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JLI. APILIMHHIKOB, JI.B. BAKJIAH

HamionaneHuii TeXHIYHUE yHIBepcuTeT YKpainu "KHiBChKUI MOMITEXHIYHUH THCTUTYT
imeni Iropst Cikopebkoro", Ykpaina, Kuis

BILIMB KPEMHIMOPT AHIYHUX MOIUPIKATOPIB HA PEOJIOTTYHI
BJIACTUBOCTI B KOMITIO3UIIAX OCAJOBA KPEUJIA —
HOIOPEHOCUIIOKCAH

Jlana poGoTa npucBsiueHa JOCIHIHKEHHIO BIUTUBY MO (IKaIlil MOBEpXHI 0CaI0BOI KpeHIu
Ha PEOJIOTIYHI XapaKTepPUCTHKH CHCTEMH Ta Ha MPOLECH BiIHOBJIECHHS 3pYIHOBAHOI CTPYKTYpH.
BceranoBnenuii BIUIMB Ha HPOIECH CTPYKTYPOYTBOPEHHSI Ta PIBEHb CTATHYHHUX 1 JMHAMIYHUX
MeX ITUHHOCTI Ta B'SI3KOCTI.

This work considers to the investigation of the influence of modification of sedimentary
calcium carbonate surface on the rheological properties of the system and on the processes of
recovering the damaged structure. Established influence on the processes of structure formation
and the level of static and dynamic limits of fluidity and viscosity.

KarouoBi ciioBa: ocasoBuii KabIuT, ringpogo0izaris, Moaudikaiist moBepxHi

BracTuBocTi moBepxHi qucepcHOi (a3 3HAYHO BIUIMBAIOTH HA PEOJIOTIYHI IMOKA3HUKHU
BIANOBIAHUX cycreH3iil. CropigHeHICTh MOBEpXHI Ta AMCIEPCHOTO CEpPEJOBUINA BHU3HAYAE
nporecd (OpMyBaHHS COJIbBAaTAllIMHUX OOOJIOHOK YAacTHHOK 1, TaKMM YHHOM, BHU3HAYae
napaMeTpu MIIHOCTI CTPYKTypu cuctemu. Hampuknaa, B poborax [1, 2] mokasano BIuiuB
Mo udiKallil MOBEpXHI MiHEpaJIbHUX HAITOBHIOBAUiB Ha XapakTep Teuii iX BOJAHUX CYCHEeH31H.

BceranoBneno, mo MoauQikyBaHHS HOBEPXHI OCAJ0BOi KpeWau BIUIMBAE Ha peaibHI
XapaKTEepUCTUKN CHCTEM Ha OCHOBI opra”iyHux po3uuHiB [IM®C. OcobnuBo BiAYYTHO
BKa3aHUIl epEeKT MpU ONTUMAIBHUX KOHLEHTpALisX MOAU(DIKATOPIB QIKCYETHCS B JUCHEPCIAX 3
BMicTOM KapOoHaTiB Ginbine 50 mac. % (puc. 1). MakcumanbHa MBUIKICTE 3¢yBY (Ha piBHi 150
¢ ') BiAMiueHa B Jiana3oHi Hanpyr 3cyBy Bia 80 no 140 Ila.
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Puc. 1. — Brmu MmoangikaTopiB Ha XapakTep Tedii B cucteMi MoaudikoBana ocagosa kpeiina — [IMDC: 1 —
6e3 MonubikaTopa; 2 — METHICHIIIKOHAT HATPiI0; 3 — METHJICHIIIKOHAT Kajito; 4 — MOTIMETHITiAPUACHIOKCAH
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3a cTyneHeM BIUIMBY Ha 3MiHY PEOJIOTIYHHX XapaKTePUCTHUK CHUCTeMH MojaudikoBaHa
ocazioBa Kpelaa — moniMeTwiI(eHiIcuiIokcan (KOHUEHTpalis aucrnepcHoi ¢asu — 50 mac. %)
nociipkyBaHi [TAP MoxxyTh OyTH npeacTaBieHi HACTYITHUM PSIIOM: TIOJIIMETHIITIAPHICUIIOKCAH
> METHJICHJIIKOHAT HATPil0 > METHJICHITIKOHAT KaJIito.

binpmn netanbHUN aHaNi3 PEOJOTIYHUX BIIACTUBOCTEM HAMOBHEHHMX CHCTEM 3acCBiTUMB
MOJXJIMBICTh ~ PEryJbOBAaHOTO  BIUIMBY HAa  HHMX  [OUIIXOM  BHOOpY  BIAMOBIZHOTO
KpeMHilopraniyHoro Moaudikaropa, Horo KoHIIEHTpallii Ta BMICTy aucnepcHoi ¢asu. Tak, Ha
NPUKIANl AUCIEepPCid 3 BMICTOM 0cafoBoi Kpeiam Ha piBHi 50 mac. % 3a paxyHOK
MoaM(IKyBaHHS MOMJIMBO 3MEHIIMTH CTaTHYHY MeEXy IumHHOCTI 3 117,7 mo 93,4 Ila, a
muHamivny 3 527,1 no 480,3 Ila. BiamosigHi B'si3k0cTi 3MeHIyeThest 3 44,3 no 28,7 Ila - ¢ Tta 3
6,8 o 4,51IIa - c.

3aciyroBye Ha yBary (akT MOYaTKy Tedii K (yHKIIi piBHS Hampyru 3cyBy. B 3anexxHocTi
Bin Buay monudikaropa nedopmariii B JOCTIIKYBAHUX CHCTEMax IOYMHAETHCS TMPU PIBHIX
Hanpyr 3cyBy B fiamazoni 10-20 Ila.

Crnig BIAMITUTH TaKoX 1 0COOIMBOCTI PO3BUTKY AedopMaliiii B TOCHIKYBAHUX CHUCTEMax
Ha OCHOBI MOJTM(iKOBAHOI KPEHIM B YaCTHHI MPOTIKAaHH MpoILeciB penakcarii. He 3Bakatoun Ha
BIJIMiY€HI OCOOJIMBOCTI CHPHUSHHSA MOJIU(DIKATOPIB 3MEHIICHHIO MEX IUIMHHOCTI 1 B'S3KOCTI,
NPOIECH CTPYKTYPOYTBOPEHHSI B 3pyHHOBAHUX CHCTEMAaxX MalOTh HU3KY CBOIX OCOOJIMBOCTEIA.

BimHOCHO HU3BKHMI KUIBKICHUH BIUIMB KPEMHIMOPTaHIYHUX MOIU(DIKATOPIB HA 3MEHIIICHHS
piBHSL pEOJIOTIYHMX TapameTpiB MeXi IUIMHHOCTI Ta B'S3KOCTi, OCOOJMBO B JWHAMIYHUX
mpolecax, 103BoJsi€ 3 0qHOro 00Ky nudepenititoBatu BruuB octanHix (Tabn. 1). B Toi e gac
iX IPUCYTHICTh TIEBHUM YHHOM BIUTHBAE HA PO3BUTOK peJlaKCalliiHUX IPOIIECIB.

Tabmums 1. — PeosoriuHi XapaKTEpUCTHKHN CHCTEMH Moan(iKoBaHa ocaioBa Kpeiaa — moaiMeTmidheHIICHIOKCaH

Crarnuna JlnHamivHa
. MeXKa . Mexa .
MoaudikaTop ) B'SI3KICTH ) B'SI3KICTh N*,
IUIMHHOCTI o IUIMHHOCTI
Pk, ITa n’, Ha-e Pxo, I1a Ha-c
be3 momudikaropa 117,7 443 527,1 6,8
MeTHICHITIKOHAT HATPIIO 107,4 35,7 4938 5,7
MeTmicriikoHaT Kajiro 112,5 421 507,6 6,2
[TomiMeTHITi IPUICUITOKCAaH 93,4 28,7 480,3 45

HasBaicTh kpemHiliopraniunux I[IAP Ha moBepxH1 0casoBOi Kpeian A03BOJIsE BIUIMBATU
Ha PO3BUTOK SIK MIHIMyM JIBOX KOHKYPEHTHHX IPOLECIB. 3 0JHOro OOKYy i€ 3MEHILIEHHS PiBHS
CTaTUYHUX 1 JUHAMIYHUX MEX IJIMHHOCTI Ta B'A3KOCTI, a 3 1HIIOTO MEBHUM BIUIMB HA MPOIECH
CTPYKTYPOYTBOPEHHsSI B JAOCII/DKYBaHMX cucTeMmax. Jloka3oM Takoro (akrty MOXYTb CTaTu
pe3yNbTaTi MOPIBHSIBHOI OLIIHKH IUJIOL] METeNb TiCTepe3ncy Ha KPUBHUX 3aJI€KHOCTI HMIBUAKOCTI
3CYBY BiJl Halpyru Aucrepcii Ha ocHOBI MoaudikoBaHoi kpeiau. Bimomo, mo Taka oOIliHKa
JIO3BOJISIE  OXapaKTEpU3YBATH CTYIIHb PO3BUTKY PEIAKCIHHUX TIPOIECIB B HAMOBHEHUX
KOMITO3UIIISAX TMICTs 3HATTS HAlPYTH Ta BIJHOBJEHHS CTPYKTypH. He3Bakaroun Ha 3MEHIIEHHS
MeX1 IUIMHHOCTI 1 B'I3KOCTI SIK JECTPYKTYIOUHMX (aKTOpiB, 3aCTOCOBYBaHI MojaupikaTopu
NEBHUM YMHOM BIUIMBAIOTh Ha PO3BUTOK MpolieciB Tukcorporii. Iloka3aHo, mo MiHimMalbHa
IUIONIA METeNb T1ICTEPE3UCy MK KPUBUMU MPSIMOTO 1 3BOPOTHOTO XOJy CIIOCTEPIraeThesl B CKIIA1
komrto3uuii Ha ocHOBi [IM®C BuxigHoi kpeiau (puc. 2).
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Puc. 2. — IInowma neTesp ricrepe3rcy peosoriyHuX KPUBHX KOMITO3HIIH ocanoBoi kpeiau — [IMDC: 1 —
HeMonu(]iKoBaHa Kpeiina; MoauikoBaHa: 2 — METHICHIIIKOHATOM HaTpiro; 3 — METHICHIIIKOHATOM Kaiio; 4 —
MOJIIMETHIIT1 IPUICHIIOKCAHOM.

Haiibinpmr  BiguyrHO  mwioma  30UIBIIYyETHCS y ~ BUNAAKY  3aCTOCYBaHHSA
nomiMeTwiriapuacuiokcany (mo 30 %). Hdemo wenma edektuBHicth (10 — 20 %)
CIOCTEPIraeThCst MPH MOAM(IKYBaHHI BiIOBITHO METHIICHIIIKOHATIB KaJIii0 Ta HATPIIO.

BHCHOBKM: TIpeACTaBJICHI pe3yabTaTH JalOTh IMIJACTaBU CTBEPIXKYBAaTH BiTHOCHO
MO3UTUBHOTO BIUIMBY JOCHII)KYBAaHUX KPEMHIMOpPraHiyHMX MOAM]IKATOPIB Ha PEOJOTIYHI
BJIACTHBOCTI Ta TPOIIECH BiTHOBJICHHS 3pYHHOBAHOI CTPYKTYpPH B KOMITO3HIIISIX OCAI0Ba Kpehaa
— nomioenocunokcad. ToOTO 3aBISKM 3aCTOCYBaHHIO OCTAHHIX CTA€ MOXKIMBUM JIOCSTHEHHS
NEeBHOT PIBHOBAarM B MPOTIKaHHI KOHKYPYHOUHMX IPOIECiB, (3MCHIICHHS PIiBHS CTaTUYHUX 1
JMHAMIYHUX MEX [UIMHHOCTI Ta B'SI3KOCTI, MPOIIECH CTPYKTYPOYTBOPEHHS).

CnHcoK BUKOPHCTAHMX JKepe:

1. Cikopebkuit O. O. Peosormyeckoe MOBeA€HHWE BOJHBIX CYCIIEH3MH KaoJlMHA B
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YO «benopycckuii rocy1apcTBEHHbBIN TEXHOJIOTUYECKUM YHUBEPCUTETY,
r. MuHck, benopyccus

CBOMCTBA NOJMMEPHBIX MATEPHUAJIOB, COJAEPXKAIIINX
TEPMOJJIACTOIIJIACTBI

W3ydeHo BIMSHHWE TEPMOINACTOIUIACTOB pPA3IUMYHON XMMHYECKOM NPHPOIBI Ha TEIUIOBOE CTApPEHUE
KOMITO3UITMI Ha OCHOBE IMOJIMATIIICHOBOH W IONMIPONHIICHOBOW MaTpuil. Ha oOpa3iax KOMIIO3UTOB, MOTyYeHHBIX
METOJIOM JIMTHSI TIOJ JAaBJICHHEM, OIECHEHA MX TEPMOCTAOMIBHOCTh IO IWHAMUKE W3MEHEHHS Je(pOpMalnOHHO-
MPOYHOCTHBIX CBOWCTB B IpOIECcCe TEIUIOBOTO crapeHus. OnpeneneHsl KOMIIO3UINH, 00JaJaroniie MOBBIIICHHON
YCTOWYHBOCTHIO K TETUIOBOMY CTAPEHHMIO.

The article presents the influence of thermoelastoplasts of different chemical nature on the thermal aging of
composites based on polyethelene and polypropylene matrixes. It was estimated the thermal stability of
polyethylene compositions by the way of determination of dynamics change of strength properties during thermal
aging. Compositions with high thermal were determined.

KnaroueBrblie ciioBa: MOJHUIPOINUIICH, TOJIUITUIICH, TepMOCTa6I/IJ'ILHOCTB, TCPMOIJIACTOIIIACT

B mpowusBoacTBe M3nenuii TEXHUYECKOTO Ha3HAYEHUS B OOJBIIOM 00BEME MPUMEHSIOTCS
nonuoneduHbl, YTO OOYCIOBIEHO WX JIOCTATOYHO BBICOKUMHU (PU3UKO-MEXaHUYECKUMU
XapaKTEPUCTHKAMH W OTHOCHUTEIbHO HEOONBIION CcTOMMOCThIO. OIHAKO OHUM HMMEIT Kak
MOJIOKUTEJIbHBIE CBOMCTBA, TaK U PsAJ HEIOCTAaTKOB. B HacTosmiee BpeMs akTyaldbHOW 3a/1adeit
ABJIIETCS CO3[]aHUE MaTepHalloB C 33JaHHBIMU CBOHCTBaMHU. bosbline BO3MOXHOCTH MJis
YAYYIIEHUS] SKCITyaTallUOHHBIX CBOWCTB IOJIMMEPHBIX MaTepHUasloB JaeT KOMOMHUPOBaHHE
macTMacc M KaydykoB. CMelleHHEe B3aUMHO HEPACTBOPUMBIX IOJIMMEPOB MPHUBOIUT K
00pa3oBaHUIO TeTepoda3sHOl CUCTEMBI, T.€. AUCIEPCUU OJHOTO MOJUMEpa B MAaTpHIE IPYroro.
MexaHn4yeckre CBOMCTBA TE€TEPOTeHHBIX CMECEH MOJMMEPOB OUEHb CIOKHBIM 00pa3oM 3aBHUCST
oT GosblIoro uncia GakTopoB. B HacTodiee BpeMs MHUPOKOEe MPUMEHEHHe A MoAu(UKaun
MOJIMMEPOB HAIUIA TepmodiacTomiactel. Tepmoanacrortactel (TOII) mpencraBnsitor coboi
NOJMMEpHbIE MaTepHajbl, OONajarolllie B YCIOBHMSX OKCIUIyaTallMM BBICOKOAJIACTHUHBIMU
CBOMCTBaMM, XapaKTEPHBIMH JUIS 3JIACTOMEPOB, a MPH MOBBILIEHHBIX TeMIlepaTypax oOpaTHuMoO
nepexoAsye B IUIACTHUECKOE UM BA3KOTEKyUYee COCTOSIHUE U IepepadaThIBaroIuecs noJ00H0
tepMmoruiactaM. OHM HCHOJB3YIOTCS B PA3IMYHBIX OTPACiAX IPOMBIIUIEHHOCTH, TJIaBHBIM
o0pa3oM, u3-3a coueTaHHss B cebe TEeXHOJOTMYHOCTH TEPMOIUIACTOB M (U3NYECKUX CBOMCTB
BYJIKAHM30BaHHbBIX pe3uH [1].

[lenpto maHHOM pPabOTHl SBISUIOCH HCCIIEAOBAHUE BIUSHHMS TEPMO3JAacTOIIACTOB Ha
TEXHOJIOTMYECKHE M OSKCIUTyaTallMOHHBbIE CBOMCTBA IOJUMEPHBIX KOMIIO3ULMHA Ha OCHOBE
noaunoiedunos. ViccrnenoBanust MPOBOAMINCH HAa MOJIEIBHBIX MOJUMEPHBIX CMECSIX HA OCHOBE
noymmnponuieHa (ITI1) mapku 21030-16H u mnonudtunena wuskoro paieHus ([19H]I)
mapku 273-83. B kauyecTtBe TexHojornueckux no6aBok npumensuiuch TIII tuna COBC (TPE
com 805.901.A30P Natural, TPE com 811.901.A65P Black u CBC (IACT-30, SX-400). B
KadyecTBe 00paslia CpaBHEHHSI HCIIOIb30BAINCH KOMITIO3UIIMH, HE COIEpIKaIle J00aBOK.

OOpa3upl  UIsi  UCHOBITAHUN  MOJIydaldd METOJOM JIMUThbs TIOJ  JaBJICHUEM Ha
tepmoruiactapromate BOY 22A (Dr. Boy, I'epmanus). UcnsiTanus oOpa3ioB Tumna 2 (Jomarka,
I'OCT 11262-80) mpoBoaumu corimacHo ['OCT 11262-80 na Tenzomerpe T2020 DC10 SH
(Alpha Technologies UK, CIIIA). KonnuecTBo 00pa3iioB B KaKJOM HCIBITAHUH 5 IIT.
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Ha pucynke npeacraBieHbl 3HaYEHUSI OTHOCUTENIBHOIO Y/UIMHEHUS IIPU pa3phIBe, MIpeaesa
TEKy4eCTH M II0Ka3aTeis TEKydecTH paciijiaBa B 3aBUCUMOCTH OT cozaepxkanus TOIl B
KOMITO3HIIMH.

OTHOCHTEIEHOE VATIHEHTIe IIPIL

[Tpenen TeKyuecTi
pasprBe

1000
800
- 600

W 400

o, MITIa
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0

012 3 456 7 8 910 C % pace
C, % Macc

IITP, r/10 v

C, % Macc.

- = =ANP —0—]TCT-30 ---e-A55P

Puc. 1. Usmenenue aeopMaIioHHO-MIPOYHOCTHBIX CBOMCTB Kommo3unuid [I9H/] B 3aBucuMOCTH OT
conepxxkanus TOII

W3 pucynka BusiHO, uTO ucnonap3oBanue TOIl npuBOANUT K CHUKEHUIO IIPEeNa TEKYUECTH
C YBEJIMYEHHEM €ro cojepxaHus B kommo3uimu. Ilpum ucnombszoBanun 10% macc. JACT-30
HaOmroaeTcss HawOoJbIlee CHIDKEHHWE mpenena Tekydectu 22,5 mo 19,1 MlIla, urto
CBUJIETEJILCTBYET O TMOBBIMICHUH Ae()OPMUPYEMOCTH MaTepHuaia, O CHIKEHUHM HampsKeHUs
CIABUTOBOIO TEYEHMS, KOIZA aTOMBl M CETMEHTHI LENEed HAYMHAKT IPOCKAIb3bIBaTh JPYT
OTHOCUTENBHO Apyra [2]. HeoOpaTumas miactuueckas nedopmanus HaOIr0AaeTCs IPH MEHbIIeH
Harpy3ke, Marepuall CTAaHOBUTCS OoJiee MJIACTUYHBIM U MeHee kecTKuM. [Ipu mcnonb3oBanun
TOIl NpouCcXOIUT CHUKEHHE OTHOCHUTENBHOIO YIJIMHEHUS NpHU pa3pbiBe W noselmieHue I1TP
KOMITO3HIIUH.

ArperaTtbl TepMO3JacTOIUIacTa YBEIWYMBAIOT IOABM)KHOCTb KPYIHBIX 3JIEMEHTOB
HAJMOJIEKYJISIPHOH CTPYKTYpPBbI, CHOCOOCTBYs Jydliedl aepopMupyeMocTH M 3iacTU(UKALUN
noauMepHoi Martpunbl. Takum obpazom, TOII okasbiBaeT miactuguupymomee JeicTBue,
ucnonpzoBanue TOII B oTHOCHTEIBHO HEOOJBUIMX KOJIMYECTBAX IMMO3BOJISIET IEJIEHANIPABICHHO
PEryJInpoBaTh CBOMCTBA KOMIIO3HUIIMH.

[Tonobuble 3aBUCUMOCTH  J1€()OPMALIMOHHO-TIPOYHOCTHBIX Xapakrepuctuk u IITP
Habmonamuch u Juist [I1. [Tockonbky TNl nMeeT HU3KYIO CTOMKOCTH K TEPMOOKHCIUTEIHHON
nectpykiuu, 1o it kommosuiuid [III+TOII  O6sto  omeneno BausiHue TOII, kak
TEPMOCTAOMIU3UPYIOIIEH T00aBKH.

B xoxe paboTbl 00pasubl MOABEPrajiich YCKOPEHHOMY CTapeHHUIO0 B TepMoIikady npu
temneparype 150°C B Bo3nyHoi cpene.
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Haubonee YYBCTBUTEIbHBIM KpUTEprEeM BO3/ICICTBUS TEIJIOBOTO
CTapeHUs SIBJISIETCA U3MEHEHNE OTHOCUTEIBHOTO YUIMHEHUS! TIPU pa3phiBE, MOATOMY UMEHHO IO
STOMY MOKa3aTelt0 Mbl OLIEHUBAIN YCTOMYMBOCTh KOMIO3UIMI K TETJIOBOMY CTapEHUIO.

YcTaHoBIIEHO, YTO UCHOB30BaHUE HEKOTOPHIX BUAOB TOII, oka3biBaeT crabuiau3upyomiee
nevicteue. Jas TOIT TPEcom Natural, TPEcom Black ymenblieHne OTHOCHTEIBHOTO
YAJIUHEHUS. IPU TEPMOCTAPEHUM HE CTOJb 3HAYUTENbHO, Kak Juist uucroro IIIT. TOIl mapku
TPEcom Black mo3Bomsier mo6uthesi MakcumanbHoro 3¢dexra crabunusanuu. [Ipu BBeaeHUN
ero yxe B KoiuuectBe 5 Mac.% JOCTHTaeTcs CHHIXKEHHE T[OoKa3aTeiass OTHOCUTEIBbHOIO
ymirHenus Bcero Ha 43%. Ilpuuem mocne 96 4acoB cTapeHHs] OTHOCHUTEIBHOE YIJIMHEHUE
ymenbInaercs Bcero Ha 0,5%. s uuctoro IIT noreps coiicTB cocrasiser 95,5%.
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EFFECT OF PORE STRUCTURE OF THE ADSORBENT SUPPORT ECHELON
THIOPHENE ADSORPTION ATMOSPHERE

As China's well-off will be fully completed in 2020, which will promote the improvement of people's living
standards, environmental awareness and the attendant national automotive holdings will be increasing. Cars will be
more demand for oil, but oil sulfur oxide sintered generated is a major pollutant, SO2 is the cause of which generate
acid rain, much concerned with vehicle exhaust haze also related to serious harm ecological environment and human
health. So people want to have environmentally friendly and convenient travel and urgent need, the state and the
people of the sulfur content of fuel put forward higher requirements.

This study investigate the pore structure of adsorbent (CeX, CelL, CeMordenite, CeZSM-5, CeA) how to
influence the thiophene adsorption for model gasoline. High adsorption rate depend on pore size, when pore size of
adsorbent come close to or greater than the diameter of thiophene easy to get high sulfur uptake.

Key words: desulfurization, adsorbent support, cerium ion adsorption

There are many kinds of adsorbents, such as phenol resin-based adsorption raw materials,
inorganic adsorption raw materials, polystyrene-divinyl phenyl adsorption raw materials, etc.
The inorganic adsorbent materials can also be divided into activated carbon and carbon
nanotubes, oxides, clays, zeolites, Molecular sieve materials such as phosphate and so on.

There are four kinds of adsorption mechanisms: molecular size selection, acid-site
adsorption and n-complexation, and S-M bond coordination.
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1. Molecular size selection is the pore structure rule, the adsorbent can rely on its unique
diameter size, so that the size smaller than the diameter of the molecules into the pores in order
to select the adsorption, to remove the size smaller than the size of the pore size of the molecule.

2. The mechanism of acid adsorption is to use the surface of the adsorbent and the acidic
active sites in the pores to interact with thiophene derivatives (alkaline) to immobilize the
thiophene derivatives on the adsorbent so as to achieve desulfurization.

3. w complex coordination theory is thiophene sulfur compounds, with empty reverse bond
orbitals, and free bond = electrons outside the structure, so thiophenes containing sulfides can act
as ligands and adsorbents on transition metals to obtain electrons. The combination yields =
complexes.

4.S-M coordination theory is that the transition metal-optimized zeolite adsorbent passes
through and the small coordination in the transition metal and thiophene forms a direct bond and
forms the thiophene derivatives.

Liquid-phase ion-exchange method for the preparation of five different cerium-loaded
molecular sieves M (X-type, L-type, Mordemite-type, ZSM-5-type, and A-type zeolites)
experimental steps, taking X-type zeolite as an example:

Weigh 200 mL of a 0.1 mol/L solution of Ce(NO3)s-6H20. 1 g of X zeolite was added to
Ce(NO3)3-6H20 solution, stirred at 25°C for 48 hours, filtered, dried at 100°C and 450°C for 2
hours to prepare a CeX adsorbent. The preparation of other molecular sieves is consistent with
the X-zeolite method.

Due to the presence of interfering thiophenes in the presence of cyclic aromatic
compounds such as toluene in real fuels, n-heptane is used to represent straight-chain
hydrocarbons, thiophene is used to represent thiophene-based organic sulfur compounds, and
toluene is used to represent cyclic aromatic hydrocarbons. With simulated gasoline.

Simulated Gasoline: 1. If you want to configure a lower ppm gasoline, prepare a larger
solution and then dilute it. 2. Take a 100 ml volumetric flask and weigh Thiophene. 3. Dilute
with n-heptane to give the sulfur concentration. 4. Add an appropriate amount of toluene to the
well-prepared high-concentration solution and dilute it to 20 ppm. 5. Preparation of the standard
solution Thiophene solutions having sulfur contents of 20 ppm, 15 ppm, 10 ppm, 5 ppm, and 2
ppm were respectively prepared using a 20 ppm solution.

Weigh the prepared samples CeX, CeL, CeMordemite, CeZSM-5, CeA collectively called
CeM to add simulated gasoline (20ppm, containing 1% toluene) sealed and oscillated at 80 °C
constant temperature for 2 hours simulated gasoline adsorption desulfurization reaction. After
the completion of the adsorption reaction, the solution was allowed to settle, and the supernatant
was filtered. The sulfur content was quantitatively analyzed by GC-FID.

intensity

U SV CeX-L
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Fig. 1. X-ray diffraction (XRD) analysis of CeX zeolite adsorbents
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Fig. 2. X-Ray Diffraction (XRD) Analysis of CeL Zeolite Adsorbents

It can be seen that the spectrum of the CeX molecular sieve obtained by the liquid-phase
ion-exchange method is similar to that of NaX as the raw material, and basically maintains the
characteristic peak of the KL zeolite, indicating that the impregnation and roasting of the KL-
zeolite introduce new metal ions substantially without loss of the skeleton framework.

S4E00 10.CkV 8 £ x20.0k SEMR

Fig. 3. Scanning electron microscope (SEM) analysis

The first twenty minutes of adsorption proceeded very quickly, reaching saturation by sixty

minutes.
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Fig. 4. CeX adsorption rate figure
Table 1. Adsorption Desulfurization Performance of CeM Adsorbent

Model gasoline with toluene
Adsorbents
Sulfur uptake(mg/g) Sulfur removal (%)
CeX 1.669 83
CeL 0.620 31
CeMordinate 0.279 14
CeZSM-5 0.258 13
CeA 0.178 9

CeX, CeL, CeMordenite, CeZSM-5, CeA were sealed with simulated gasoline (20ppm,
containing 1% toluene) and shaken at a constant temperature of 80°C for 2 hours to simulate
desulfurization of gasoline adsorption. After the completion of the adsorption reaction, the
solution was allowed to settle, the supernatant was filtered, and the sulfur content was
quantitatively analyzed by gas chromatography GC-FID. Figure 3-6 shows five zeolites. The A-5
series of cations we use is Ca*. The pore size is shown in 5A. The shape is powder and the size
is 100 mesh. X-type zeolite F-9 series cation is Na*. The pore size is shown in 9A. The shape is
powder and the size is 100 mesh. The ZSM-5 type zeolite HSZ-800 series cation is NH4", the
type is 840NHA, silica/alumina. The ratio is 40 mole/mole, the specific surface area is 330 m?/g
and the size is 10 micron. The mordenite is HSZ-600 series cation is H*, the type is 640 HOA,
the silica/alumina ratio is 18mol/mol, the specific surface area is 400 square. The m/g size is 13
um, the L-type zeolite is HSZ-500 series cation is K*, the type is 500 KOA, the silica/alumina
ratio is 6.1 mol/mol, and the specific surface area is 290 m 2 /g 3um. From Table 3-1, it can be
seen that the adsorption rate CEX> CEL> CeMordenite> CeZSM-5> almond decreases, and
from the measurement results, it can be seen that the desulfurization rate of the CEX adsorbent
modified with the X-type zeolite is the highest.

ZSM-5

1T\ T‘ ‘f‘
-Lﬂ\.i.-{ t.s.ﬂ
AT T
\'s, };L'i }'Jj

Ly

Fig. 5. Five types of zeolites

Conclusions: Zeolite with different pore sizes was used as the sorbent carrier, and a
desulfurization adsorbent for gasoline was prepared by us Ce as an active component. The
channel structure of the support has a certain influence on the adsorption of thiophene: CeX>
CeL> CeMordinate> CeZSM-5> CeA. CeX zeolite adsorbent desulfurization rate of up to 83%.
Mainly manifested in the diameter of the pore structure of the carrier, the choice of adsorption
carrier should be determined according to the size of the adsorbed material. The desulfurization
rate of CeX desulfurization reached 83% in the first 20 minutes. The optimization process of
impregnation and calcination did not damage the skeletal structure of the sorbent zeolite, but
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caused only a few lattice collapses resulting in a slight decrease in the crystallinity of the
molecular sieve.
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Hanionanpuuii TexHiyHui yHiBepcuteT YKpainu "KuiBCbKuil MOMITEXHIYHUM IHCTUTYT IMEH1
Iropst Cikopcrkoro", Ykpaina, Kuis

OI'JISI ] MPOLIECY TEPMOI3OJIALI MOKPUTIB IHTYMECIHEHTHOI'O TUITY

Jana poOota nmpuCBSYEeHA OIJISAY MEXaHi3My YTBOPEHHS 3aXHCHOIO LIApy MIHOKOKCY, SIKMH yTBOPIOETHCS
NpH Ji1 BIJKPUTOTO MOJIYyM 51 00 BUCOKHX TeMIlEpaTypax, MOKPUTTS iIHTYMECLEHTHOTO THILY.

This work considers to the review of the mechanism of formation of a protective layer of carbon foam, which
is formed under the action of open flame or high temperatures, coating of intumescent type.

Koaro4oBi ciioBa: NpOTHIOXEKHUI 3aXHMCT, BOTHECTIMKICTb, NMPOTUIIOKEXKHA 130JIALIs,, IHTYMECLEHTHE
MOKPHUTTS.

binpiricte GaraTtonoBepXxoBUX Oy/iBenb Ta TPOMAJChKUX O00’€KTIB MalOTh B OCHOBI
CTaJIeBUI KapKac, sKHil moTpedye 3aXUCTy BiJl BOTHIO, OCKUIBKU CTaieBl KOHCTpyKii npu 500 °C
MOYMHAIOTh BTPAYaTH CBOI BIACTHBOCTI. SK MacuBHI CIOCOOM 3aXUCTy BUKOPUCTOBYIOTH OETOH
abo oOmuBaHHS BOTHE3aXMCHUMH maHensMu. IIpore chorogHi Habupae MNOMYISPHICTh
3aCTOCYBaHHS IHTYMECIICHTHHUX MOKPHTIB [1].

[HTyMecCLeHTHI KOMITO3UIII] — I1e KJIac MaTepialliB Ha OCHOB1 KOMIJIEKCIB iHIPEII€HTIB, 110
BKJIFOYAIOTh Ta30yTBOPIOIOYI areHTH 3 TMEBHUMH TEMIIepaTypaMH PO3KIAAaHHs, SKI Mif €0
BUCOKHX TeMIIepaTyp MPU3BOJATH 10 YTBOPEHHS IOPUCTOTO MIHOKOKCY, 10 MA€ TOBILIMHY, SKHH
y Oararo pa3iB HepeBeplilye MOYaTKOBY TOBIIKWHY MOKPUTTS, 1 Ma€ HU3bKY TEIIONPOBIHICTb, 110
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MOBEPXHIO cyOcTpaTa sIK BiJl BIUIMBY BUCOKHX TEMITEpaTyp, Tak 1 0€3MOcepeTHhO BiJl BIIKPUTOTO
MOJTyM'sI, IO JTO3BOJISIE POIOBKHUTH Yac MOXKIJIMBOI €BaKyallii JFo/iei 1 J03BOJIsi€ 30UIBIIUTH Yac,
SIKUW MOKe OyTH BUTPAYCHO ISl TaCIHHSI MOXKexi [2].

[Ipouec TepmoizomsIii BiAOYBa€eThCS y BIAMOBIAHOCTI A0 CKIAAHOI cepii peakmiid. Ls
MOCJTIIOBHICTh B1IOYBAIOTHCS Y MIpy MIJBUIIEHHS TEMIIEPATYPH, a TAKOX B1Jl XIMIYHOTO CKJIAITy
nokpurts [3].

1. Ilpu temmeparypi mokputts Bix 150 mo 215 °C 3 comi BUALISETHCS HEOpraHiuHA
KHCJIOTA. 3a3BHYaid, JUKEpeIIoM KHUCIOTH BucTymae mnogidochar amonito ((NHAPO3)N), sxwuit
TEPMIYHO PO3KJIAJAETHCA 0 amiaky, BOAU Ta KUCIOTHUX (ochopuux rpym [4, 5]. Peakmis
po3kiany momidocdary aMoHirO 3 BUBLUIbHEHHSIM amiaky (1):

i I i
-D—T—— -_— D-—T —_— Q_Fls + NH; (1)
] OH OH
= _|'I NH3
+
NH,

2. Jlami mpW MiABUINEHHI TEMIEpAaTypyd MOKPUTTS KHUCIOTHI Ta TiIPOKCHIBHI TPYIH
pearyroTh 1 yrBoproroTh pochopuuii edip. PopmyBanus hocopHoro edipy Moxke BigOyBaTHCS
BIJIOBIAHO 110 peakiliil eTepudikaiii abo GochopuiitoBaHHs, 110 B CBOIO YePTy MOKE MPUBECTU
JI0 YTBOPEHHS PI3HUX CTPYKTYp. Jis peakiii ectepudikaiiii 3acTOCOBYIOTh IICHTACPUTPUT, STKUAN
BUCTYIIA€ KOKCOYTBOpIOBaueM. JlaHuil mpoiiec MOKHA KaTai3yBaTH 3a JIOIIOMOTOK0 aMiHiB a0o
aminiB. HaBegeHo peakiito (2) MiXK TIIPOKCHIBHOIO TPYIOK TEHTAepUTPUTY Ta (pochopHOIO
rpymoto [4, 6]:

0 Q Ho f 2
o—-ur o—:l'-! + / — O T o= F + RO
| I
OH OH e OH )
_ Ho—cH, | 2
CH"J CH ?_OH
NS
/G\“
u CHa—OH
N
OH

3. Ilpu rtemnepatypax Big 280 go 350 °C, BinOyBaeTbcs poO3KJIaAaHHSA edipy, IO
NPU3BOJMTH JI0 YTBOPEHHS BYIJICIb-HEOPTaHIYHOTO 3aJUIIKY.

4. Tum vacom, npu 280 °C MenamiH, KM 3aCTOCOBYETHCS SIK MIHOYTBOPIOIOUYMM areHr,
po3kianaeThses 1 BUAUIsAe Taki rasu, sk NHs, CO2, Boga ta NO2. I'a3u, gki yTBOpeHi 3 MelaMiHy,
JDKepesia KUCIJIOTH, MIpoii3y 3B'SI3yl040i PEYOBMHM Ta JDKEpena BYIJIELIO, 3HAXOIAThCS B
pO3IUIaBiIeHit 3B’ A3yr0Uiil peuoBHHI, BHACIIIOK YOTO MOKPUTTS Habyxae [7].

5. Ilpu OinbIl BUCOKHMX TeMIepaTypax BiIOyBaeThCs 3aTBEPHAIHHS Uepe3 IMepexpecHi
3IIUTTS. PO3IUIABICHUX 3'€HaHb. TBepAMi IIap MoXe, ckiagatuca 3 mipodocdary TUTaHY
(TiP207), sixmii yTBOprO€THCS yepe3 peakiiiro TiO2 3 KHCIMMU rpylaMu 3 pO3KJIaJIeHOTo JLKepesa
kucinoTH. Y peakirisx (3) Ta (4) 300pakeHo JBOCTaAIMHUN MeXaHi3M peakiiii [8].

C10H1006P2 — 2 (HPO3)n + 2 CH4 + 8 C (3)
2 (HPO3)n + TiO2 — TiP207 + H20 4)

Buxiganum wmatepianom s peakuiii € CioHi006P2, sikuii yTBOpHMBCS Tpu pO3KIai
ckiagHoro edipy dochopuoi kucaotu (CioH1609P2). Peaxkitis (3) mokasye poskiaa Ci1oH1006P2
20



Ha nomidochopuy kuciaory ((HPO3)n), meran ta Byriens. Peakimis (4) mokasye yTBOPEHHS
nipodochaty THTaHy 3 peakiii Mix nomidocpopHoro kucinororo Ta TiOz.

6. [Ipu 11e 61IBIT BUCOKHMX TeMIIEpaTypax MOKPUTTS BiAOYBaeTbCs TEPMIUHE PO3KIIATaHHS
Ta / a00 OKHMCIICHHS YTBOPEHOT0 3aXUCHOTO 1mapy (miuun) [7].

3axyCHUH mIap, M0 YTBOPIOETHCS, OOMEKYE MEPEHOC TeIlIa Ta KUCHIO MK cyOCTpaToM Ta
noBiTpsiM. Cxema po3TalryBaHHs 30H 300paxxeHa Ha puc. 1.

HanpamoK po3uiMpeHHs

N

v BuxigHe o Buxinne | 30Ha
YOCTPAT | ooy purra | TENIO YOCTRAT | okpurma | peakwji Tenno
(1) (2)

Puc. 1. JIBocTymeneBuil mMexaHi3M HarpiBaHHsA (1 - MOYaTKOBUH CTaH, 2 - TMOKa3ye MOKPUTTS Micis il
BHCOKOI TeMIIepaTypH)

BucnoBku: Po3rnsHyro oOCHOBHI peakuii, ski BiAOyBalOTbCS TpPHU [OCTYHOBOMY
HiBUIIEHHI TEMIEepaTypH IHTYMECHEHTHOTO TOKPHUTTA. HalBaMBIIMM € yTBOPEHHS
KOKCOBOTO IIapy Ta mpolec po3imupeHHs. Bci peakiii moBuHHI BiAOyBaTHCS y CTpOriit
MOCTIIOBHOCTI: pO3KJIAJ] JUKepelna KHCIOTH, YTBOPEHHS e€cTepy, pO3KJIaJg ecTepy Ta
HiHOYTBOPIOIOYOTO areHTy.
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POJIb OKCUXIHOJIIHOBUX KOMIIVIEKCIB METAJIIB B ABPASUBHUX
KOMITO3UIIMHUX MATEPIAJIAX

B maniit po0oTi pO3TIAHYTO PONIb OKCHXIHONMIHOBHX KOMIUIEKCIB MeTaJiB B aOpa3sMBHUX KOMIIO3HITIHHUX
MaTepianax Ta iX BIUIMB Ha BJIACTUBOCTI. ['0JIOBHOIO METOIO € MiABUIIEHHS anre3ii MK 3B S3K0I0 Ta aOpa3sMBHUMU
3epHaMHU 32 PaXyHOK 3MEHIICHHS MOTJIHHAHHS KUCHIO KOMIIO3HUIIISIMU.

In this article the role of oxyquinoline complexes of metals in abrasive composite materials and influence on
properties are considered. The main objective is to increase the adhesion between the binder and the abrasive grains
by reducing the absorption of oxygen by compositions.

Karouosi caoBa: CKH-40, rymoBa 3B’s3ka — aOpasuB, okcuxiHomiHoBi komiuiekcu Cu, Fe, Ni, Cr,
riOpUIHICTS.

BaxmBoro mpo06iemMor0 Mpu BUTOTOBJICHHI Ta 30epiraHHi aOpa3sMBHUX KOMITO3HMIIHHUX
MmarepiajliB Ha T'yMOBUX 3B’s3Kax Ha ocHoBi kayuyka CKH-40 € moctynoBa nerpapamis ix
BJIACTUBOCTEH IiJ] BIUTMBOM KHCHIO, SIKUH IU(YHIYyE B MaTepiaj, 10 MiCTUTh BEIHUKY KUIBKICTh
TaKUX KaHAJIB Mirpamiid, sk MikdQa3Hi IpaHUlll «'yMOBa 3B’s3ka — abpaszuBy. OJHUM 3 BHSIBIB
OKHCITIOBAIBHOTO CTapiHHS aOpa3sMBOBMICHUX KOMITO3UTIB Ha TYMOBHUX 3B’SI3KaX € 3MEHIICHHS
azaresii MK 3B’ SI3KOK0 Ta a0pa3MBHUMU 3€pHAMH.

