YHOi 1HcneKii y JIbBIBChKIM 00JacTi 1 peKOMEHI0BaH1 i1 BUKOPUCTAHHS SIK
€JIEMEHTIB JIaBaviB BOJIOTOCTI CUIKUX MaTepiaiiB (30Kpema, IpyHTY).

Bnepmie 3ampornoHoBaHO 1 po3po0JIEHO NPUHIMUIIOBO HOBY TEXHOJIOTIIO
OJIEp>KaHHs TIAPOTEJIEBUX IUTIBOK Ha OCHOBI peakiiiiiHo3maTHux kommosuiii [1BII 3
I'EMA BiauenTpoBuM popmyBaHHSIM. CKOHCTpYyHOBaHO OOJagHAHHS Ta OCHAICHHS
JUTSL BILUEHTPOBOTO (hOPMYBaHHS IUTIBOK, SIKE BII3HAYAETHCS MPOCTOTOI0 KOHCTPYKIIII,
TEXHOJIOT1YHICTIO, YHIBEPCAIBHICTIO 3 3a0€3MEYEHHAM MOMKJIUBOCTI OJEp>KaHHS
IUTIBKOBUX BHUPOOIB Hamepel 3aJaHoi TOBIIMHM, OaratolmapoBUX, apMOBaHHX Ta
HaroBHEeHUX. [ITIBKM XapaKTepu3yrThCsl BUCOKOIO sIKicTIO moBepxHI (Rz=30+60MkM)
1 MaJIo0 PI3HOTOBIIMHHICTIO, siKa HEe TiepeBuIye 1%.

Y nmabopatopuux Ta mnpomucioBux ymoBax (T30B «I'anmBokc», M. JIbBiB)
3M1iicHeH1 BUIPOOYBaHHS pO3p00JIEHOT TEXHOJOT1I Ta 00JaAHaAHHS JJIs BILIEHTPOBOIO
dbopmyBaHHs, BUrorosiieHi g