CranpmaptHuii crabinizaTop aiadeH moripurye aaresiro 3B’S3KH 70 aamasy, TOMY 3 METOIO
3arnobiraHHs CTapiHHS TOJIMEpy TiJ JI€I0 KHCHIO, BUKOPHUCTOBYBAJIM OKCHUXIHOJIHOBI
komruiekcu Cu, Fe, Ni, Cr. Haiikpariii pe3ysibraTH MOKa3aB KOMILIEKC HIKEITO (Ni2+), 0TXKE BCl
HACTYNHI pe3ylbTaTH OTPUMAaHi 3 BUKOPUCTAHHSAM ONTHUMAJIbHOI'O BMICTY OKCHXIHOJIIHOBOTO
kommiekcy Ni?* B kormentparii 5 % 1o Maci. 3aragpHa cxema OJep)KaHHS KOMIIEKCHHX
CHOJIYK OyJia HACTYIHOIO:

N
N =
;‘,/5 I 3 + Met —om + Ht
8 L~ N
N
,OH O——Me

Peakitii BimOyBasiich B KHCJIOMY CEPEOBUIII 3 MOMATBIIUM BHAUICHHSIM KOMILIEKCHUX
CIIOJNTYK 3 PO3YMHY Y BHUTJISL MOPOIIKIB, SKi B MOAATBIIOMY BBOJWIH B KAYTYKOB1 KOMITO3HIIII.

3riIH0 OTPUMAaHMX EKCIIEPUMEHTAIbHUX JaHUX, BBEACHHS N0 aOpa3MBOBMICHOI
kommo3utii 3 kayuyka CKH-40 5% mo maci OKCHXiHOJIHOBOTO KOMIUIEKCY HIKETI 3HAYHO
3MEHIITY€ MOTJIMHAHHS KUCHIO KOMIO3UITIAMH, 0 MICTATh 10-25 06’€MHUX BiJICOTKIB MOPOIIKIB
anmazy AC4 125/100 (Puc. 1,2).
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Puc. 2. I[Tornuxanus kuchio npu 423 K 3 kommiexcom Ni%*

CyTTeBe  3MEHIIEHHS  MOIVIMHAHHSA  KUCHIO  KOMIO3MLISAMH,  MOJU(IKOBAaHUMHU
KOMILIEKCHOIO CIIOJIYKOIO METally J0O0pe KOPENIOE 3 TiJIBUIICHHSIM CTIHKOCTI KOMIIO3UTIB,
3yYMOBJICHMM BHIIMM piBHEM ajresii 3B’S3KM 70 YAaCTUHOK aiaMa3y Ta KapOigy KpeMHIIo.
3okpema, npu 1uTipyBaHHI BUPOOIB 3 TBEPAUX CIUIABIB CTIMKICTh IHCTPYMEHTY, IO MICTUTh
METAJIOKOMIUIEKCHUI cTab11i3aTop, MiIBUIIYETHCS B 1,3 — 1,5 pasu. BinnoBigHo, MexaHi3m
[[bOTO SIBUIIIA [TOJIATAE B MIJBUIICHH] HAIHHOCTI yTpUMaHHs a0pa3uBHOIO 3€pHA B 3B’ 3111

HasBHicTs B moJsiiMepHil 3B’s3111 KOOPAMHAIIMHMX 3B’S3KIB MOPSA 3 KOBAaJICHTHUMH
3yYMOBJIIO€ T1OPUIHHM XapaKkTep KOMITO3UTIB BHACIIOK HEQIUTUBHOTO TIOE€THAHHS BJIACTUBOCTEH
BIJIMIOBITHUX ()parMEHTIB CTPYKTYpH MaTepiaiy.
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! HaumoHanbHblil TEXHHYECKUH yHUBEpCHTET YKpauHbl «KHEBCKUI MOMMTEXHUUECKUIH
uHCcTUTYT uMeHHu Uropst CUKOpCKOTO»
2 IHCTHTYT CBEpXTBEPABIX MaTepuanos uM. B.M. bakyns HAH Vkpaurs!

WCCJEJIOBAHNSI TEPMUUYECKHAX CBOVCTB DIIOKCHPEHOJIBHBIX
MMOJAMEPOB, COAEPKAIINX OPTAHOKOMILIEKCHBIE COEJMHEHUS
MEIN

B pobote mpeacTaBieHBl JaHHBIE TEPMHYECKOTO aHAIH3a IOJMMEPOB Ha OCHOBE JIKOCH()EHOJBHBIX CMOII
COJIepIKaIX OPraHWYeCKHH KOMIUIEKC MeTajula — aleTuianeToHat Meau. [lokazaHa BO3MOXKHOCTH IMOBBIIICHUS
TEPMHYECKOH CTOMKOCTH YKa3aHHBIX MaTepHasoB Ha 25%.

The results of thermal analyses for polymer based on epoxyphenolyc resisns containing metal organic
complexes — copper acetylacetonate, were presented. The increasing of thermal stability of such materials in 25%
was shown.

KiaroueBble cjioBa: allCTWJIAlCTOH, alCTUIalCTOHAT MCIU, 3HOKCI/I(1)6HOJILHLII\/'I nojaumep, TepMI/I‘{eCKI/Iﬁ
aHaJIu3, TepMOCTOﬁKOCTL

B npombIuieHHOCTH U OBITY CYIIECTBYET HEOOXOIUMOCTH B TMOBBIIIEHUU TEPMUYECKOM
CTOWKOCTM W3JENUI TMOJYYeHHBIX M3 MOJMMEPHBIX MarepuanoB. JlocTukKeHHe 3TOW LeIu
BO3MOYKHO 3a CUET MCIOJIb30BaHUS MMOJIMMEPOB, COJEPIKAIIUX OMpPeIeSICHHbIE J0OABKH, KOTOPHIE
MO3BOJIAIOT PACIIUPUTH TEMIIEPATYPHBI HHTEpPBal pabOThl COOTBETCTBYIOIIETro u3aenus. s
W3/IeTMd Ha OCHOBE OJIMOKCU(DEHOJBHBIX CMOJ TaKUMU JOOaBKaMU MOTJU OBl CIIYXKHUTh
OpraHOKOMIUJIEKCHbIE coenHeHus: MeTauioB[l, 2]. OnaHako KOHKPETHBIX [JIaHHBIX IO
TEPMUYECKON CTAaOMJIIBHOCTH W HEOOXOJAMMOW KOHIIEHTpanuu J00aBok Her. [loaTomy
UCCIIEIOBAaHUE TEPMHUYECKOW CTOMKOCTH DJMOKCHU(DEHONBHBIX TOJIHMEPOB, COIEPKAIIUX
KOMIUIEKCHBIC COEIMHEHUs SIBJISIETCS aKTyaJlbHOW COBPEMEHHOW TEMAaTHKOW TMOJMMEPHOTO
MaTepHaIOBEICHHUS.

Henvro dannoui_ pabomsl ObITIO PACCMOTPEHHE IEUCTBUS T00ABKH alleTUIAIETOHATA MEIU
Ha TEPMHUYECKYIO CTOMKOCTh YKa3aHHOIo Kiacca mnojaumepoB. Kak wmerton uccnegoBaHus
npUMEHsIICS TepMuyeckuit ananus. Pesynbrarel ananusza (TI-ATI-ATA) nans! Ha puc.1:
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Puc. 1. Tepmuueckuii aHaIM3 MaTepHAIOB HA OCHOBE 3MTOKCU(EHOJIBHBIX MTOJIHUMEPOB!
a — matepuan 6e3 n106aBku, 0, B, T,  — MaTepual, cojepKanmmii anetunanetonat meau 1%, 5%, 10%, 15%
Macc. COOTBETCTBEHHO

Ha Bcex kpusbix ITT npucyTCcTBYIOT TpH OCHOBHBIX MMHUKA MOTEPU MACCHI:

[Tuk 1 — waxomutcs B paitone 60—70 °C, xapakTepeH i Hadalla peakiiy MOJIMMEpU3aluu
smokcu¢eHoabHbIX nonumepoB. Ha  kpuBbix JITA emy cooTrBeTcTByeT HEOOJBIION
SHAOTEpMUYECKUN AP (DEKT, CBA3AHHBIA C YXOJOM BOJbI KaK MPOAYKTA PEAKIUH SMOKCHUIHBIX
IIUKIIOB C METOKCHJIbHBIMH IpyHHamMu (PeHOIbHBIX OJTUTOMEPOB

[Tk 2 — maxoxutcs B paiione 370-380 °C, xapakTepeH JIs Hadalia rmporecca JeCTPYKIUU
IIOJINMEPOB.

[Muk 3 — mHaxoauTcs B paitone 550-565 °C, xapakrep s mporecca ropeHus mommepa. Ha
4TO yKa3bIBaeT O0NbIION 3Kk30TepMuueckuil 3¢ ekt Ha kpusoii JITA.

Taxxe mpu BBeaeHHE NOOABKM alleTHJIALETOHATa MeIW, HaOoJaeTcsl MosiBieHue 40ro
MUKa MOTEPU MACCHI:

I[luk 4 — waxommrcs B paiione 168-182 °C. Ckxopee Bcero, yka3blBacT Ha PEaKITUIO
o0pa3oBaHUs CBs3€M MEXIy aleTUIAIlleTOHATOM MEId W METOKCHUJIBHBIMU TpyHIamMH H/Win
SMOKCUAHBIMU IMKIaMH. [Ipu 3TOM peakuHOHHOCIOCOOHBIE TPYIIBI 3MOKCU(PEHOIHHOTO
OJIMTOMEpa BMECTO PEAKIIMKU APYT C IPYroM, BCTYNAIOT B PEAKIIUIO C alleTHJIALETOHATOM MEH.

[ToaTBepkeHneM 3TOr0 MOKHO CUMTATh OJU30CTH IUIOMIAAN MHKa 1 g monuMepoB 0e3
N00aBKM U CyMMBI IUIoIIaiel MUKoB 1 1 4 1715 MOJMMEpPOB € cojiepkaHueM 100aBkH oT 5% 10
15% mo Macce. A Takke MOSIBIIEHHWE MHKAa XapaKTEPHOTO IS dHAOTEPMHUYECKOTO d(Pdekra Ha
kpuBbIX JITA B TOM ke AMana3oHe TeMrepaTyp, B KOTOPOM HaXOAUTCS MAKCUMYM 40T0 MHKa.

OddekTUBHOCTh AEUCTBUS J00AaBKH aleTHUJIAIleTOHaTa MOXHO OBUIO OIICHUTH TIO
M3MEHEHUIO IUIOMIAe MHKOB 2 U 3 U CMEIICHUIO UX MakCUMyMOB Ha KpuBbix J[TT', a Takke 1o
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notepe Macchl Ha KpuBbIX TI'(%) B Toukax, KOTOpbIE COOTBETCTBYIOT MaKCUMyMaM MHUKOB 2 U 3.
Bonee s¢¢exTtuBHON cuMTamach Ta KOMIIO3HMIMA, Ui KOTOPOW HAONIOJAIOCh YMEHBIICHHE
IUIONIA/IM MUKOB 2 U 3 W CMeIleHHe MX MaKCUMyMOB B CTOPOHY OOJibIIMX Temmeparyp. s
00paboTKkM OBUIO HKCIOIB30BaHO Mporpammuoe obecmeuenue Origin Pro u MagicPlot. Tlo
3¢ exTUBHOCTH AEMCTBUS MaTepHalibl MOXXHO BBICTPOUTH CIEAYIOIIUNA psa( OT JIydllero K
Xyaemy):

[Tonumep+10%a006aBku  —>nonumep+15%a06aBku  —nonumep+5%a00aBku  —>moaumep
1% noGaBku —mnoymmMep 6e3 100aBKU

JlokazarenbCTBa 3TOrO MPEACTABICHBI B TAOIHUIIE.

Tabnuna 1 — XapakTepuCTHKH TEPMOCTONKOCTH MOJMMEPHBIX MaTEpUaJIOB, COIEPIKALIMX JOOABKY

KOHIIGHTpauus 100aBku, %
XapaKTEePUCTUKA 0 (Ge3 1 5 10 15
J00aBKH)
HOMA TIHKOB, YCI.e/L. 2 muk | 5255.7 6676.02 | 4926.07 | 4593.04 6484.2
’ 3muk | 5207.9 3612.67 | 5818.86 | 4096.39 5259.8
TemnepaTypHbiii 2nmuk | 385.9 382.3 378.3 379.6 m415.3 | 376.8
MakcumyM, °C 3muk | 563.3 551.3 507.9 567.8 496.1
O6mas noteps maccet, % 2muk | 52.5 40 38 28 u 33 33
’ 3muk | 725 68.5 63 58 58

Hus  obpa3noB coxepxkamux 10% m00aBKM MPOHUCXOMUT paclieIICHHEe 2 THKa |
COOTBETCTBEHHO IMIpoliecca NECTPYKIUU Ha JABE CTaAWUU, JUIS KOTOPBIX XapaKTepHBI [BE
OT/AeNbHbIE Temneparypsl. [lpu 3TOM MakcuMasnbHas TeMIlepaTypa ACCTPYKIIMH MaTepuaia C
10% noGaBku Boiie Ha 30 rpagycoB, ueM MaTepuaina 0e3 100aBKH, MOTEPS MAacChl MEHBIIE HA
20%, a tutomaak MAKOB MeHbINe B 1,2 pa3a. BIM3KkuMu 3HAYCHHUSIMH ITOTEPU MACChl 00JIaTa0T
MaTepuaibl, cofepxkamme 15% mo0aBku, 0OHAKO TEMIEpaTyphl Hayalla JECTPYKIIUU U TOPEHUS
HIDKE, 4eM s MmaTepuaiioB ¢ 10% nobaBku.

1% u 5% noGaBkM yMEHbIIAIOT MOTEPI0 Macchl NpU AECCTPYKIUH B cpeaHeM Ha 10%, HO
MpU 3TOM TeMIlepaTypa Hadaja JECTPYKIMHU, a TaKXKe TUIOMAAU MUKOB, JUISI HUX W3MEHSETCS
HE3HAYUTENbHO [0 CPAaBHEHHUIO C MarepuaiaMu 0e3 J00aBKA. MakCHUMalbHBIM 3Hau€HHUEM
MOTEPU MACChl U MAaKCUMAJIbHBIMH 3HAUCHUSIMHU TUIOMIAJEH MUKOB 00JIalal0oT MaTepHAIIbI, HE
cojziepskariue 100aBKy.

Bvl6ood: B pesynbTaTe NPOBEJACHUS HUCCIICIOBAHUM OBUIM ONpENeNICHHbIE TEPMUUYECKUE
CBOICTBa MaTepuajoB, COJEPKAIINX KOMIUIEKCHBIE COEIMHEHUs Meau. Bplio moka3zaHo, 4To
HanOosbmas 3 HEKTUBHOCTH NEUCTBUS T0OABKH JOCTUTAeTCs pH KoHueHTpauusx 10 u 15% —
IPOMCXOTUT YBETMUYEHUE TEPMUUYECKON cTaOMIbHOCTH MaTepuana Ha 20—25%.

CnMcok Mcno/Ib30BaHHOM JIUTEPaTyPhI:

1. Li J. A composite of epoxy resin/copper (Il) acetylacetonae as catalyst of copper
addition on insulated substrate //Journal of Materials Science: Materials in Electronics. — 2018. —
C. 1-6.

2. Toledo D. New cobalt (Il) coordination polymer based on carboxyphenyl-tpy ligand:
Photoluminescence, crystal structures and magnetic properties, without orbital contribution
/lJournal of Coordination Chemistry. — 2018. — Ne. just-accepted. — C. 1-19
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PEOJIOI'TYHI BJIACTUBOCTI NOJIJIAKTUA-ITOJIIKAITPOJIAKTOHOBHX
KOMIIO3UTIB 3 I'TNPOKCUAITATUTOM

HaBeneHo pe3ynbTaTd  PEOJOTIYHMX  JOCHIKEHb  MOJIJIAKTUA-TONIKAPOJAKTOHOBUX  KOMIIO3UTIB
HAIIOBHEHHX TiIPOKCHANIATHTOM. BCTaHOBJICHO, IO MOJIAKTHI-MOJIIKAIPOIAKTOHOBI KOMITO3UTH BiA3HAYAIOTHCA
TEXHOJIOTIYHICTIO IiJ{ Yac IepepoOieHHs y B’SI3KOTEKy4OMY CTaHi, IPH IbOMY BBEICHHS IMOJIKAIpOJATOHY B
TIOJIUTAKTH/ TiABUITYE TEKY4iCTh KOMITO3HTY.

The results of rheological studies of polylactide-polycaprolactone composites filled with hydroxyapatite are
presented. It has been established that polylactide-polycaprolactone composites are characterized by technological
efficiency during processing in the viscous-fluid state, while the introduction of polycaprolatone into polylactide
increases the fluidity of the composite.

Karwu4oBi cjioBa: moNiIakTH/I, MOIIKAMPOIAKTOH, TiJPOKCHANATHT, PEOJIOTIs, KOMIIO3HUT.

Cepen moniMepiB, SKi ofepxaHi 3 TPUPOJHBOI CUPOBHHH OCOOJMBE 3HAYEHHS MAalOTh
6iogerpangabenbHi Ta 6iocyMicHI Marepianu Ha ocHOBI noninaktuay (I1JIA) i monmikampoirakToHy
(IIKJI). TloegnanHs Takux TOJIMEPIB B OJHOMY KOMIIO3UTI BIAKPUBAE MOXKIUBOCTI
HAIPaBIICHOTO PETYJIOBaHHS IXHIX BJIACTUBOCTEH, 30Kpema OiojerpamadeslbHOCTI  Ta
OiocymicHocTi. Taki marepiany BHKOPHUCTOBYIOTHCS B MaKyBalbHIM ramy3i Ta ocOOIUBO B
MEIWIUHI, 30KpemMa Uisi BUPOOHUITBA XIPYpriYHUX HUTOK, MMTHQPTIB Ta OloMeaMYHHX
iMIiarariB. Y 1med cke vac, Ans OlOMEIWYHUX IMIUIATaTiB BHKOPUCTOBYIOTH IOJIMEpHI
Komro3uTd 3 rigpokcuanaturoM (I'A). BuGip ['A oOymoBieHHii #HOro BIACTHBOCTSMH Ta
CKJIaJIOM, SIKHH MaKCUMaJIbHO OJM3bKHUI 1O XIMIYHOTO CKJIaJy KiCTKOBOI TKAHUHHU.

i BUTOTOBJIEHHSA JIMTTEBUX 1 €KCTPY3IMHMX BHpPOOIB Ha OCHOBI MOJIIAKTUI-
MOJIIKAIPOJIAKTOHOBUX KOMIIO3UTIB BEJIMKE 3HAYeHHS MaTHUMyTh iX Temiopi3uyHi Ta
TEXHOJIOT14YHI BJIACTUBOCTI MiJ] Yac MepepoOsIeHHsl y B’ A3KOTeKy4oMi cTaHl. ToMy dociaKeHHs
PEOJIOTIYHUX XapaKTePUCTHK KOMIIO3MTIB Ha OCHOBI IMOJIIMEPIB 3 PI3HOK TeMIepaTyporo
nepexony y B’si3korekyunit cran (mst [IJTA — 190-210 °C, ans TTKJT — 58-60 °C) ta BruuB Ha
HUX BMICTY HaIlOBHIOBaua — I'JIpOKCUATIATUTY € aKTyaJbHUM 3aBJIaHHSIM.

BusiBneno, mo BBeaeHHs ['A B TONUIAKTHI TPU3BOAWTH 1O 3MEHIICHHS TEKYYOCTi
KOMIIO3UTY, 30KpeMa 3Ha4eHHs MoKa3Huka TekydocTi po3minaBy (IITP) mig wac nonasanus 3,5
mac % 1 10 mac % rigpokcuanatuty craHoBuTh 6,4 1/10 xB 1 4,8 1/10 xB BianmosigHo, ITTP
HeHanoBHeHoro IIJIA — 9,5 1/10 xB. g peryiaroBaHHS TEXHOJIOTTUHUX 1 €KCIUTyaTalliiHMX
BJIACTUBOCTEH MONUIAKTUIHUX MaTepianiB, 30KpeMa iX TEKy4OCTi 1, BIAMOBIIHO, X 3AaTHOCTI A0
nepepoOsIeHHsT  JoJaBajdu  Takuid  OlocyMicHWM  OiojerpamabenbHHl  mojiMep,  SK
MOJIIKAIPOJIAKTOH, KU 100pe cymimaerses 3 IIJIA 1 mposiBise muiacTudikyrodi BIaCTUBOCTI.
Taxk, 3Hauenns [ITP kommoszuiiit 3a Bmicty TIKJI 1, 2 1 10 mac % cranoBuTh BigmoBigHo 17,1;
21,9 1 28,4 1/10 xB. Otpumani 3HaueHHs [ITP Ta xapakrep KpUBUX Tedil MiATBEPAXKYIOTh
mnactTudikyrounii epekt momikanponaktony. s TIJIA-TIKJI kommosutiB 3 'A 3aKkoHOMIpHO
TaKOK CIIOCTEPIra€Thecsl 3MiHa TEKy4OCTI KOMITO3UTY, Tak 3a BMicTy I'A 3,5 mac % 1 ITKJI 2 mac
% 3nauends [ITP cranoButs 10,2 1/10XB.
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WAYS OF SYNTHESIS OF SILICON PARTICLES WITH PREDETERMINED SIZE
AND MORPHOLOGY BY THE STOBER PROCESS

Jnist cuHTE3y 4aCTHHOK JIOKCHIY KPEMHIIO 3 MiHIMaJIbHUMH PO3MipaMH BayKIIMBUM € NPABHIBHUHN MiIXiA 10
peryioBaHHs MapaMeTpiB mpouecy. Y naHiid po6oti Oyiu npoaHanizoBaHi ocHOBHI mapameTpu LlITobGep-nponecy i
MOXJIMBI NUIAXM BIUIMBY Ha IPOLEC JJIs OTPUMAaHHS 3aJaHoro po3Mipy dacTHHOK SiOz. PosrisHyTo BIUIMB
TEpPMOJMHAMIYHOI SKOCTI PO3YMHHHMKa Ha PO3MIpH 1 MOP(OJIOriI0 YaCTWHOK NMPOAYKTY 3 TOYKH 30py MiAXOAy
XaHceHa.

For the synthesis of the silica particles with a minimum size is important right approach to the regulation of
process parameters. In this paper, the main parameters of the Stober process and possible ways of influencing the
process for obtaining a given particle size of SiO2 were analyzed. The influence of the thermodynamic quality of the
solvent on the size and morphology of the product particles is considered from the point of view of Hansen's
approach.

Key words: silica nanoparticles, Stober process, Hansen's approach, solvent varying method.

Particles of silica dioxide have always been quite in demand in the industry. Since recently
more attention has been paid to nanoparticles and, as a consequence, to the materials that have
them in their composition, interest has also increased in the synthesis of silica nanoparticles.
There are several ways to synthesize SiO2 nanoparticles, such as the pyrogenic method, under
the action of laser radiation, from the rice husks [1], Stober process [2]. One-step method of the
Stober allows obtaining particles from hundreds of nanometers to micrometers. Rather simple
components are used in the synthesis process, and the resulting particle size can be adjusted in
the desired direction, changing the synthesis parameters.

The main factors influencing the particle size obtained are the temperature of the process,
the change in the ratio of the participants in the reaction, the change in the polarity of the
reaction medium.

For the temperature factor, the rule holds: with increasing temperature, the particle size
decreases [3]. This is due to the fact that with increasing temperature the rate of nucleation is
increased, respectively, at high speed nucleating particle size decreases.

If we talk about the concentration of participants in the reaction, the following statements
are true.

The particle size increases with increasing TEOS concentration to a certain point, after
which, a further increase in concentration almost does not change the size of the particles
obtained (the exact values depend on the component content of the remaining participants in the
process) [4]. Since TEOS is the source of the monomer for subsequent condensation reactions,
its concentration determines the concentration of embryos/primary particles present in the
system. However, when the solution is strongly supersaturated with tetraethoxysilane, the
polydispersity of the particle size distribution is significantly increased.

In the Stober process, ammonia is used as a pH regulator of the medium. The dependence
of the size on the NH3 concentration has an extreme character with a pronounced maximum.

As the amount of H20 (M) increases, the particle size increases to a certain peak, after
which, with a further increase in concentration, the particle size slowly decreases [5].

As the volume of the solvent rises, the particle size increases. The influence of such a
factor as the polarity of the solvent in the literature is not considered enough, since all the
judgments on this topic are based on the studies of one homologous series of saturated
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monohydric alcohols [6]. In particular, the particle size decreases with increasing dielectric
permittivity of the solvent.

In this paper, we considered the question from the standpoint of Hansen's approach. During
the Stober process, it were used a number of systems wherein as solvent was used a number of
solvent mixtures with various thermodynamic parameters. It should be noted that the change in
the thermodynamic quality of the solvent, has an impact not only on the particle size but also on
their morphology.

A study of the morphology of the reaction products showed that an increase in the particle
size is observed in the transition from a more polar solvent (isopropanol) to less polar
(tetrahydrofuran, xylene) (Fig. 1).

Fig. 1. Silicon dioxide particles obtained using pure isopropanol as a solvent, 110 nm.

In the region of 80-20% (polar - nonpolar solvent, respectively), the size increases
gradually while the shape remains spherical (Fig. 2.).

Fig. 2. Use as a solvent in the Stober process a mixture of isopropanol-tetrahydrofuran (80-20%,
respectively), 139 nm.

When this ratio is exceeded, the form changes to a quasispherical one and, the less
nonpolar the medium is, the more pronounced is the deviation of the form from the sphere.
Along with this, aggregation occurs, the formation of bridges between the particles (Fig. 3).
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Fig. 3. Using as a solvent a mixture of isopropanol-xylene (60-40%, respectively)

For example, when using up to 60% of xylene in a mixture with isopropyl alcohol, the
particle size increases up to 10 times (Fig. 4.).

2000 nm

Fig. 4. Using as a solvent a mixture of isopropanol-tetrahydrofuran (20-80%, respectively)

As a result of the studies carried out, the data of earlier works were confirmed, namely,
that with increasing polarity, the size of the particles obtained decreases. The morphology of
particles has been studied, it was shown that when the polarity of the solvent decreases, the
geometry of the particles changes from spherical ones with a sufficiently polar solvent to
aggregative structures composed of particles of irregular shape.
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! HanmonanbHblit Texauueckuii yausepcuteT Ykpauub! «KHEBCKUiA MOTUTEXHIYECKHIA
uHCTUTYT UMeHH Urops Cukopckoro»
2 IHCTUTYT CBEpXTBEP/bIX MaTepuanos umenn B.M. Bakyns HAH Ykpauns:

AHAJIA3 BJIMSTHASI AHUOHHOM COCTABJIAIOIIEN COJIEW HA ®OPMUPOBAHUE
KJACTEPOB U YACTHUI] B OJIMT'O®EHOJIAATAX BAHAJIUS, )KEJIE3A 1 MEJIN

B pabote paccMOTpeHO BiMsSHHE XJIOPHI-, CyJibdat-, arerar-, HUTpaT- aHKOHOB Ha INpOILecC 00pa3oBaHMs
HEOpraHM4ecKux (parMeHTOB ONUTO(EHOJATOB, a MMEHHO — HOHOB M KJAcTepOB BaHaJWs, jKeie3a, MeJu.
[oka3zaHo, 4TO KCHONB30BAHUE XJIOPUA-aHHOHOB YBEINYHUBACT KOJIUYECTBO METAIIA, HAXO/SIIETOCS B KIIACTEPHOMN

thopme.

The influence of chloride-, sulfate-, acetate-, nitrate-anions on inorganic fragments formation in
olygophenolates was investigated. Particularly the affection of anions on formation of clusters and particles of
vanadium, copper and iron was proved. The usage of chloride-anions increase the quantity of metal clusters in
polymer

KaioueBble cj10Ba: K1acTep, 4aCTUIA, OJUTO(PEHOJIST, BAHAIUH, )KEE30, MEb

CBoiicTBa MaTepualoB, B YAaCTHOCTHU IIOJIMMEPOB, ONPEACISAIOTCS KaK HMX XMMHYECKOH
COCTaBOM, TaK M MpPEBICTOpUEH uX co3fgaHus. Bimsnue mnocneanero Qakropa, 0COOEHHO
3aMETHO, KOTJa pedyb MJET O BBICOKOMOJEKYJSPHBIX COEIMHEHUSX (MOJEKyJspHas Macca
koTopeix Oonbiie 10000), KOTOpbIE MOTYyYEHBI U3 OJIUTOMEPHBIX COEAMHEHUN (MOJEKYyJspHas
macca ot 8000-10000). B cBorwo ouepesnb, mpolecc MOJy4YE€HUS U MCXOJHBbIE BELIECTBA s
CHUHTE3a OJIMIOMEPOB BIIUSAIOT HA €0 CTPYKTYPY U CBOMCTBA, a 3HAUUT U B JaJbHEHIIEM Ha 3TH
e TapaMeTrpbl s moiauMepoB. IlosTomMy u3yueHHe M TNOHMMaHUE, HAdaJbHBIX YCIOBHUH
(GOopMUPOBAaHHS OJIMTOMEPOB BAXKHO B KaXJOM CIIy4ae HCIIOJIb30BAHHUS WX KaK HCXOJTHBIX
COEJIMHEHUH JJIs TIOJIMMEPOB.

Lleny dannou pabomer N3y4nTh BIHUSHUE aHHOHA, BXOASIIETO B COCTAB COJIEH BaHAAMA,
xKenesza, MEIU Ha CTPYKTYpY HEOpraHuuecKux (parMeHTOB Kak 4acTh TMOPUIHBIX OpraHo-
HEOPraHUYECKUX OJTUTOPEHOISATOB.

Hcxons w3 nuTepaTypHbIX JaHHBIX [1-3] Haubonee BBICOKMMU MEXaHUYECKUMHU
CBOICTBaMM XapaKTepU30BAINCh METAJUIONOIUMEPHI 32 OCHOBY KOTOPBIX, OBLJIM MCIIOIb30BaHbI
COEJMHEHUS] METAJUIOB, B KOTOPBIX AHHMOHOM CIYXWUJIM Cyib(daT, XJIopHl, arerar. ABTOpaMu
paboThl OBUIO MOKa3aHO, YTO MPHPOJAa aHHMOHA BIMSET Ha TO, B KaKOM BHUJE IPHUCYTCTBYET
METaJul B MaTepuaje — B KJIaCTEpPHOM MM HOHHOU (popme mim B o6enx popMax OJHOBPEMEHHO.
[To mx MHeHHIO, Hambojee MEPCHEKTUBHBIMU, C TOYKH 3pPEHHS MEXaHHYEeCKHUX CBOICTB,
SBJISIIOTCSI MaTepHalibl, B KOTOPBIX METalll, COJEpPKHUTCA B KiactepHoi ¢opme. Hamu Obiio
WCCJIEIOBAHO BIUSHUE HOHHOM MOJSAPU3YEMOCTH aHHOHA Ha COJAEpKaHHME YKa3aHHBIX (PopM
MeTajuia B oaurodenosste. /s 3Toro UCmosib30BaIKCh BOJIHBIE PACTBOPHI XJIOPHIOB, HUTPATOB,
aleTaToB U cyib(aToB BaHaIuUsA, XKeje3a U Menu (C KOHUEeHTpauued conu 15 r/m) u pactBop
onmurogenusnena (100 r/m). PacTBopsl conepxaliue COOTBETCTBYIOUINIM aHUOH U KaTHOH MeTajlia
CIIMBAJIUCh C PAacTBOPOM TUapoxuHoHa npu temieparype 323 K (50 °C), mocne yero B TeyeHue
10 MuH o00pa3oBbIBaJICSI OOWIBHBIM OCaZOK, KOTOPHI OT(QUIBTPOBBIBAICA OT OCTaTKOB
HAYaIbHBIX COCAMHEHUH, HE BCTYNHMBIIUX B PEAKIHMIO, U BBHICYIIHBAJICS. KaueCTBEHHO OICHUTH
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COCTOSTHME MeTajula HaxXoJsIIerocs B HOHHOM M KIAacTepHON Qopme yaanoch

ucnosap3oBaHuu Y ®-cnexrpockonuu. Ee pe3ynpTaTsl IpeacTaBiIeHbI Ha puc.l.

ITornouienue
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T : T
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i
550

Iornouienne

Hou Knactep
P

npu

JUIMHA BOJIHBI, HM

(a)
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350 400 0 4500 500
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JUUTMHA BOJITHBI, HM
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Puc. 1. Coneprxanue Banaaus (a), xxkenesa (0) menu (B) B KJIaCTEpHON ¥ HIOHHOU (hopMe B 0JIMTO(DEHONATE TIPH

ucnoib3oBanuu xnopuia-(1), uurpar-(2), cyabpdar-(3), anerar-anuona (4)

MoOKHO BUIETH, YTO MCIOJIB30BAHUE DPA3JIUYHBIX BHUJIOB AHMOHOB IPUBOJUT K Pa3HOMY
COOTHOILIEHUIO MOHHOM U KiacTepHo (opmbl B Marepuane. Pe3ynpTaThl UCCIIEIOBAHUS JOIU
MeTajula, CoJIepIKallerocs B KacTepHoi (hopme, MpeaCcTaBiIeHbI B Ta0.2.

Tabmuna 2 — [losst MeTaia HaXoASIIErocs B METAIIOOIMIOMEpE B KIIacTepHOH opme (B ckoOKax yka3aHa
WOHHasl OJISIPH3yeMOoCcTh aHHnoHOoB [1-3] )

Merann B Bujg anmona, BXOASIIETro B HAYaJbHOE COSIUMHCHUE MeTalla
COCTaBe XJIOpUA-aHUOH HUTpaT-aHUOH cynb(aT-aHuOH aleTaT-aHuOH
onMromepa (2,18 A% (4,67 A3 (7,1 A3 (44,43 A3)
Jons Metarnia B KjacTepHoi opMe B ouromepe
BaHAIUN 0,56 0,53 0,51 0,24
JKENe30 0,67 0, 48 0,44 0,11
MEIb 0,55 0,50 0,49 0,44

[IpencraBneHHbIe TaHHBIE CBUACTEIBCTBYIOT O TOM, YTO YMEHBIIEHUE IMOJISPU3YEMOCTH
AHUOHA TIPUBOJUT K YBEITHMYCHUIO KOJMYECTBA METallla, HAXOJSIIEToCcs B KIACTEPHOH dopme B
onuroMepe. Haubonblass m1oisi MeTaiuia, HaxoJsIIerocsi B KJIAacTepHOl ¢opMe B onmMromepe,

3 o
JOCTHTaeTcs IIpH HCIONb30BaHMM Xjopupa-anuoHa (2,18 A°). ITostomy B panpHeHmmx
HKCIEPUMEHTAX OBLIM UCIOIb30BAHBI UMEHHO XJIOPU/IbI METaJIA.
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[lonTBepauTh  CyllecTBOBaHME  MeTalla MMEHHO B  KiacTepHoil  ¢opme B
METAIIJIOOIUTOMEpPE, a He B (hOpMe YaCTUIl MOKHO C TIOMOIIIBIO MacC-CIIEKTpOMETpuu. 3BecTHO
[4], uTO MaTepuabl, copepKallrue KJIacTepsl MeTasia, Ipy pa3pylIeHuH Mo1 AHCTBUEM HOHHOM
NYIIKA MacC-CIEKTPOMETPOB JAIOT KJIACTEPhl MEHBIIMX Pa3MEpPOB C YETKUM KOJIUYECTBOM
aTOMOB B KJ1acTepe (C T.H. «Marn4eckuM 4HCIOM»), KOJIMYECTBO aTOMOB B TAKUX KJIACTEPaXx, JJIs
pPa3HBIX METAJUIOB, B IEJIOM, OJMHAKOBOE. BbUIM MONY4YeHBI CIEKTPhl METANIOOJIUTOMEPOB HA
OCHOBE BBIOPAHHOTO psiia METAJIOB, a TaKXKe CIEKTPbl OJIUIOMEPOB, COJEpKaIlUe XIJIOPUIbI
ATHX METAJUIOB. Macc-CIeKTphl METAIOONMIoMepa Ha OCHOBE BaHAIMS M OJUTO(EHUIICHA,
CoJIeprKallero XJOpu A BaHaIusl, B BUJE YACTHUIIL [IPE/ICTABICHBI Ha pUC. 2.

7 1
. 2 )
5 13, &
S 5 29 % 3
g 5 |2
I =
T m
g =
= Q
2 <
= o
o =
= T
0 10 20 30 40 0 10 20 30 40
KOJI-BO aTOMOB KOJI-BO aTOMOB

(@) (©)
Puc. 2. Macc-crieKTpbl METaJIO0IUroMepa, COJIepIKaIie KIacTephbl BaHaus () 1 oMuroeHuIeHa,
COJIep KAIeTo XJIOpHUI BaHamus, B hopme gactui (0)

Ha cmekTpax BHIIHO, UTO MPHU IECTPYKIIMU METAJUIOOIUTOMEPOB (puC. 2, a), MpeodiagaroT
kiactepsl ¢ 7, 13, 15, 22, 29 atomamMu B HHMX, YTO XapakKTE€pHO HMMEHHO [Jii MeTajia,
HaxoJs1erocs B kiactepHoil opme B marepuaie. [1o00HbIe CIEKTPHI ObUIHM TOTYYEHBI U IS
METAJIJIOOJIMTOMEPOB Ha OCHOBE JKeJe3a, MEIH, MOTYYEHHBIX U3 COOTBETCTBYIOUINX XJIOPHUIOB.
[Tpu pectpykuuu oJUro(EHUIIEHOB, COAEPXAIIKUX IPOCTO XJOPUIbl METauIoB (puc. 2, 0),
npeobiagaroT KiacTepsl ¢ 1, 2, 3 aToMaMu — 3TO SIBJISIETCS XapaKTEPHOUM 4epToil MaTepralioB, B
KOTOPBIX METAJJT HAXOJIUTCS B BUJI€ YACTHII.

Buisoouwi:

Takum o00pa3oM, Hcclaen0BaHbl MPOLECCHl, MPOMCXOMAAIIUE IPU CHHTE3Ee THOPHIHBIX
OJIMTOMEPOB U3 KIlacca MONMU(EHUIICHOB C COJEP>KaHUEM MOHO- U MOJUSACPHBIX KOMILIEKCOB
MEPEXO/IHBIX METAJIJIOB.

B pesynbrate BoinomHEeHHs pabOThI MOKA3aHO, YTO (PU3UKO-XUMUYECKasi TPUPO/Ia aHUOHA B
COCTaBe COJIeH METAJUIOB ONpEeIIIeT MOJ0KEHNE PaBHOBECUSI MEX]ly HOHAMH M KJIAaCTEpaMU B
COCTaBe CHHTE3UPOBAHHBIX OJUTOMEPOB, MPUYEM YMEHBIICHHE MOJIIPU3yeMOCTH aHnoHa B 11,3
paza NPUBOAWT K YyBelIWYeHHWI0O B 2,3-3,2 pa3a 4YacTHIl MeTallla, KOTOpPbIe HAXOJUTCS B
OJINTOMEPE B BUJE KJacTepa.
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KOMIIO3UTHU HA OCHOBI MOJANPIKOBAHUX NNOJIECTEPHUX CMOJI TA
JAPIBHOJUCITIEPCHUX HAITIOBHIOBAYIB

BcranoBneHo BIUMB mojiiMepHOro MoanGikaTopa (MOMiBIHIIXIOPUAY) Ta APiOHOANCTICPCHIX HATIOBHIOBAIB
Ha Tertodi3nyHi 1 (i3MKO-MeXaHIYHI BJIACTHBOCTI IOJIieCTEpHUX MarepianiB. BBeIeHHS MNONIBIHUIXIOPHIY 1
KaJbIIi0 KapOoHATy a00 aFOMIHII0 OKCHIY CIIPHSIE MiABHUIICHHIO MMOBEPXHEBOT TBEPAOCTI, TEIIOCTIHKOCTI 32 Bika i
yaapHOI B I3KOCTi MOAN(IKOBAHHX TOTieCTEPHIUX KOMITO3UTIB.

The influence of polymer modifier (polyvinyl chloride) and finely dispersed filler on the thermophysical and
physico-mechanical properties of polyester materials have been investigated. The introduction of polyvinyl chloride
and calcium carbonate or aluminum oxide contributes to increasing of the surface hardness, Vicat softening point
and the impact viscosity of modified polyester composites.

Kiarwu4oBi cjioBa: momiecTepHHi KOMIIO3UT, MOJIBIHIIXIIOPU I, MOAU(]IKaTOp, HAMTOBHIOBAY, TCIIOCTIHKICTS.

Jns mMomudikyBaHHS HEHACHYCHUX TIIONIECTEPHUX CMOJ TEXHOJOTIYHO 1 EKOHOMIYHO
0o0rpyHTOBaHUMH € (Di3UYHI METOMH, SIKi 0a3yIOThCS Ha CYMIIIEHHI MOJiecTepiB 3 OJiroMepaMu
IHIIOT TpPUPOAM Ta 3 BHCOKOMOJICKYJSIDHMMH crHojykamu. llopsim 3 1mM, BBEACHHS
IpiOHOAMCIIEPCHUX HANOBHIOBAYiB, 30KpeMa Kaunblio kapOoHary (CaCOs) i anroMiHiI0 OKCUTY
(Al203), B momiecTepHy KOMITIO3MIIIIO J03BOJHMTH HAINPABICHO PErYJIOBATH TEXHOJOTIYHI 1
eKCIUTyaTaliiiHi BIaCTUBOCTI MOU(IKOBAHUX KOMIIO3HTIB.

VY poboTi mociiKyBany BIUIMB MOMIMEPHOTO MoudikaTopa noiiBiHuxmopuay (IIBX) ra
npiOHoaucriepcHUX HamoBHIOBadiB, 30kpema CaCOs 1 Al2Os, na Ttemnodizuuni 1 ¢izuxo-
MEXaHIUHI BJIACTUBOCTi, TEPMIUYHY CTIHKICTh, 3HAYEHHS TEXHOJIOTIYHOI yCaJKH Ta MOKa3HUKU
yJapHOI B A3KOCTI MOAM(]PIKOBAHUX MOJIECTEPHUX MaTepialiB.

BcranoBieHo, 1110 BB€ICHHSI HEOPraHIYHUX APIOHOIUCIIEPCHUX HAIIOBHIOBAU1B, HE3aJIEKHO
BiJ] iX IPUPOJIHM, CIIPHsIE€ 3pOCTAaHHIO 3HaYeHb MOBEpPXHEBOI TBepAOCTi Ha 55 — 60 MIla, a Takox
TBepaocTi 3a bpinenem. OnHaK, KOMIO3UTH 3 MOJIMEPHUM MOAU(DIKATOPOM BII3HAYAIOTHCS
JIeI0 HWKYMMHU 3HAYEHHSMH TBEPJOCTI, 110, OYEBHMJHO, € HACIIIKOM 3MiHM IOBEPXHEBUX
XapakTepucTuk kKommo3uty. Crmig BimzHauuTH, 1m0 komno3utd 3 CaCOs, Ha BIAMIHY BiJ
KoMmno3uTiB 3 Al2O3, xapakTepu3yroThCsl MiABUIEHUMH 3HAYEHHSMH TEIUIOCTIMKOCTI 3a Bika.
MomudikoBani moiectepHi Matepianu 3 npidHoguciepcanMu HanmoBHOBadamu CaCOs 1 Al203
BiJI3HAYAIOTHCS 3HIDKEHUMHU 3HAYCHHSIMH TEXHOJOTIYHOI YCaJKH, SKi CTaHOBIATH 5,6 1 5,8 %
BIIMOBIIHO. BusiBieHo, 10 TOKa3HUKH YAApHOI B’SI3KOCTI K MOAU(DIKOBAHUX, TakK 1
HEeMOIM(IKOBAHUX TIOJIECTEPHUX MaTepialliB 3a BBEJCHHS HAMOBHIOBAUiB HE3aJEXHO B iX
IpUpOaN 3pocTaroTh 3 12,2 kJ[x/M? (mnst momiecteproi cmomn) 1o 27,1 i 35,9 xJlx/M? (mms
HarmoBHeHOi CaCO3 1 Al203 BiamOBIIHO).

3a pe3yapTaTaMyd KOMIUIEKCHOTO TEPMIYHOTO aHaTI3y BUSBJICHO, IO JJIT MOIU(DIKOBAHUX
MOJIIECTEPHUX MaTepialiB XapakTepHe OaraTocTajiiiHe NPOXOPKEHHS IMpPOLECY TEepPMOIi3Yy.
Marepianu 3 KaibIlifo KapOOHATOM BiI3HAYAIOTHCS BHUIIIOK TEPMOCTIMKICTIO, IO MOSCHIOETHCS
iHri0ytounm BrimBoM CaCOs Ha mpouec Tepmiunoro poskiany [IBX 3aBasku #oro 3gatHocTi
ajicopOyBaT Ha CBOil TMOBEpXHI MPOAYKTH TepMmomizy. Kommosutn, mo wmictare Al20s3
HaO1IbII IHTEHCUBHO BTPAyalOTh Macy Ta XapaKTepU3YIOThCS MOSBOI €KCTPEMYyMY Ha KpUBHUX
JATA (292 °C), mio, € HacTHiZKOM TIPOMOTYIOUOTO BIUIMBY HAMOBHIOBAYa HA MPOIECH
nerigpoxiopyBanus [I1BX.
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THE CUO-CEO2 S102 CATALYST PROPERTIES FOR CO-PROX REACTION IN Ha-
RICH ATMOSPHERE

The most effective catalyst in H2-rich atmosphere for CO-PROX reaction is the CuO-CeQO2 catalysts. In this
experiment, a series of CuO-CeO2@SiO2 catalyst with different ratio of CuO and CeO2 had been synthesized by
two-step hydro-thermal method and impregnation method. The catalysts were characterized by X-ray diffraction
(XRD), surface area analysis (BET), scanning electron microscope (SEM), transmission electron microscopy (TEM)
and catalytic-performance test for CO-PROX reaction in H2-rich atmosphere. The results showed that CuO-
CeO2@Si02 catalysts had large specific surface area. Whether the ratio of CuO and CeO2 is higher or lower, the
performance of the catalysts will been influenced, with the CeO2@SiO2 having been covered by CuO, the
performance of which is not ideal with the higher ratio, with the same result of the lower ratio for the small amount
of the CuO. The results showed that CuO-CeO2@SiO2 catalysts had better performance when the ratio of CuO and
CeO2 was 3:7.

Key words: hydro-thermal method; CuO-CeO- catalysts; CO; PROX; H.

At present, the energy efficiency conversion of the internal combustion engine we use
needs to be limited by the "Carnot Cycle", the conversion efficiency is low, and it requires
burning to generate a large amount of greenhouse gases and respirable fine particles. There is a
great deal of damage to human health and the ecological environment. Fuel cells that directly
react fuels and oxidants to convert chemical energy into internal energy and electric energy are
receiving increasing attention. And its outstanding advantages of environmental protection, low
noise, and high safety are considered safe and reliable power generation technology [1-4]

The hydrogen fuel of the PEMFC is usually derived from a fuel reforming system. The
reformed gas usually contains 45% to 75% H», 15% to 25% CO,, 0.5% to 2% CO, a small
amount of H20 and Nz [6-10]. CO has a strong affinity for Pt and can occupy the active site of
Pt and cover on its surface, preventing the further development of hydrogen, while it cannot
oxidize CO under the working conditions of PEMFC (< 120°C). In short, CO is toxic to Pt
electrodes [6-11]. The most extensive method currently used to selectively remove high purity
H> contains a minimum amount of CO is to use a separate gas purification unit [11]. In contrast,
preferential oxidation (PROX) removal of CO is considered to be the most practical. Since the
CO in the feed gas poisons the Pt electrode of the fuel cell, the CO content in the hydrogen-rich
gas must be controlled below 100 ppm. [1-5] That is, control within 0.001% to 0.01% [6-11].

CO-Preferential Oxidation (CO-PROX) is the catalyst that is added to the hydrogen-
enriched gas and preferentially oxidizes the CO. At present, precious metal Pt catalysts have
reached some commercial applications, but in the actual process, due to economic reasons, they
are still subject to partial restrictions, such as their expensive prices and scarce raw materials.

Catalysts for CO-PROX include supported noble metal catalysts, nanogold catalysts, and
conventional metals based on CuO-CeO; and their oxide catalysts [12]. The low price of CuO-
CeO: has become a hot topic [13-15]. On the basis of the CuO-CeO: catalyst, the performance of
the catalyst can be improved by carrying out loading or changing the morphology of the catalyst
[16-18]. The counter-supported CeO>-CuO catalyst for CO-PROX was proposed by Honés in
2010 to widen the temperature window for complete CO conversion and increase catalyst
selectivity. CuO-CeO: catalysts with different CuO loadings were prepared by Caputo et al. by
impregnation. It was found that when the content of CuO is at an optimal ratio, the catalytic
performance of the catalyst is optimal [19-21].
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In this study, two-step hydrothermal method and impregnation method were used to
prepare catalysts with small particles of CuO supported on CeO.@ SiO2. Simultaneously, the
SiO2 layer had corresponding protective effect on Ce, which was expected to improve the
stability of the catalyst. In addition, the specific surface area of the catalyst can be increased, and
the load of the active component can be increased. The purpose of this study was to investigate
the effect of different loadings on the performance of CuO-CeO.@ SiO: and the effect of CO
conversion at 35 to 215°C. The synergy between CuO and CeO; was explored by varying the
molar ratio of copper cerium.

Two-step hydrothermal method and impregnation method were used to synthesize CeO;
precursors. 0.71 g of glucose powder was dissolved in 57 ml of distilled water. Transferred to a
100 ml hydrothermal autoclave and placed in an oven at a reaction temperature of 180 °C for a
reaction time of 4 hours. After cooling to room temperature, 1.14 g of cesium acetate was added
and rapidly stirred for 2 hours. After being placed in the oven again, the reaction was performed
at 180 °C for 12 hours. After cooling to room temperature, the solution in the autoclave was
transferred to a centrifuge tube, washed by centrifugation several times (water washing, alcohol
washing) and dried at 80°C for 8 hours.

A certain amount of the prepared CeO, was added to a 500 ml three-necked flask, an
appropriate amount of absolute ethanol and distilled water were added, then an appropriate
amount of CTAB was added, and the mixture was stirred with ammonia for 30 minutes and then
sonicated for 30 minutes. TEOS was added dropwise to the solution while maintaining agitation,
maintaining the rate of addition at 30 drops per hour. After 8 hours of reaction, the solution was
transferred to a centrifuge tube, washed by centrifugation several times (water washing, alcohol
washing) and dried at 80°C for 8 hours. The resulting product was raised to 600°C at a ramp rate
of 2°C per minute in a muffle furnace and maintained at room temperature for 6 hours. Get
CeO2@SiO2

CuO-CeO,@SiO, was prepared by impregnation method. The appropriate amount of
copper acetate and anhydrous ethanol were added to the small beaker, stirred for 15 minutes,
sonicated for 15 minutes, and then the prepared CeO2@SiO> carrier was added, stirred for 15
minutes and ultrasound for 15 minutes. Three times, aging at room temperature for 24 hours and
drying at 80°C for 8 hours, the resulting product was calcined in a muffle furnace at 600°C for 6
hours (to a temperature of 2°C per minute up to 600°C) and lowered to room temperature. CuO-
CeO.@SiO- was obtained.

Table 1 - Samples

Sample CeO; CuO
60CuO-CeO.@SiO> 4 6
50Cu0-Ce0.@SiO; 5 5
40Cu0-Ce0,@SiO2 6 4
30Cu0-Ce0,@SiO2 7 3
20Cu0-Ce0.@SiO; 8 2
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Fig. 1. XRD test

The XRD pattern of the catalyst was refined with the X'pert HighSore Plus software, and
the upper five groups were used as catalyst XRD data after plotting with Origin 8.5. The
corresponding card was marked in the scale below (PDF#98-005-4356). And PDF#98-005-0455)
we can see. Peaks at 2Theta of 28.5° 33.3° 47.3° and 56.4° correspond to the (111), (200),
(220), and (311) facets of CeO2 for a typical cubic fluorite structure (PDF#98-005) -4356)
Characteristic peaks. The peaks at 2Theta of 35.6 ° and 39.0 ° correspond to the characteristic
peaks of the (002) and (111) planes (PDF#98-005-0455) of monoclinic CuO. When 2Theta is
around 20°, there is a broad peak, which is a characteristic peak of SiO2. As can be seen from the
figure, as the amount of CuO is increasing, the peak of CuO is continuously enhanced and the
crystallinity is improved. At the same time, the CeO, peak intensity is basically unchanged,
indicating that the particle size and crystallinity of CeO- in each catalyst are basically the same.

Table 2 - Experiment results

Ratio of | CuO Lattice parameters | CeO2 Crystal surface Particle size

Cu and Lattice spacing

Ce parameter | CuO ( | CeO, ( | d(CuO) | d(CeOy)
S nm) nm) (nm) (nm)

6:4 4.6855 | 3.4251 | 5.1323 | 5.4111 2.3285 |3.1288 | 39.7193 | 12.4295

5:5 4.6855 | 3.4254 | 5.1326 | 5.4108 2.3283 [3.1279 |42.3142 | 12.7800

4:6 4.6830 | 3.4276 | 5.1321 | 5.4119 2.3291 |3.1296 | 38.9100 | 7.8169

3.7 4.6831 | 3.4238 | 5.1305 | 5.4075 2.3284 |3.1230 |31.2356 | 7.8138

2:8 4.6778 | 3.4308 | 5.1239 | 5.4071 2.3310 |3.1319 | 25.4533 | 6.5219

The Scherrer formula was used to analyze the structure of the catalyst. The characteristic
diffraction peaks of lanthanum oxide (111) and copper oxide (111) were used to calculate the
grain size. The specific formula is as follows:

D=K\ / Bcosb 1)

Where K = 0.89; B is the full width at half maximum; A is the X-ray wavelength and the
value is 1.5406 A; 0 is the diffraction angle of the test.

The above table is calculated from the (111) crystal plane of CuO and the (111) mirror
surface of CeO2, and from the above table, when the copper to ruthenium ratio continuously
decreases, the particle diameters of CuO and CeO2 decrease to some extent, indicating that when
the catalyst When the content of CuO is small, the dispersibility of the substance is good. The
unit cell parameters of CeO: in all kinds of catalysts have a certain amount of reduction. It is
speculated that the Cu ions may enter into the CeO. lattice at the Cu crucible contact surface,
resulting in the reduction of the CeO> cell parameters.
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Fig. 4. 30CuO-Ce0,@SiO;

As can be seen from the figure, the catalyst 60CuO-CeO,@SiO2, CuO agglomeration is
serious, the entire surface is basically covered by CuO, and CuO agglomeration phenomenon is
more obvious, EDS spectrum shows a large amount of CuO on the surface, SiO2 on the surface
less. According to the XRD data, the particle size of CuO is larger, while the particle size of
CeO: is smaller, and a part of CeO: is exposed on the surface. The catalyst 30CuO-CeO.@SiO-
shows that the catalyst is obviously spheroid, and there are irregular small particles on the edge
of the flower bulb. At the same time, from the distribution diagram of each element of the EDS
spectrum, it can be seen that the composition of CeO » The main body of the bulb is CuO, and
the SiO; is scattered in the gap of the bulb. The SEM scan of catalyst 20CuO-CeO,@SiO-
clearly shows that the flower is spherical and the shape of the catalyst is 30CuO-CeO.@SiOx.
The CuO dispersion on the surface is good and the agglomeration is reduced. From the SEM
images of the catalyst 30CuO-CeO.@SiO and the catalyst 20CuO-CeO2@SiOy, it can be seen
that CeO; is exposed on the outside and contacts with CuO, thereby confirming that SiO: is
incompletely encapsulated.

100 +

CO conversion (%)

—=— 60CUO-Ce0,@Si0,
1 —e—socuo-ceo,@sio,
—4— 40Cu0-Ce0,@Si0,
401 —v—30Cu0-Ce0,@Si0,
—#— 20CUO-Ce0,@Si0,

CO: selectivity (%)

T T T T T T T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220
Temperature/°C

Fig. 5. Catalytic Performance Analysis of Catalysts
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The graph shows the changes in the activity and selectivity of the catalyst in the hydrogen-
enriched CO preferentially plotted against the temperature with the Origin 8.5 plot. It can be seen
from the figure that the CO conversion rate increases linearly from 35°C to 105°C, but the
activity of the 30CuO-CeO.@SiO> catalyst is better than that of the other catalysts; the catalyst
of 30Cu0O-CeO.@SiO; starts from 115°C. The platform area began to appear until 175 °C, and a
60 °C platform area appeared. It was also obviously better than other ratio catalysts and could
maintain good activity at the high temperature end. The CO conversion rate was basically
maintained at 100%. Widened the fully converted temperature window. At the same time, it can
be seen in the selectivity diagram that the selectivity of 30CuO-CeO.@SiO, at the high
temperature end is better than that of other proportional catalysts. When the loading ratio is too
high, CuO agglomerates on the surface of the catalyst and the copper cerium does not contact
well, resulting in lower catalytic performance. When the ratio is too low, better catalytic activity
cannot be achieved because the proportion of the active component is reduced. To further
explore the influence of different CuO loadings on the catalytic activity, | performed BET and
TEM tests on the catalyst.

VY [ &1
v [ 30Cu0-Ce0,@Si0,
§ '; .7..'.‘; 1. R e -— = m|
& 60Cu0-Ce0,@Si0,
* v Relat?:e Pressu:zP/PO) * B ' Pore V\j?dth A) *
Fig. 6. BET test
Table 4 - BET test
Sample Seer(m?g™) |  Average pore size(nm)
60CuO-Ce0,@Si02 48.4513 11.32
50CuO-Ce0,@Si02 71.4573 9.33
40CuO-CeO,@Si02 100.8948 10.13
30CuO-Ce0,@Si02 133.5313 9.64

With the adsorption and desorption curve of Origin 8.5, it can be found that these four
curves belong to the type IV isotherm and belong to the H4 type hysteresis loop with a narrow
fracture pore structure. As the loading increases, the specific surface gradually decreases, which
may be due to CuO entering the pores of the carrier.

Using the pore size distribution map of the sample of Origin 8.5, it can be found that the
pore size of the sample is concentrated in about 3 to 4 nanometers. Furthermore, as the
proportion of CuO decreases, pores with a pore diameter of about 50 nm gradually increase with
a decrease in the proportion of CuO loading, and it is presumed that the pores of the spherical
CeO. may be present. From the BET test results, the specific surface area increases as the
content of CuO decreases, so that the CuO particles are more uniformly dispersed and the
contact between the copper and ruthenium is good, so that the catalyst has better performance.
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Fig. 7. TEM and HRTEM testing

The catalyst 30CuO-CeO.@SiO, was selected for TEM and HRTEM analysis and
analyzed by Digital Micrograph. It can be seen from the transmission analysis that the entire
catalyst is in a spherical shape with incomplete coating of SiO2 at the outer edge and a clear
exposure of CeO». CuO is supported on the ribs of the flower-like catalyst so that it can contact
CuO better, and the SEM is further verified. The topography observed in the figure. The crystal
plane spacing was calculated by Fourier diffraction and compared with the XRD data, it can be
seen that most of the exposed (111) crystal planes of CeO2, while the copper is more of the (111)
and (-202) crystal planes. . Conforms with XRD data. At the same time, it can be concluded that
the middle part is mostly CeO,, while the outer part is CuO. According to the XRD and
projection test results, the lattice spacing of CuO and CeO: is significantly reduced, indicating
that Cu ions enter the CeO2 lattice, so the catalytic performance is better. (Select the cards as
PDF#98-005-4356 and PDF#98-005-0455.)

Conclusion: CeO; is incompletely encapsulated in SiO., improving the stability of the
catalyst. CuO is supported on the ribs of spherical CeO.@SiO>, and keeps the morphology and
specific surface area of the catalyst larger. From the results of XRD analysis, the particle size of
CeO2 and CuO decreased with the decrease of CuO loading. From the analysis of SEM and EDS
results, with the decrease of CuO loading, the agglomeration phenomenon is obvious and has a
greater impact on the activity of the catalyst. Through the activity test, it can be proved that the
conversion rate of CO in the temperature window of 30CuO-CeO2@SiO; at 135 °C-235 °C is
obviously improved, the stability is better, and the catalytic activity is the best.

This research is supported by Key Laboratory of Rare Earth Materials Chemistry
and Physics, Inner Mongolia University and China Scholarship Council (CSC).
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Haumonaneneiil Texunueckuii YuuepcuteT «XapbkoBckui [lonurexanueckuit Mactutyr»,
r. XapbKOB

HCCJIEJOBAHHME IPOOECCA CTPYKTYPUPOBAHMS JIIOKCUAHBIX
CTEKJVIOIVTACTHUKOB ITPU IOMOIIA HHPPAKPACHOU CIIEKTPOCKOIIMEN

HccnenoBana BO3MOXKHOCTD HCIIONB30BAaHMA METOJa HMH(QPAKPACHOH CIEKTPOCKONUHM [UIS OLECHKH
MOJHOTHI TIPOTEKAHUSI PEaKIUU CTPYKTypHPOBAaHWSA, a HMMCEHHO CTEIECHH CTPYKTYPHPOBAaHUS B 3IOKCHUAHBIX
CTEKJIOTIACTUKOBBIX TPYO MOJYISHHBIX METOIOM KOCOCIIOHHOI MPOA0IEHO-TIONIEPEYHON HAMOTKOH.

The possibility of using the method infrared spectroscopy to evaluate the completeness of the course of
the structuring reaction, namely the degree of structuring in epoxy glass-fiber pipes manufactured by the cross-
fibred longitudinal-circumferential winding, is investigated.

KaioueBble c10Ba: KOHCTPYKIIMOHHBIE CTEKIJIOIUIACTUKH, CTETICHb CTPYKTYPUPOBaHMUS, HHPpaKpacHas
CIEKTPOCKOHS, ONTHYECKAsK INIOTHOCTh

KOHCTpyKIIMOHHBIE CTEKJIOILUIACTUKY HALLIM IIMPOKOE IIPUMEHEHUE B Pa3IUYHBIX
orpacisax. M3 HuX MNPOM3BOAAT HU3JENUsA DPAa3HbIX pasMepoB U (opm: TpyOOmpoBOIsl U
PEaKLHMOHHYIO anmnaparypy, CTPOUTENbHbIE HACHIIN U KPOBIIIO, KOPIyca aBTOMOOUIIEH U CYJ0B,
caMoJIeTOB, pakeT U T.A. CTEKJIOIUIACTUKM, KaK KOHCTPYKLMOHHBIA MaTepuan IPUTOIHBI IS
MOJTyYEHUS U3ICTUI HMIMHAPUIECKoi Gopmer [1].

TpyObl M3 CTEKJIOIUIACTUKA IMPUMEHSIOTCS B CUCTEMaxX OPOLICHHUS M MEJIMOpalUH,
KOJUJIEKTOPHO-/IPEHAKHBIX CHUCTEMAaX, KaK TEXHOJIOTMYECKHE MarucTpaiu TpyOOnpoBOIOB
IPOTHBOINOXAPHBIX CHCTEM M CHCTEM BOJOCHAOXKEHUs, TPAHCIOPTHUPOBAHUS XHUMHUYECKHX
arpeccUBHBIX cpell, He(PTENpOAYKTOB, /JIs Ta30MpOBOJOB U KAHAJIM3ALMOHHBIX CHCTEM,
BOJIONOABEMHBIX KOJIOHH U Ap [2]. Ocoboe MecTo cpelu HUX 3aHUMAIOT CTEKJIOIIACTHKOBBIE
TpyOBl, M3rOTOBJIEHHBIE METOJOM KOCOCIOMHON mnponosbHO-nionepeuHol Hamotku (KIIITH).
Meron KIIIIH ortHocuTCcs K  crenuduueckuM MetogaMm  (opMoBaHMs —H3Ienuil U3
CTEKJIOIUIACTUKOB, KOTOPBIE XaPAKTEPU3YIOTCSI aHU30TPOITHON MJIU TPAHCBEPCAIBHO-U30TPOITHON
CTPYKTYpoii [3].

CrpykTypupoBaHHe H3AEIUI NPOMCXOIUT Ha OMNpaBKe, CHEUUaNbHas KOHCTPYKLUS
KOTOPOM IIO3BOJISIET C IIOCTOSHHOM CKOPOCTBIO CMEIIATh OTBEPXKIACHHOE H3JCIHE C €€
noBepxXHOCTU. lIpu 3TOM, NPONOIKUTENBHOCTE IIpPOLECCa CTPYKTYPpUPOBAaHUS, KOTOpas
CKJIaJ(bIBACTCSI U3 BPEMEHM HAarpeBa MOJUMEPHOI0 KOMIIAYHJA 0 TEMIEPAaTypbl OTBEPKIACHUS,
BPEMEHU OTBEPKICHUS M BPEMEHM OXJIAXKICHUS OTBEPKIACHHOIO IOJIMMEPHOIO KOMITAyHZa
(roTOBOTO U3JENHs), ONIPEEIIAETCS CKOPOCThIO BpAIlIEHUs, JUIMHON onpaBKu U cocTasisier 20-60
MUHYT [4].

OKCTpeMaJIbHbIE TEXHOJOTUYECKUE YCIIOBUS CTPYKTYPUPOBAaHUS CTEKJIOIIACTUKOBBIX
Tpy6 meronom KIIITH, a uMeHHO BbICOKasi TeMneparypa U Majoe BpeMs MpOTEeKaHUs Mpoliecca
CTPYKTYPUPOBAHUS, MOTYT IIPUBECTU K €r0 HEOJHOPOJHOCTU U HE3aBEPIICHHOCTH, YTO BIIUAET
Ha KayeCTBO IOJy4YaeMbIX H3AeInid. M3BECTHO, 4TO I IONYYEHUS CTEKJIOIUIACTUKOBBIX
u3Jenuil co CTaOWJIBbHBIMU, MOCTOSHHBIMHU (PU3MKO-MEXaHUYECKUMHU XapaKTePHUCTUKAMHU HUX
CTENEHb OTBEPXKJEHUS J0JKHAa ObITh He MeHblme 92% [5]. Takum o00pa3oM, BO3HHMKAET
HEOOXO/IUMOCTh TIOCTOSSHHOTO KOHTPOJISL CTENEHU CTPYKTYPHUPOBAHUS TPU HPOHU3BOJICTBE
CTeKJIoIMIacTukoBbIX TpyO metogom KIITTH.

OpHMM M3 caMbIX PaclpOCTPaHEHHBIX M JOCTYIHBIX METOJOB OINPEAEIEHUS CTEIECHU
CTPYKTYPUPOBAHHUS SBJSETCS SKCTPAKLMS HENPOPEarMpoBaBIINX HCXOAHBIX BEIIECTB IPHU
nomotu skcrpakropa Cokcinera. OAHAKO JaHHBIM CHOCOO SABISETCS MPOAOIDKUTEIBHBIM (HE
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MeHee 20 yacoB) M €ro NPUMEHEHUE OTPAaHUYMBACT KOJUYECTBO CTEKIOIUIACTHKOBBIX M3JIENINHN
IPOIIEAINX KOHTPOJIb MPH OeCIpepbIBHOM MPOU3BOCTBE. Bo3HuKaeT mpobiemMa onTUMU3ALUN
KOHTPOJISI CTENEHU CTPYKTYpUPOBaHHUS IIyTEM YMEHBIICHHs BpeMeHu ee omnpeneneHus. s
pemieHust 3TOH MPoOOIEeMBI HCCIEI0BaHA BO3MOXKHOCTh HCIIONB30BaHUSA HH(PAKPACHOM
CHeKTpocKkonuu U AuddepeHnnanbHoN CKaHUPYOIEeH KaTOpUMETPHH.

[Monyyenst MK crekTpsl moromeHus 0Opa3loB CTEKIOIUIACTHKOB C Pa3TUYHOM
CTEIECHBIO CTPYKTYPUPOBAHUSA, @ TAK K€ CIEKTP 3MOKCUAHOIO OJMIOMEpa 10 Hadaja Iporecca
cTpykrypupoBanus. llocie mepecdera MOIy4deHbl TpapUUECKHEe 3aBUCHMOCTU JECITUYHOTO
jgorapupma ONTHYECKOM IUIOTHOCTM OT JUIMHBI BOJIHBl IIQJAIOIIEr0 CBETa, KOTOphIE
IIPEJICTaBJICHbI HA pUCYHKaxX | u 2.
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Puc. 1 T'paduueckas 3aBHCHMOCTh NECSITUYHOTO JIOTapuU(Ma ONTHYECKOW TUIOTHOCTH AIOKCHIHOTO
omUromMepa A0 Hadajga TIIpolecca CTPYKTYpHUPOBAHHSA H  CTEKIOIUIACTHKOBOTO H3ACTHS CO  CTEICHBIO
CTpYKTypupoBanus 95 % OT JUIMHBI BOJHBI MIPOIMTYCKAEMOTO CBETa

0,8

A A
0,7 \/
0,6 -

0,5 -

04 A\ /¥ | 96%
A \ ——95%

0,3

0,2 — 92%

0,1

0 T T T T T T T T 1
0] 500 1000 1500 2000 2500 3000 3500 4000 4500

Puc. 2 T'paduyeckast 3aBUCHMOCTD JECSATUYHOTO Jorapupma ONTHYECKOH MIOTHOCTH CTEKJIOINIACTUKOBBIX
U3JIEIMH ¢ Pa3JINYHON CTEIIEHU OTBEPKIACHMS OT JIIMHBI BOJIHBI IIOTJIOIAEMOT0 CBETa

I'paduueckast 3aBUCUMOCTb, M300pakeHHas Ha pPUCYHKE |, MOKa3bIBaeT M3MEHEHHE
CTPYKTYpBI 3IOKCHIHOIO OJIATOMEpPA IIOCJIE€ OKOHYaHUs Ipouecca CTPYKTypupoBaHus. I3
pPHCYHKa BHJHO, YTO XapaKTEPUCTHUECKUE MHKH MOrioueHus (aeopManuoHHble KoneOaHHs
cBa3ell PMOKCHMAHBIX IHKIOB mpH 830, 915 m 3057 cM™) yMeHBIIMIH CBOIO ONTHYECKYIO
IUIOTHOCTb, YTO CBUJETEIBCTBYET O IPOTEKAHUS PEAKIMM OTBEP)KIEHUS 33 CUET CBS3bIBAHUS
SMOKCUAHBIX TPYIII, KOJIUYECTBO KOTOPHIX B MpOIlEcCce peakliMu yMeHblaercs. bonee neranbHO
0 TIOJHOTE MPOTEKAHUsl PEaKIMU CTPYKTYPHUPOBAHHMS MOXHO CyIUTh, CpaBHUBAas rpaduyuecKkue
3aBUCHUMOCTH  ONTHYECKOM IUIOTHOCTH CTPYKTYPUPOBAHHBIX AMOKCHIHBIX KOMIIAyHJIOB
CTEKJIOTJIACTUKOBBIX TPYO M3TOTOBJICHHBIX C PAa3IUYHOM CTENEHbIO CTPYKTYpPUPOBAHUS OT
JUTMHBI BOJIHBI MOTJIOIIEHHOTO cBeTa. Tak JUIsl U3JeIUid CO CTENEHbI0 CTPYKTypupoBaHus 96% u
95%, 3HaUEHHsI ONTUYECKON TUIOTHOCTU MIPU XaPaKTEPUCTUUYECKUX MHKaX UMEIOT OUeHb OJM3Kue
3Hauenns. Hanpumep, npu jummHe BonmabI 3057 cM™ onTHyeckne mnoTHOCTH cocTaBsioT 0,213 u
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0,214 cooTBeTCTBEHHO. A yXe Mpu O60see HU3KOM CTeNEeHN CTPYKTYpupoBaHus 92%, ontudeckas
IIOTHOCT, HpH AauHEe BodHBI 3057 oMt cocraBmser 0,221. Takme ke COOTHOIIEHHMS
COXPAHSIIOTCS W IPHU aHAJIKU3€ ACCATUYHOrO JiorapudMa ONTHYECKOW IUIOTHOCTH HpPU AJTHMHAX
BOJIH HOTJIOIEHHOTO cBeTa 830 1 915 cm™.,

Takum oOpazom, ucnonb3ys UK crnekTpockonuio BO3MOXKHO TOYHOE YCTAHOBJICHHE
MOJIHOTBI W CTENEHU CTPYKTYpPUPOBAHUS, YMEHBIICHHUE KOTOPOW BBI3BIBACT YXYJLICHUE
nokasareneil (pU3UKO-MEXaHUYECKUX CBOMCTB, M MOJYYUTh XapaKTEPUCTHUECKYIO STATIOHHYIO
rpaduuecKyr0 3aBHCUMOCTH, HCIIONB3ysS KOTOPYIO MOXKHO OyAeT IeliaTh BBIBOJBI O BEITUYHHE
CTEMEHH CTPYKTYPUPOBAHUSI.
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THERMOCHROMIC EFFECT AT ROOM TEMPERATURE OF SMos5CA0sMNOs
THIN FILMS

TepmoxpomHi TUTiBKH Ha OCHOBI SMosCapsMNO3z cuHTe30BaHI 3 BHUKOPHCTAHHIM PEaKTHBHOTO
MarHeTpOHHOTO KO-PO3MWICHHS 3 HACTYITHUM BHUITATIOBaHHAM Ha 1oBiTpi. CTpyKTypa IIiBOK Oyna HOCiiKeHa 3a
JIOTIOMOT 010 PEHTI€HOCTPYKTYPHOTO aHajizy. 3 METOI0 OLIIHKH TEPMOXPOMHOTO edexTy
Smgs5CagsMNO3 enekTpruuHUi Omip Ta CHEKTP MPOIyCKaHHs mIiBok B [Y-o0macti OyB 3amucaHuii B iana3oHi
temneparyp Bix 77 K no 420 K. Ilix yac HarpiBaHHS ONTHYHA MPO30PICTh IUTIBOK B iHPpauepBOHOMY Aiana3oHi
3MEHIIYEThCS, M0 BKa3ye Ha HAsSBHICTH TEPMOXPOMHOTO e(eKkTy Ha IMMPOKOMY Jiama3oHi JOBXHWH XBHIIb TIPH
KiMHaTHIH TeMIiepaTypi.

SmosCagsMnO3 thermochromic thin films were synthesized using DC reactive magnetron co-sputtering
and subsequent annealing in air. The film structure was studied by X-ray diffraction analysis. To validate the
thermochromic potentiality of SmosCaosMnOs, electrical resistivity and infrared transmittance spectra were
recorded for temperatures ranging from 77 K to 420 K. Upon heating, the optical transmission decreases in the
infrared domain showing a thermochromic effect over a wide wavelength range at room temperature.

Keywords: thermochromic effect, optical transmission, thin films
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Manganese perovskites AxB1xMnOz where A (A=La, Pr, Nd, Sm...) is a trivalent cation
of the lanthanide series and B (B=Ba, Sr, Ca...) a divalent cation, are subjected to significant
developments due to their large range of combined thermal, electrical and magnetic properties.
Among these oxides, SmyCaixMnO3z (SCMO) would open numerous applications based on
negative colossal magnetoresistance, thermoelectric power, decontaminating electrodes for
leachates treatments.?2 The properties of SCMO have been intensively studied but few of them
concern its optical and infrared (IR) behavior. Recently Ammar et al* presented
Smo.35Can.esMN0O3 as a temperature modulated infrared optical switches. This last item so-called
thermochromic effect based on a charge order (CO) transition versus temperature is a real
challenging in the domain of the passive thermal regulation and the infrared discretion.®

This work is motivated by diversification and optimization of potential thermochromic
materials in different transparency bands of the atmosphere corresponding to the wavelength
ranges 1-2.8 um (Band I), 3-5 um (Band II) and 8-14 um (Band III). Some applications like
infrared detection materials and devices need materials which are optically active in these
domains while keeping a good contrast between the transparent and the opaque states,
respectively below and above the transition temperature.

An interesting behaviour of SCMO is the modulation of the Tco versus the content of Sm.
Indeed, the Mn** enrichment in the CaMnOs starting compound depending of the Sm addition,
which gradually incorporates mobile electrons in the ey band and decreases the electrical
resistivity. The interaction of these carriers through the tog electron spins induced a ferromagnetic
coupling (FM) and a metallic behavior.® However, a tendency to a charge order and therefore an
antiferromagnetic insulating state (AFMI) occurs with the Mn** increase. As a consequence, the
competition of these two opposite effects promotes the electronic transport for low Mn**
contents while the charge order becomes predominant for higher Mn** contents. In this way, the
control of the Ca:Sm atomic ratio allows to adjust readily the electrical resistivity. Considering
applications like IR furtivity, the Tco has to take place close to the ambient temperature. Such
temperatures are observed for intermediate contents with 0.5<x<0.6. SmosCapsMnO3 shows a
semiconducting behavior around the room temperature and a semi-metallic behavior above the
transition.” Although the thermochromic properties of SCMO materials have been studied in the
bulk form, no information is related for SCMO thin films.®> This work focused on the elaboration
of SmosCagsMnQO3 coatings using reactive magnetron sputtering and on the ability of such
manganite films to thermochromic applications in IR domain.
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HamionaneHuii TeXHIYHUEN yHIBepcUTeT YKpaiHu « KHIBChKUN MOMITEXHIYHAN IHCTUTYT
imeni Irops Cikopcbkoroy, M. Kuis

BIIJIMB OPTAHIYHUX ITEPOKCHUAIB HA OCHOBHI BJIACTUBOCTI
CUWJIIKOHOBHUX I'YM

Y po0oTi po3rasHYTO BIUIMB MABOX pIi3HUX THIIB OpraHiYHUX TEPOKCHIIB Ha TMpOIeC 3IIMBAHHS
CHJIOKCAHOBHUX Kay4yKiB, a TAKOXX MPEICTaBICHI AaHi (i3NKO-MEXaHIYHIX BHIIPOOYBaHb pealbHUX 3Pa3KiB.

The influence of organic curing agents on silicone rubber curing process and properties was investigated. The
results show that silicone rubber can be crosslinked with a wide range of curing agents based on organic peroxides.

KoarouoBi cjioBa: opraniuHi NepoKCHIH, BYJIKaHi3allisl, CHIOKCAHOBI KayqyKH

Cui0KCcaHOBI KayyyKM MaroTh YHIKaJbHY MOJIEKYJISpHY CTPYKTYpY, IO CKJIQJA€eTbcs 3
MOYEProBO PO3TAIOBAHUX aTOMIB KPEMHIIO Ta KUCHIO. L[ ocobmuBa cTpykTypa Haslae opranigHi
Ta HEOpraHiyHi BIACTHBOCTI, a TaKOX BIJNOBiJa€ 3a MABHUILEHY TEPMOCTIMKICTh, XIMIYHY
CTIMKICTh Ta THYYKICTh MaTepiary IMpH BILUTUBI MIHUPOKOTO Jiala30Hy TEMIIEPATyp.

[Tig yac mporiecy OTBEp/KEHHSI y MOIIMEpPl YTBOPIOETHCS TPUBUMIPHA CITKA. 3aBIISKH IIUM
BJIACTUBOCTSIM CHIIIKOHOBI €JJaCTOMEPH MOXYTh 3aCTOCOBYBATHCS Maike B YCIX raiyssx,
HaIPUKJIaJ, B aBTOMOOLIbHIN Ta METUYHINA TPOMHCIOBOCTI.

CuJI0KCaHOBI KaydyKHd MOXKHA PO3JUIMTH 32 IIUIBHICTIO HA B TPYIHU: PiJIKi Ta 3 BUCOKOIO
ryctuHoro. Ha BiMiHYy BiJ mepIoi, Apyra rpyna Mae JOBIII MOJEKYJSpHI JaHIIOTH i 3a3BUYaii
3IIUBKA BiAOYBA€THCS 3a JOIMMOMOTOI0 OpPTraHIYHUX MEPOKCHIIB. BOHM pO3KiIanaloThCsl Ha BUIbHI
panukany, sKi 3a0uUparoTh aTOMHU TiIpPOreHy 3 OIYHMX TPyl HOJIAUMETHICHIOKCAHY Ta
GopMyIOTh XIMIUHI 3B’S3KM Ha OCHOBI CHUJIOKCAHOBOTO KaydykKy. OCHOBHa BIJMIHHICTb
MEPOKCUIIB OJMH BiJl OJHOTO BKJIIOYAE€ TPU TUNHU pajUKamiB, X €HEpreTHMYHI PiBHI Ta Yac
HamiBpo3nany. Peakiist 3mmMBaHHS TUM MIBHIIIA, YMM MEHIIE 4Yac HamiBposmamy. [lpuknamm
MeXaHi3My 3ILIMBKH MpeacTaBieHi B poborax [1],[2] . Bynkanizamis BHUKIMKAE BHHUKHCHHS
OPOAYKTIB po3naay. BoHu maroTh OyTu BuAajieHl 10 BUKOPUCTaHHS 3a NPU3HAUEHHSM 3a
JIOTIOMOTOI0 JIO/IATKOBOT TEpMiuHOi 00poOKH, 3a3Buyaii, mpu Temmeparypi 200°C mpotsrom
YOTUPHOX TOJIMH.

Sk Bi1OMO, KUIBKICTh OTBEp/PKyBaua Ma€e (pyHAaMEHTAIbHUM BIUIMB HA YMOBU 0OpOOKHU B
TIH K€ Mipi, M0 W THUI 3MIMBAIOYOr0 areHTy Ta BIACTUBOCTI CHJIOKCAHOBOTO KaydyKy.
[TapameTrpu 00poOKH 3HAXOIATHCS B 3AJEKHOCTI 3 4acOM HaMiBPO3Maay BUKOPHCTOBYBAaHOI'O
nepokcuay. JJeKoMmo3uilis € TEPMOUYTIIMBUM MPOIECOM 1, 3T1AHO J0 IIbOTO, PEaKIlisl 3IIMBaAHHS
BiIOYBa€ThCS 3 PI3HUMHU MBUAKOCTAMU. CTYMiHb 3UIMBaHHS MNPOMOpLiHHA A0 KOHIEHTpAIii
3MMUBAKOYOro areHTy. [lpm 301abIIEHH] KITBKOCTI 3IIMBAIOYOTO areHTy, HIUTHHICTH 3IIMBAHHS
TakoX 30ublIyeThesl. CTyMiHb 3IIMBAaHHS BIUIMBA€ Ha TBEPAICTh, aOCONIOTHE MOJOBXKEHHS Ta
1HIIT BIACTUBOCTI, TaKi SIK MIITHICTh Ha PO3PHB.

JUist po3riisiy BIUIMBY OpraHiYHUX MEPOKCHIB Ha BIACTHUBOCTI CUJIIKOHOBHUX T'yM MOJKHA
B3SITH JI0 PO3MVIBSIAY JIBa JOCHTH PO3MOBCIOJDKEHUX TMpeACTaBHUKA: TU(2, 4nuxiopOeH30iy)
nepokcua Ta  2,5-mumeruin-2,5-mu(tper-Oyrunnepokcu)rekcan. Ha  (puc.l) Ta  (puc. 2)
MPEJICTaBICH]I MOJIEKYJISIPHI CTPYKTYPU KOXHOTO 3 HUX:
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Puc. 2. 2,5-mumeTnn-2,5-1u(Tper-0y THIIIEpOKCH )reKcaH

VY pesynbTaTi ByJKaHi3allil TYMOBUX CyMillleil Ha OCHOBI CHJIOKCAHOBOTO KaydyKy MapKH
KCC SH1060U nepoxcunamu PEROXAN BD-Paste 50 S| (au(2, 41uxiopOeH30iny) mepoKcum)
ta PEROXAN HX-45 SP (2,5-numernn-2,5-qu(Tper-OyTrimnepokcu)rekcan - 45%) y KiIbKOCTI
Bix 0,6 1o 1,5 M. u. Ha 100 M. 4. Kay4dyKy Ta mpoBeleHHsS (Pi3UKO-MeXaHIYHMX BUIPOOYBaHb
Oyniu OTpUMaHi JaHi, BUKIJIaieHi B (Tadu. 1).

Tabmuusg 1 — @izuko-MexaHiyHI TOKa3HUKHA

HaiimenyBaHHS TOKa3HUKIB Hopwma PEROXAN BD - | PEROXAN HX —
TEXHIYHUX Paste 50 S, | 45 SP, I'epmanis
MTOKa3HHKIB ['epmanis

YMOBHa MIIHICTh TPU PO3pUBIL, | 6,5, HE MeHIIIe 7,0-8,0 9,0-10,0

MlIla

BinnocHe momosxkenHs 1npu | 330, He MeHIIe 340 -390 500 - 530

po3pusi, %

Teepaicte o Hopy A, ym. on. | 58 — 70 58 —63 60 — 63

Koediuient mopo3socriiikocTi 3a | 0,45 0,7-0,75 0,7-0,78

€JaCTUYHHUM BiJHOBJICHHSM Ha

20% CTHCKaHHS pu

temrepatypi -50°C

3MiHa BigHOCHOrO momoBxkeHHs | Bix -50 go 0 Big — 20 go — 45 Big -5 no -15

HICJISI TEPMIYHOTO CTapiHHS MPU

temneparypi 250°C mpoTsirom

72 ronuH, %

BignocHa ocTaTrouHa | 55, He Oinblie 42 — 45 22-25

nedopmartiss mpyu CTUCKaHHI Ha

20% mnpu Ttemmeparypi 200°C

npotsiroM 24 roavH, %

B pesynbrari aHamizy 3ajeXHOCTI MOKA3HMKIB BiJl KUIBKOCTI BYJIKaHI3YIOUOTO AareHTy
BUsABMIIOCH, 1110 onTuManbHa 103a PEROXAN BD - Paste 50 S| na 100 mac. 4. r/c cknamae 1,1
M. 4. [Ipu 3011bII€HHI KIJTBKOCTI MEPEKUCY BIIHOCHE MOJAOBXKEHHS MPU PO3PUBI 3MEHUIYETHCH 1
301IBIIY€ETHCS BIIHOCHA OCTaTo4Ha jaedopMarliisi npu ctuckanHi. [Ipu oMy 3MiHa BiTHOCHOTO
MOJIOBKEHHSI ICJI TEPMIYHOTO CTApiHHS 3MEHIIY€ETHCS, K HACHIJOK YTBOPEHHS OUIbII IIIIBHOT
3IIUBKU MOJIEKYJ KaydyKy MpH 3011bIIE€HH] KITBKOCTI areHTy ByJIKaHi3allii.
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VY Bunaaky 3 PEROXAN HX — 45 SP BusiBuiocs, mo mpu 301IbIIIEHH] HOTO KITBKOCTI
YMOBHI MIIHICTh Ta TOAOBXEHHS IpPH PO3PUBI 3MEHIIYIOTbCA, NPU LBOMY 30UIBIIYETHCS
3anuIKkoBa aedopmartis mpu cruckanHi. Criocrepiransacs 3MiHa BiIHOCHOTO TIOJIOBXKEHHS ITiCIIs
TEPMIYHOTO CTapiHHA B CTOPOHY 3MEHIICHHS, Yy pe3ylbTaTi BIUIMBY TMEPEKHCY Ha
MDKMOJICKYJISIPDHY 3IIUBKY KaydyKy. ToMy B 3aJIe’KHOCTI BiJf HOTpeO, ONTUMAalIbHA 7032 CKIIA/Ia€e
0,6-1,1 m. 4. Ha 100 M. 4. r/c.

BucHoBku:

VY pesynbrati mpoBeneHOT poOoTH OylM BCTAHOBJICHI 3alIEKHOCTI (Di3MKO-MEXaHIUHHX
BJIACTUBOCTEH CUJIIKOHOBHX TyM BIJ KUIBKOCTI Ta BHJAY arceHTy ByJkadizamii. Haeneni
eKCIIepUMEHTAIbHI JIaHi MOKa3yloTh, IO B 3aJIOKHOCTI BiJ OYIKYBaHUX BIIACTHBOCTEH NpHU
BYJIKaHi3aI[ii MOKyTh BUKOPHCTOBYBATHCS Pi3HI BUJIU OPTraHIYHUX TIEPOKCHIIB.
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BILIUMB KOHIIEHTPAILIIT KPEﬁI[I/I HA JOITYCTUMI HAITPYTHU ITPU PO3PUBI
KOMIIO3ULII HA OCHOBI BTOPUHHOI'O HIIBX

B naniéi poboti Oymo 3BepHYTO yBary Ha BIUIMB KOHIICHTpAIii KpPeWIu HAa XapaKTEPUCTHKY MIIHOCTI
KOMIIO3UIIi1 Ha ocHOBI BropuHHOTO HIIBX mpm pi3sHHX TeMnepaTypax rnepepooKu.

In this paper, attention was paid to the study of the influence of calcium carbonate
concentration on the strength characteristics of a composition based on secondary PVC in different processing
temperature.

Kurouosi cioBa: Bropunanit HIIBX, kpeiina, MiIlHICTS Ha PO3PHB.

XKopcrkmit HermnactudikoBanuii nomiBiHuixaopun (HIIBX) € ogum 3 Haifkpammx
MaTepiajiiB JUIsi BUPOOHUITBA CKJIAAHUX MPOQ1IiB, BOJOMPOBIAHUX TPYO, MOKPUTTIB Ta 1HIIMX
BUpPOOIB, Jie BiJl KOMIIO3UIIIHOrO Marepiagy mHoTpiOHa CTIHKICTH A0 TMOTOAHUX (hakTopiB,
MOMipHa MIIHICTh, CTIMKICTh JO arpeCMBHHUX CEPEIOBHUII, HETOKCHYHICTh, BaKKOTOPIOYICTh Ta
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iHme. HenmmactudikoBaHuii MOMIBIHUTXJIOPHI HAMOUTBIN JEMICBUN 3 KOHCTPYKIIIHHUX MaTepiajiB
3 epepaxoBaHUM PsIOM XapakTepucTuk[1].

OmHuM 3 OCHOBHMX MNHTaHb BIIHOCHO BHUpOOHMITBa BiKOHHMX mpodurie 3 HIIBX
3aJIMIIAETHCS IOBTOBIUHICTb, SIKA 3aJICKUTH K Bifl CTIMKOCTI Horo KoHpirypauii i koHpopmaii,
TaK 1 MIITHOCTI XiMiYHKX 3B’s13KiB Cl Ta HOro mojaspHUX rpym 3 Makpomosekynamu [1BX.

[Ipodini 3 sxopcTroro IIBX mmMpoKo BUKOPUCTOBYIOTHCS 3 KIHLS CIMIECATUX — MOYATKY
BICIMJIECSITHX POKIB MHUHYJIOT'O CTOJITTA. 32 €KCIEPTHOK OI[IHKOI, OCHOBHY Macy IMOOYTOBUX
BiZIX0/1iB cKiaaaroTh mpodiai [IBX Bix HenpuaaTHuX i 3aMiHeHUX BikoH 1 aBepeii[1]. ChoroHi B
pAIl KpaiH, y TOMY YMCIIi 1 y HAC, BOHM WIyTh Ha BTOPUHHY NepepoOKy. [Ipu nboMy 101aTKOBI
orepatlii, Taki K COpTYBaHHS BIAXO/iB, BUAAJICHHA QYpHITYpH, a TAKOXK BIIMHUBAHHS BTOPUHHOI
CHUPOBHUHHU NpU HUHIMIHIX 1iHax Ha [IBX 1 aqauTHBu HE TUIBKU HE POOJIATH MPOIEC 30MTKOBUM,
aJie 1 Aar0Th NeBHUM npuOyToK. binburicTs ykpaincekux BupoOHHKIB [IBX-nipodiniB npamoroTs
Ha BTOPUHHIN CUPOBHHI.

JIpyruM 1O KUIBKOCTI KOMIIOHEHTOM B KOMIIO3MIIi Ha OCHOBI HEIUIACTH(IKOBAHOTO
noniBinixmopuay € kpeiiga (CaCOs). KapOoHar Kajblil0o € HaWOUIBII  MONIMPEHUM
HAIOBHIOBAYEeM U1 BUKOPHCTAaHHS B 00JacTi excTpysii mpodiniB 3 BiHUIOBHX cMoil. L{pomy
CIPUSIIOTH, TIEPII 32 BCE, 3arajlbHUii 0aiaHC BIACTUBOCTEMH, 110 IOCSITAIOThCS Ta HU3bKA BapTICTh
[[bOTO HAmoBHIOBa4a. [IpOMHCIOBO BHCOKOSIKICHI COPTH OCHOBHOTO KapOOHATy KajbIl0 €
KaJIBIUTOM 31 CTYIIEHEM YHCTOTH BuIile 94%, 3 SICKpaBicTIO B cyxoMy cTaHi Buiie 92[2].

[Tpu BUKOpHCTaHHI B SIKOCTI HAIMOBHIOBaYa KPEHIHM 3 YIBTPAJAUCIICPCHUMH YaCTHHKAMU
JUIsl BUTOTOBJICHHS! BIKOHHUX NMPOQUIB Ta CalAUHTIB JUIsi poOOTH HA BIAKPUTOMY MOBITPI HA
ocuoBi HIIBX cmocrepiraerbesi cinaOkuid BIUIMB Ha BIUIMB Ha TOTOJO CTIHKICTh. Aue
30inbIIeHHs (pakiii kapOOHATy Kalbllil0 B TOEAHAHHI 3 JIBOOKMCOM TUTaHy MOKE 3HAYHO
MOKPAITUTH aTMOC(EpO CTIUKICTh Ta yAapHY MIIHICTh KOMITO3HIIi, KO OyAe 3HAXOJUTHCS B
Mexkax 10-30m.u. kpedinm nHa 100 mu. TIBX, mo chopaBemnuBe uisi CepelHbO- Ta
BUCOKOMOJICKYIsipHUX ~ cMoJ[1,3]. Hamararoumch 3/€MICBUTH KOMIIO3MIIIO I¢  Oijblie
BUPOOHUKHU YaCTO 30UIBLIYIOTH KUTBKICTh Kpeilan 10 60 M.4., 110 MOKe MPU3BECTH A0 3HAYHOTO
3HIDKEHHST MOPO3OCTIMKOCTI Ta yAapHOI MIIHOCTI MO BHUPOOY Ta CYTTEBOIO YCKJIaJHEHHS
TEXHOJIOT YHOTO TIporecy [1].

JocnmipkeHHs TPOBOJIMINCS Ha TPhOX Cymimax BTopuHHOI Kommosuiii 3 HIIBX 3
CHIBBIAHOIIEHHSAM Kpeiau a0 nomiMepy BianosizHo 10/100, 30/100 ta 50/100 m.4/m.4, Kpeiina
mapku Mikpokap6 90T.

3pasku Oyau OTpUMaHHI 3a JIONMOMOIOI0 KaIJISpHOrO IJJACTOMETpa Ha Kamsipi
noBxuHOIO 8,0 MM, miamerpom 2,0 mm, ipu Temrnepatypax 180°C ta 190 °C 1 naBanTaxxenHi 196
H. 3pa3ku HeoOXiJHOI TOBUIMHH, /U ICIUTIB HA PO3PUBHIN MalllMHI, Ha TiIpaBIiYHOMY Mpeci
MK JBOMa IOJIPOBAHUMH METAJCBUMH IUIACTHHAMH JI0 HEOOXiAHOI TOBHIMHU (2MM),
Bignoiano crannapty [OCT 11262-80.
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Puc. 1. [liarpamma po3Tsry s KoMro3umnii Ha ocHoBi BropuHHOTO HIIBX 3 BMicTOM Kpeiau, M.4/M.M.4.
1-10/100 m.u., 2 - 30/100 m.4, 3 - 50/100 m.u.
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Puc. 2. 3anexxHicTh MIITHOCTI Ha PO3pUB KOMITO3HLIT Ha ocHOBI BropuHHOro HIIBX must remnepatypu
180°C ta 190°C, Bin MacoBoi 4acTH Kpeiiin B KOMIIO3HMIIIT.

BimoM0 3 OCHOB TMONIMEPHOTO MaTepialo3HABCTBA, IO BBEIEHHS JHCIIEPCHOTO
HANOBHIOBa4Ya MPHU3BOAWTH 0 3HIDKEHHS MIITHOCTI 32 PaxXyHOK 3MEHILIEHHS IUIOIIl MUTOMOI
MOBEPXHI TONEPEYHOro Tepepidy IMOoiMepy Ta BiJCYTHOCTI apMyrodoro eqQekry, Ie
MiATBEPIKYETHCS JIIHIMHUM 3MEHIIEHHSM MIIIHOCTI Ha pO3PUB KOMIIO3MIIM Ha OCHOBI
JIMCIICPCHUX HAIMOBHIOBAUIB TaKHX, sIK Mapmyp [4], mo miarBeppKyeThes rpadikom (puc.2). B
KJIACUYHOMY CIOco0l OpIEHTYBAaHHS MOJIEKYJ IpH TemrepaTypax OJU3bKHX 0 TemIiepaTypu
uiaBJeHHs GpopMyBaHHS Mpod o KamiOpyBaHHSIM NPU HE3HAYHIN BiJICTaHI MiXK PO LITIOI0Y0I0
TOJIOBKOIO 1 KamOpoM, a TaKoXX HEBUCOKOMY CTYINEHI BUTSKKU, HE MPU3BOIAUTEH O PO3BOPOTY
CETMEHTIB MOJIEKYJI Yepe3 IX Mally pyXJUBicTh. [liIBHIEHHST TeMIIEpaTypu 3HAYHO MOKPAIIYE
pe3ynbTaT. A Ui HajgaHHS OiIbIIOi MIITHOCTI MOTPIOHO 6 Oyn0 BBECTH OJIATKOBY CTaAil0
OpieHTyBaHHs. ToMy Ha TEpIIMA TUIAH BUXOJUTH CaMme BIUIMB Ha MIIHICTh KOHIICHTpAIlii
HaroBHIOBaYiB[2].

Ham excnepumenT mokazas, mo temmeparypa 180 °C # crymine nedopmartii Oymm
HEJOCTaTHHO HU3BKUMH IJII PO3BOPOTY CErMEHTIB MOJIEKYJIH, IO CIOCTEpiraiocs mpu OiTbII
BHUCOKUX TeMIepaTypax, L0 MOSACHIOE 3pOCTaHHsS MIIHOCTI (puc.l.), a 3MiHA KOHIEHTpaLii
Kpeiau MpU3BOAUTD JI0 3MiHH IJIaCTHYHOCTI (puc.l).
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Y® [IPOMIHb — PYHHIBHUK XIMIYHHUX 3B’SI3KIB CTPETY-ILIIBOK
HOJIETUJIEHY BUCOKOI'O TUCKY

HocnijpkeHo mnpouec pyHHYBaHHS TIPEJICTaBHUKIB ICHYIOUMX CTPETY-IUIIBOK Y ®D-onpoMiHEHHsM, 3
JIOBE/ICHHSIM LIUX IUTIBOK J0 MPOCTIMINX CTPYKTYP, SIKI HAOIMKAIOThCS 10 CTaHy NPUHHATHOTO AJIst O10pyHHYBaHHS.

HccnenoBan mpouecc paspylieHHs NPeACTaBUTENEH CYIIECTBYIOUIUX CTpeTd-TuleHOK Yd-o0mydeHueM, c
JNOBEICHHEM OTHX IUICHOK OO NPOCTBIX CTPYKTYp, NPUONMMKAIOMIMX HX K COCTOSHHIO IIPUEMIIEMOMY K
OmopazpymieHusl.

The process of destroying representatives of existing stretch-membrane with UV-irradiation, with the
addition of these membrane to simple structures that approximate them to a state which acceptable to biodestruction.

KoarouoBi cioBa: crperu-miBka, Y ®-onpomineHHs, Oiogerpaaaris.

[ToniMepy TPUHECIH BEIUYE3HI MO3UTHUBHI 3MIHHM B JKUTTS Cy4acHOro cycmiibctBa [1].
Ane 30epekeHHsT TOBKULIS, B HACTIJIOK BEJIMKOTO HAKOIMMYEHHS MOOYTOBHX BiJIXOJIB, CTaJO
3apa3 Ha mepuie micie TypOOoT HoAcTBa. Tak mojieTH/ieHOBa MPOAYKIliS Ta iHIIA MOJiMepHa
PO3KIIaa€ThCsl ICCATKU POKiB. A BHpIIIEHHS Mi€l MpoOIeMrn HE MOXKHA 3aJUIIATH HA TOTIM.
Hamni ykpainceki Bueni Manmsiok LA. (XHY, m. Xmensuuupkuii [2]; CaBuenko b.M. (KHY T/,
M. KuiB) [3]; Mikyibeonok 1.O. (HTYVY «KIII im. 1. Cikopcekoro, M. KuiB) [4] 3pobuiu 3HauHUit
BHECOK B HAYKOB1 OCHOBH PELUKIIHTY MOJIMEPHUX BIAXO/IB, PyHHYBaHHS MOMIKOHACHCAIIHUX
nosimepis, ocobnuso [TETO.

BinnoBiganbHICTh 32 HABKOJMILIHE CEpEJOBHUINE CTUMYJIOE HOBI po3poOKuH B cdepi
eKOTIoTieTIIIeHy. Bike ChOrojHi cTasia IOCTYIHO CyYacHa albTepHATHBA 3BUYHHUM JOCTATHBO
TOBCTUM TIOJIIETHJICHOBUM IIaKeTaM, I OKcCo-0lopo3kiafHi mnakeTu. J{ng BupoOHUITBa
010MaKeTiB BUKOPHUCTOBYIOTbCS CIELialbHI JOMIMIKK JI0 3BUYAMHOTO MOJIETHJIEHY BHCOKOTO
tucky (IIEBT). B Toii jxe yac mpoueHTHUI BMICT TakuX 100aBOK B MOJI€TUJIEH HEBEIMKHM, 110
JI03BOJISIE TTAKETaM 30epiraTH JiiepchKi MO3MIIT i 3a IX eKOHOMIYHICTIO [5].

[Taxer 3 okco3narHoi komnozuuii [IEBT 3a cBoiMM ekcIutyaTalifHUIMM XapaKTepUCTUKaMU
HIYUM He BiJpi3HiAeThC Bin 3Bu4vaitHoro IIEBT, To6TO B makeri 30epiraloThbCsi MIIHICTb,
IPO30pICTh, TE€PMETUYHICTh. JIOMIIIOK BHMKIMKAaE pPYHHYBaHHS 3B'SI3KIB B MOJIEKYJISIPHHUX
JaHITI0KKaX Marepiaily, U0 NPU3BOAUTH 0 HOTO pO3KIaJaHHIO Ha BOly, OloMacy 1 BYIJIEKUCINN
ra3. Po3kiasaHHs MOYMHAEThCA depe3 3aJaHuil MepioJl 4acy 3 MOMEHTY BHPOOHMITBA (BiX
JIEKUTBKOX MICSIIIB 10 JEKUIBKOX POKIB) 1, B 3aJIEXKHOCTI1 BiJl yMOB HABKOJIUIITHBOTO CEPEIOBHIIA,
TpuBatume Bix 1-ro 10 3-x pokis [5].

Inma cutyanis y BHUpPOOHHKIB Ta CIOXHBAadiB TOHKHMX MaKyBaJbHHMX IUTIBOK. 30ip 1
HiATOTOBKA JI0 PEHMKIIHTY BXXHMBAHUX CTPETU-IUIIBOK, KYJIbOUKIB, IaKeTIB TUIy MaMlKa,
CMITTEBMX MillleUKiB Ta iHIIMX TOJIOHUX BHPOOIB MPAaKTHYHO HE BUPIilIyBaHi. IX momicsus y
HAac y Jiep’kaBl BUKOPHCTOBYIOTHCS MUIbspAM IUTYK. Ll rmoGanbHa mpobnema 3°sBHIiIacs He
ChOro/IeHHA. [i BupilIEHHS — TOWIYK CHocoOiB Jerpajanii mojiMepiB Ta MOJIMEPHHUX
KOMITO3HUIIiH, BUPOOM 3 SKHUX 3MOXKYThb cami cebe yTWiIi3yBaTu 1 B OUIBII KOPOTKHH Hac, 4um
Jerpajaitisi 010MmakeTiB.

[TonmimepHi MaTepianu, KOTpi 3aCTOCOBYBaHI B YMAKOBII XapyOBUX MPOIYKTIB Ta 1HIIMX
HIBUIKOTICYBHUX O0'€KTIB CHOKHMBAaHHSA, a00 THUX MpPEIMETIiB, fKI MOTPeOyIOTh 3aXUCTy IMpPHU
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TpaHCTIOPTYBaHHI — T11podoOHI Ta GionoridyHo iHepTHI. [le poOuTh X He3aMIHHUMHU B HUHIIIHINA
pO31piOHiil TOpriBili. A y4acHHKH "3€1€HOro" pyxy 3aKJIMKaIOTh 10 3a00pOHHU iX BUPOOHUIITBA.

Cepen IUTIBOK OJHHMM 3 CYYacCHUX, HAJIMHMX 1 CKOHOMIYHMX Yy BHUKOPHCTaHHI BHUJIIB
VIIAKOBKHA € CTPETY-TUIIBKA, KOTpPa BOJOJIIOYM TPAJAUIIIMHUMU BIACTUBOCTSIMHU 3BHUYANHHUX
NaKyBaJIbHUX MaTepiajiiB, Ma€ HU3KYy Oe3cymMHiBHUX mepeBar. [lo-mepiie, 3aBasku CBOil
3IaTHOCTI A0 0OOPOTHOTO PO3TATYBAHHS CTPETU-TUIIBKA HAJIHHO CKPIIUIIOE BAHTAX Ha MaJeTi, a
BUCOKHMH pIBEHb ii TIONEPEAHHOTO PO3TATYBAHHS JIO3BOJIAE JOCATATH 3HAYHOI EKOHOMIT
MaTepiany B pO3paxyHKy Ha ofHy nanery. [lo-apyre, Taka sKiCTh IIbOTO MaTepiaiy, siK CTIHKICTh
0 TPOKOJIY 1 pO3Jipy 3axuIla€ BaHTaX BiJ IOIIKOIKEHb, 3a0pyJHEHHS Ta PO3KPaJaHHA.
Bucoka mpo30opicTh TOJETIIye KOHTPOJIb BMICTY TaJIeTH, a 3[aTHICTh IIApiB IUIIBKU TIpU
31TKHEHHI NMPUJIUIATH OJIMH JI0 OJHOTO HE BUMArae JI0AaTKOBUX 3ac00iB (ikcarrii.

Ha >xanp micns iX BXXHBaHHS B CHJIy CBO€l Majoi Bard i BEJIHMKOI MAapyCHOCTI BOHU
MMOTOKaMU TOBITPSI PO3HOCATHCS IO BCiM OKpY31 3HU3Y JOBEPXY. 310paTH OKPEMO CTPETU-TUTIBKH
JUI PELUKIIIHTY MPaKTHYHO HEMOXIIMBO, TOMY IS iX Jerpajaiii HeoOXigHe 3alydeHHS CHUII
MPUPOJIU, & CaMe — HaBKOJHUIIIHHOTO CEPETOBHILIA.

Merta Hammx JOCHTIKEHb — OJICPKAHHS CTPETY-IDTIBOK 3 KEPOBAHUMH CKCILTyaTaI[iiHUMHU
BJIACTUBOCTSIMHU, SIKUMHM BCTAHOBJIIOETHCS TEPMiH iX ICHYBaHHs Ta yac pyHHYBaHHS MiJ AI€I0
HABKOJIMIIHROTO  cepenoBuma. [lo-mepmre, Oyino  JOCHIIDKEHO TMpomec pyWHYyBaHHS
MPEJICTABHUKIB ICHYIOUMX CTPETY-IUIiBOK Y D-0ompomMiHEHHSIM, 3 JOBEIEHHSM IMX IUIIBOK IO
IPOCTIIINX CTPYKTYP, AOCTYIHHX Ui 1X moaanbmoi Oioxerpananii. [lo-gpyre, Oyae mposeneHo
JIOCITIJDKEHHST — CTBOPEHHS KOMIIO3UIIIA CTPETY-IUIIBOK 3 JIOMIIIKAMH-TEPMIHATOPIB, a camMme
a"TicTabiTi3aTopiB CBITIA.

s nposenenus Y @-onpoMiHeHHs 0yl0 BUKOPUCTAHO KaMepy Ha OCHOBI BUTSDKHOT madu
3 YO nammnoro JIPT-1000. Crinku madu Oyau 3akpuTi (HOJIBroro s 3MEHIIEHHS HarpiBy CTIHOK
kamepu. Jlamna JIPT-1000 po3ramoBana nocepeauHi kamepu. A 3pas3ku Oylio 3aKpilieHo 3 JBOX
CTOpiH Ha cTiHKax kamepu. Cxema npeacTaBieHa Ha puc. 1.

BUIPOMiHEHHAM: | — 3pa3ku; 2 — BUTSIKKA; 3 — YO
nammna J[PT-1000; 4 — mrratus; 5 — ¢osbra

L5mm 1

7

x_ i Puc. 1. Kamepa mns Butpumku mig YO
7\

4

_———

3pa3ku y Kamepl BUTpUMYBanucCs Mif yabTpadioneToMm (nammna noryxHictio 1000 BT)
npotsiroM 2, 4, 8, 30 roguH. BmnnuB onpomiHIOBaHHS Ha XapaKTEPUCTHKU CTPETU-IIIIBOK
BU3HAYaBCs Ha CTEHJII Ha puC. 2.
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6 Puc. 2. Crenn mms mOCHiIKEHHS XapaKTEPHCTHUK CTPETd
IUTiBKH: |—iHilKa 3 MIpHOIO MIKaNOI; 2 — BEepXHIH 1 HIKHIN

3
\: z/
1/ 3aTuckadi; 3 — 3pa3ok; 4 — eMHICTh; 5 — pianHa; 6 — mpHUIagHA
4
&« |

1.
\ IaHECIb

JocnimxyBanuch BIacTUBOCTI cTpeTy-TuiBok BupoOHunTBa China Source, Kwuraii:
npectperd, jaedopmariro Ta Mpy)KHE BiTHOBIECHHS (pernakcarliio). BusnauaBcs BB YO@-
OTNPOMIHEHHS Ha XiMi3M IMOJIIMEPHHX 3B’ SI3KiB.

Ha puc. 3 npencraBneHuii rpadik, Ha SIKOMY BH MOXETE MOOQYUTH PE3yJIbTaTH I[HOTO
nochimkeHHsa. Sk BUAHO 3 Tpadiky, pPO3TATYEThCS IUTIBKA HPHUOIM3HO MPH OJHAKOBOMY
HABaHTa)XEHHI, OJIHAK 3 PI3HOI0 IHTEHCHUBHICTIO. TakuM YMHOM IUTIBKa 0e3 Y dD-onmpoMiHEHHs
Ma€ BeTUKe 3HA4YeHHsS BUIoBkeHHs 550%, 1 He3HauHe 3HaueHHs ycaaku 83%. A mpu Y-
OTPOMIHEHHS MPOTATOM JBOX TOJUH 3HAYCHHS BITHOCHOTO BHUIOBKEHHS 3MEHIIYETHCS [0
450%,, B TOI yac sk 3HAUEHHS YCAJIKH TaKOK 3MEHIIYETbCs 3a Bi rogunu A0 75%. Ile o3Hagae,
1o i yac Y d-onpoMiHeHHs €aCTUYHICTh TUTIBKA 3MEHIITYETHCS.
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Puc. 3. 3anexHicTh BITHOCHOTO BUIOBXKEHHS Ta peJlakcallil IIiBKH Bij IpecTpeTya
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Jlns BU3HAYEHHS XiMi3MYy I1i€i peakilii 3a qonomoror [Y-criektporpadii Oyiio mocmimKeHo
IY-cnextpu mmiBok. B IY-o6macti 1720 cm! Gyno 3apeecTpoBaHo XapakTepHuii mik, sKuii
CBIIYUB PO YTBOpPEHHS B IUIIBII 3B 13Ky >C=0. ToOTO MOBTIi JIAHIIOTH PYHHYIOTHCS MiJ JTIE0
Y®-onpoMiHEHHS, YTBOPIOIOTHCS HOBI, KOPOTII JAHLIOTH, MO KpasXx SKHX PO3TAIIOBYETHCS
>C=0.
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TakuM 4yuHOM, MOXHA TIAOUTH MIACYMOK: OYJIHM JOCHTIIKEHI BIACTHBOCTI CTPETU-TUIIBOK
MiC/Isl BIDTUBY Ha HUX Y®D-ONpoMiHEHHS 1 OyJ0 BCTAHOBJICHO HIO IS [isi, 0€3YMOBHO, pYyHHYE
MOJIIMEPHI JIAHIIOTH 10 OUTbII APIOHKUX 3 YTBOPEHHSIM XapakTepHux >C=0 3B’43KiB Ha MOBEPXHI
JOCHIJKYBaHOI IITiBKU. B X0oai poO0TH, BU3HAYEHO IO IUTiBKA 100pe pyHHYEThCA i Aieo Y O-
OTNPOMIHCHHS, 1 3aBISKH PO3PHBAHHS 11 JAHIIOTIB Ha OLIBIN ApiOHI, BOHA HAOJIMIKAETHCS 0
CTaHy IPUUHATHOTO /7151 O10pyIHHYBaHHS.
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INTUMESCENT COATINGS:
WAYS OF STRUCTURE REGULATION

The influence of the components of intumescent coatings on the structure of the char is established. It is
shown that the mechanical properties of foams and their density increases with the introduction of fillers, the pore
structure can be optimized by the use of complex of plasticizing and elasticizing additives.

Keywords: intumescent coatings, char foam, elementary cell

Intumescent coatings are a means of passively protection of the metal, wood and plastic
substrates from the loss of strength during fires. The advantage of these coatings over other
methods of passive protection are that they do not require a change in the composition of the
structural material, and also have the appearance of an ordinary paint coating with a thickness of
up to 2 mm (typically up to 1 mm) [1].

In the condition of the fire, the coating convert into the char with the volume from 25 to 60
of the initial. Coal foam is a good heat insulator, which makes it possible to increase the
resistance of construction materials to heat in cellulose fire conditions from 15 minutes to 2.5
hours.

The integral heat-shielding property is a complex parameter, which is determined by
thermal conductivity of the coal foam (which includes both the degree of swelling and the
optimality of the structure), its adhesion and mechanical strength, and the absence of defects in
the form of cracks, peeling. The structure of foam, therefore, is the central factor, the regulation
of which leads to the loose of heat-shielding properties. The tools for regulating the structure is
both a change of components ratio, and the introduction of functional additives [2]. The purpose
of this work is to evaluate the effectiveness of various regulators of structures of intumescent
coatings.

In this paper, the method of adjusting the structure of foam by changing the rheological
parameters of melt (chloroparaffin plasticizers of different molecular weight, phthalates) and
elasticizing (polybutene) additives is considered. The influence of the disperse filler (titanium
dioxide) on the porous structure of carbon foams is also considered.

During the study of the effect of plasticizers on the foam structure, it was found that it can
be flexibly regulated due to both their total content and the mass ratio of high molecular weight
and low molecular weight plasticizers.

It has been found that the introduction of fillers, in particular titanium dioxide, makes it
possible to obtain a more compact and adhesively stable structure of coal foam, but at the same
time the size of its elementary cell decreases (Fig. 1a, b), which leads to an increase in thermal
conductivity and a subsequent decrease in the quality of thermal protection.
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Fig. 1. Influence of the filler (titanium dioxide) on the structure of the char foam:
a — filler concentration 12 wt. %;
b — filler concentration 10,5 wt. %.

For example, with a titanium dioxide concentration of 10.5 wt. % in the basic formulation,
the time of the substrate temperature heating to 450 ° C was 94 minutes, and if it was 12 wt. %,
only 62 minutes.

The introduction of a complex of low-molecular and high-molecular plasticizers can
partially solve this problem by reducing the viscosity of the melt, but it requires the search for
local optimum of properties, since it reduces the overall strength of the structure. The addition of
low-molecular-weight elastomers increases the value of the melt flow strength, which causes an
increase in the stability of the foam. The maximum time of fire protection was achieved at the
optimum ratio of components was 108 minutes.

Thus, it is shown that the use of fillers, high-molecular and low-molecular plasticizers, and
also elasticizers are effective tools for regulating the structure of the coal foam produced.
Specific parameters of the structure can be obtained by carrying out the optimal design of the
experiment to select the effective ratio of these components.
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SUPERHYDROPHOBIC COATINGS THEORY AND PRIUCIPLES

This work considers to the investigation and reviewing of the theories and principles of the superhydrophobic
coatings.

Key words: superhydrophobic coating, theory of superhydrophobicity.

In recent years, with the continuous improvement of people's demands for quality of life
and the growing awareness of environmental protection and energy saving, the surface with self-
cleaning function has been rapidly developed. Self-cleaning surface refers to the surface of the
pollutants or dust in the gravity or rain, wind and other external forces automatically shedding or
degradation of a surface, based on the principle of self-cleaning super-hydrophobic surface
mainly refers to the contact angle CA150, , rolling angle SA <10, like lotus leaf surface [1].

Self-cleaning surfaces due to its unique properties, in reality, a wide range of applications.
Due to its unique surface microstructure and excellent superhydrophobic properties, self-
cleaning surfaces based on the superhydrophobic principle make it difficult to attach rainwater,
ice and snow to the surface of building glass, automobiles and aircraft windshields, satellite
antennas, high voltage electric wires , And even motorcycle and aircraft coating has important
application prospects. If the building's exterior walls, open billboards and other surfaces like
lotus leaves, you can keep clean. Vessels waiting for water to navigate need to consume a lot of
energy to overcome the frictional resistance during their travel. For underwater vehicles such as
submarines they can even reach 80%. For transport pipelines such as oil and gas pipelines,
almost all their energy Used to overcome the frictional resistance of the fluid solid surface. With
the development of MEMS, the scale of the mechanism is getting smaller and smaller, and the
friction force in the solid-liquid interface is relatively larger and larger. The friction resistance
problems such as microchannel flow have become an important constraint for the development
of related devices. [2]Therefore, minimizing surface friction resistance is the main way to
increase speed and save energy. In recent years, the use of super-hydrophobic surface drag
reduction research by more and more researchers. Such as the use of super-hydrophobic silicon
surface drag reduction study found that drag reduction of up to 30% -40%. Using modified
silicone rubber and polyurethane resin as main materials, adding low surface energy inorganic
fillers or organic fillers, we found in the experiment of hydrophobic surface drag reduction of the
made two-component paint that at the relatively low flow velocity, the maximum surface Drag
reduction up to 30%, but with the flow rate increases drag reduction effect, due to the impact of
surface roughness. At present, the research in this area needs further study.

The principle of self-cleaning superhydrophobic surfaces is based on the "lotus leaf effect”.
The 20th century, 90's, the German botanist Born University et al revealed the structure of the
lotus leaf surface and found that lotus leaf "self-cleaning” from its surface micro-nano structure,
lotus leaf surface has micron-level Of the papillae, papillary nano-wax material on the wax, the
micro-nano-rough structure can greatly increase the contact angle of the water droplets on it,
leading to water droplets easily rolled down. Movement of water droplets on a superhydrophobic
surface is a complex physical phenomenon that plays a crucial role in the self-cleaning process:
water droplets roll away from the surface contaminants or dust while rolling to achieve a self-
cleaning effect .
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Artificial preparation of superhydrophobic surface, although not long, but the development
of particularly rapid and effective preparation methods are also more and more, mainly template
method, electrospinning, phase separation and self-assembly method, sol-gel method, etching
Method, hydrothermal method, chemical deposition and electrodeposition method, nano-silica
method, corrosion method. Currently superhydrophobic surfaces mainly include
superhydrophobic surface superhydrophobic coating film, superhydrophobic metal surface and
super-hydrophobic fabric and so on.

Due to its unique surface properties, the superhydrophobic surface has a wide range of
applications. Although there are many ways to prepare superhydrophobic surfaces, there is still a
need to develop a method that can produce a durable, stable superhydrophobic surface
economically over a large area. The research in this field should now focus on the following
aspects.[3]

Most existing methods of making superhydrophobic surfaces are either difficult to apply to
large area preparation or to more expensive low surface energy materials such as fluorosilicone
or to specific organic solvents. In order to expand the range of application of superhydrophobic
surfaces, simple and economical and environmentally friendly preparation methods have to be
developed. Such as the template method and the existing industrial production of general plastic
film casting technology combination, the development of industrial production for the
production of super-hydrophobic film innovative technology

The principle of self-cleaning superhydrophobic surface is not TiO2 ultra-hydrophilic
surface by photocatalytic degradation and super hydrophilic determine, but by pure
superhydrophobic physical properties of the decision. Therefore, during prolonged outdoor use,
the contact angle of many superhydrophobic surfaces to water decreases as the outdoor use time
increases, and the hydrophobicity and self-cleaning properties decrease. This is mainly due to
dust and organic pollutants in the air caused by the adsorption and aggregation on the solid
surface. In order to improve the persistence of superhydrophobic self-cleaning surfaces,
Nakajima et al. And Yamauchi et al. Found that adding a small amount of TiO2 powder to a
superhydrophobic clear coating can impart self-cleaning properties to the coating, Keep
superhydrophobic for outdoor use.

Super-hydrophobic surface is generally lipophilic. In oily environment or long-term use,
oil will accumulate on the surface, which will affect the surface microstructure and thus affect
self-cleaning performance. In order to improve the oil repellency of the superhydrophobic
surface, in addition to the above-mentioned introduction of TiO2 nanoparticles, a superdispipe
surface can also be developed. Super double sparse surface refers to the contact angle with water
and oil.

Due to its wide range of applications, superhydrophobic surfaces have also become hot
topics in recent years. At present, most of the industrialized products of superhydrophobic
surfaces are superhydrophobic coatings. For example, German company STO developed the
silicone lotus leaf effect latex paint with the effect of lotus leaf. The surface contact angle is up
to 142, and shows excellent self-cleaning ability. Beijing Nano Science and Technology Co.,
Ltd. successfully developed a series of "nano-protective solution,” the product is an aqueous
liquid containing special nano-structured substances, coated on the surface of textiles, glass and
stone substrates can be self-assembled into a lotus leaf surface Structure of the coating, giving
the surface waterproof, oil and anti-fouling self-cleaning effect. Shanghai Huzheng
Nanotechnology Co., Ltd. has developed a colorless and transparent glass self-cleaning coating.
Products can be painted or sprayed onto various surfaces of metal, glass, marble, ceramic tile,
plastic, textile and wood products within a few seconds The result is a durable, nano-protective
coating that mimics the self-cleaning lotion's super-hydrophobic nature, which slides quickly
over the lotus leaf to keep the coating surface clean. In the super-hydrophobic fabric, nano-self-
cleaning technology based on the principle of super-hydrophobic has basically matured. Nano-
care functional fabrics developed by Nanotex, USA, using nanotechnology, is a self-cleaning
fabric that is more durable than conventional protective coated fabrics and maintains a soft feel
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and breathable fabric ; And Schoeller Textil AG of Switzerland has introduced a new generation
of Nano-Sphere coating technology that forms a very fine nanoparticle structure on the fabric
surface that alters water or other contaminants (oil, ketchup , Coffee, wine, honey, etc.) and
fabric surface contact area, so that water or dirt will fall off from the coating surface, so as to
achieve the effect of waterproof antifouling. If the residual dirt only needs a small amount of
water can be washed (can be washed at low temperature), and after repeated washing, still valid;
In addition, the German company BASF also imitation lotus leaf effect - Mercury TM TX
technology applied to textiles , In 2006 successfully developed a super-hydrophobic self-
cleaning polyester awning, to further expand the range of applications of super-hydrophobic self-
cleaning textiles. Although many preparation methods are already available for mass production
on superhydrophobic films and superhydrophobic metal surfaces, no commercial report has yet
been made. [4]

Conclusions: Although the superhydrophobic self-cleaning coating has been
industrialized, the stability and durability of the superhydrophobicity have yet to be improved. In
particular, the hydro-hydraulic impact resistance has yet to be studied to prevent the surface
structure from being destroyed after rainstorm erosion. Embedded micro-nano-pit, reduce super-
hydrophobic properties. In addition, the existing superhydrophobic coating function is relatively
simple, if you can doping other functional particles in it, you can greatly expand the scope of
application of superhydrophobic coating. Although superhydrophobic self-cleaning film has
mass production technology, but the uniformity of the surface is more difficult to control.In the
existing superhydrophobic thin film preparation method is the most easy to control the surface
uniformity of the template method, but most of the templates are now used by the lotus leaf mold
made of soft template, durability is not enough, not easy to re-use many times, the area It is far
from the large-scale preparation requirements. If we can get a soft template similar to the hard
metal template, especially the roll template, you can use the current mainstream of plastic film
technology - casting technology for large-scale preparation of super-hydrophobic film, for
industrial mass production to provide a simple and effective route .
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MEXAHI3M ®OPMYBAHHSA HEOPI'TAHIYHUX ®PAI'MEHTIB B
MNOI®EHOJIATAX AJTFOMIHITO

B po6ori 3anponioHoBaHO MexaHi3M (opMyBaHHS HEOpTaHIYHUX (PArMeHTIB B MOTIPEHOIATAX ATIOMIHIIO Ta
MIPOCTEKEHO K BiIOYBAETHCS PICT KIACTEPIB 1 JACTHHOK METATy IIISIXOM BUCXITHOT MU Y3ii.

The mechanism of formation of inorganic fragments in polyphenolates of aluminum was proposed and it was
traced how the growth of clusters and metal particles through climbing diffusion occurs.

Kiarwu4oBi cjioBa: nosieHOIAT, aJrOMiHIN, KTacTep, MeTalonoimMep, rpadeH, rpadan.

CTBOpEeHHS KOMITO3UILIIHHUX MaTepialliB Ha OCHOBI TOPUAHUX MOJIMEPIB € MEePCIEKTUBHUM
HanpsIMOM  Cy4aCHOTO MaTepiajio3HaBCTBA. Taki KOMIIO3WTH BOJIOAIIOTH  ITiIBUIICHUMHU
3HAQYCHHSIMH MIITHOCTi, 3HOCOCTIMKOCTI, TEIJIOMPOBIIHOCTI 1 1H. Psg mepeBar moB's3aHuil 3
NPUCYTHICTIO B X CTPYKTYpi HaHOPO3MIPHUX HEOJHOPITHOCTEH OpraHiyHOi Ta HEOpPraHIdHOI
npupoau. Ha BigMiHy BiJ OpraHiuyHOI CKJIaJ0BOi TaKuMX MaTepialliB, sSKa B)KE PO3TJsAaiach B
JeSIKUX TpaIsiX, MexaHi3M (OopMyBaHHs Ta MPUPOIa HEOPraHiuHOI CKIIaI0BOi MaJI0 BUBYEHI.

B mporieci moniMepu3ariii Ha npekypcopax rpadena i rpadaHna, a TakoX Ha apax rpadena
1 Tpadana, iCHye HaIJIMIIKOBA [EJIOKAII30BaHa EJEKTPOHHA TyCTHHA, SKa MOXe OyTH
KOMIIEHCOBAaHA 332 PaxXyHOK B3a€MOJIl MPEKypcopiB Ta IIapiB 3 10HAMHU 1 KjacTepamH MeTaiy.
Taka B3aeMonisi, MaOyTh, MOKJIMBA TIPU MPOXO/PKEHHI MK IJIONIMHAMU rpadaHiB i rpadeHiB
NepUIMX 10HIB 1 KJacTepiB MeTajy B mpoleci noyiMepusanii. B pe3ynbTaTi 1IbOro e1eKTpOHHA
rycTUHA JOKami3yeThes. LleHTpoM Takoi sokamizaiii sikpa3 i1 crae 10H abo Kiactep, SKUAW
npoxoaus (puc. 1).
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Puc. 1. Jlokanizanis eneKTpOHHOI T'YCTHHH MiX IUIOIIMHAMHM rpadaHoBHX i rpad)eHOBUX LHUKIIB 32 PaXyHOK
MPOXOKEHHS 10Ha METally Mi>K HUMH.

VY wMicui Jokanmizamii TycTHHA HEraTUBHOIO 3apsaay BHINE, HDK B I1HIIUX 0O0dacTsaX
peakiiitHoro o00’emy. Tomy 1HIIN YacTHHKH METaly, IO MalTh TO3WTUBHUM 3apsij,
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CHPSIMOBYFOTBCS 10 TAKOTO LIEHTPY, 3@ PAXYHOK BHCOKOi €JIEKTPOHHOT TYCTHHH Ha HBOMY. IX Xif
CHJIBHO 0OMEXEHUH 3a paXyHOK COJIbBAaTHUX 00O0JOHOK HaBKOJIO HUX. [locTymoBo npoxos4u 10
[EHTPY T'YCTHHH HETaTHBHOTO 3apsily, i0H METaly MOKE BCTYNATH B PAJ XIMIYHHUX peakmii 3
YTBOPEHHSM OKCHAIB 1 THUIPOKCHIB, SKi 3r0JOM MEPEeXOJiTh y OKCHIM 3 MOXKJIHMBICTIO
3BOPOTHHX PEaKIIii:

[Men*(OH)m] <> Me(OH)n + (OH)m-n; 1)
[Men*(OH)m] <> MexOn + m-n(OH); (2)
Me(OH)n <> MexOn + m-n(OH); (3)
m-n(OH") < H20; 4)
H20+Men+— [Men+(OH)m]; )

TakuM unHOM, MOXE BiOYBAaTHCS YTBOPEHHS YaCTHHOK OKCHIB MeTany. Taki 4acTHHKH
SK 1 paHille aKTUBHI 1 MOXXYTh HPOJOBXYBaTH MPOCYBATUCS B OIK IIEHTPIB BHCOKOi T'YCTHHHU
HeraTMBHOro 3apsiny. OJHAaK IIBHUAKICTH IX MPOCYBAaHHS CTa€ MEHIIOH. YaCTMHKM OKCHUIIB
METaJiB Ha CBOAMY IUISIXB MOXYTh 3JUMATUCS 3 IHIIMMH YaCTHHKAMU OKCHUIIB, a TaKOX 3
10HaAMU 1 KJIJacTepaMu METaJliB, 110 MPUBOIUTH JI0 30UIBIICHHS X MacH 1 3MEHIIICHHS IIIBUIKOCTI
POCYBaHHS.

CuibHI TpYJHOULII IPU MPOCYBAHHI YAaCTHHOK CTBOPIOIOTHCS 3a PaxyHOK TOrO, IO BCl
opratiydi ()parMeHTH 3pOCTAIOYMX METAJONONIMEPIB 3/4aTHI Ha KOPOTKI MPOMDKKH Yacy
3IIUBATU Mk CO0OI0 momnepeuHuMu 3B'si3kamu. Lle mpu3BoAMTH 110 iX CTATYBaHHA (pHC. 2) 1
SIKIIIO MiCII€ TAKOTO 3MIMBAaHHS 3HAXOAUTHCS Ha IUISIXY MPOCYBAHHS 10HIB, KIACTEPIB 1 YACTHHOK
MeTally JI0 IIEHTPY HETraTUBHOTO 3apsiay, TO MPOHUKHEHHS 10HIB i YaCTMHOK METaNy JI0 LEHTPY
T'YCTHHH, 200 CIIOBUTBHIOETHCS, 200 MOBHICTIO 3YITHHSETHCS.

© ©
4 H2 ®
0\61 e+ 75

A b

Puc. 2. CxemaTn4yHe 300pa)KEHHs IEpEINKOJ, 10 BHHHUKAIOTh IIPH IMPOCYBaHHI iOHIB Mertany: A, b -
YTBOPEHHS KOPOTKOYACHMX 3B'I3KiB MIXK JIAHIIFOKKAMHU

Takox uepe3 BEJIMKE MiBEICHHS €HEprii, 3pOCTalouyMii MOJIMEpHUI JTAHLIOT Ma€ BEIHKY
PYXJIMBICTD 1 MOXE «BIAKUHYTH» a00 «BIAMITOBXHYTH YaCTKY METAy, IO MPOCYBAETHCS.

B kiHIIeBOMY MiJICYMKY, B LIEHTP1 JOKAJi3allil eJIeKTPOHHOI T'YCTHHH YTBOPIOIOTHCS BEJIMKI
YaCTKH METaJy, OTOUYEHI «COHSYHHUM rajoy» 3 MEHIIHX 3a PO3MIPOM KJIACTEPIB 1 YACTHHOK.

Ile mano MOXKIMBICTH 3allpONOHYBATH HACTYHMHHM MeEXaHI3M YTBOPEHHS KJIAacTepiB 1
YACTUHOK MeTajy NUIIXOM BHCX1THOT audy3ii (puc.3).
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Puc. 3. Etamm pocty kinacTepiB i YacTHHOK MeTaly HUIIXOM BHCXigHOI audysii mpu mnomiMepusamii
riOpUIHUX TONIMEpiB: a - YTBOPEHHS Tajio 3 KJIAacTepiB MeTany, O - YTBOPEHHS LEHTPaJIbHOTO KiacTepa, B -
3pOCTaHHS LEHTPAIBHOIO KiacTepa

Pict MeraneBux KiacTepiB 1 YaCTHHOK BIOYBA€THCS B TPU €TAIM: YTBOPEHHS BEIMKOTO
rajo 3 ApiOHMX KiacTepiB MeTtany (puc. 3, a), yTBOPEHHS IEHTPAJbHOIO KiacTepa i YaCTHMHKH
(puc. 3, 0) 3a paxXyHOK «HAJIMIAHHSI» KJIACTEPiB HA IEHTPAIbHUU 10H, IO 3HAXOJIUTHCS MIK
rpadeH-rpa)aHOBUMHU TIJIOUIMHAMHU 1 PICT LEHTPAIBHOI YACTUHKU 33 PaXyHOK IOTJIMHAHHSA
HaBKOJIMIIIHBOTO TaJo (puc. 3, B).

Mu npocTeXniH, K BIUIMBAE PICT KIACTEepiB Ha MEXaHI4HI BIACTHUBOCTI Marepiaiy, Ha
MPUKIAJl yaapHoi B'sa3kocTi (Tabm. 1).

Tabnuus 1 - 3aexHiCTh yaapHOI B'S3KOCTI TOpUAHKX MOJIMEPiB HAa OCHOBI JIIOMIHIIO Bijl 4acy moJliMepu3artii
Yac nmoniMepusairii, XB 30 45 60
Y napHa BsI3KicTh, KJ[x/M? 14 22 11

PesynbraTn, npencrasiaeHi B TaOIMI CBiq4aTh MPO TE, M0 HAMKpAIIMMU MEXaHIYHUMHU
MOKa3HWKAMH BOJIOIIOTh TOpUIHI MOJTIMEPHU B AKUX PICT HEOPraHIYHUX (PparMeHTiB 3yMUHEHUI
Ha J[PyrOMY eTarli.

TakuM uYMHOM, TOKa3aHO, LIO0 B MpOLECi MoJiMepH3alii KIacTepH 1 YacTKU MeTaly
YTBOPIOIOTHCS HUIIXOM BUCXiAHOT audy3ii. LlenTpamu nudy3iiiHIX TOTOKIB MPH IIbOMY CITYKaTh
MDKIIJIOUIMHHI 00’ €MHU MIX IIapaMu rpadeny i rpagany.
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SUPERHYDROPHOBIC COATINGS ON PAPER SURFACE

This work considers to the investigation fabrication of microsized roughness on linerboard paper using
commercially available PCC filler; hydrophobic modification of PCC filler with very low cost fatty acid; developing
a simple coating technique to fabricating superhydrophobic or semisuperhydrophobic paper surface; studying water
penetration through the paper produced.
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Much attention has been paid to the fabrication of superhydrophobic surface due to their
potential application as self-cleaning products. It is well known that nanoscaled surface
roughness with a thin hydrophobic layer plays an important role in the fabrication of
hydrophobic surfaces [1].

Own hydrophobicity of the surface is necessary for the fabrication of superhydrophobic
surface. Fluorine containing chemicals, such as 1H,1H,2H,2H-perfluorooctyltrichlorosilane
(CF3(CF2)5(CH2)2SiCI3, FOTMS) were commonly used to provide hydophobicity of the
surface [2]. Goncalves et al. [3] processed superhydrophobic cellulose nanocomposites with
nanoparticle silica and fluorine containing surfactant. Except for fluorine containing materials,
silicon containing surfactant also was used to process hydrophobic surface [4]. Li et al. [5]
fabricated a superhydrophobic surface on a cellulose-based material (cotton fabric or paper)
where a surface roughness was provided by silica nanoparticle coming from a reaction between
potassium methyl siliconate and CO2 through a solution-immersion method where
polymethylsilsesquioxane coating was used to provide hydrophobicity.

Paper product is widely used in food and liquid packaging. Water resistance is one of
important properties of paper packages. Some of paper products such as corrugated package for
ice-packed fish, poultry, and meat often require high water resistance. Traditionally, wax barrier
coating has been used to provide high degree of water resistance at a low coating cost. However,
the difficult in paper recycling limits the applications of wax coating. Polymer barrier coated
papers can also provide high water resistance and are commonly considered as recyclable papers.
Unfortunately, the cost of polymer barrier coating is several times higher than wax coating. An
important characteristic of superhydrophobic surface is its repelling to water. Theoretically, a
superhydrophobic surface over packaging paper product should increase not its surface contact
angle, but also the resistance of water penetration. In previous investigation [6] we reported
fabrication of superhydrophobic paper with silica nanoparticles and 1H,1H,2H,2H-
perfluorooctyltriethoxysilane. We investigated the influence of moisture on paper strength and
found that the tensile strength of paper at high humidity condition was dramatically improved.
However, the moisture effect may not be directly related to the water penetration, and the later
unfortunately has not been studied. Balu et al. [7] fabricated superhydrophobic paper using
plasma technology. This research obtained paper with a water drop rolling-off property but the
water penetration through the paper was also not studied. To the best of our knowledge, although
several research articles reported the fabrication of superhydrophobic papers, the water
penetration through superhydrophaobic paper have not been studied.

Even though some researches on hydrophobic modification of paper have been reported, a
low cost and simple procedure, acceptable for paper making industry does not exist. Fabrication
of nanosized roughness generally means high cost. Current procedure for fabrication of
superhydrophobic surface is also difficult for large-scale industrial manufacturing. The
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chemicals used to provide hydrophobic surface in most publications is often expensive and toxic
for food package. It is well known that PCC was widely used as filler in paper making, which
can markedly decrease cost of paper, increase paper brightness, opacity, stiffness and so on.

Conclusions: fabrication of microsized roughness on linerboard paper using commercially
available PCC filler; hydrophobic modification of PCC filler with very low cost fatty acid,;
developing a simple coating technique to fabricating superhydrophobic or semisuperhydrophobic
paper surface; studying water penetration through the paper produced. The success of these
approaches could lead to a technology that is acceptable by the current food packaging
manufacture for producing high quality, low cost and recyclable paper packages.
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NCCIEJOBAHUE 'EPMETU3UPYIOIINX KOMIIO3UIINOHHBIX
HHOJIUMEPHBIX MATEPUAJIOB

HCCJ’ICHOB&HO BJIMSIHUC COJICPIKAHWUA PA3JINYHBIX MOJUMEPOB, HAIIOJIHHUTENICH U HHaCTI/I(bI/IKaTOpOB Ha
aJArC3MOHHBIC U KOT'C3MOHHBIC CBOIiCTBa TrepMETU3UPYIOIUX 6yTI/IHKayquOBLIX KOMHOBHHHﬁ.

The effect of the content of various polymers and plasticizers, fillers on the adhesion and cohesion properties
of sealing butyl rubber compositions was studied.

KuioueBble cj10Ba: OyTHIKaydyK, MOJMHU300YTHIICH, STUICHBUHIIIAIIETAT, MTOJMUATUIICH, HEBBICHIXAIOIIMI
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OnHUM M3 caMbIX aKTyallbHBIX BOIIPOCOB B HACTOSIIEE BpeMs SBISETCA CO3JlaHHE
KOMITO3UTOB Ha OCHOBE MOJIMMEPHBIX MaTepuayioB. IlnacTuueckue macchl 001aJar0T MHOTMMU
LEHHBIMM (U3MYECKUMH M XMMHUYECKHMHU CBOWCTBAMM, a KOMIIO3UI[MOHHBIE MaTepHalbl Ha
OCHOBE IIOJINMEPHON MAaTpHLbl IPUOOPETAIOT JONOJIHUTEIbHBIE CBOMCTBA, KOTOPHIE JAETIAIOT
Mmartepuan eme Oojee MOJNEe3HBIM C TOYKM 3PEHUs JKCIUIyaTallMM M, COOTBETCTBEHHO,
NPUBJICKATEIbHBIM Ui MOTpeduTena. B Kommo3uTax OTAeiIbHbIE KOMIIOHEHTHI CYIIECTBEHHO
OTJIMYAIOTCS 110 CBOMCTBAM, a MX COYeTaHUE AaéT ONpEeNesIeHHbI CHUHEpPrudeckuil >PQexr,
KOTOPBI MOXKHO TIpeycMOTpeTh 3apanee [1-3].

I'epmernsupyrone KOMIIO3MLIMM HAa OCHOBE BBICOKOMOJIEKYJSPHBIX COEAMHEHHUH B
HACTOSIIIEE BpeMsl HAIUIM CBOE NPHUMEHEHHE MPAKTUYECKH BO BcCeX cdepax IesTenbHOCTH
YeJI0BEKa.

Bce repmerusupyromue — Marepualibl  HOAPA3AENAOTCd  HAa  OTBEp)KIaeMble U
HeoTBepxkaaemble. HeoTBepikaaeMble TepMETH3UPYIOIUME MaTepuallbl MNPEACTaBISIIOT COO0M
TEPMOIUIACTUYHBIE KOMIIO3ULIMU, KOTOPBIE Pa3MAryYaroTCs MPU HArpeBaHUM /10 OINpEAEICHHOU
TEMIIepaTypbl U NEPeXoAT B BA3KOTeKydee cocTosiHue. [Ipu oxnax1eHMH OHM BO3BPAIIalOTCS B
HCXOJJHOE COCTOSIHME, HE3aBUCUMO OT KOJIMYECTBA IIUKJIOB — HarpEBaHUS M OXJaxJaeHus. Takue
repMeTU3HNpYIOLIecs MaTepuaabl 00JalaloT MIACTUYECKUMHU U 3J1aCTUYECKUMHU CBOMCTBAMH B
IpoLEecCe AKCIUTyaTallMd, 4YTO Ja€T BO3MOXKHOCTh IPUMEHEHHUS HX JJs TIepMeTU3aluu
Pa3IMYHBIX COSTUHEHHI, KOTOPBIC MO/IBEPIKEHBI IEPHOINYECKUM cMelieHusM [4-5].

bbun mpoBenieHBl HCCIIENOBaHUS BIMSIHHMSL OTAEIbHBIX KOMIIOHEHTOB Ha aAre€3MOHHO-
KOT€3MOHHbIE CBOMCTBA T€PMETUZUPYIOIIMX KOMITO3UIHH.

OcCHOBOH AJ11 CO3/1aHUS FEPMETUUPYIOIINX MAaTEpUAIOB SBJSETCS MOJIMMEpPHas MaTpuULa,
OT KOTOpPOW 3aBHCAT aJre3MOHHbIE M KOT€3MOHHBIE CBOICTBa KOMIO3MIMHU. bbUIO H3ydeHO
BIIMSIHUE COTOJIMMEpa 3TriieHa ¢ Bunuianeratom (OBA) mapku VA900 (Kopest) u monusTuieHa
HU3KOH tuioTHOCTH Mapku M. F 7000 Ha oCHOBHBIC CBOMCTBA KOMITO3UIIHA.

Kore3nonHas mnpoyHOCTh KOMIO3UIMI C MOBBILIEHHUEM COJAEPKAHUS IOJIHOIEPHUHOB,
yBenuuuBaercs. Beenenne IIDOHJ] OGonmee 25 mac. 4 mpuBOOUT K OONBIIEMY IOBBIIICHUIO
MPOYHOCTH KOMIIO3UIIMM, YeM BBEACHHE TaKUX k€ KoinyecTB DBA, 4To cBA3aHO C pa3HuULEH B
KOT€3MOHHOM NMpOoYHOCTH camux noiuoneduHoB. Beoa [I1OH/] He3HaunTenbHO cKka3blBaeTCs Ha
MOBBIIIEHUH aJIre3Un OYTUIIKayYyKOBBIX KOMITO3UIIMH K antoMuHuI0. BBenenue DBA, Haobopor,
MIO3BOJIIET CYHIECTBEHHO YBEIWYMTH aiAre3uto. Brlcokne aare3noHHbIE CBOMCTBA KOMIO3ULUI
00yCJI0BJIeHbI HATMUUEM B cocTaBe DBA MOISIpHBIX PYHKIIMOHAIBHBIX TPYIII.

bbu10 u3ydeHo BiusHUE TeXxHUYecKoro yriepoaa 330 u kaoiauHa. 3aBUCUMOCTb POYHOCTH
KOMIIO3UIMI OT COAepX aHHUs TEeXyIJepoJia HOCUT IKCTpeMasibHbI Xapakrep. C yBenuueHUueM
JIMCTIEPCHOCTH HAIOJIHUTENS KOTE€3MOHHAs MPOYHOCTh yBEJIMYMBAETCs. Takxke MpHU yBEIHMUECHUH
CoJIep’KaHusl TEeXyrjaepoaa B KOMIIO3UIMU HaOI0aeTcs 3aBUCUMOCTh: KOT€3HOHHAsi IPOYHOCTh
YBEJIMYMBAETCS, a aJAre3MOHHas — CHIDKaeTca. BBeJeHHe MHHEpaJbHOIO HAMOJHUTEN —
MHUKpOTaJIbKa, HE TMPHUBOJAWT K 3HAYUTENBHBIM MOBBIINICHUSM KOT€3MOHHON TMPOYHOCTH
Kommo3umuu [6-9].

OmHUM W3 OCHOBHBIX KOMITOHEHTOB B TEPMETH3UPYIOIIUX KOMITO3UIHSX SIBISTFOTCS
1acTu(UKATOpbl, KOTOpBIE MCIONB3YIOTCS JJisi TOBBIIMIEHUS aJAr€3MOHHBIX CBOMCTB U
AIIACTUYHOCTH T€PMETUKOB.

Jlis vcnblTaHU OBUTH BBHIOpAHBI ClEAyIOIINE TUIACTU(GUKATOPHI: MapaduHO-HA(PTEHOBBIH
wiacTugukarop — uHAycTpuagbHoe Macino HM-20A u  ¢TamaTHBIl  BBICOKOKMITALIMNA
mwiactudukarop — nuuzoHoHwnranar (AMH®D). Beenenue miactuduxaTtopoB B peuentypy
FEPMETU3HUPYIOINX MAaTEPHUAJIOB YMEHBIIAET KOIE3MOHHYIO IIPOYHOCTb, HO YIYYILAeT €€
aJire3MOHHBIE CBOICTBA, 3TACTUYHOCTh U OJJTHOPOJIHOCTh FEPMETUZUPYIONIENH KOMIO3HUIIUH.

Panee ObUIO YCTaHOBJEHO, YTO NPUPOAA IUIACTU(UKATOpa CYIIECTBEHHO BIUSET Ha
CBOMCTBAa TE€PMETHU3UPYIOIIMX KOMMNO3MIMU. B wnccneayeMblX KOMIIO3HMIMSAX COBMECTHO C
HEMOJISIPHBIM  OYTUJIKAyYyKOM COJIepKAaTCs TakKe W TOJSPHbIE KOMIIOHEHTHI, TaKue Kak
kaaudonb. BBeneHue Oornee moNSIpHOTO, YeM OyTWIKaydyk, (TajmaTHOro ImiacTuduKaTopa
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JUH®, ynyummaeT cCOBMECTUMOCTh KaHU(OJIN B OYTHUIIKaydyKa, YTO CIIOCOOCTBYET YIIYUIICHUIO
IUIACTU(QHUIUPYIOMIMX CBOUCTB. McXOAs M3 3TOro cieayer, yTo (TajaTHBIA IUIacTU(PUKATOD
JANH® yBenuuyuBaeT aAre3nOHHYIO MPOYHOCTh KOMITO3UIIUH.

WcnpiTanusa nokasanu, uro ¢ranataeiil miactudukarop ANMH® sBnsercs onTUMaIbHBIM
pelieHueM U o0iajaeT JyYlIIMMH IUIAaCTUGUUUPYIOUIMMH CBOMCTBaMH, ueM mapaduHo-
HadTenoBoe macio U-20A.

[To pe3ynbTaTam IpOBEICHHBIX MCCIEIOBAHHM, ObLIO YCTAHOBJICHO BIIMSHUE MTOJIUMEPOB U
IUIACTU(UKATOPOB HA CBOWCTBA HEOTBEPKIAEMBIX TE€PMETU3UPYIOMINUX OYTHIIKAayYyKOBBIX
KOMITO3HWIMK. M3 momuMepoB, NPEANOYTHUTENBHEH HCIONB30BaTh moiuoiehun DBA,
MOBBIIIAIONINNA OCHOBHBIE CBOMCTBA, TAKHE KaK aJre3us U KOre3us, Py BBEJICHUU B HEOOJBIINX
KOJIMYeCTBaxX 10 15 mac.y, a Ans CO3AaHUS MPOYHBIX T'e€PMETHUIUPYIOIIUX KOMIIO3ULUN Oblia
nokazana 3(p(eKTUBHOCTh MOJNMATUIICHA HU3KOTO JABJICHUS, KOTOPHIM B 3HAYMTEIHHOH Mepe
YBEJIMYMBAET KOIE3WOHHBbIE CBOWCTBA. Takke ObUIM  MPOBEACHBI  UCIBITAHUA IO
IUIACTU(QHUIUPYIOMIMM  KOMIOHEHTaM B TIEPMETH3UPYIOIIMX KOMIIO3MIMAX HAa OCHOBE
HEMOJISIPHOTO OyTHIIKay4yyKa M Mmoka3aHa 3()QeKTUBHOCTb MPUMEHEHHs mapaduHO-HAPTEHOBBIX
U QTaJaTHHIX MIACTU()UKATOPOB.
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HarmionanbHuii TexHiuHui yHiBepcuTeT YKkpainu « KUIBChKHIA TOMITEXHIYHUHI IHCTUTYT iIMEH1
Iropst Cikopcbkoroy, M. Kuis

CTPYKTYPOYTBOPEHHS B CTUPOJI-AKPUJIOBUX KOMITIO3UIIAX B
CTATUYHUX YMOBAX

JlocmipkeHO BIUIMB ~MiHEpAJbHUX HAMOBHIOBAYiB HA CTPYKTYPHO-MEXaHIYHI TMOKAa3HUKH BOJHO-
JUCTICPCIMHUX 3aXMCHUX IMOKPUTTIB HAa OCHOBI CTHPOJI-aKPHIIOBOI aucriepcii. BUKOHAHO MOPIBHSUIBHUEN aHami3
CTPYKTYPHO-MEXaHIYHUAX MMOKA3HUKIB KOMITO3UIIIi HA OCHOBI XIMIYHO OCAJIKCHOT KPEI/In 1 OKCHIy TUTaHY.

The effect of mineral fillers on structural-mechanical parameters of water-dispersion protective coatings on
the basis is investigated. styrene-acrylic dispersion. A comparative analysis of the structural and mechanical
properties of compositions based on chemically precipitated chalk and titanium oxide was performed.

KarouoBi ciioBa: crupoi-akpuiioBa AMCIEpCis, XIMIYHO OcajpkeHa Kpeiina, CTpyKTypHO-MeXaHiuHi
MOKa3HHKH.

BBeneHnss TBepAMX YAcTOK B  CTHPOJ-aKPWIOBI TIOJMIMEPH IIJBHUINYE OIPHICTH
nehopMyBaHHIO 1 3HWXKYE BEIMYMHY IpaHUYHUX Aedopmaiiil IUIBOK, OJEp)KAaHUX 3 TaKHX
xommo3unid [1]. KijgbkiCHI XapakTEpUCTHKHA TaKHX CHCTEM MOXKHA BHU3HAYUTH, BUKOHABIIH
CTPYKTYpHO-MEXaHIYHHMI aHali3 CHUCTEeMH CTUPOJI-aKpUJIOBa JHUCIEpPCis 3 HANOBHIOBAYEeM Y
CTaTUYHUX YMOBAaX, OCHOBAaHMH Ha EKCIIEPHUMEHTAIFHOMY BH3HAU€HHI 32 TOCTIHHOTO
HaBaHTaXeHHA P = const kpuBux: € = f (1)- nedopmaiis uyucroro 3cyBy — uac. Lle no3Boise
BU3HAYHUTH MPYKHO-TUIACTHYHO-B SI3KICHI TTapaMeTPH JOCHTIKYBaHOI CHCTEMHU.

3 omnepxanoi cepii kpuBux € =T (7) BusHauaemo BenmuMHM MIBUAKOI Ta MOBLIBHOL
eJIacCTUUHUX JedopMalltiif, a Takox rtactuunoi aedopmarii. L{i pe3yabTaT BUKOPHUCTOBYIOTHCS
JUTSL PO3PaxXyHKIB CTPYKTYPHO-MEXaHIYHAX XapaKTEPUCTHK Ta KOHCTAHT SIK JIJIsl CHCTEMH CTHPOJI-
aKpuJioBa Jucrepcis — kpeiina ximiuno ocamxkena (KXO), tak 1 ans kommosuiii, B skiii KXO
YaCTKOBO 3aMIHIOBAJIaCh HAa IBOXOKCHUJ TUTaHY (Tabm.1,2).

Tabmnuus 1 - [py»HO-IUIacTHYHO-B sI3KiCHI BnacTuBOoCcTi HanoBHeHOi KXO cTupoi-akpuiioBoi aucnepcii

CTpyKTypHO-MeXaHIuHi
CTpyKTypHO-MeXaHiuHi KOHCTaHTH XapaKTePUCTUKH
Bincorok . ) 3 Cymapuuii
ig ig A 9 -
HaIOBHEHHS s 2 = 8 5 = = g - MO/JyJIb
CHUCTEMU, Z § Z i = E g . O g < Q.- €JIACTUYHUX
T:P 2o 5o E ¥ 5 = 5 ! £S i
: EeE E&E| §=| 28 2C S 29 A= nedopmartiit
S¥q| BBy EE| EEEe| E | 5 2ok E
g g = a g = =< a = io § as S = !
i g - = g ~ < O = — = = - s~ © I1a
zFd zEa| E SBREal g & <=
S = S = 2 ) X 2. g o
=35 | 23 5 | X a 5 =
8 5 S m
30:70 6,0 21,3 9,3 1,2 0,3 0,12 7,75 4,68
40:60 7,3 40,2 8,9 3,6 0,15 0,58 2,47 6,19
50:50 8,2 48,4 9,0 58 0,14 0,8 1,55 7,02
60:40 15,53 46,6 11,6 58 0,25 4,98 2,0 11,65

Po3paxyHku IIBHAKOI €IaCTHUYHOI &,, IMOBUIBHOI €JAcCTUYHOI &, Ta IUIACTUYHOL
nedopmartii cBiuaTh, M0 B AOCTIHKYBAaHUX CUCTEMaxX 3HAYHO MEPEBAKAIOTH IIBUIKI €JIaCTUYHI
negopmanii (&, = 75%, Y. &, 1 &1 = 25%). 3a kinacudikaniero CTpyKTYpHO-MEXaHIUHUX THIIIB
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C.I1. HuuumopeHko AOCIiKyBaHa CUCTEMa HAJICKUTH 10 HYJIHOBOTO CTPYKTYPHO-MEXaHIYHOTO
THUITYy 3 MEPEBAXHUM PO3BHTKOM IIBHIKHX elacTUUHUX jaedopmariii [2]. Lle Bkazye Ha BHCOKY
CTIMKICTB CyCITeH3ii, 1110 Ma€ Ba)XJIMBE 3HAYCHHS JJIsl IPOIIECiB BUPOOHUIITBA, TPAHCTIOPTYBAHHS,
Ha"eceHHs JIOM. [l HUX XapaKkTepHO KpUXKe pyHHYBaHHS CTPYKTypu. OTXKe, TUIH CTPYKTYD 1
CTPYKTYPHO-MEXaHIYHI XapaKTEPUCTHKH JUCIEPCIi BHU3HAYAIOTh iXHIO TMOBEIIHKY IpH
eKcruTyaTanii [2].

30UIbIICHHST CTPYKTYPHO-MEXaHIYHHUX IapaMeTpiB, a TaKoX 3OUIbIICHHS TEpioay
penakcamii 01 CBIZYUTH MpO Te, IO 3 MiJBUIICHHSAM KOHLEHTpAIil HAIlOBHIOBaYa B CyCIEH3ii
BIIOYBAETHCSA THKCOTPOITHE 3MIITHEHHS KOAryJsAIiMHOI CTPYKTYPH 1 IIOCTYIOBE 3pOCTaHHS
CTIMKOCTI CHCTEMH, TOOTO 11 3/1aTHICTh HE PO3IIApOBYBATUCS 3 yacoM [3].

3HMKCHHS 3HAYCHD €JIACTUYHOCTI A 1 CTaTHYHOI IIIACTUYHOCTI Py1/1)1 TakoX MiATBEPIKYE,
10 31 30UIBIIEHHSM BMICTY JAMCIEPCHOI (a3u, TOOTO Kpelau XiMIYHO OCaKEHOI Ta ii cymiri 3
JIBOOKCHJIOM THTaHY, CTaOUTbHICTh CUCTEMH 3pocTae (Tadu. 2).

Tabmuus 2 - [IpyKHO-11acTHYHO-B SI3KICHI BIacTUBOCTI HanmoBHeHOi KXO Ta OKCHIOM THTaHy CTHPOJI-
AKpUJIOBOI Jucriepcii

CTpyKTypHO-MeXaHIYHI KOHCTaHTH CTpyKTypHO-MeXaHIuHi
XapPaKTePUCTHKU
Bincorok ot ot CymapHnuii
HAIIOBHEHHS - g | g - . o _ MOy b
CHCTEMH, 2 2 <z 2 - & = 'E o B =5 5 . eIIACTUIHUX
TP S2E| E25| E2a| 2EE=| 5| 28| £% | nedopvaui
Sou| 22Xy EET| FEEG| E| it | Ezy B
28— g8=| 854 £%zg=| E| S| == ° Ta
ZEd 2Ea| OE 2BE4 2| 25| &2
o = = ] ey = a, oo
55 | £6 = RF SR =
S = S m =
E E
(] (]
35%KXO/5%TiO,/ 39,9 66,1 11,0 51 0,38 202 2,27 25,29
60% 1M
30%KXO/10%TiO,/ 70,1 89.8 10,8 4.9 0,44 124 2,37 39,37
60% 1M

[Toka3aHo, MmO CTPYKTypHO-MEXaHI4HI KOHCTaHTHM 1 TepioJl ICTHHHOI penakcarii
30UIBIIYIOTHCA 3 MIJBUILIEHHSIM BMICTY TBEPOi (ha3H, a €IacTUYHICTh 1 MJIACTUYHA CTATUYHICTh
— 3HIDKYIOTbCS. AHAJIOT14YHA KapTHUHA CIIOCTEPIra€Thes ATl CUCTEM, B siKi BBeieHO T102.

TakuM YMHOM, PEOJIOTis CTPYKTYPOBAaHUX AMCIIEPCHUX CHCTEM, K HaykKa Mpo aedopmariito
1 Te4il0 IMX CHUCTEM B yMOBaxX MeEXaHIYHOI 1ii, J03Boyisie JaTh (I3UMYHO OOTIPYHTOBAHY
XapaKTEPUCTHUKY OCHOBHHUX CTPYKTYPHO-MEXaHIYHUX KOHCTAHT PI3HUX CHUCTEM.

Cnucoxk BUKOPHCTAHUX JKepeJt:
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124. — (Cepis : «XiMisl, XIMI4HI TEXHOJIOTI Ta EKOJIOTisN»).

2. Kpyenuyxuii H.H. OcHoBbl Gpusnko-xumudeckoit mexanuku / H.H. Kpyrmukwii. —
K.: HaykoBa nymka, 1976 —u.1. - 268 c.
3. Csioepcokuii B. A. JlucriepcHICTh Ta CTPYKTypa KapOOHATHUX HAIOBHIOBAUiB JJIst
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TEXHOIL. YH-TY. - 2012. - Ne 2. - C. 102-108. - (Cepis : "Texniuni Hayku").
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YO «benopycckuii rocy1apCTBEHHbIA TEXHOJIOTUUECKU YHUBEPCUTET,
r. Musnck, benopyccus

AMOKCUHOBOJAKBUHWJID®UPHBIE IOKPBITUS IMOBBLIILIEHHOMN
XUMCTOMUKOCTH

M3yyeHO BAMsIHUE Pa3IUYHBIX aHTUKOPPO3HOHHBIX HAMOJIHUTEIEH U MUTMEHTOB Ha CTOMKOCTh MOKPBHITHI B
arpecCcUBHBIX cpenax B auanazoHe Ttemmepatyp ot 10 mo 90°C. OmnpeneneHbl Hauwilydllde KOMIIO3UIUH,
00aaroNue BEICOKAUME 3HAYCHUSMH MPOYHOCTH HAa C)KATHUE, MAKCHMYMOM 3HAYCHUH Tellb-()PaKIMU, BHICOKUMHU
OGapbepHBIMU 3aLTUTHBIMU CBOWCTBAMU.

Influence of various anticorrosive fillers and pigments on durability of coverings in aggressive environments
in the temperature range from 10 to 90°C. It was estimated the best compositions possessing high values of
durability on compression, the maximum of values of gel fraction, high barrier protective properties.

KaioueBble ci10Ba: SNIOKCHHOBOJIAKBUHWII(GHUPHAS CMOJIa, RHTUKOPPO3UOHHBII HAIIOTHHUTEIh

CoBpeMmeHHble J1akokpacouyHble MaTepuanbl (JIKM) amns aHTUKOPPO3MOHHBIX IMOKPBITHH
ABIIAIOTCS CJIOKHBIMU MHOI'OKOMITIOHEHTHBIMH cucTeMami [ 1], cogepamuMyu Kak MOHO-, TaK U
oI YHKLIMOHAIbHbIE MHI'PeAUEeHThl. BaxHelmum komnonenToM JIKM sBisiercss noaumepHoe
CBA3YIOLEE, OT KOTOPOT'O BO MHOI'OM 3aBUCAT CBOWCTBA MOKPHITUS. JlakoKpacouHble MaTeprabl
Ha OCHOBE 3IOKCHMHOBOJIAKBUHWIA(UPHOM CMOJIBI HAILIM IMPUMEHEHHE I IOKPBITUI ¢
BBICOKOW CTOWKOCTBIO K INMPOKOMY JMAama3oHy KHUCIOT, WIeNoYel, orOenuBaTeneii wu
pactBopuTteneil. [Ipu 3Tom MaTepuan nokpbITHs 00J1a1aeT MPEBOCXOJHON yJapHON BSI3KOCTBIO U
YCTAJIOCTHOM IIPOYHOCTBIO.

Takue TOKPBITUS MOTYT MCIIOJIB30BaTbCS sl 3alUThl BHYTPEHHUX M BHEIIHUX
MOBEPXHOCTEH €MKOCTEHl XpaHEHHUS arpecCHUBHBIX Cpell, TPyOOIPOBOJOB, a TaKXKE CHCTEM
BOJIONIOATOTOBKM M BOJOOYHMCTKH, SKCIUTyaTHPYEMBIX BHYTPU 3aKpbITHIX NomenieHuid. Kpome
TOT0, JOPYroil 00JIaCThI0O UX MPUMEHEHUs SIBISIOTCS WHTEPbEPHBIC MOKPBITHUS JUISL 3alUThI
OETOHHBIX CTEH, MEPEKPHITUH U METAJUIMYECKUX KOHCTPYKLUI OT BO3JIEHCTBUS MPOMBIIUIEHHBIX
Cpell XUMHUYECKUX U He(YTEXUMUIECKUX MPEITPUATHI.

K 3alyTHBIM MOKPHITUAM CTaJbHBIX TOBEPXHOCTEH OT KOPPO3UU HPEAbSBISETCS P
TpeOoBanuil [1, 2]: BbIcOKas XMMHYECKash CTOMKOCTb K arpecCUBHBIM CpelaM KOMIIOHEHTOB
JTAKOKPACOYHBIX KOMIO3MLIMH; HU3Kas MPOHHUIIAEMOCTh OTBEP)KJCHHBIX Ha MeTajljie MOKPBITHI,
oOecrieunBaemasi dYellyHyaThIMM 4YacTULAMU HAIOJIHUTENEH, co3jalolux Oapbepbl s
IPOHUKHOBEHHUS K METAJIy MOJIEKYJ OKpPY)KAIOLIEH cpenbl; BBICOKas aare3ust MOKPHITUH K
MeTaJITy, MPEMsSITCTBYIONAs TPOHUKHOBEHUIO XMMHUYECKH aKTHBHBIX BEIIECTB MOJ MOKPHITHE K
3alMIIAEMON TIOBEPXHOCTH.

[lenbto maHHON PabOTHI SBJISUIOCH YCTAHOBIIEHWE BIUSHUS aHTUKOPPO3HOHHOM J100aBKU
(CTEeKJISIHHBIX YeIlyeK) Ha 3alllUTHBIC CBOWCTBA, JOJTOBEYHOCTh W MPOLECC OTBEPHKACHUS JaKo-
KpPacCOYHBIX KOMIO3HIIMIA HAa OCHOBE 3MOKCHHOBOJIAKBUHUII(UPHON CMOJIBL.

JlonTroBeYHOCTh AHTUKOPPO3MOHHBIX MOKPBITUH 3aBUCUT OT MHOTHX (DakTOpoOB:
arpeccUBOCTOMKOCTH  IJIEHKOOOpa3oBaTess, HAMOJHUTEJeH, MUITMEHTOB U  MPOYHX
KOMIIOHEHTOB, BXOJSIIMX B COCTaB JAKOKPAaCOYHBIX MAaTe€pUajoB; YPOBHS aJre3UOHHOTO
B3aUMO/ICHCTBUS MOKPBITHUS C METAJIJIOM; MPOHUIIAEMOCTH MOKPBITUM K arpeCCUBHBIM CpellaM
u Jp. s mojgydeHus 3allUTHBIX MOKPBITHUI MCIIONB30BaJach JABYXYMAaKOBOYHAs CHUCTEMA!
STIOKCHHOBOJIAaKBUHMIIIPUPHAs cMoJa nmpousBojictBa kommannn « ASHWANDy; otBepauTens
xommanuu «Akzo Nobel» — 90%-HbIil pacTBOp THAPONEPOKCHIA KyMOJIa B apOMaTHYECKOM
pactBopurene. [InenkooOpa3oBaTenb U OTBEPAUTENb CMENIMBAJINCH B COOTHOIIEHHH 98:2 mac.
yactel Ha naboparopHom aucconbBepe WD-2008S.
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Jnst TOBBITIIEHUs] 3alIUTHBIX OapbepHBIX CBOWCTB TMOKPHITUH B JAKOKPACOUYHBIE
KOMIIO3UIIMU BBOJIWINCH: CTekIsHHble uenyiiku «Glassflake» mmpokoro nmamaszona
tonmuHbel oT 80-120 HM g0 5,5-9,0 mkMm; amomocunukatHas cimoga «MUCA»; npupoaHbiil
YemryiuaTelidi Kpucramnyeckuit rpagpur GS-4.

Crex/sHHBIC Yelnyiiku npou3BojacTBa kommanuu Glassflake nmmeror crienyromumii cocras:
64,6% SICb; 4,1% Al>03 - Fe203; 13,4% Ca0; 3,3% MgO; 9,6% Na20 - K20; 4,7% B203; 0,9%
BaO. llIudp u reomeTprdeckue pasMepsl YeryeK MpeIcTaBieHbl B Ta0. 1.

Ta6nnua 1-— XapaKTepI/ICTI/IKI/I HCIOJIb30BAHHBIX CTCKIISIHHBIX YCITYCK

Mudp genryex Tomnmwna vemyek | CpefHss AJMHA YACTHIT, MKM
Ci 80-120 am

C, 200-300 M

Cs 450-650 um

Cs 750-900 um

Cs 1,3-0,9 MM 74

Cs 2,3-1,3 MKkM

C; 3,5-2,3 MKM

Cs 5,5-3,5 MKM

Gy 9,0-5,5 MKM

AnromocunukarHast cirona — MICA npousBojctea kommanuu Gunpatroy Private Limited
CO CBOWMCTBaMM: CpeJIHss JJIMHHA YAaCTHIl — 47 MKM; CpPEAHss UX TOJIIMHA — 7,2 MM; INIOTHOCTb —
2,82 r/cm®; pH BoaHOM BRITSDKKH — 6,9; TBep0CTh 0 Moocy — 2,5; conepskanue Bos — 0,5%.

TexHuueckuil yriepon — npousBoacTBa komnanuu Evonik ¢ xapakrepuctukamu: Imiot-
HocTh — 2,15 r/eM3; coneprxanme murmenta 23 mac. %; conepkanue neryunx 40,8% mac.

[Toka3zaHo, 4TO HAWJIYYILKE 3alIUTHbIE XapaKTEPUCTUKH UMEIOT NOKPBITHUS, IOJyUYEHHBIE
IIpY UCIOJIb30BAHUHU Yenlyek ¢ pazmepoM 750 HM — 3,5 MKM.

VYcTaHOBIIEHO, YTO MaKCHUMyM 3HauyeHUH reib-ppakuuu, Kod(QuimeHtra clumBaHus
OJINTOMEPHBIX MOJIEKYJI IUIEHKOOOpa3oBaTeisl, MPOYHOCTH MOKPBITUN Ha C)KaTHe, CTOMKOCTH B
arpeccUBHBIX Cpe/lax MPUXOJUTCS Ha CoJlepKaHUe CTEKIISIHHBIX yeyek 15 % mac. CHukeHue
MPOYHOCTH KOMIO3ULMHM MpPHU MNPEBBILIEHUM CcoOAepKaHus demyek cBeimie 20 mac. %
oOyclloBJI€Ha HapyLIeHHUEM CIUIOIIHOCTH MATpUIBI H3-32 HEJOCTaTKa CBS3YIOLIETO.
BbIsIBI€HO, UTO NPU OJTHOM U TOM K€ COAEepKaHUM HarnoiaHutens 15 mac.% B KOMIo3UTax,
HanOOJIbINIas MPOYHOCTH TOCTUTAETCSA B CIydae HAMOJHEHHS YCITyHKaMH C WX TOJIUHON
B nuanazoHe 750 HM-3,5 MkM. TBepAoCTh MOKpPBITHI 1O bapkony ¢ HamoJHEHUEM B
Hayaje Bo3pactaeT oT 43 yciu. en. go 60 yci. enx., OJHAKO IPU MPEBBILIEHUU 3TOTO
cozep:kaHus oHa cHkaercs 1o 50-53 ycn. en. m3-3a paspeixiieHuss Marpuipl.C pocTom
TOJIIIMHBI YENIyeK TBEPJOCTh HE3HAUYUTEIbHO BO3pPACTAE€T, UYTO MOXHO OOBSCHUTH
YMEHBIIEHUEM TJIYyOMHBI TPOHUKHOBEHHUS HHAEHTOpPAa BCJIEACTBUE CIOUCTOIO HX
PaCIIOJIOKEHHUS.

W3yyeHbl 3amMTHBIE CBOMCTBA pa3pa0OTaHHBIX MOKPBITUH B arpecCUBHBIX Cpelax
pa3HON XMMHMYECKOH mnpuponsl B auanazoHe temneparyp ot 10°C no 90°C. VcraHoBieHa
BBICOKAsl CTOMKOCTHh IMOKPBITUH B MHHEPAIBHBIX M OPTraHMYECKMX KHCIOTaX OT MaJbIX [0
BBICOKMX KOHIIeHTpaiuii 10 60°C, oueHb XoOpollas CTOHKOCTh K OOJBUIMHCTBY pPacTBOPOB
coJiel B M3YYEHHOM TEMIIEpaTypHOM HMHTEpBasle, UCKIIOYUTEIbHAs CTOMKOCTh K JEHCTBHIO
He(TH, 10CTATOYHAS CTOUKOCTH K TOIUIMBAM, MacjaM U PaCTBOPUTEI M.

JlokazaHa BO3MOXXHOCTh () ()EKTUBHON 3alllUThl OT KOPPO3UU CTAIBbHBIX MOBEPXHOCTEH B
cpefax KHCIOT, pacTBOPOB coJiel, HeTenpoyKToB. Pa3paboTaHHbIe MOKPBITHS MEPCIEKTUBHBI
Ha He(PTEXUMUIECKUX MPEIIPUATHSIX.

CImcoK HCIOJIb30BAHHBIX HCTOUHHKOB:
1. ®peiitar B., Crotie 1. Kpacku, nokpsitust u pacrsopurenu. CI16.: [Tpodeccus. 2007. 528 c.

2. bpok T., rporsknayc M., Mumke II. eBponelickoe pyKkOBOACTBO IO JIAKOKPACOUHBIM MaTepHanaM H
nokpbITHsAIM. M.: OO0 «IlelinT-Menuay, 2007. 548 c.
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MMPO®IJIb TUCKY B 30HI IIATOTOBKHU PO3IIJIABY I1IOJIIMEPY B
OJHOYEPB’AYHOMY EKCTPYJAEPI

3anponoHOBaHa METOJHMKA JIa€ MOXIIUBICTh KOHCTPYKTOPY BU3HAYHUTH TPOQLIb THCKY
Y3/I0BXK OC1 UepB'AKa, B T.4. MAKCUMYM, HEOOXITHUI 1J11 OOTPYHTOBAHOTO PO3PAXYHKY OCHOBHUX
napameTpiB poOoTH mpeca (MOTYXHICTh MPUBOIY, MICIS MAaKCHUMAaJIbHOTO 3HOCY IWIIHApA 1
4epB’sKa) 3a 3araJibHO NPUHHATUMH METOAMKAMH, & TAK0XK BIACTUBOCTSIMH MIITHOCTI OCHOBHHUX
HOro eeMeHTIB.

KurouoBgi ciioBa: npoisib TUCKY, EKCTPYIEP, MOJIIETUIIEH BUCOKOTO THCKY

ExcTpy3iiiHUKH, SIK 1 BUPOOHUKH I1HIIOT MOJIMEPHOI MPOMYKIi, MParHyTh MiJBULIUTH
e(EeKTUBHICTh EKCIUTyaTalliiHUX BHUTpAT O€3 IIKOAW ISl XapaKTepUCTHK OOJajHaHHS 1
BractuBocTedl BuUpoOiB. [lil Ha3BOIO «IOMIMEpPHOI» PO3YyMIEMO MOJIMEpPHI KOMMO3UILiITHI
marepianu (IIKM), MaTpuIiero KOTpHUX € TepMOILIACTH.

®ipma «Technomaticy (Itanmis) mpeacraBuiia cBoi IHHOBAIIHI PIIIEHHS A €KCTPY3ii
TpyOo [1]. Bimomo, mo st iX BHTOTOBJCHHS 3HAYHA YacTHHA CHEPrii BHUTPAYa€ThCS Ha
niaroroBky posmiaBy IIKM. Came Ha 3HM)KEHHsSI €HEPrOBUTpAT eKCTpyzepa Oyiu CIpsiMOBaHi
s3ycrwiutst Gipmu. st 9oro B eKcTpyaepax 30iiblieHa goBxkHHA 4epB’sika (no 40 miameTpis), y
CKJIa/Il KOTPOTO MependadeHi 3CyBHI Ta 3MIIIYBaJIbHI €JI€MEHTH, 3aCTOCOBaHI ABUTYHH 3MIHHOTO
CTPyMY 3 BOJISIHUM OXOJIOJDKEHHSIM. [Ipu TOBromMy HWITIHIpPI 3HIKYETHCS PIBEHB CYXOTO TEpPTS
ITKM, KOoTpuii BUHHMKA€ MPH TPAHCHOPTYBAHHI CHPOBUHM; 3MEHIIYETHCS KPYTHUH MOMEHT Ha
Baly 4epB’sKa, 3pOCTa€ TMUTOMA 1 3araJlbHa MPONYCKHA 3JaTHICTh  EKCTpylepa.
Y I0CKOHATIOETHCS KOHCTPYKIIiSI YepB’Ka, CTA€ MOXKJIMBOIO KEpOBaHA ONTHUMI3allil YTBOPEHHS
KPYTHOTO MOMEHTY IO JOBKMHi, 3HWKEHHSI OCHOBOTO 3yCHWJIIS. A 3aCTOCYBaHHS 3CYBHHX 1
3MIITYBaJIbHUX €JIEMEHTIB HE T1JbKH MiBUIILYE MPOAYKTUBHICTD 1 AKICTh PO3IUIABY, a il 103BOJISE
3HHM3HUTH TEMIIEPATYPy PO3ILIaBYy.

3apa3 OUIBLIICTH MEPEepPaXOBAHUX MO3UTUBIB JOCSTAETbCS YMCICHHOK KUIBKICTIO
BUKOHAHUX EKCIEPUMEHTAIBHUX JOCHIDKeHb, BUTOTOBJICHHWX JOCHITHHX 3pasKiB, iX
BUnpoOyBaHb. s 3MeHIIEHHS I1X HeoOXiJHa TeopeTHMYHa OCHOBA — YAOCKOHAJEHHS
apaMEeTPUYHOTO PO3PAXyHKY OIHOYEPB'STYHOTO EKCTpyJepa 3 YpaxyBaHHSM Cy4acHOTO HOro
JI03YEMOT'0 3aBaHTAXKEHHSI BUX1JHOK CUPOBHHOIO. A MOYATOK METOJUKH — PO3PaXyHOK MPOQLI0
TUCKY B IOJIMEPHOMY MaTepiajli, KOTpUH 3HaXOAUTHCS B KaHAJII YepB sKa.

OCHOBHOI0O OCOOJIMBICTIO IPOIMOHOBAaHOI METOAMKH MapaMETPUYHOIO PO3PaXYHKY
OJTHOYEPB'TYHOTO EKCTpyJepa € BHKOPHCTAHHS TEOPETHYHO PO3PaXOBAHOTO MPO(DITI0 THCKY
y3/10BXK OCi uepB'sika (M1oro KOHCTPYKTUBHUX 30H) JUIS TOJANBIIOr0 BUZHAYEHHS BCIX OCHOBHUX
napaMeTpUYHUX BEIHMYUH €KCTPyIepa, HAPHUKIAJ], KPyTHOTO MOMEHTY, TEMIEPaTypHOTO TTOJIA,
OCBOBOTO 3YCHJLIA.

[Tonepeanst 1 pilficHa MpakTHKa MapaMETPUYHOTO PO3PaXyHKYy OJHOYEPB’SUHUX
eKCTpYyJIepiB BUKOPUCTOBYE B OCHOBHOMY IPHUIYIIEHHS NpPO JIHIHHUI XapakTep 3pOCTaHHS
TUCKY, KOTpPUH JOCSira€ MakCUMyMYy Ha KOPJIOHI 4YEpB'SK-TOJIOBKAa. XOY paHille MpPOBEIEHI
eKCIepUMEHTaIbHI JOCHIDKEHHST TpoduUI0 THCKY Y3M0BXK OCl uepB'sika BigoOpa)aiu
CBOEPITHUI XapakTep 3MiHU, IPU SIKOMY MAaKCUMYM TUCKY 3HAXOJUTHCS MK MOYaTKOM 1 KIHIEM
4yepB'sika, TOOTO He 301raeThbes 3 TPAaHUILICI0 MK YEPB'IKOM 1 TOJTIBKOIO.
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VY naniit poOOTI PO3TIATAIOTECS OCHOBH METOJIMKH TEOPETHYHOTO PO3PAXYHKY MPOQILITIO
TUCKY Y3JIOBX OCI uepB'ska, sika 0a3yeTbcs Ha HACTYIIHOMY, HAOMMKEHOMY 0 MAiHCHOTrO,
noaaHHi nmpo MexaHi3Mm miasneHHs [IKM B kanami ueps'saka. Bigomo, 1o miaBjieHHsT MaTepiany
NOYMHAE BiAOyBaTHCS NMPH KOHTAKTI TpaHyl, KOTpi Oe3rmocepeqHbO MPUMUKAIH 10 MOBEPXHi
HArpiTOro UWIIHJApA; PO3IUIaB MaTepiany 3'SBISETHCS HA MOBEPXHSX LMIIHAPA, MEPIIUX MiCIst
3aBaHTa)XEHHS BUTKIB; TEMIIEpaTypa METAJIEBOi MOBEPXHI KOTPOi BUIIEC TEMIIEPATypH TUIABICHHS
[TKM; yacTka nepeTuHy KaHally, 3alI0BHEHA PO3ILIaBOM, 3pOCTAa€ B Mipy NMPOCYBaHHS MaTepiaily
70 ToJIOBKU. KpiM TOro IOMycKaeThes, M0 TeMIepaTypa Marepialy Ipu pyci B3JOBXK KaHATy
4YepB'siKa 3pOCTa€e MPOIMOPIIIHHO TPOHICHOTO IIIAXY.

Pyx monimepHoro marepiaiay B KaHajl 4epB'siKa PO3IIIAJAETHCS CIOYATKY SK IMEPEMIlICHHS
B KaHaJll BUCOKOEJIACTUYHOTO, TOTIM B'SI3KOTO MO MOBEPXHI IO HMUJIHApA Tija, Jaldi — MOTOKY
pO3IUIaBy, HarlOBHEHOTo rpanynaMu (posmias [IKM — matpuns).

Cwn onopy pyxy marepially po3risgacThCs, Ha BIIMIHY BiJl ACSKHX aBTOPIB, HE K CHJIA
cyxoro teptst [IKM, a sik Hampyra 3cyBy ioro B's3koi Teuii. Lle mo3Boisie CIpOCTUTH CXeMy
po3paxyHky. [Ipotuais pyxy [IKM, sk B's3koro Tina, cpuse mosiBi rpagi€HTa TUCKY Y3J0BXK OC1
yepB'sKa.

Jl1s BU3HAUEHHS CITIBBIIHOIIEHHSI OCHOBHX 1 pajllalbHUX THUCKIB B 30HI KaHAy 4epB'ska,
e  Marepiall  3HaXOIUThCS B BHCOKOENACTUYHOMY  CTaHi, BUKOPHUCTOBYETHCS  HE
"rizpocTaTUyHHU" THUCK, a KoeQilieHT OOKOBOrO THCKY. B 30HI NOBHOTrO poO3IUIaBy Iei
Koe(illieHT TOPIBHIOE OUHMIII [2].

Benuunnoro 3ycuib, 10 BHHHKAIOTH Ha JAUISHI YepB'Aka, e TemrepaTypa MOBEpXHi
mtiHapa abo uepB'ska MEHIIE TeMIepaTypH IUIaBICHHS, MOKHA 3HEXTYBaTH, TaK SK I
MOYaTKOBI BUTKH BUKOHYIOTh POJib O€3HaripHoro Tpancmnoprepa. Lle miarsepmkytoTs [ maguenko
AH. Ta iHmI [JOCHIPKEHHSMH BIUIMBY KOHTAaKTHOTO TEpPTs TpaHyd Ha mepmii cranii
3aBaHTaXEHHS 1X B €KCTPYEp Ha 3HOC LUJIiHApa 1 uepB’sika [3].

[lpu anamizi mpodiso0 THUCKY Y3AOBXK OCi 4epB'ska i ToNoBKU (puc. 1) € MOXIMBUM
BUJIUTMTHU 3pOCTal04y J0 MakcuMyMy Pmax dactuHa kKpuBoi THCKY, Koiau P> 0 i criagHy yacTHHY
KpuBOi THUCKY micig Pmax, xomu P <0. Ha cmanHoi yacTMHM KpUBOi THCKY B CBOIO Ue€pry
BUJUTSIETBCS TUTSTHKA TPOQLITIO TUCKY, BiAMOBIIHA 30H1 TOJIOBKH.

ExcniepuMeHTANRHI JaH1 TeopeTHYHa 3 TOTOBKOK TeopeTHuHa
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Puc. 1. [ToOyznoBa mpodisnro THCKY y310BX Oci yepB'sika i rosoBku (Tpyou 3 [IEHT):
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€ MOXJIMBICTH BUBYATH BIUIMB 3MiHU T€OMETpii YepB'sika Ha MpodiIb TUCKY 1 THM CaMUM
CIpusie BU3HAUYEHHIO ONTHMAIbHOI TeoMmeTpii, Mmoo 3abe3rmeduye TOPSI 3 BHCOKOIO
IPOTYKTUBHICTIO TapHY SIKICTh PO3ILIABY.

3amponoHOBaHa METOJHMKA JIa€ MOXJIIUBICTH KOHCTPYKTOPY BU3HAUUTHU MPOQiIb TUCKY
Y3IIOBK OCl UepB'siKa, B T.4. MAKCUMYM, HEOOX1THHUH 7151 0OOTPYHTOBAHOTO PO3PaXyHKY OCHOBHHX
napameTpiB poOotu mpeca (HOTYXHICTb HMPUBOAY, MICISI MAaKCHMaJIbHOTO 3HOCY LWTIHIpA i
YepB’sKa) 3a 3arajJbHO MPUHHATUMH METOJUKAMH, & TAKOX BIACTHBOCTSMH MIITHOCTI OCHOBHHX
HOT0 eJIEMEHTIB.

VY TexHosora-nepepoOHUKa 3'SIBISETHCS MOXIIUBICTH YIPABIIHHSA INPOLECOM IEpepoOKn
(TemMmepaTypHHUH PEXHUM, TEMIIEpaTypa po3IUIaBy, OIIp HAa BUXOMI 3 4YepB'AKa 1 iH.) 3 METOIO
onTUMI3alii mporecy (3MIMEHHS MAKCUMYMY JI0 3aBaHTa)KyBaJIbHOTO BOPOHIII).

Jliteparypa:

1. [epenoBrie pemenust Juis npousBozacTBa TpyO [Enexkrponnuit pecypc] // Tecnomatic. — 2017. —
Pexxum noctymy mo pecypey: http://www.tecnomaticsrl.net/.

2. Cunun B.A. Koa¢pduumeHt 60koBOro JaBieHus MOJUITHIICHA U ero omnpeaeienue / B.A. Cunun, B.B.
I'epn, A.Jl. IleryxoB //Xumuyeckoe mamrHocTpoenue: Co. Hay4d.-texH.— Kues: nzza. «Texnikay, 1970. — C. 83-85

3. I'mamyenko A.H. M3HOCOCTOIKOCTH 000pYyIOBaHUS )i MEpepabOTKU MOJUMEPHBIX MAaTEPUANIOB. /

A.H. I'nmaguenxo, B.T". 3Bepnun, C.J. Iletpenko, 1.B. Illeensa. — M.: MammnocTtpoenue, 1992. —c. 256

73



CEKIIIS Ne2
KOMITO3ULIIIHI MATEPIAJIM HA OCHOBI TYTOITJIABKUX
HEMETAJITYHUX I CUJITIKATHUX MATEPIAJIB
(MATEPIAJIN, TEXHOJIOTI, OBJIAJIHAHHS, BUBOPH)
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HarmionanbHuii TEXHIYHUI YHIBEPCUTET «XapKiBCHKUH MONITEXHIYHUNA THCTUTYT», M. XapKiB

BU3HAYEHHSA PAHIOHAJIBHOTI'O CKJIALY KEPAMOMATPUYHUX AJIMA3HO-
KOMIO3UIIMHUX MATEPIAJIIB HA OCHOBI AHAJII3Y KPUTEPIIB
PYHUHYBAHHSI 3EPEH ITPH BUT OTOBJIEHHI AJIMA3HO-ABPA3ABHOI'O
IHCTPYMEHTY

Ha ocHOBi amamizy HampykeHO-1e(OpMOBAHOTO CTaHy MoOJENeH, M0 IMITYIOTh CTPYKTYpHO-(a30Bi
0COOJIMBOCTI KEpaMOMAaTPUYIHOTO ajIMa3HO-KOMITO3MIIHHOTO MaTepialxy 3 MiJBHIICHOIO IOPYBATICTIO, BU3HAYCHO
pamioHaNbHI CIIiBBiIHOMICHHS OCHOBHUX CTPYKTYPHHX €JIEMEHTIB aIMa30HOCHOTO MIapy KPYTiB A nuTipyBaHHS. 3
BUKOPHCTaHHAM HaJaHHX pPEKOMEHIALil BUIOTOBJICHI 3pa3Kl BHCOKOPECYPCHOTO  AJIMa3HO-abpa3sMBHOTO
IHCTPYMEHTY 3 BIIKPUTOIO CTPYKTYPOIO.

On the basis of the analysis of the strained-deformed state of the models simulating the structural-phase
features of the ceramic-matrix diamond-composite material with increased porosity, the rational ratios of the basic
structural elements of the diamond-bearing layer of circles for grinding are determined. Using the presented
recommendations, samples of high-resource diamond-abrasive tools with an open structure are made.

Kniouoei cnoga: BHUCOKONOPHUCTI anMa3HI KpYyTH, KiHIEBO-€JIEMEHTHE MOJETIOBAHHSA, IIepeIdacHe
pyHHYBaHHS 3€peH, palliOHAIBHUN CTPYKTYpHO-(a30BHHA CKIIaz

HlmidyBaHHsS i3 3aCTOCYBaHHSM aJIMa3HHUX KPYTiB € HaHOUIbII BUCOKOMPOIYKTHBHUM
crocoboM 00poOKH JieTanel, BUTOTOBJICHUX 3 MarepiamiB pisHUX rpyn. OAHUM 3 HamnpsSMKiB
miABUIIEHHS e(eKTUBHOCTI NUTI(QYBaHHS € BUKOPUCTAHHS BHCOKOIIOPUCTHX alMa3HUX KPYTiB
IHCTPYMEHTY 3 BIJKPHUTOIO CTPYKTyporo (Ne§-12) [1]. 30uibLIeHHS MNOPUCTOCTI poOOYOi
MOBEPXHI I1HCTPYMEHTY CTBOPIOE OLIbII CHPHUATINBI YMOBHM JUJIsl 1HTEHCHBHOI'O pi3aHHS
MarepialiB pH 3MEHILIEHHI JeeKTHOCTI 00po0IoBaHo1 MoBepxXHi Aetaneld. HasBHICTh BEIMKHX
nop 3a0e3rneuye PO3MIMICHHS CTPYXKKH, IO 3pI3ye€ThCS 3€pHAMH, 1 CHpUSE IOAATKOBOMY
OXOJIOJUKEHHIO 3arOTOBKHM 3a PAaXxyHOK HPUCKOPEHHS MPOHUKHEHHS MaCTHIIbHO-O0XOJIOIKYI0YOi
pimuan (MOP) B 30HYy pi3anHs. OCHOBHMMM TIiepeBaraMM MMOPUCTUX UHUTI(PYBaIbHUX
IHCTPYMEHTIB €: MiJBUIIEHUH 3'HOMYy MeTaly B OJMHUIIIO Yacy 1 CKOPOUEHHS TPUBAJIOCTI LUKITY
nutiyBaHHS; IPOCTOTA NMPOQLUIIOBAHHS 1 30UIbIIEHHS TEPMIHY CIIY)KOU 1HCTPYMEHTY BHACI1JOK
3HAYHOT'O 3MEHILIEHHS YaCTOTH NPAaBKU; CYTTE€BE 3MEHIIEHHS PU3UKY IPHIKOTIB 3aB/SIKU BUCOKIN
MPOHUKHOCTI aIMa30HOCHOTO IIIapy; 3MEHIICHHS 3aJMIIKOBUX HAIpyr micisa nutidgyBanHs [2].
Hapa3zi BHCOKONOPUCTI KPYTd BUTOTOBISIOTHCS MEPEBAXKHO 3 OL7I0T0 €NEKTPOKOPYHIY MapKu
25A, XpOMOTUTaHUCTOTO €IEKTPOKOPYHY Mapku 91 A, kap0Oiny cuminito Mmapku 64C.

Peanizanist nepeBar kepaMOMaTpHYHUX AJIMA3HUX KiJ 13 33JaHOI0 TOPUCTICTIO MOKJIMBA
32 YMOBH HAyKOBO-TPYHTOBHOTO BHOOpY CKJIQAy 1 CTPYKTYypH alMa30HOCHOTO IHapy, MIO
0a3yeTbcsa Ha MOJIENIIOBAaHHI Tpoliecy Horo ¢opMyBaHHs Ta BU3HAYEHHI YMOB, 1110 3a0€3Me4yI0Th
IUTICHICTh aJIMa3HUX 3€pEH Ha €Talll BUTOTOBJIICHHS IHCTPYMEHTY. [[nsi 3A1iiCHEHHS KIHIIEBO-
€JIEMEHTHUX PO3paxyHKIiB BUKOPUCTOBYBaJH mporpamuuii naker COSMOS-Works. Sk kputepii
pYHHYBaHHS 3€peH pO3IJIAJalny MIIHICTh alMa3iB JaHOi Mapku Ta 3epHuctocti (6p=0,2 I'Tla) Ta
00’eM 3epHa (Vip), B IKOMY HampyrH, 110 BUHUKAIOTh MiJ i€I0 TEPMOCHIOBUX HaBaHTaXEHb,
MEPEBUILYIOTh MIIHICTh 3€PEH.

[Tpu mpoBeseHH1 MOJENBHUX EKCIIEPUMEHTIB BUKOPHCTOBYBAIX MikpopiBHEBi 3D moneni
aJIMa30HOCHOTO Iapy, sIKI BIAPI3HSUIMCSA 332 BMICTOM JIOBUIBHO OPIEHTOBAHUX 3aMKHYTHX IOpP
posmipom 50-100 mxm. Anmasni 3epHa Mapku AC6 3epuucrictio 125/100 3mozmenboBaHi y
BUTJISII OKTAEIPiB, IO MICTATh BKIIOYEHHS MeTamodasu (MeTany-po3unHHuKa FegsSis) ~6 00.
%, TpeACTaBieHl y BUIJISAALI JOBUIBHO PO3TALIOBAaHUX MPSAMOKYTHHX Mapainenemninenis. Bmict
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(KOHIIEHTpAIlI0) 3€peH B KOMIIO3UIsAX BapioBaid B Mexax Bix 10 go 50 00. % nuisaxom
3MEHIICHHST MEX3EpeHHOT BiAcTaHi. 3B’S3Ky MOJAETIOBAIA Yy BHUIVIIAI NPU3MATHYHUX
dbparmenTiB. Pi3MKO-MEXaHIYHI Ta TEIUIO(MI3UYHI BIACTHBOCTI KepaMiyHOI 3B’S3KH MpU3HAYATN
3TITHO Pe3YNIbTATIB MONEpeaHiX aochikeHb [3]: TermonpoigHicts A = 0,6+0,75 Br/m-K, KTP
(6=7)-10°% K1, momyms mpyxwnocti E = 95-110 I'lla, moxyms 3meury G = (35+45)-10° MIla.
[TopucticTh 3B'I3kM BapitoBaau B Mexax 15-50 00.%. BpaxoByrouu 0COOIMBOCTI TPOIECY
dbopMyBaHHS TOPYBATOTO AaJIMa30HOCHOTO IIapy KpyTriB, MpH 3AIMCHEHHI MOJAEIbHUX
EKCIEpPUMEHTIB TEePMOCUJIOBI HaBaHTaXeHHS Oynu oOMexeHi Tuckom mpecyBanHs 30 Mlla ta
temriepatypoto crikanus 700 °C.

BusnaueHHs palioHaNbHOTO  KIJBKICHOTO  CHIBBIJHOIICHHS CTPYKTYPHO-(a30BHX
CKJIQJIOBUX aQJIMa3HO-KOMIO3MUIIHMX MaTepiajiB Il BUTOTOBJICHHS KepaMOMATPUYHHX
IMa3HUX KPYTiB 3/IIHCHIOBAIM 3 BUKOPUCTAHHSIM CUMILJIEKC-PEIIITYACTOTO METOIy (PaKTOPHOTO
IUTaHYBaHHS.

3 ornsay Ha MOXKJIMBY HENIHIMHICTB 3aJIKHOCTEH BIACTUBOCTEH alIMa30HOCHOTO HIapy
BiJl CKJaay, BHKOPHUCTOBYBAIM CHeLialbHy KyOiuHy Mmomenb. Sk dakropu Xi (i = 1 ... 3)
HNOTPIHOTO CHUMILIEKCA MPUHHATO 00’€MHHH BMICT OCHOBHHMX CKJIQJIOBHX aJIMa30HOCHOTO IIapy:
3epeH, 3B’A3KH 1 1op. Posb BIAryKIB BUKOHYBAJIM HAIPYTU Gexs, 110 BUHUKAIOTh B CUCTEMI <«BEPHO —
MeTanodasa — 3B’s3Ka — Opay, a TAKOXK 00°eM 3epHa Vip, B SIKOMY HAIPYTH MIEPEBUIIYIOTH MIIIHICTH
3eper AC6 125/100 (6,=0,2 I'T1a). Pe3synpTaTi nociaxeHb nogani Ha puc. 1.

od. %0 3epeH

otemop X

10 %o CRAIKN 30 %o CRAMM

Vip» %
ob. % mop Sexe= 0242-X1 +00803-X2+0,102-X3-0,0206-X1X2 —

-

40 20 0 —0.28 X1X3 —0.0002-X2X3 +0,0627- X 1X2X3

Vip = 5413-X1 +0,982-X2 +3,102-X3 - 0,278 X1X2 —

— 0.678-X1X3 —0,892-X2X3 + 0,0627-X1X2X3

Puc. 1. 3amexHicTh KpHTepiiB pyilHYBaHHS 3¢pHA TPH CITIKAHHI aIMa30HOCHOTO IIapy BiJ CHiBBiIHOIIECHHS
CTPYKTYPHO-(ha30BHX CKIIAJIOBUX B MEXaX JOCTIAHOTO ()aKTOPHOTO MPOCTOPY

OmiHKa aeKBaTHOCTI OTPUMAHUX MAaTeMaTHYHUX MOJEINEeH MoKasana, IO BiIXMICHHS JaHHX,
PO3pax0OBaHUX 3a PIBHSHHSAM PETpecii, 3 JAHUMUA MOJCTBHUX €KCIIEPHMEHTIB He TiepeBuIye 2 %o, 0
CBIIYUTH MPO XOpoIly 30DKHICTh JaHWX, OTPHMMAaHMX PO3PAXYHKOBUM HUIAXOM 1 pe3yJbTariB
IMITAIIfHAX  eKCTIEPUMEHTIB. Pe3ylbTaTi MOJEMIOBaHHSA TMPOIECY CITIKaHHS KepaMOMAaTPUYHOTO
AJIMa3HO-KOMITO3MIIIHHOTO MaTepialy CBiIYaTh IPO Te, II0 32 OHAKOBOI'O BMICTY IOP 13 30UIBILIECHHAM
YACTKU 3B SI3KU 1 3HIKEHHI KOHIIEHTpAIIll 3€peH CIIOCTePIracThCsl SMEHILIEHHS! PIBHSI HANPYT: MIHIMAJIbHI
HaNpyry BUHUKAIOTh B KOMIO3ULISIX 3 BMICTOM Mop 3540 00. %. s 30epiraHHs LUTICHOCTI 3epeH Ha
erarli CIliKaHHs aJTMa30HOCHOTO 1Iapy MPY BUTOTOBJICHHI IHCTPYMEHTY Ta 3a0e3MeUeHHs! PalliOHAIbHOTO
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CaMO3aroCTpeHHs 3epeH Mpu nuTihyBaHHI HEOOX1THO 3a0€3MeUNTH JOTPUMaHHS YMOBH Vip = 3+7 00. %.
OtpumaHi J1aHi CBIIYATH TIPO Te, IO ISt 3abe3nedeHHs miticHocTi anmaziB AC6 125/100 mpu criikanH1
KEepaMOMaTpUYHOIO aJIMa3HO-KOMITO3MIIIHOTO Marepiaimy Cii 3a0e3MeynTH HACTYIMHHUH BMICT iX
OCHOBHHX CKJIJIOBHX: 3B s13Ka — 40+-50 00. %; mopu — 35+40 00.%, ammasni 3epHa — 10+15 06.% (1o
BIINIOBIIa€ KOHIIEHTpaIlii 3epeH Bix 35 1o 50 %). [l peamizartii pariioHaTbHOTO camM03aroCTPIOBAHHS
3epeH npH HUTihyBaHHI Ta MIIBUIICHHS PECYpCy eKCIUTyaTallii anMa3HO-aOpa3sMBHOTO 1HCTPYMEHTY
BMICT CTPYKTYPHO-(Da30BUX CKIaJJOBHX B KOMITO3UTI Ma€ repedyBaT B TAaKMX MeXKax: 3B°s3ka — 10+37
00. %; mopu — 28+40 00.%, amvazu — 15+30 00.% (1o BiamoBigae KoHIEHTparlii 3epeH Big 50 mo 125
%).

Pe3ynbraté TEOpPETWYHMX JOCII/DKEHb TOCTYXHJIM OCHOBOIO JUIi CTBOPEHHS TOPHCTHX
aTMa3HHUX KPYTiB HAa KEpaMiYHKX 3B'I3KaX. 3 BUKOPUCTAHHSM PO3POOJICHOI JIETKOILIABKOT KepaMiuyHOL
3B'SI3KM LUSIXOM BUIBHOTO CHIKAHHS IIHXT, IO MICTHJIM SIK Ta3zoyTBoproBad 3 mac. % Li2COs, mpu
temreparypi 620 °C BUTOTOBJICHI 3pa3kd KePaMOMATPUYHUX AIMA3HO-KOMITO3HIIIHHUX MaTepiayiB 3
i JBUIICHOIO TIOPYBATICTIO. EXCIIepiMeHTaIbHO TOCIIHKEHAa MAKPOCTPYKTYpa OTPUMaHHUX MaTepiasiiB
(puc.2a), Bu3Hauena nopysaricts (I1=36 %) Ta poznoain nop 3a po3mipamu (puc. 20).
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Puc. 2. CtpykTypa aMa3HOKOMITO3HITIIHOTO MaTepiany: a) 300paKeHHs 371aMy: 0) PO3TIOALT ITOp 32 po3MipaMu

Cni 3a3Ha4YMTH, 1O MIJBMILEHHS MOPYBATOCTI 3B'SI3KM HE YMHUTH HETaTHBHOIO BIUTMBY Ha
YTPUMAaHHS 3€peH, OCKUIbKU sl 3a0€3MeUeHHs iX aaresii JOCTaTHBO AY»KE TOHKOTO CKJIONOAIOHOIO
nporapky (~ 100 Mkm).

BucHoBku.

B pesynbTati peanizanii mMikpopiBHeBoro 3D MoJentoBaHHS BHU3HAUYEHO pallioHaJIbHUI
CTPYKTypHO-(pa3oBoro ckiag 1 MOpP(OJOriyHI  XapaKTEepPUCTUKU  KepaMOMaTPpUYHOIO
QJIMA30HOCHOT'O 1Iapy 3 MiJBUIIEHOI0 MOPYBATICTIO, IO JI03BOJIMIIO OTPUMATH 3pa3Ky aaIMa3HUX
KpyriB 3 BIJKPUTOIO CTPYKTYpOr. Pe3ynbTatu TEOpeTMUHUX JOCHIKEHb MPOMNILIN
eKCIepUMEHTaIbHY HEepPEeBIpPKY, fKa MiATBEpAMIa MOXKJIHMBICTh CTBOPEHHS MOPHCTUX aJIMa3HO-
a0pa3MBHUX IHCTPYMEHTIB Ha KepamiuHii 3B's311 npu temneparypi 620 °C. BurotosneHi 3pa3ku
QJIMa3HUX KPYTiB J€MOHCTPYIOTh BCI MEpeBaru MOpUCTHX NUTI(YBaIbHUX KPYTiB, SIKi 3HAUHOIO
MIpOI0 PO3LIMPIOIOTH MOXKJIMBI 001acTi iX 3acTocyBaHHS. [lepcieKTUBHUM € iX BHUKOPUCTaHHS
npu o0poOIli B'A3KMX 1 MUIACTUYHUX CTajel, YaByHYy, IpU IHTEHCHUBHHUX pEeXUMax oOpoOKW Ha
omeparisx mpodiapHOTr0 MMHOMHHOTO NUTIGYBaHHS JeTaliel 3 HIKEeJIEeBUX 1 TUTAHOBUX CIUIABIB
npenu3iiHoro NuTihyBaHHs, a TAKOXK JUIS 3aTOUKU 1HCTpyMeHTY 0e3 Bukopuctanua MOP.

Cnncoxk BUKOPHCTAHMX JI7KepeJt:

1. Handbook of Machining with Grinding Wheels / I. D. Marinescu, M. P. Hitchiner, E. Uhlmann, W.
B. Rowe, I. Inasaki. — CRC Press, 2006 r. — 632 p.

2. Effect of porosity on the grinding performance of vitrified bond diamond wheels for grinding PCD blades /
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HamionanbHuii TexHiuHui yHiBepcuteT Ykpainu "KuiBChbKU MOMITEXHIYHUNA IHCTUTYT iMEHI
Iropst Cikopcbkoro" M. Kuis

BILIMB YMOB JIA3EPHOI'O OITPOMIHEHHS 1 BJACTUBOCTEM 3B'SI3KA XTH
HA ITPOIEC ®OPMYBAHHS ABPA3ZUBHUX IIAPIB 3 KHb

[ToBimOMIIAIOTECS pEe3yABTATH JOCTIKEHh IO BCTAHOBJICHHIO ONTHUMAJIBHUX TEXHOJIOTIYHHX ITapaMeTpiB
CHiKaHHS iHCTpyMeHTanbHUX KoMrto3uTiB 3 KHB 3 MiHIMarbHO MOXKITMBOIO IIUTBHICTIO MOTYXKHOCTI 1 MAKCHMAIIBHO
MO>XKJIMBHMH IIBUIKOCTSMHE PYXY JIa3epHOTO BUIIPOMiHIOBaHHS BiTHOCHO JOCTIiTHOTO 3pas3Ka.

Optimal technological parameters of laser sintering with the aim to minimize laser beam power density and
to maximize travel speed of laser beam or workpiece for the formation of cutting tools from super-hard composites
were determined in this paper.

Karouosi ciioBa: nazepue crnikanusa, KHB, merainesi 3B’ 13ku.
p & b

PosmmpenHs BUKOPUCTaHHS HOBHUX Ba)XKOOOPOOIJIIOBaHMX KOHCTPYKLIMHUX MaTepianiB
BUMAara€ CTBOPEHHS HOBUX BHCOKOC()EKTUBHHX I1HCTPYMEHTIB, y TOMY YHCJIi Ha OCHOBI
kyoiunoro Hitpuay 6opy (KHB). Metoo mnpoBeaeHOro MOCHIIKEHHS OYylno 3HaXOIKEHHS
ONTUMAIIFHUX TEXHOJOTIYHUX mapameTpiB crikaHHs komnos3utiB 3 KHB 3 wminiMansHO
MOJJIMBOK IIUIBHICTIO TOTYXHOCTI 1 MaKCHUMaJlbHO MOJJIMBUMHU IIBUIKOCTAMH  PYXY
Ja3epHOTO0 TPOMEHI0  BIIHOCHO JOCHTIJHOTO 3pa3Ka, MpH BUKOPHUCTaHHI y SKOCTI 3B SI3KH
nopomiky eBTekTuyHoro cruiaBy XTH-23. XTH-23 Ha ocHoBi 3amiza 3 aAuOOpuay THUTaHY 1
xpomy, Ckian crutaBy (mMac.%): Fe - ocuoa; Ni 6 + 8; Cr 20,0 + 20,5; Ti 2,4 +2,5; B 2,5 + 2,6;
Al 5,6 [1].

Sk Bimomo [2-4], sKicTh IHCTPYMEHTa, HOTO Mpalne3JaTHICTh 3HAYHOK MIPOK 3aJekKaTh
BiJl MEXaHIYHUX, (I3MUHUX 1 XIMIYHHMX BJIACTUBOCTEH 3B'A3KH, OCOOJMBOCTEH Mik(pazHUX
IPOLECiB, IO MpOTiKatoTh Ha rpanuui po3auty KHbB - 3B's3ka, B ymoBax (opmyBaHHs poOodoro
H1apy iHCTpyMEHTA.

TexHousoriuHa cxeMa Jia3epHOro crikanHs [5-6] cyTTeBo BIUIMBaE Ha SIKICTh KOMIIO3UTIB
13 KHB 1 ix po3MipHi XxapakTepucTHKH. 30KpeMa 1€ CTOCYEThCS HAIPSIMKY IoJadi MOPOIIKOBOT
CyMillll B 30HY Ali jja3epHOro mpoMeHro. OTpUMaHUN IIap KOMIIO3UTY Ma€ OUIbII FOMOI€HHY
CTPYKTYPY, OCKUIbKH IJIABHO MOCTYNAKOUUA MiAIrpiTHHf HOPOHIOK Oe3MepepBHO 3aXOITHOEThCS
PYXOMHM TOTOKOM TIOMEPEAHBO PO3IUIABICHOTO0 METaly, MEPEeMINIyeThCs B OUIBIN TIMOWHHI
IapH, NEPEMIIIY€ETHCS 1 MOTIM KPUCTATI3Y€EThCSL.

JlazepHe ONMpPOMIHIOBaHHS JOCTIAHMX 3pa3KiB KOMIIO3UTIB BUKOHYBAJM Ha JIa3epHO-
texHojorivnomy komruiekci "JIATYC 31" (CO2 — na3ep, noxkuna xBuii A=10,6 Mkm).

TexHOMOTIUHI PEXUMHU CHIKaHHS JOCHITHUX 3pa3kiB kommno3uTiB 3 KHB HaBeneni B
tabn. 1. Ha Puc. 1 nmpencraBiieHi 3aJIeXKHOCTI pO3MIPHUX XapaKTEPUCTUK LIApy KOMIIO3UTY Bif
HIBUKOCTI BITHOCHOTO PyXY JIa3€pHOT0 MPOMEHSI 1 JOCTIAHOTO 3pa3Ka.

3 METOI0 BU3HAUYEHHS TEXHOJIOTIYHUX PEKUMIB JIA3€PHOTO BUIIPOMIHIOBAHHS Ha (pi3uKoO-
MeXaHiuHI B1acTuBOCTI koMmo3uTiB XTH-23+KHB, 30kpeMa mMikpoTBepaocTi, Oyiia mpoBeieHa
BUMIPIOBaHHS MIKpOTBEPI0CTI MPOBOIAMIN Y LIEHTPi C(POPMOBAHOIO BAJIMKA 1 B 30HI TEPMIUHOTO
BIUIUBY I1J] HUM.

ITpu ¢popmyBanHi abpa3zuBHOro mapy 3B’s3k0r0 XTH-23, ocHOBOIO sIKOTO € Hep)kaBiroua
cranp 12X18HI0T, a 3minnorounmu dazamu TiB2 1 CrB2, yrBoproeTbes xapakTepHUil Baauk 31
CTPYKTYPOIO JIUTOTO CIIJIaBy, JCHJPHUTU SIKOTO OPIEHTOBaHI B HANpsIMKYy MaKCHMaJbHOTO
TerIoBiBOAY. MetanorpadiuHi TOCHTIIKEHHS TOKa3aiu, 0 HaliaBlieHl mapu craBy XTH
MaloTh BHCOKOAUCHEpPCHY CTpyKTypy puc.3. IloapiOHEHICTh HAUIMIIKOBUX KPUCTAJIiB
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3MIIHIOIYUX (a3 1 €BTeKTHKUA 3HAYHO BUINE, HIXK y TUIA3MOBUX IOKPHUTTIB. Y HaIUIaBICHUX
II1apax CIOCTEPIraloThCs MUISTHKH MiBUIIEHOTO TPAaBJICHHS, MOAI0HI MapTEHCUTHHUX T'OJIOK.

Tabmuret 1 - TeXHOTOTIYHI PeKUMHA _ CITIKAHHS JOCTIJHIX 3pa3KiB KOMIIO3HTIB

3B’s3Ka v, M/XB. Yac, ¢ do, MM [otyxHicth, BT W,;-10%, Br/em?
1 0,18
0,6 0,30
XTH23 2 700 5,57
0,7 0,26
0,8 0,23
1.30
- =—t—Db, v —l—l. vv
S Lo 1.16
éi E 0,90 0. g gﬁé'% +,—\\, — 0.95
= go_?o \
% \i 0.60
0,50

0.60 0,70 0.80 1,00
IIBEHIAKicTH 00P OOKH v, M/XB

Puc. 1. BiumiB MIBHAKOCTI jJ1a3epHOi 00pOOKH Ha PO3MIipHi XapaKTEepUCTHKH KoMmmo3uty XTH-23: b —
muprHa T2 h — BHCOTa OTpUMAaHOro 1Iapy

10000 3350

4 — 7240

E 8000 \5_\ G123 o420

= s 6000 R - ¢

| =

S = 4000

= 1475 1510 1355 -

g 2000 876

= 1 —l- — O
0

e 2 1737 el 2 AT T U, 2 3 IIIBHOKICTE 0GP o6t v, M/XB

Puc. 2. BrimB mIBUAKOCTI Jia3epHOT 00poOKH Ha MiKpoTBepAicTh oTpumanoro mapy XTH-23 + KHb

a x300 0 x400
Puc. 3. Mikpoctpykrypa mapy XTH, oTpuMaHOro Jla3epHUM CITIKaHHAM, BKIIIOYAI0UX 30HY CIIABICHHS 3
OCHOBOIO.

Bonu sBnstOTH CcOO0OI0 €BTEKTMYHI JIOKAJbHI JUISSHKHM 3 JUCHEPCHOK  CTPYKTYpOIO.
3minHO0YN Ga3u i y-pasza opieHTOBaHI B HAMpsIMKY TEIUIOBiABOAY. BenmnuwmHa MIBUIKOCTI
OXOJIOJUKEHHS B MPHUIOBEPXHIX MIapax, po3paxoBaHa MO TOBIIMHI KPUCTATIB 3MILHIOOYOI (a3u
cranoBuaa mpubmmsno 5.10%..10° °C/c. 3i 36inplIeHHAM BiACTaHi BiJ TOBEPXHi AMCIIEPCHICTH
CTPYKTYPHU 3HMXKYETHCS, 30UIBIIYIOTHCS PO3MIpU KPUCTAJIB 3MiLlHIOIOUNX (pa3. MikpoTBepaicTh
CTPYKTYpH TIO TIAMOWHI HAIUIABJICHOTO IIapy 3MIHIOETHCS IIJIABHO, 3aJCKHTHh BIJ PEKUMIB
00po6ku i craHoBuTh 7000-7500MIla (puc.2). TBepaicTh HAMJIaBIEHUX MIAPIB MiJBUIIYETHCSI
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31 30UIBIICHHSM CTYMNEHS AUCIEPCHOCTI iX CTPYKTYPHHX CKJIQJIOBHX, POCTOM YaCTKH OUIBII
TBEP/I01 eBTEKTHKH i TBEPJOCTI MATPHUIIL.

EnexTpoHO030H10BUIT aHAai3 MMOKa3aB, MO BUXIAHUN CIUIAB MAa€ HEOJHOPIAHY CTPYKTYPY,
JUIS SIKOT XapaKTepHa JIKBAIlisl BXiTHUX y CIUIAaB KOMIIOHEHTIB 1 HasBHICTb y MEXJIEHAPUTHBIX
obJyacTsx 1 00cs31 caMuX JEHIPUTIB ApiIOHUX BKIFOYCHB KapOigHuX ¢a3. MDKBICHHI IPOCTIp B
cruiaBi 30aradeHuié  XpoMoMm 1 TuTaHoM. Bombdpam 1 koOambT OUIBIIO MipOIO
KOHIICHTPYIOTHCS B OCSIX JICHJIPUTIB; MOJIIOACH 1 aTFOMiHIN JIIKBYIOTh He3HAYHO. BuainenHs, mo
CIIOCTEPITAIOTHCS B MDKACHIPITHUX 30HAX, SBISIOTH 0000 KapOimu Triry MeC pi3HOTrO CKIamy.
Yactku 6170r0 KOIBOpY Ha 300pakeHHI B MOMVIMHEHHX €JIEKTPOHAX MalOTh MMM CepeaHii
aTOMHHI pajiyc, TOOTO MICTATH B OCHOBHOMY OLIBII JIETKi, HIXK MaTpuls eineMeHTH. YopHi
BKJIFOYCHHSI MICTATh BEJIMKA KUIBKICTh BAXKKHUX €JIEMEHTIB - BoJb(dpamy i momioaeHy Jlocuth
pi3Kka BIMIHHICTH y CKJaJi 3a3HAYCHUX BKJIIOYCHb BKa3ye Ha BIJICYTHICTh Y IIbOMY BHIQJKY
00J1acTi X B3a€EMHOI PO3YMHHOCTI.

Hwuxue posramoByeThCsl mIap CIUIaBKH, /€ Majo Miclie Kpalle pO3YMHEHHsS Matepiary
MaTpulll B piakiid ¢aszi mokputtsa. [Ipu mpomy Oopimu 30epiraroThCsi, a MaTPHI TUIABHUTHCS
NEPEMINIYIOUNCh 13 PO3IUIABOM OCHOBH. ['OJKHM 3MIIHIOIOYHX (a3, sSKi CIIOCTEPIraloThes IMpH
3MOMIII B TIOTJIMHEHUX eJeKTpoHaX (puc.4,a) SBIAIOTH COOOI TEPEBAKHO OOpiaM XpoMy
(puc.4.0).

a x1000 o 6 x1000
Puc. 4. ®parMeHTH OKpEeMHX AUITHOK MIKPOCTPYKTYpH HaruiaBieHoro mapy XTH, 3HATI B OrTHHEHNX
enekrpoHax (0,x1000) i mpomensax xpomy (B,x1000).

Sk BUAHO 13 HaBeNEHUX BUIIE TIpadikiB, MIBUAKICTh JA3€PHOIO0 BUIPOMIHIOBAHHS
NPaKTUYHO HE BIUIMBAE Ha MIKPOTBEPAICTb JIOCHII)KYBAHOTO KOMIIO3MTY 1 BU3HAYAETHCS B
OCHOBHOMY XIMIYHHMM CKJIaJIOM IOPOIIKOBOI CYyMIIIIi.

V3aranpHIOIOUM HaBE[EHI BHILE pPE3YyJNbTaTH MOXHA BBaXKaTH, IO CTPYKTYpPH, SKi
YTBOPIOIOTHCSI B MOBEpXHEBOMY miapi mpu ¢opmyBaHHI abpasuBHux mapiB XTH-23+KHB,
MOXYTh 3HM)KYBAaTH UIBHJKICTb IPOLECIB peKpucTalizalii, 1 NPUBOIUTH, 3 ypaxXyBaHHAM
TM1IBUILIEHHS TBEPOCTI, 10 POCTY HOTO 3HOCOCTIMKOCTI B YMOBaxX BUCOKHUX TEMIIEPATyp.
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TEXHOJIOI'MM OTBEPKJAEHUSA XKUJIKUX PAIMOAKTUBHBIX OTXO10B

B HacTosmem 0630pe MMPpUBCJCH KpaTKI/Iﬁ aHaJIn3 HU3BCCTHBIX H OHpOGOBaHHLIX TEXHOJIOTUM OTBCPIKIACHUSA
KUJAKHUX PaaAUnOaKTUBHBIX OTXOAO0B, PpPaCcCMOTPCHBI IIOKa3aTeInu Sq)(beKTI/IBHOCTI/I Tpa[[PIIIPIOHHOfI TCXHOJIOT'NHU
HNCMCHTHUPOBAHUA.

This review gives a short analysis of known and tested technologies of liquid radioactive waste hardening,
examines efficiency indices of the conventional technology of cementation.

KnroueBble ci1oBa: ;KUIKHC PaAnOaKTHUBHBIC OTXO/bI, 6I/ITyMI/Ip0BaHI/Ie, HEMCHTHPOBAHUEC, OCTCKIIOBbBIBAHUC,
BKJIFOUCHHC B MOJIUMEPHYIO MaTpully.

B cBs3u ¢ Tem, uTo pazpaboTKa U pean3anys TEXHOJIOTHYECKUX PEIIEHUI 110 00palleHHIo
¢ paauoaktuBHbIMU oTXogamu (PAO) Ha HayambHOM 3Tane pa3BUTHsS ATOMHOM >HEPreTHKH B
CHIIy pa3iU4HbIX NpUYUH ObUTM OTIIOKeHBI [1], Ha ADC VYKpawHBl HAKOIUIEHO OOJIBIIOE
KOJINYECTBO TBEPJIBIX M KHUJIKHX OTXOJI0B, 00U 00BbeM KOTOPbIX oueHuBaercs 37,5 u 31,2 Tic.
Mm% coorBerctBenno [2]. OcoOble CIOKHOCTH BOSHHKAIOT MPU XPAHEHMH SKUIKHX
panuoakTuBHbIX 0TX0A0B (JKPO), koropble HakammBaroTcs B XpaHwmumax ADC B Buue
KyOoBoro ocrarka ¢ coneconepxkanrem ot 200 1o 600 r/n, uam B BUIE COJEBOTO IIaBa ¢ Ooee
BBICOKOM KoHIIeHTpauuen coneir. Kpome PAO, o6pasyromuxcs Ha ADC, CylecTBYIOT U Ipyrue
HMCTOYHHMKHU UX 00pa3zoBaHus [3], mpu 3ToM MakcuMaiabHOe KonndecTBo PAO B HacTosimiee Bpemst
cocpenotoueHo B 30He YepHoObuibckoi AEC [4]. CrnoxwuBmiascs cuTyanus 0O0ycCliaBIMBaeT
HE0OXO0IUMOCTh pa3paboTku U peanuszanuu 3pQekTuBHBIX TexHojorui oreepxkiaeHus XKPO c
LENBI0 peIIeHUs B KadyecTBE MEPBOOYEPEAHON 3ajauu - OpraHu3alMio NepepadboTKu U
KOHJUIIMOHUPOBaHUsI BHOBb oOpasyromuxcs U HakorieHHbIX JKPO. IIpu stom s dexTuBHOCTD
IIpeUIaraéMplX K pPeaau3aldyd TEXHOJOTUH JIOJDKHA OINPENEIAThCS HE TOJBKO CTOMMOCTBIO
UCIIOJIb3YEMBIX MAaTepUaJbHBIX PECYPCOB, HO U 0O0bEMaMHU I[OJIy4a€MbIX B peE3yJbTaTe
nepepadOTKH KOMIIAyHIOB, 4TO ompeaenser 3(PQeKTUBHOCTh MOCIEAYIOUIMX KOMIOHEHTOB
TexHojoruu oopamienus ¢ PAO — TpancnopTupoBaHHe U 3aXOPOHEHUE.

B kadecTtBe OCHOBHBIX TexHojorui orBepxkacHUs JKPO HM3KOro m cpemHero ypoBHeEU
AKTUBHOCTHM HA3bIBAIOTCS TEXHOJOTMU OUTYMUPOBAHHUS, IleMeHTHpoBaHUs, BKItoueHus JKPO B
NOJIMMEPHYI0 Matpully u ocreksoBbiBaHuE PAQO. CoOTHOIIEHHE CTOMMOCTH OTBEPKICHUS
NEPBBIX TPEX TEXHOJIOTUH oleHuBaercs Kak 1:5:9 [5]. OpnHako, BbICOKash MOXKapOOMACHOCTb
outymupoBaHHbIX PAO, mpu BBICOKOW TEXHOJOTMYHOCTH U HU3KOH CTOMMOCTH TEXHOJOTHH,
oOycliaBnuBaeT yBEJIWYEHHE 3aTpaT MpPH HMX TPAHCIOPTUPOBAHHUM, JIMUTEILHOM XpaHEHUU U
3aXOpPOHEHHH, UYTO CHIDKAET 3((EeKTUBHOCTh JaHHOTO Merona. TexHonorus BkiaoueHuss PAO B
MOJIMMEPHYIO MaTpPHUILy, 10 TEXHUYECKOMY UCTIOJHEHUIO, OJIM3Ka K TEXHOJIOTUN OUTYMUPOBaHUS,
OJIHaKO, B HEH MCIOJIB3YIOTCS Oosiee Toporue, Mo CPAaBHEHUIO ¢ TEXHOJIIOTUAMU OUTYMHPOBAHUS
U IIEMEHTUPOBAHMSI, CHIPbEBbIE MaTEpPHAIbI.

MeTol OCTEKIIOBBIBAaHUS, B CHUJy INPUCYTCTBUS B TEXHOJOIMHM BBICOKOTEMIIEPATYPHBIX
MIPOLIECCOB, TI0 CTOMMOCTH CYHIECTBEHHO MPEBBIIIAET OCTAIbHBIE METOJIbI U €T0 UCIOJIb30BaHUE
renecooOpa3Ho npu nepepadboTke BbICOKO akTUBHBIX PAO. Ilpu 3ToM HEOOXOIMMO YUHUTHIBATS,
YTO Mpoliecc ocTekyoBbIBaHUsI PAO Takke cBsi3aH ¢ onpeAeeHHbIMU CJI0KHOCTSIMHU, TOCKOJIBKY
IpoIiecc MOJyYeHHsI CTEKJIA SBISETCS TEXHOJOTHYECKH CIOXKHBIM M BKIItOYaeT B cels moadop
cocTaBa LIMXThHI, BapKy U CTYIOKY CTekioMacchl. HempaBuibHOe MNpoBeNEHHE KaXIOTO U3
MEPEYUCIIEHHBIX IPOILIECCOB MOXKET NPHUBECTH K KpHUCTAJUIM3AlMM B OOIIed Macce cTekia
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OTJENBHBIX HOBOOOpA30BAHUM, YTO BJEUYET pa3pylICHUE CIJIONIHOCTH CTEKIOMAacChl, €€
pacTpecKUBaHNE U CaMOIIPOU3BOJIbHOE JUCIIEPIUPOBAHHUE.

JUis kaxnoro cocraBa ocTekinoBbiBaeMblXx PAO, mpu HEOOXOOUMOCTH, MOIYT OBITh
noJ00paHbl COCTaB WHIMXTHI, HO, yuuThiBag pa3dpoc JKPO mo xumuueckoMy cocTaBy, B
IPOMBIIIICHHBIX YCIOBHSX 3TO MOXXET INPHUBECTH K HEONPABAAHHOMY YBEJIMYEHHUIO 3aTpar.
OnHako gaxke B cilydae pelieHus yKa3aHHOW MpoOJieMbl, HEOOXOJMMO MOMHHUTh, YTO XOPOIIO
CBapeHHbIC CTEKJIa HE SBISIOTCS IOJIHOCTHIO BOJOCTOMKMMH. BpllenaunBaeMocTb CTEKOI
XapakTepu3yeTcss UX THIPOJIMTHYECKUM KiaccoM. Hamnbonee croiikue B Boae crekna (1o 95%
SiO;, kBapIeBbIe, ¢ TeMIepaTypoii Bapku Bbine 2000°C) Ipy KMIITYEHNHN B BOJIE B TEUEHHE Yaca
tepstot 10 0,006 mac.%. A crekia, cojepKaliie B CBOEM COCTAaBE COCAMHEHUsI HATPHs, KaJus,
MarHusi U amoMmuHus U oTHocsmuecs K III u IV rugponutnueckum kiaccam TEpSIOT MPU
KHUIISTYCHUH B BOJIe B TeueHue oanoro yaca ot 0,01 xo 0,1 mac.% [7].

B toxxe Bpems He00OXOAMMO yUUTHIBaTh, UTO BBICOKOTEMIIEpaTypHas 00paboTka KyOOBOIro
ocTaTKa MIM CONEBOTO IIaBa IIpH TemmepaTypax Bbime 350°C mpHBOAUT K pPasioKEHHIO
HUTPAaTOB HATpUs M Kanus ¢ BhigenenueM NOz, a ux HarpeB 10 Temmeparypsl 700-800°C
COTIPOBOK/IAETCS BO3rOHKOW Imieounbix okcuaoB (Na', K'  wu Cs"), uro npenonpenenser
HE00XO0/IMMOCTh CO3JJaHUsl MOLTHON CUCTEMbI Fa3009HCTKH.

Benenue XXKPO B ieMeHTHYI0 MaTpuily (METO/ EMEHTHUPOBAHUS) HAa3bIBAETCS OJHUM U3
OCHOBHBIX METOJIOB OTBEpPX/IE€HUS T'OMOI'€HHBIX (KyOOBBIE OCTAaTKH) U IE€TEPOr€HHBIX (ITYJIbThI)
PAO [5,6]. [lanHOe MHEHHE OOYCIIOBICHO OTHOCUTEIIHOM MPOCTOTOM METO/1a [IEMEHTUPOBAHUS.
[Ipu sTOM  He paccMaTpUBAIOTCS BOIPOCHI, CBS3aHHBIE HE TOJIBKO C 3KOHOMHUYECKOH
3 PEKTUBHOCTBIO, HO H MPOOJIeMBbI, OOYCIOBJICHHBIE (HU3UKO-XUMUYECKUMHU TIPOIECCAMH,
OPOUCXOJAIIMMHU TPU 3aTBOPEHUU IIEMEHTa KOHLEHTPHUPOBAHHBIMU COJIEBBIMH PacTBOPaMHU
aM00 CYCHEH3USMHM, COJIEpP)KAlIMMH KOMIIOHEHTBI, KOTOpble B OOBIYHOM IpPAKTUKE He
JIOITyCKaloTCs (MO0 3ampelieHsbl) 1Isl BBEIEHHs B LIEMEHT.

Cytp Texnomoruii nementupoBanust JKPO cBoautcsi K pa30aBiieHHMIO KyOOBBIX OCTaTKOB JO
koHneHTpanuu coseid 100-150 r/n, mpum HavampHOH wuX KoHueHtparuu 400-600 r/n wu
MOCIEAYIOIEM MX NEpEeMENIMBAaHUM C LIEMEHTOM IpH pacTBopolieMeHTHOM oTHomeHuu (P/LI)
0,7, B cmy4ae TEXHOJIOTMYECKON HEOOXOIUMOCTH COXPAaHEHUE XOPOIIEH TeKy4eCTH [IEeMEHTHOTO
tecra, unu npu P/L] paBaom 0,35, B cirydae mpUrOTOBJICHHS TECTa HETIOCPEJACTBEHHO B €MKOCTH,
npeJHa3HAuYeHHOH [Tl 3aXOPOHEHHsI OTBEPKICHHBIX KOMIIayHJI0B [6].

[Ipu 3TOM OTMewaeTcs HHM3Kas MPOYHOCTh KOMIIayHJIOB, IpurotoBieHHbx npu P/I1 = 0,7 (8
MIla, npu TpeGyembix 10 MITa) u ux Beicokas BbimenaunsaemocTh (102 — 102 r/em? cyrkn),
4yTO 00YCJIaBIMBAET OIPaHUYECHMs], BBOAMMBIE JJISl 3aXOPOHEHUS [IEMEHTHBIX KOMIIAyHJIOB Kak
no yaenbHOH akTuBHOCTH (He Bbime 3,7-10° Br/kr), Tak m mo ycnosusm xpanenus. CTONb
HU3KHE OKCIUIyaTallUOHHBIE XapaKTEPUCTHUKU IEMEHTHOIO KaMHS, IOJy4yaeMoro Ipu
3aTBOPEHHUH 1IEMEHTA COJIEBBIMU PACTBOPAMU C MPAKTUUYECKU HE KOHTPOIUPYEMBIM XUMUYECKUM
COCTaBOM BIIOJIHE 3aKOHOMEPHBI, IOCKOJbKY HE YUYUTBHIBAIOT OCOOEHHOCTEH MpOIECcCOB
THJIpaTalliy U TBEPACHUS [IEMEHTAa.

XoTtenoch Obl Ha4aTh CO CTPOTUX OTPaHMUYEHUI CYHIECTBYIOIIMX (M BIOJHE OMpaBIaHO) IJis
KOMITOHEHTOB Pa3IMYHBIX CMECEH, MPUTOTABIUBAEMBIX C HCIIOJIb30BAaHUEM IIEMEHTA.

Jns ncnonb3yeMoi Mpu 3aTBOPEHUU 1IEMEHTA BOJBI OIPaHUYEHO COJIEp’KaHUE OPTraHWYEeCKUX U
MOBEPXHOCTHO  aKTMBHBIX BEIIECTB, caxapoB U (eHonoB (kaxmoro He Oomee 10 wmr/m),
PacTBOPHUMBIX coJeit (He Ooiee 5 r/m), B3BemeHHbIX yacTull (He 6omee 0,2 r/m). Kpome sToro He
JIONYCKAETCsl HaJIM4yue IUIEHOK He(TenpoayKToB, XUpoB U Maced [8]. CymmapHO aaHHBIE
OTpaHMYEHUs JAI0T BO3MOXHOE COJIep)KaHHe IMpUMecel B BOJE 3aTBOPEHUS ILleMeHTa ~ 5,3 1/
3aroJHUTENH, BBOJUMBIE B IIEMEHT, JOJDKHBI CO/IEPKaTh MbIJIEBUIHBIX U INIMHUCTBIX YacTULl HE
6omee 3% mo Macce, pu 3TOM HAIWYHE TJIUHBI B BHJIE OT/ICIHHBIX KOMKOB HE JIOITYCKAETCS.
[TosTomMy, BBOZIs B cocTaB eMeHTa 10 20% OeHToHuTa (A1 YMEHbIICHHS BBIIENa4lBaeMOCTH
1e3us [5]) Mbl 3aB€IOMO CYIIECTBEHHO CHHYKAEM MPOYHOCThH MOJIy4aeMOTo [IEMEHTHOTO KaMHS,
a, 3aTBOPss IIEMEHT PacTBOPOM ¢ coisiecopepxanueM 10 100 r/i1, Mbl MOJTHOCTBIO OJOKHUpYEM
MPOLECChl THApATallMM KIMHKEPHBIX MHUHEPAJOB M TBEPJCHHS IIeMEHTa, 0e3 IOJHOLIEHHOTO
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MPOTEKAHUsI KOTOPBIX HEBO3MOXXHO TOJYYUTH MPOYHYIO CTPYKTYpY. biokupyronuii s dexr
KOMIIOHEHTOB COJICBOTO pPAacTBOpa MOATBEPXKIAeTCs TeM (aKTOM, YTO B COOTBETCTBHH C
W3BECTHBIMH 3aBUCUMOCTSIMH, CYIIECTBYIOIIUMH JIJII OOBIYHBIX IIEMEHTOB, 3aTBOPSEMBIX YUCTON
BOJIOM, MPOYHOCTh LIEMEHTHOTO KaMHs Mpu BojoueMeHTHOM otHomenuu (B/Il) 0,7 momkna
HaxoauThest B mpeaenax 20-30 MlIla, toraa kak nmpouHocth kommnayHaoB JKPO cocrtaBiseT He
6onee 8§ MlIla.

B kauecTBe OCHOBHOI'O TOKAa3aTels, XapaKTEPU3YIOIIEIO0 CTENEHb TUApaTalru IeMeHTa (o)
MNPUHATO OTHOUICHUE KOJMYECTBA XHUMHUYECKU CBSI3aHHOW IIEMEHTHBIM KaMHEM BOJbI K
KOJIMYECTBY TOM € BOJIbl, CBA3aHHOM MOJHOCTHIO THAPATUPOBAHHBIM I[IEMEHTOM, B CBSI3H, C YEM
JIAHHBIN TTOKa3aTesib MOXeT uMeTh 3HaueHus ot 0 1o 1. [Ipu 3ToM Xapaktep U3MEHEHUSs CTENEHU
TUJpaTallii CO BPEMEHEM MMEET BHUJI SKCIIOHEHTBI M €CJIM K 28 CyTKaM TBEpJICHHS LIEMEHTa B
HOpPMAaJIbHBIX YCJIOBUSIX €ro 3HaueHue gocruraer ~ 0,3-0,4, To o nonaHou ruapatauuu (nmpu o = 1)
MOXHO TOBOPUTH yepe3 1-2 rojia HOpMaJIbHOTO TBEpleHUS. B ciyudae ke BBEIEHHSI C BOJOU
3aTBOPEHHS OOJBIIOrO KOJMYECTBA XUMHUYECKH M MOBEPXHOCTHO AKTHUBHBIX BEIECTB IOJIHAS
rUJpaTalys [EMEeHTa NPaKTUUYECKHU HE BO3MOYKHA.

Pesynbrarhl pacuera OOBEMHBIX W IICHOBBIX XapaKTEPUCTUK TEXHOJIOTHMH I[IEMEHTHPOBAHMSI,
BBITIOJIHEHHBIC JIJIS1 pacTBOPOB C coliecoaepskanueM ot 100 go 600 1/, mpuBeneHs! B Tadmuie 1.
PacueTsl BBINONHEHBI U3 yCIOBHA IeMeHTHpoBanus 1m® pacteopa JKPO. Ilpu 3ToM 3HaueHMe
CpeIHEel TIUIOTHOCTH II0JIy4aeMOro KOMITayHJa MpPHHSITHI pacyeTHble, 0e3 ydyera 0O0OBEMOB
BOBJICYCHHOTO BO3/yXa, KOHTPAKIIUU U YCAJIKU TBEPACIONIETO [IEMEHTHOTO KaMHSI.

Tabmuua 1 — O6beMHbIE U LICHOBBIE XapaKTEePUCTUKH TexHooruu riementuposanus XKPO npu P/ = 0,7.

E 3Ha4yeHUe TI0Ka3aTeNei JIjIsl pacCTBOPOB
[Tokazarenb 1/131[4. C conecoiepKaHueM, Kr/m°
) 100 150 400 600
Komnmuecto coneii B 1 M° pacTBOpa KT 100 150 400 600
O0Bem pacTBOpa Mmocie ego paz0aBiieHUs 110 N 1 15 4.0 6.0
coneconepxkanus 100 kr/m
KOJH/I%CT_BO [EMEHTa JUIsl [IEMEHTHUPOBAHUS . 143 214 5,71 8,57
npu P/I1=0,7
PacueTHbIli 00BEM CBEKEIPUTOTOBICHHOTO o 1.45 218 5,81 8,72
IIEMEHTHOT'O TeCTa
Coneconepxkanne 1M IeMEHTHOTO KOMITayH 12 KT 69,0
MaccoBoe coJiecoiepKaHnue KOMIayH1a Mac.% 41
CroumocTh IeMEHTa Il KOMIIAKTUPOBAHHS rpH. 286 428 1142 1714
MCXOJIHOTO 00beMa pacTBOpa
VBenunuenue oonema pa3 1,45 2,18 5,81 8,72
CTOI/IMOC;FI) [EMEHTa I KOMITAKTHPOBAHUS rpH. 2.86
Ixr conent

[Ipencranennsie B TabauIe 1 pe3ynbTaThl MOKA3BIBAIOT, YTO TIpH lleMeHTHupoBanuu JKPO
c cosecongepxkanueM 600 1/m1 oObeM KoMIlayHJa YyBeluuyuBaeTcs B 8,7 paza  mpu
coJyecofiepkannn komnayHzaa 4 macc. %. [Ipu 3ToM CTOMMOCTH 1IEMEHTa AJis LIEMEHTHPOBaHUS
1M )KPO cocrasnsier 1,7 Thic. rpu. Ipu nementuposannu KPO ¢ coneconepxkanuem 400 /1
00beM KOHEYHOTO TMpOJyKTa yBEIWYUBaeTcss B 5,8 paza, a CTOMMOCTb IIEMEHTa JUIs
LIEMEHTUPOBAHUs cocTaBisieT 1,1 Thic. TpH.

AHaJOTMYHbIE pe3yNbTaThl pacueToB OOBEMHBIX U IIEHOBBIX XapaKTEPUCTHK IS
nementupoBanus KPO npu P/I] = 0,35 B Tape npencrasieHs! B Tadnuue 2.
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Tabnuua 2 — O0beMHbBIE U LICHOBBIE XapaKTePUCTUKH TexHosoruu riementuposanus XKPO B tape npu P/I] = 0,35.

3HayeHNe moKa3aTeycH Il
MoKasaTeis En. pacTBOPOB ¢ COHG%OI[GP)K&HI/IGM,
H3M. KI/M
100 150 400 600

Komuuectso coneii B 1 M® pacTBopa KT 100 150 400 600
O0BeM pacTBOpa TMOCHEe eSro pasbaBiIcHHS 0 " 1 15 4.0 6.0
coneconepxkanus 100 kr/m
KoaneCT_Bo [EMEHTa JUIsl [IEMEHTHPOBAHUS . 286 4,29 1143 | 17.14
npu P/I1 =0,35
PacdeTHbIii 00BEM  CBEXKEIPUTOTOBICHHOTO 3 191 2,86 7.63 11.44
LIEMEHTHOI'0 TECTA
ConeconepxaHue 1M eMeHTHOTO KOMITayHJ1a Kr/m® 52,3
MaccoBoe cojiecoiepKaHnue KoMIayHaa Mac.% 2,6
CTtouMOCTh IIEMEHTa ]IS KOMITAKTUPOBAHHS — 572 858 2986 3428
HCXOJHOr0 o0beMa p-pa
Kon-Bo 200 1 604ek Jyisi IEMEHTUPOBAHUS IIT. 10 15 38 57
OO01mass CTOMMOCTh IIEMEHTa M Tapbl JUIs . 2572 3858 9886 | 14828
neMeHTHpoBaHus (ueHa 6ouku 200 rpH.)
VBenndyeHue o0beMa pas 1,91 2,86 7,63 11,44
CTONMOCTD LEMEHTa u Tapbl IS . ~ 25,00
KOMIIAKTUPOBaHHUs KT coJieit

[Tpu nementuposanuu JXKPO B tape (Taba. 2) npu ux UCX0oAHOM conecoaepxanuu 600 r/a
KOHEUYHBI 00beM kommayHja yBenuuuBaercs B 11,4 pasza. Ilpu stom comnecomepxanue
KOHEYHOTO MPOJyKTa cocTaBiseT 2,6 macc. %, a o0mias CTOMMOCTh LIEMEHTa M Tapbl JJs
nemenTuposanus 1m° JKPO cocraBnser 14,8 Twic. rpu. IIpu nementuposanuu 1m® XKPO c
coneconepxkanueM 400 r/m o0beM KOHEYHOrO KOMIIayHJa yBeluuuBaercss B 7,6 pasza, a
CTOMMOCTb 1IEMEHTA U Taphl cocTaBisieT 9,9 ThIC. IpH.

[IpuBeneHHbIE pacyeThl MO3BOJSAIOT OLEHUTh JIMIIb BHEIIHIOK  XapaKTEPUCTHKY
paccmaTtpuBaeMoil TexHojoruu. C IeNpl0 XapaKTePUCTUKH IO0JIY4aeMOIro IpH OTBEPKIECHU
KOMIIayHJlJa HEOO0XOJAMMO paccMOTpeTb €ro CTPYKTypy, KOTopas B COOTBETCTBUU C
OOIIETIPUHATHIMU TIOJIOKCHUSIMH XUMUU TleMeHTa [9] mpexacraBmsieTr w3 ce0s KOMITO3UT,
COCTOALIMI W3 MNpopearupoBaBIIEro ¢ BOJOW KIMHKEPHBIX MHMHEpajioB (TBepaas Qasa),
CBSI3aHHOM M HECBSI3aHHOM BOJbI, IIPYU ITOM IOCIEIHSASA TOAPA3AEIAETCS Ha BOAY, 3alIOJIHSAIOILYIO
rejieBble M KallWUIIpHbIe MOpbl. Pe3ynbTaThl pacueTa 00bEMHBIX XapaKTEPUCTUK 3aTBEP/IEBILIETO
nemeHtHoro kamHsa npu P/Il = 0,7 nmns cioyyas HoOiaHOM ruaparanuu nemeHra (o = 1)
npeJicTaBIeHbl B Ta0auIe 3.

Ta6muma 3 — O6GbeMHBIE XapaKTEPUCTHKHU IIEMEHTHOTO KaMHs IpH lieMerTrpoBanuu 1m3 XKPO npu P/I[=0,7u a=1,0

En. Bennunna nokazarens
[Tokazarens U3M. B HaTypaJIbHbIX B % oT o01ero
eIMHUIAX o0BbeMa KOMITayH/1a
O0BeM IIEMEHTHOTO TECTa P CMEIINBAHUHT M 1,45 100
O0BeM  TBepaoit aspl KoMIlayHaa Oe3
TBepOi yHA M 0,46 32,0
CBSA3aHHOU BOJBI
O0BeM XUMHAYECKH CBSI3aHHOM BOJbI M 0,24 16,6
O0beM BOJIBI B TeTIEBBIX TOpaxX M 0,30 20,7
O06beM BojIbl B KalIWJUIIPHBIX MOpax M 0,46 31,7
OO0muii oO0beM HeCBsI3aHHOW (TeneBOd U 3
. M 0,76 52,4
KaIUJUISIPHOM) BOJIBI
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[IpencraBnennHsie pe3yabTaThl (Tabi.3) MOKa3BIBAIOT, YTO MPHU 00I1IeM 00beMe KOMIayH 1a
1,45 M3 o6beM TBepOi (a3bl rMAPATHPOBAHHOTO IieMeHTa cocTabiuserT 0,46 m® unm 32% ot
oOmiero o6beMa KoHeyHOro kommnayHzaa. [Ipu 3ToMm obiiee KOJIMYeCTBO XMMHUYECKH CBA3AHHON
Bozbl coctapisieT 0,24 M3 umu 16,6% ot obmero o6bema komnayHnna. CyMMapHOe KOIMYECTBO
HECBSI3aHHOM BOJIbI (BOJBI, 3alOJHSIONICH TelieBble U KalWUIApHBIE IOpPHl KOMIAyH[a)
cocrasnser 0,76 M wmm 52,4% oT oObeMa KOHEUHOro KOMHayHjaa. M3 oOIIero KoiudecTsa
pacTBopa, mojIexkamero nementuposanmio (1m°) 24% wma 0,24 M> cBA3BIBaETCS MPOLYKTAMH
rujparauuu nemMenta, a 76% umu 0,76 M° OCTaeTCs HECBSI3aHHOM, T.e. B JI000C BpeMsI MOXKET
OBITH yrajaeHo u3 komnaysaa. [Ipu 3 ToM HEOOXOIMMO YYUTHIBATh, YTO PACUEThI PUBEICHBI JIS
ciayyasi TMOJHOM TujapaTanuu LemeHta (mpu o = 1). 3aMmelieHue MNPOIECCOB THpaTallUU
OPUCYTCTBYIOIIMMU B  IEMEHTHPYEMOM HCXOJIHOM DPAacTBOpPE COJSIMH  MPHUBEAET K
nepepactpesieiecHn0 00beMOB CBS3aHHOW W HECBS3aHHON BOJBI B CTOPOHY YBEIWUYCHHS
MOCTIEAHUX.

O06o0miass  mpuBeNeHHBICE  JaHHBIC, HEOOXOMUMO  TPU3HATH, YTO  TEXHOJOTHS
[EMEHTHPOBAHUS MPHU BCEU KaXKYIIEHCs ee MPOCTOTe, HE MOXeET ObITh Mpu3HaHa 3PPEKTUBHOM
nist orBepkaenus JKPO.

Hanuuue coneit B BoJe 3aTBOpEHHUs IIEMEHTA, BBHJY MX CYLIECTBEHHOI'O BIUSHHUS Ha
MPOIECCHl  TBEPJACHUS, OrPAHHYUBACT CoOJecolep)aHue MeMeHTupyeMbix JKPO, udro
COMPOBOXKAAECTCA HEOOXOJUMOCTBIO YBEJIUYEHUS OOBEMOB pAacTBOPOB B pe3ylbTaTe HX
pa3z0aBicHHS U, KaK CIEJCTBHE, K CYIIECTBEHHOMY YBEIUYCHHIO 00beMa KOHEYHOTO MPOIYKTA.
Opnnako, 6osee BaXHBIM JJIsi XapaKTEPUCTUKHU KadecTBa T'OTOBOTO KOMIIAyH[A SIBISETCS TOT
(dakT, 4TO JaKe MPHU YCIOBUM MOJHOW THUApaTaIlMU MCIIOJIB3YeMOro eMeHTa oKoyio 75% BoabI
3aTBOPEHHUSI IOCIIe 3aTBEP/ICBaHUs KOMIAyHJAa OCTAETCsl B HECBA3AHHOM COCTOSIHMH. Bbicokas
MOPUCTOCTh M HHU3Kas MPOYHOCTh KOMITAyHJAa HE MOXKET TapaHTHPOBATh COXPAHHOCTH JTOTO
pactBopa B kommayHzae. IIpu »5Tom Ir0Oble TOMBITKA CHU3WTH  BBIIIENIAYMBAEMOCTD
PAIMOHYKIIMIIOB BT JH  OKaXYyTCsAd A(P(EKTHBHBIMH, TOCKOIBKY TP  OTCYTCTBUHU
muhGy3MOHHOTO KOHTPOJS TBepaoill (asbl HaJ OJTUMU MPOLIECCAMU HENb3sS OXKHUIATh
CYIIIECTBEHHOTO WX OTPaHUICHHS.

Kpome »sToro, Hamumuune B KOMIIayHJIE OOJBIIOTO KOJUYECTBA HECBSI3aHHOW BOIBI
00ycCIaBIMBaeT BO3MOXKHOCTh 00pa30BaHuUs B PE3yiIbTaTe €€ pajnoiin3a CBOOOIHOTO BOIOPO/Ia,
00pa3yIoLIEro ¢ BO3yXOM B3PBIBOOIIACHYIO CMECh.

JlaHHBI METOJ OTBEPXKJICHUS HE MOXKET ObITh PEKOMEHJOBAaH W JUISl IIEMEHTHPOBAHUS
TPUTHICOAEPKAIIUX PACTBOPOB, MOCKOJIBKY HE MPEMSATCTBYET CBOOOAHOMY HCIAPEHHUIO U3
KOMTIAyH/Ia HECBS3aHHOW BOABL. [Ipy ATOM MPU MOJIHOM BBICHIXaHHH KOMIIAYH/Ia U3 HETO MOXET
OBITH yJaeHo 10 75% «KOMITaKTHPOBAHHOTO» TPUTHSL.
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YIJK 691.621.926.
3.M. CATTOPOB, K.T.H., HOII.

TamkeHTCKUI apXUTEKTYPHO-CTPOUTEIbHBIN HHCTUTYT PecniyOnnka Y30ekucran

OCHOBBI PACUYETHBI NTIPOU3BOAUTEJIBHOCTHU BUBPAIITMOHHBIX 'POXOTOB
B NTPOHECCE TEXHUYECKOI'O 1 TEXHOJIOI'MYECKOI'O BO3OBHOBJIEHHUE

B naHHOH cTaTbe paccMaTpPHBACTCS OCHOBbI PACYenbl NPOU3BOOUMENbHOCHU GUOPAYUOHHBIX 2POXOMOE 8
npoyecce MexXHU4ecKo20 U MexHOI0SUYECKO20 B0300HOBIEHUE.

Summary: In given clause is considered bases accounts of productivity vibrating screen during technical and
technological renewal.

KnaroueBble cioBa: Bubpayuouuwlii 2poxom, npou3eo0umeirbHoOCmy, cuma, npoceusanue, @pakyus,
omeepcmusl, 2pOXOUEeHUs, 8PAUjeHUsl, MAMePUa, CKOpocms, KOIhguyuenm, ujebens, cpasus.

CreneHb COBEpILIEHCTBA CTPOUTEIBHBIX MAaIIMH M 000pYyAOBaHUE OIpelesieTcs
TEXHUYECKUM YPOBHEM U KayecTBOM Hu3zeiuii. OCHOBHBIM KPUTEPUEM TEXHUYECKOTO YPOBHS
MAalIUHbl SBJISETCS €€ CIIOCOOHOCTh O0ECIEUYUTh BBICOKOE KAaueCTBO U IMPOU3BOAUTEIBHOCTH
BBHIMOJHAEMBIX paboT. Kaxknas mexaHumdyeckoe 0OOpyIOBaHHS IOJKHA OTBEYATh KOMILIEKCY
TpeOOBaHUI, BaXHUMH M3 KOTOPHIX SIBJISIFOTCS BBICOKAs IPOM3BOJUTENIBHOCTh IIpU
HEOOXOUMOM KauyeCTBE BBIMOJIHAEMBIX OINEpalii, HaAeKHOCTh U JOJTOBEYHOCTh COOPOUYHBIX
€IMHUI] ¥ arperaTtoB, BBICOKHH YPOBEHb YHU(DHUKAIMM W CTaHAAPTU3AIUH, O€301MacHOCTh U
KOM(OPTHOCTH pabOTHI CIICITUAIMCTOB, TEXHHYECKAs dcTeTrKa [1, 2].

Ha ocHoBe akTyanpbHOCTM  3afauyd  OBUIO  pacCMOTPEHO  OCHOBBI  pacydeThl
IIPOU3BOIUTENIBHOCTH BUOPAILIMOHHBIX IPOXOTOB B MPOLIECCE TEXHUUYECKOIO U TEXHOJIOTHYECKOI0
BO300HOBJICHHE, KOTOPOE CaMble MHOTO HCIIOJIb3YEMOE B CTPOUTEILHON UHIYCTPUH.

Kak m3BectHO paboueil yacThi0 IpoXoTa SBJISETCS PEHIeTO WM CUTO, Yepe3 KOTOpoe
IIPOCEUBAIOTCS MAaTEPUAIBbI, TIOJUIEKAIINE IPOXOUECHHUIO.

BuOpaunonHslii IpOXOT c
NPSAMOJIMHENHOM, KPYTOBOM M DJIEITHYECKON
TpaeKTOpHel JIBUKEHUS, HaKJIOHHBIE,
TOPU30HTANIBHBIE U C U30THYTOM (opmoit (puc.
1). TlpoceuBaroimue TOBEPXHOCTU SIBISICTCS
OCHOBHBIM pabO4YMM OpPraHOM TIPOXOTOB, OT
KauecTBa M KOHCTPYKLHU KOTOPBIX 3aBUCIT
3¢ (HEeKTUBHOCTH TPOXOUECHHUS,
MPOU3BOJUTENHHOCT U Oecrnepe0oitHOCTh
pabotbl MamuH. [IpocenBatromniye MoBepXHOCTH
W3TOTOBJISIIOTCS B BHUJIE CUTA — IUJIETEHON WU
CBApHOM NIPOBOJIOYHOM CETKH, pemiera —
CTaJILHOTO  JHCTa CO  IITaAMIIOBaHHBIMH
OTBEPCTHSIMM U KOJOCHUKOBON pemeTku. B
MocJieZIHEe BpeMsI HCIOJIB3YIOTCS pPE3UHOBBIE

Puic. 1. BUGDAIHOHHELI IPOXOT. LITAMIIOBAaHHBIE WJIM JIUTHIE pELIETa, a TaKkKe
CETKH U3 PE3NHOBOTO IIHYpa (CTPYHHBIE CHUTA).

JIOCTOMHCTBOM CTPYHHBIX CHT SIBIISIFOTCS 0Oo0Jiee BBICOKHME TMPOM3BOJUTEIBHOCT U
3¢ (PeKTUBHOCTH TPOXOUYEHHS IPU COPTUPOBKE MATEPHUATIOB, CKIOHHBIX K HAJIMIAHUIO, a TAKKe
HKOHOMHYHOCTbH (JJOJTOBEYHOCTH) ITPH COPTHPOBKE a0pa3UBHBIX MaTEpPHAJIOB.

CoBpeMeHHbIIT WHEPUHMOHHBIA HAKJIOHHBIA Tpoxor ¢ moaeiom CMJI-121. I'poxor
CM/I-121 npenHasHaueH Juist pabOThl B CTAIIMOHAPHBIX IPOOUIBHO-COPTUPOBOYHBIX YCTAHOBKAX
(puc. 2). [IpuemiiemMass HachlllHasg Macca IIEOHS WM T'paBUNHO-TIECUAHBIX CMECEd HE JI0JKHA
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npesimath 1,6 T/M>. MakcUManrbHO ~ JONMYCTHMas —KPYMHOCT  KyckoB 20  CM.
[IpousBoaurensHocTh TpoxoTa CM/I-121 Ha OueHb BBICOKOM YPOBHE.

[Ipu co3gaHuM TPOXOTOB NPUMEHSIOTCS HCKIIOYUTEIHbHO KAYECTBEHHbIC M HAJC)KHBIC
matepuaisbl. [locie cOOpkH, KaX bl TPOXOT MPOXOIUT TIIATEIBHYIO TPOBEPKY Ha O€30MacHOCTh
U HaJIeXKHOCTh PadOTHI.

Puc. 2. IHepunOHHBIN HAKIIOHHBINA TPOXOT ¢ Moaemom CM/JI-121.

TexHUYECKHE XapaKTEPUCTUKHU HHEPIIMOHHOTO HAKIIOHHOTO IrpoxoTa ¢ Moaeiaom CM/I-121:

OpHEHTHPOBOYHAS TPOM3BOAUTENBHOCTD TPOXOTA, M/t ..o v 178
Pa3mep npoceunBaroniero cura, m

1000710) 70 5t TR PRSP TPRO 1,70
B8 070 5 7: FRRURU OO 450
HaKIIOH KOPOOQA 8 SDAOYCAX.......ccviiiiiiiiiiiiiiiiie e 10-25
KOTHUUECTBO CHT, UUM.....cccuvvvieeeie e i ettt ettt eaaraees 2
HauBbicmiuii pazmep 3arpyKaeMOr0 MATEPUATIA, CM.....verveerrerrreeereesireesnens 20
AMIIUTYAA KOJECOAHUN (TIOTLYPAZMAX )y MM..rvvinreeineennreensesnneessessneessesanneens 4,2
YacTOTa KOTCOAHMM, £ U..vvveeeiiiieeeiiiieeeeeitiie e e e cieee e e sittee e e s eaae e e s e sabae e e s ebnaeeeens 15
HomunanpHast MOIIIHOCTB JIEKTPUYECKOTO JBUTATEIIS, KB ... vvvveesivveeeannes 17
Pa3zmeps! rpoxora, m

111705 €2 VR, 5,80
1010%10)7 02 TONRS USROS PROUPSTRRRPP 2,44
15325 (010 1 v VO, 1,29
Macca rpoxoTa UCKITIOYasi MACCy SJACKTPOIABUTATEIIS, Ml.....everveernreenieenneeanss 3,8

IlokasaTenu mponecca TIpPOXOYEHUS BO MHOIOM  OINpPEACIAITCA  KOHCTPYKLUEH
IIPOCEBAIOIIEH TOBEPXHOCTHU: €€ pa3MepaMy, a Takke pazmepoM u popmoit orBepcTuii. Pazmepsl
[IPOCEUBAIOIIEH ITOBEPXHOCTH XapaKTEPU3YIOTCS COOTHOLICHUEM €€ IIUPUHBI U JUIMHBL. B
rpOXOTaXx 3TO COOTHONIEHWE OObYHO paBHO 1:2,5, mpH TakoM  COOTHOIICHHH
NPOHU3BOAUTENHHOCTh TPOXOTA MPSMO MPOIOPLUUOHATBHO TUIoNIaau cura [3].

Pacuer MMPOU3BOJUTCIIBHOCTU Q BI/I6paIII/IOHHI>IX rpoOXOTOB MOXKHO ONpPEACTIAT II0

dbopmyre:
Q = mgFkikoks , @

rie M — kod(hQUIHMEHT, YYUTHIBAIOIIUNA BO3MOKHO HEPaBHOMEPHOCTb NMUTAHHUS M 3€pPHOBOTO
cocTaBa Mmarepuaiia, popMy 3epeH W THIl TPOXOTa (3Ha4YeHUs M mpHBEACHHI B Tadd. 1); q —
ylenbHas TPOM3BOIUTENBLHOCTh CUTA miomaasio Mm%, m%/u; F — miomans cuta rpoxota, Mm%, Ki
— KOA(pPHIUCHT, YUUTHIBAIOUIMIA yroJi HAKJIOHA TpoxoTa; Ko — Ko3pUIMEHT, yIuThIBAIOIINI
NPOLICHTHOE COJEpKaHWe (pPakUuii HWKHEro Kiacca B MCXOAHOM Marepuane; K —
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KOA((UIIMEHT, YYUTHIBAIOIIUN MPOLIEHTHOE COJEp’KaHUE B HIKHEM KIJIacce 3€peH, MEHBIINX
MIOJIOBUHBI pa3Mepa OTBEPCTUHN CHUTA.

Tabmuua 1 - 3nauenus kodpduirenTa m

Tun Bubparopa 3naueHust KOYPHUIMEHT M st
rpaBus 1eGHs
["opu30oHTaIBbHBIN 0,8 0.65
Haxmonnsiii 0,6 05

Tab6mura 2 - 3Hadenus ko3dpdunnentos q; ki; Ko Ks

TTaDaMETOLI Pa3zMepbl KBaIpaTHBIX OTBEPCTHI CUT B CBETY, MM
Pametp 5 7 [10 1416 [ 18 [ 20 [ 25 [ 35 [ 37 [ 40 [ 42 [ 65 | 70
q s
TFOpHU3OHTAJIEH- N[ ol o o x| o] o ©of © N S| o] o
BIX TPOXOTOB TIPH — — N (92 (92 < < < Lo © © o) 0]
yrie Hakiaona 18°
3HaueHus1 KOOPOUIMCHT OT yIila HAKJIOHA CHTA, 2pa0
911011 |12 |13 |14 15|16 |17 18|19 |20 |21 | 22
k
1 2 w| 8| 3| 5| 2| =8 o 8 2 8BS
s| @ | 5| 5| S| S| 5| T S| 4| 4| 4| <
3HavyeHust K03(pPUIMEHTOB OT 3€PHOBOTO COCTaBa UCXOAHOTO MaTepuaa,
rpaj
Ky 10 20 30 40 50 60 70 80 90
[o0] O [{e] <t AN o [e0) N~ Te]
Lo O M~ o) (2] - o i N
= = =) S =) - - i, o
3HaYeHUs COJCPIKAHUS B HIDKHEM KJIaCCe 3€PEH, MCHBIIIHX Y2 pazMepa
oTBepcTHil cuta, %
‘ 10 20 30 40 50 60 70 80 90
3
™ N AN «— o (o2} [ee} o8] N~
(o] M~ [oe)] D - o — N (9p]
=) =) S =) i - o o o

[Tpumeuanue. s TOpH30HTAIBHOTO IPOXOTA C HANPABJICHHBIMU Kostebanus ki =1.

®opmyna (1) npeaHasHayeHa A ONPEAETICHHS IPOM3BOIUTENBHOCTH OJHOTO CHTa
rpoxota. EcTecTBEHHO, UYTO NMPOU3BOAMTENBHOCTh JIBYX- WJIM TPEXCUTHBIX I'DOXOTOB CIEAyeT
ONpeNeNiaTh IO JIMMUTHPYIOIIEMY, 4Yalle HWXXKHEMY CHTY, YYHTBIBas, YTO WCXOJIHBIM
MaTepHamioM JUIsi Hero OyJeT HIKHUM NpOAyKT BepxHero cuta. lIpoBepounslif pacuer
HEOOXOIMMO BBITIOJHATH H IO JPYTUM CHUTaM.

Hacrosmuit MeTon MOXeT NpPUMEHATbCS M JUIi pacuera IpOXOTOB, pabOTaloOUIMX Ha
IIPOMEXKYTOUHBIX Mpoleccax rpoxodeHus. B stom ciydae BbIOOp pa3MepoB OTBEPCTHH CHUT
pEKOMEH/IyeTCs TMPOU3BOAUTH YHPOIIEHHBIM CI0OcOO0OM 1o jAaHHbIM Tabn. 3 (tne C —
colepkaHue (pakiuil HIDKHEro Kijlacca B HMCXOJHOM Martepuane (omnpeaensercss MpoOHBIM
pacceBOM HCXOJIHOTO Marepuana Ha JIabDOpaTOpPHOM CHUTE, UMEIOIIEM pasMepbl U (opmy
OTBEPCTUH MJIEHTUYHBIMH CUTY HPOMBIIUIEHHOTO rpoxota), Hampumep C=50%; dmp— pasmep

IPaHUYHOTrO 3€pHA, MM; 0 — aMILTUTY1a KojaeOaHu, MM; dxsaz, — pa3Mep KBaJpaTHOTO OTBEPCTUS
CUTa, MM.).
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Tab6mma 3 - Beibop pasmepa OTBEpCTHI CUT IJIst TPOXOTOB, PabOTAIONIMX HA MPOMEKIYTOYHBIX MPOIeccax

TPOXOYCHHS
HaknoHHBIN TpOXOT ["opu30HTaIBHBINA TPOXOT
= IleOeHb ['paBuit I{eOeHb ['paBwii
p=
@) 3| & @) 3| & O 3| & @) 3| &
> Jlro6oe > 6 Jlro6oe > | 6 JIroboe > 0 > 0
10 10 | 12 10 | 12 10 | 12 | JIwboe | 10 | 12
15| Jo60 |14 | 18 | 1o70 |14 |18 | Ho75 14 | 18 16 | 18

> 60 16 | 20 > 70 16 | 18 > 75 16 | 20
20 | Jlo60 | 18 | 24 | Jlwboe | 20 | 24 | Jlo 75 18 | 24 | JIrwobGoe | 20 | 24

> 60 20 | 26 20 | 24 > 75 20 | 26

25 | Jlo60 | 25 | 30 | JIwboe | 25 | 30 | Jlo 75 25 | 30 | JIroboe | 25 | 30
> 60 25 | 32 > 75 25 | 32

40 | Hoo60 | 35 | 47 | Jlwboe | 40 | 47 | Jo 75 35 | 47 | JIwoboe | 40 | 47
> 60 40 | 52 > 75 40 | 52

70 | Ho60 | 70 | 82 | Jlroboe | 70 | 82 | Mo 75 70 | 82 | Jlroboe | 70 | 82
> 60 70 | 90 > 75 70 | 90

PaccmarpuBaeMblii MeTOJ TpeAHA3HAYEH ISl pacdyeTa TEXHOJOTMYECKHX IapaMeTpOB
BUOPALIMOHHBIX TPOXOTOB INPH CYXOH COPTHPOBKE Ha TOBapHbIC (ppakumu meOHS U TpaBHs C
BJIQXKHOCTBIO B cpeqHeMy 10 3-6% B 3aBUCHMOCTH OT CTEIEHHU 3arps3HEHUs] MaTepHUalioB, HE
BBI3BIBAIOIICH 3aIMIIAHKS METIKUX CHUT. [Ipy rpoXoYeHny Ha CHUTax ¢ pa3MepoM OTBEpCTUi Ooiee
15-20 MM BIa)KHOCTh MaTE€pPHAJIOB MPAKTUYECKH HE BIIUSET HA PE3YJIbTAThl COPTHPOBKH.

B npuBeneHHbIX (opMynax OTCYTCTBYIOT KO3((PHIMEHTHI, yYUTHIBAIOIINE BIAKHOCTH
MCXOJIHBIX MAaTepUaJIOB, TaK KaK TMPHU Pa3HOW CTENEHH 3arps3HEHUS MAaTepHajoB MPaBUIIbHBIN
y4eT ee MpakTHYeCKH HeBO3MOkeH. K ToMy ke (M 3TO IJIaBHOE) T'POXOYEHHE OTHOCHUTENBHO
MEJIKHX MaTepUaJIOB C BIAXXHOCTHIO, MPEBHIMAIONICH KPUTHYECKYIO, TPUBOJNUT K HAPYIICHUIO
3aJJaHHbIX TPaHUI] pazjesieHust Gpakuuu, K HEAONYCTUMO OOJBIIOMY MX 3aCOPEHHUI0 U JaXe K
3aJIUIAHUIO OTBEPCTUH CHT, BCIECACTBHE YE€TO TOBAPHOE TPOXOUYCHNE CTAHOBUTCS HEBO3MOYKHBIM.
B srtoux cnyuasx Ha cutax ¢ oTBepcTHsAMH 10 15-20 MM HEOOXOIUMO MPHUMEHSATh MOKPBIN
CHoco0 TPOXOYEHHUs, JUISI KOTOPOTO HACTOSIIMH METOJ TaKKe MOXKET OBITh HCIOJIB30BaH.
[TpakTHdyecku NPOU3BOAUTEIBHOCTh HPU 3TOM OyIeT HECKOJIbKO MPEBBINIATh PACUETHYIO C
oOecrieyeHHeM BIIOJHE ONpaBIAHHOTO 3amaca. J[mg peXUMOB TPOXOUYEHHsS IyJabIbl (TIpU
ruipoaoobue cbipbsi) (opmyina (1) moMIeKUT YTOUHEHHIO IMyTeM BBEAEHUS Kod(hUIMEHTa,
YYUTBIBAIOIIETO XaPAKTEPUCTHUKY ITYIIBITHI.

Hwxe npusenennas ¢opmyna (2) mo3BoisieT ONpeneuTh OXUAAEMYIO 3(PPEKTHBHOCTD
TPOXOUEHHUS TSI TOPH30HTAIFHBIX W HAKIIOHHBIX BUOPOTPOXOTOB IIPY BPALICHUHU BaJia B CTOPOHY

JABWIKCHUA MaTCpUalia:
Ei=ekikoks %. (@)

I7Ie € — JTaJOHHOE 3HaueHue >PQPEKTUBHOCTH TPOXOYEHMs (Uil CPEIHUX YCIOBHI), HpH
kotopoM ki, K2, K3 paBHbI 1; ki — k03¢ duIMeHT, yUUTHIBAIONIHIA YroJl HAKJIOHA TPOX0Ta; k2 —
KOO QUIMEHT, YYUTHIBAIOIINN TPOITYCKHOE COAEp)KaHUE 3epeH HWKHETO Kjacca B MCXOIHOM
marepuaie; ks — ko3 duLueHT, yUUTHIBAIOIIMNA MPOLEHTHOE COJAEp)KaHHE B HIDKHEM Kiacce
3epEH, MEHBIINX TOJOBUHBI pa3Mepa OTBEPCTHUS CHTA.

B Hacrosimiee ke BpeMsi peKOMEHyeTCsl IPH TPOXOUYEHUH 1IeOHSI U TpaBHUs HA TOBApHBIE
bpaxkun npuMeHsAThH 00paTHOE BpallleHHe Bajla BUOpaTopa.
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B Tabn. 4 npuBoasaTcs 3HaueHUsT KOAPPUIIMEHTOB MPU MPSIMOM M OOpaTHOM BpAIIEHUIX
Bajia BHOpaTopa, a Takxke 00Iee X 3HaUeHUE MPU HEKOTOPOM OKPYTIICHUH.

Tab6nwuma 4 - 3HaueHus K03 uueHTos ki, Ko, K3 mpu mpsamMom 1 06paTHOM BpaleHHsSX Bajia BUOpaTtopa

VYT0oJ1 HAaKJIOHA FPOXO0TAa, rPaj
Hapavierpei 12 15 18 21 24
[Tpsimoe BpalieHue 1,05 1,03 1,0 0,96 0,88
OO6partHOe BpaleHue 1,02 1,01 1,0 0,97 0,92
ki [Ipunsito ob1IEe
SHAYCHIIE 1,03 1,02 1,0 0,96 0,90
3nauenue, C % 20 30 40 50 60 70 80
[Tpsimoe BpaiieHue 0,86 0,9 0,95 0,97 1 1,02 1,03
ks OO6partHOe BpaleHue 0,86 0,89 0,93 0,97 1 1,01 1,02
[punaro obmee 086 | 090 | 094 | 097 | 1 |1015| 1,02
3Ha4YeHUE
3nauenue, C % 20 30 40 50 60 70 80
[Tpsimoe BpaiieHue 0,90 0,95 0,98 1,00 1,01 1,03 1,04
Ks OO6parHOe BpalieHue 0,89 0,94 0,98 1,00 1,01 1,015 1,02
[Tpumsto obmee 090 | 094 | 098 | 1,00 | 1,01 | 1,02 | 1,03
3Ha4YeHUE

Kak BumHOo w3 T1abn. 4, 3HaueHus kodpuuueHToB k2 W Ki ,0TpakaroIuMX BIIHMSHHE
3epHOBOr0 cocTaBa Ha 3((HEKTHBHOCTh TPOXOUYCHUS, B OOJBIIWHCTBE CIy4aeB IS MPSMOTO U
o0OpaTHOrO BpalleHHWH Baja TOJY4YAlOTCS OJMHAKOBHIMH WJIM OTJIMYAIOTCS  BechMa
HE3HAYUTENbHO. 3HaueHus Kodddummenta ki, KOTOpBIH OTpakaeT BIMSHUE yrila HAKJIOHA
rpoxoTa Mpu MpsIMOM U OOpaTHOM BpallleHUSAX Bajia BHOpaTopa, OTIWYAIOTCS HECKOIBKO B
Oonpiied crernenn. OIHAKO W B ATOM Ciydae MPU3HAHO I1eJIeCOOOpa3HBIM TMPUHSITH OO0IIee
ycpeaHeHHoe 3HadeHne kodddunrenTa ki B 1enax ympolieHus pacyera.

OTajoHHble 3HAueHHUA € A(P(EKTUBHOCTU TPOXOYEHHUS, IIOJIyUEHHBIE TPU CpPEIHUX
YCIIOBUSAX, TOXKE MPEACTaBISETCS BO3MOXKHBIM 0000mMTh. PaHee MpUHUMATUCH pa3aelbHbIC
3HAUEHUsS € JUIS CJIydas TPOXOYCHHS Ha KaXJIOM THUIIE TPOXoTa rpaBusi u meOHs. [Ipudem
pa3HuIa 3HAUEHUH € A7 rpaBus U meOHs He npeBbimana 1-2% .00mue (cpenHue) 3HaueHus e
OyIyT OTIWYAThCA OT YacTHBIX He Oosiee uem Ha £1%. Takas BenWYMHA JICKHUT B Tpeaesiax
CIIy4aifHOTO BapbHPOBAHUS MOTyJaeMbIX 3HAaUeHUN dPHEKTUBHOCTH TPOXOUCHHSI.

Cpennue 006001IeHHbIE 3HAUCHHS IPUHUMAIOTCS CIAEAYIOMMUMHE (CM. TadI. 5)

Tabnuna 5- Cpexgare 0000ICHABIC 3HAYCHUS

Tun rpoxora 3Hauenue e, %
HaksoHHBIH ¢ KPYroBBIMH KOJICOAHUSMH TIPH TNPSMOM 87
BpaIlleHUH Bajia BUOparopa
HaknoHHBIN ¢ KpyroBeIMU KOJIEOAHUSIMHU TPU O0OpaTHOM 92
BpallleHUH Basa BUOpaTtopa
['opu3oHTanIbHBIH BUOPOrPOXOT C MPSAMOIMHEHHBIMU 90
KOJIEOaHUAMU

[Monyuennbie 3uadeHus ¢ , ki , K2 , K3 Mo3BOJSIFOT YyTOYHHTH M HECKOJIBKO YIPOCTHTH
onpenenenue 3(p(HEeKTUBHOCTH TpoxoueHus 1o Gopmyne (2), a TakkKe PpacHpOCTPaHUTh
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pa3paOOTaHHBIM paHee METOJ]l pacuyeTa KaueCTBEHHBIX ITOKa3aTeledl I'pOXOTOB HA HAKJIOHHBIC
IPOXOTHI ¢ 0OpPaTHBIM BpaleHHEM Bajla BUOparopa.

Pacuer kauecTBEHHBIX IOKa3aTelell I'POXOTOB OCOOCHHO BAaXKEH INPH OCYLIECTBICHHH
COPTHPOBKH, T. €. IPH pa3AeJICHUN MaTepHajOB Ha TOBapHbIE (PPaKLIUU.

Xopomasi 3ppeKTUBHOCTD TPOXOYEHHS JOCTHTAETCS IIPH YCKOPEHHSIX, 00eCIIeYnBalOMINX
noxOpackiBaHUE KYCKOB (YacTHI]) MaTepuaia Ha BBICOTY, paBHyl npumepHo 0,4 pasmepa
OTBEPCTHS CUTA, MPU ITOM IPOUCXOTUT CAMOOYHIICHHE CHTA. BenmMumHy yCKOpeHHs CHUTa
peKoMeHTyeTcsl IPMHUMATh B IIpesiesax 10 85 m/cek?.

3HaueHHe HA4YaIbHOW CKOPOCTH Vo IOJIETa YacTUI[ B 3aBHCHMOCTH OT BBICOTHI h (M) mX
no0packIBaHMsI HAJ IUIOCKOCTBIO CUTA orpenensercs no ¢popmynam (3 u 4):

JUISl TOPU30HTAIBHOTO TPOXOTA C HAIPABJICHHBIMU KOJICOaHUAMH

vo=7,72\'h m/cex, 3)
JUISL HAKJIOHHBIX THPAMOHHBIX U HHEPIIMOHHBIX IPOXOTOB
vo=4,28\Vh m/cex. 4)

B kauecTBe BBIBOJIA MOXKHO CKa3aTh, YTO MPOU3BOJUTEIBLHOCTh I'POXOTA 3aBBICUTH OT
3€pPHOBOIO COCTaBa MAaTepHUAJIa, YAEIbHOIO MPOU3BOUTEIBHOCTH IUIOIIAANA CUTA, YIOJ HAKIOHA
rpoxoTa U IUIOMIAJU CHUTA, MPOILIEHTHOE coepxaHhe (PpaKIUil HIKHErO Kilacca B HMCXOJHOM
Marepuaiie, MPOUEHTHOE COAEPKAaHUE B HUKHEM KJIACCE 3€PEH, MEHBIIMX IOJOBHUHBI pa3zmepa
OTBEPCTHUM CHUTA.
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HarnionanbHuii TexHiuHui yHiBepcuteT Ykpainu "KuiBChbKU MOMITEXHIYHUNA IHCTUTYT iMEHI
Iropst Cikopcbkoro" M. Kuis

MOJAEJIIOBAHHA ITPOLECY JIASEPHOI'O CIIIKAHHSA PIXKYYHOI'O IHAPY
ABPA3ZUBHOI'O KPYT'A

MonemoBaHHSI TIPOLIECY JIa3€PHOTO CINKAHHSA IHCTPYMEHTAJIHHUX KOMIIO3HTIB BHKOPHUCTAHO TPHUBHMIpHY
HEINiHIHY HeCTalmioHapHY 3a/1ady TEIUIONPOBITHOCTI 3 3aCTOCYBaHHAM y3arajbHEHOI mocTaHOBKH 3amadi CredaHa.
OcCoOIMBICTIO MOJIENI € HASBHICTD B CHCTEMIi TPHOX PI3HMX CKIAJIOBHX «3EPHO-3B’A3Ka-MaTPHILI», MaTepialn SKUX
CYTTEBO DI3HATHCSA 332 CBOIMH TEIUIO(I3MIHUMH XapakTepucTukamu. Ilin dac mazepHOTO CHiKaHHA (HOPMYIOTHCS
TEOMETPHUYHI Ta SKICHI MapaMeTpH iHCTpYMEHTAIBHOTO mmapy 3 KyoiuauM HiTpumom 6opy (KHB), fioro ctpykTypa i
(a3oBuii cKna, 3B'130K 3 METAJIEBUM KOPILYCOM.

The simulation of the laser sintering of instrumental composites used a three-dimensional nonlinear non-
stationary heat conduction problem with the use of a generalized statement of the Stefan problem. The peculiarity of
the model is the presence in the system of three different components of the "grain-bond-matrix", the materials of
which essentially differ in their thermophysical characteristics. During laser sintering, the geometric and qualitative
parameters of the instrumental layer with the cubic boron nitride (CNB), its structure and phase composition, the
connection with the metal case are formed.

Karo4oBi cjioBa: MoIenoBaHHS, JIa3epHE CIIKaHHA, KyOi9HHN HITpHUI O0py, IHCTpYMEHTaIbHI KOMIIO3UTH.

CtpyktypHi i (a3oBi 3MIHM B JOCHII)KYBaHMX CHCTEMax OJIHO3HAYHO BH3HAYAIOTHCA
YMOBaMH iX JIa3epHOTO HarpiBaHHA W HACTYIIHOTO OXOJOKeHHs. PiBeHb Temmeparyp, ix
pO3MOoALT 3a 00CATOM, IIBHUIKOCTI HarpiBaHHS M OXOJOPKEHHS 3aJieXaTh Bif psaay (pakTopis,
3B'SI3aHUX SIK 13 JDKEPEJIOM HarpiBaHHS, TaK 1 3 XapaKTEPUCTHKaMU OOpOOJIFOBAHOTO Marepianty,
yMOBaMH ix B3aemoii [1-5].

Cxema BUTOTOBJIEHHS poO0OYOro Imapy kpyra st abpa3suBHOI 0OpOOKHU, IO MPEACTABIISIE
co00r0 KOMIO3UT, kUi MicTUTh 3epHa KHbB 1 MeraneBy 3B'si3Ky, 13 3aCTOCYBAaHHSM J1a3epHOIO
CIIKaHHA HaBe/leHO Ha puc. 1, a. CraneBuil kopmyc kpyra 1 po3MilaeTbcst MK JABOMa MiJIHUMU
JMCKaMM - MaTpuisiMH 2. B oaHii 3 MaTpuib MO KONy BUTOTOBJIEHE MOTIHOJIeHHS, popma i
po3Mipu SIKOTO BIJMOBINAOTH (GopMi ¥ po3Mipam MmIapy KOMIIO3WTa. Y 1€ TOTIUOJICHHS
npuUMycoBo JocTaBiseTbest cymim 3epeH KHB 1 meraneBoro mopomiky 3B'si3ku 3. Ilig giero
c(OKYCOBAHOTO JIa3epHOTO ITydka 4, CKaHYIO4OTrO B pPaJialiIbHOMy HANpPsSMKY 3 aMILTITYZO!O,
PIBHOIO IIMPHUHI 3ariauOJeHHs B MaTpUlll, PO3IUIABISAE€ThCS NepudepiiHuil map MeTaneBoro
KOPIyCy Kpyra ¥ MOpOIIOK 3B'S3KH, II0 MEPEMIIIAIOTHCS BIIHOCHO MPOMEHS 31 MIBUIKICTIO V.
Lle nmpuBOIUTH J10 TXHBOI CIVIABKU M YTBOPEHHS MK HUMM MeTalypriiHomy 3B's3ky. OlHOUacHO
PO3IIABISETHCS MIAp 3B'SI3KH, Yy sikomy po3MimieHi 3epHa KHB. Ha erami oxomomkeHnHs npu
TeMIIepaTypax, KoJu 3B'A3Ka nepedyBae B MJIACTUYHOMY CTaHi, COpPMOBAHMI IIap MEXaHIYHO
VIIUTBHIOETHCS CTICIIAIBHIM METAJICBUM POJIUKOM. J[71s1 po3poOKH TEXHOJIOTIT Ta3epHOTO TePMO-
negopManiiHOro CIiKaHHS HEOOXiJTHO BHM3HAYMTHU piBEHb TEMIIEpPAaTyp 1 3aKOHOMIPHOCTI iX
pO3MOAUTY TIO IHapy, SKUW CIIKAETHCSA, 3QJIEKHO B BIACTUBOCTEH Marepiany MaTpwill
MOPOUIKOBOI CyMillli, YMOB JIa3€PHOT'O OMPOMIHEHHS, XapaKTEPUCTHK X BiZIHOCHOTO PYyXY.

TemmnepaTypHe mojie MPeACTaBICHOTO 00'€KTa MOYKHA OMKCATH TPUBUMIPHUM DPIBHSHHSIM
TEIUIONPOBITHOCTI B IMJIIHAPUYHUX KOOPJIUHATAX 7, @, Z.
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cp-°, 1)

0)
Puc. 1. Cxema 00'ekTa MOJICTIOBAHHS @) Ta PO3PAXyHKOBA 00JIACTH 0)

rE [r g @ € [0,z [0, L ]te [0,T,,]

11010 HeBiOMOi Temnepatypu U = U (1,4, z,t) 3 IOYATKOBOIO YMOBOIO U(r, e,z 0) = U e

Ockinbku 00'€KT CKIQJAa€ThCS 3 MaTepialiB TpbOX THUIIIB: MaTepial MaTpHUllb, IUCKa,
MOPOLIKOBOI CyMiIlIi - mapaMeTpH C, p, A 3ajeXxarb BiJl KOOPAWHAT 1 KOXXHHUN yXBAIIIOE OJHE 13
TPbOX 3HAYCHb.

KpaifoBa ymoBa Ha BepxHii moBepxHi (i3muHOi oOmacti B 30HI Aii Ja3zepHOTO
BUIIPOMIHIOBAHHS MA€ BUTJISL:

222 4 g(r,,8) = 0 @

11032 30HOIO JTii BUIIPOMIHIOBAHHS, Ha 111l YK€ TTOBEPXHI:

RW + Q[U(rr ‘-F’:zg.r:rtj - Uc] =0 (3)

KpaiioBi ymoBM Ha HWXHIM 1 OlYHMHA mOBepXHAX (I3MYHOI O00NacTI MOJAENIOIThH
TErI000MiH 3 HaBKOJUIIIHIM CEPEIOBUIIIEM:

AT 4 afU(r @, L) — U] =0, (4)

PLBUI:PZF;:tPHJt} + Q[U(rxl:-:r‘-p:z;tj - Uc:l =0. (5)

KpaiioBi yMOBH Ha rpaHsAX pO3paxyHKOBOI 00nacTi npu i = 0; @ = @,,.; I = ',y MAIOTH

BUTJIST
au

= 0.(6)
7ie N - HaNpsIMOK HOpMaJli 10 TIOBEPXHi.

Y Mopneni BUKOpPHMCTaHI HACTYIHI IMO3HA4YeHHsS: I, @, Z - MPOCTOPOBI KOOpPJAMHATH B
IWITIHAPUYHIA cuctemi (¢i3udyHa o0sacTh); X, Y, Z - MPOCTOPOBI KOOPJAMHATH B JEKapTOBIN
cuctemi (po3paxyHKoBa o0OJiacTh); t - wac, Zg - koopamHata 1o oci OZ 30HM BIUTHBY
BUNIPOMIHIOBAHHS; Inow, Vwin, @xin - PO3MIPH PO3PAXyHKOBOI 00nacTi; ¢ - KoeQilieHT
TEIUIOEMHOCTI; p - WIUIBHICTh; A - KOe(ILIEHT TEIUIONPOBIAHOCTI; ( - HIUIBHICTh MOTYXHOCTI
BUINIPOMIHIOBaHHA; « - KoegiuieHT TteruoBignaui; Ue, Upow - TeMmepaTypa HaBKOJHIIHBOTO
CepeoBHILA I MOYaTKOBa TeMIlepaTrypa 00'eKTy.
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Hexali minpHICTh TOTYXHOCTI TTPOMEHS (| pIBHOMIPHO PO3MOJIEHA 1O 30HI1 BIUIMBY, SKa
Ma€e BUTJISAA MPSIMOKYTHUKA, JTOBKHMHA SKOTO 30ira€Tbcs 3 poO3MIpOM MOTIMOJIIEHHS HUKHBOT
marpuiii (7Mm), a mmpuna - 0.7mm (0.006 pamgian).

@®i3uuHy 006nacTh (CHCTEMy LWJIIHIPIB) MOXKHA TNPEACTABUTH B JIEKApPTOBIH cHcTEMi
koopauHat 3 ocsamu OX, OY, OZ, ax po3paxyHKOBY 00JIACTh Yy BHUIVISAI NPSIMOKYTHHUX
napanesnernineais (Mai.l, 6), npuuoOMy KOOpAWHATAM I, @, Z BIATOB11al0Th KOOPIUHATH X, Y, Z.

binpia moTyXHICTh BUNIPOMIHIOBAHHS W Malli po3Mipu 30HH (POKYCYBaHHS MPUBOAATH 10
OUTBIIMX TPATIEHTIB TEMIIEPATYPHOTO MOJIS, SIKE ICTOTHO YCKJIAIHIOE IMPOLIEC MOICTIOBAHHS.

MopentoBaHHsl TpOLECYy Ja3epHOTO CIIKaHHS aOpa3uBHOIO KoJia MPOBOIMIOCS MpU
HACTyIIHUH IIapaMeTpax:

Kpyr, 3B'13Ka - MaTepian «ctanmb 13X»: ¢=0,578 JIx/r-°C, p= 7800 kr/m3, 1=0,26 Br/cm-°C.

Matpuns - matepian «vigs M001»: ¢=0,389 JIx/r-°C, p=8800 xr/m°, 1=3,85 Br/cm-°C.

KoedimienT Temnoianayi Ha 30BHIMIHIX TOBEPXHIX: a=10 Br/M?-°C.

[ToTyXHICTh a3€pHOTO BUMTPOMIHIOBAaHHS: Pmax=1256 BT;

Paniyc nazepnoro npomens: r,,=1.0 mwm;

[IBunkicts mpomens: V=0.1 pan/cek;

TemmepaTypa HaBKOJIUWIIHBOTO CEpEAOBHINA W TOYaTKOBa TeMIeparypa o0'ekTa:
Uc=U,0,=20°C.

3icTaBieHHSl pe3y/lbTAaTiB MOJCIIOBAaHHS 3 JaHUMU NPOOHHMX EKCHEPUMEHTIB MI0J0
BEJIMYMH TEMIIEpaTyp 1 iX po3MoAiay MO TOBIIMHI OTPHUMAHOTO APy JAO3BOJMIN CKOPETYyBaTH
3HAYEHHS MOTY>KHOCTI JIA3epHOTO BUIPOMIHIOBAHHS 1 4acy ONMPOMIHEHHS, CYTTEBO ITiIBUILIUBIIN
fioro Tounicte. Ha puc.2 HaBenmeHi pe3yiabTaTé MOAETIOBAHHS OJHOTO 3 BapiaHTIB JIa3ePHOTO
cnikanua KHBBMicTHOTO abpa3suBHOrO mapy Kpyra, OTpUMaHoro 3a OJJUH 000pOT.

AmHainiz pe3ynbTaTiB MOJETIOBAHHS II0Ka3aB, IO 3a MEBHUX YMOB, BHUKOPHUCTOBYIOUH
Ja3epHe BUIIPOMIHIOBAHHS, MO>KHA MOCIiOBHO Ha mepudepii kopmycy Kpyra cpopmyBatu map
KOMITO3UTa HIMPUHOIO0 5-7 MM, ToBUMHOKO 0,5 - 10 MM 1 Oinblie ympaBiisiloud MIBUAKICTIO
BITHOCHOTO MEPEMIIlIEHHs i KUIBKICTIO Mpoxo/iB (mapiB). Ha piBeHs TemmepaTyp HOpPOIIKOBOT

CyMillll HalOUTBIINI BIUIMB BUSIBIISE IMIUIbHICTh OTY>KHOCT1 BUIIPOMIHIOBAHHS.
,2=0: T=1453°C

0
— LRI
z
@)
,2=0: T=1453°C X
_________ _p.52T=1210_ =—as
Z
6)

Puc. 2. Po3moain TemmepaTyp 1Mo TOBIIUHI CIIeKaeMOTro KOMITO3UTa B MO3/I0OBXKHBOMY (a) 1 morepednomy (0)
MepeTHHax podovoro mapy abpasuBHOTO Kpyra (OTyxHicTs BUnpoMiHioBaHHS P=1300 BT, niamerp myuka
MPOMEeHS I'yp=1.0 MM; IIBHAKICTH BigHOCHOTO pyXxy V=0.1 pan/cex).

[Ipu crniikaHH1 KOMIIO3UTIB 31 3B'I3yBaHHSIMHU pI3HI TeMIepaTypH, 110 MalOTh, MJIABICHHS
(300-1500°C), ympaBnsTH iXHIM piBHEM JOIIFHO 3MIHOIO IMOTYKHOCTI BHIPOMIHIOBAaHHS B
mexax Big 500 mo 2000 Br, 3anumiaroun HE3MIHHMMH pPO3MIpH 30HU (DOKYCYBaHHA. [HIIMM
BOXJIMBUM [TapaMEeTPOM MPOIIECy € TOBIIMHA C(POPMOBAHOIO APy KOMIO3HUTA 32 OJUH 000pOT,
00yMOBJI€HA IIBUJIKICTIO BIZIHOCHOTO PYXY, 1110 MiHS€ThCS B Mexkax 0,2 - 1 M/xXB.

94



CnucoK BUKOPUCTAHMX JIZKePeJI:

1. Gibson, L., Rosen, D., Stucker, B. (2009), "Additive manufacturing technologies: rapid
prototyping to direct digital manufacturing”, Springer, New York, NY.

2. Zhang, D. Q., Q. Z. Cai, et al. (2010). "Select laser melting of W—Ni—Fe powders:
simulation and experimental study.” The International Journal of Advanced Manufacturing
Technology, Vol. 51 iss:5-8 pp. 649-658.

3.Yin, J., H. Zhu, et al. (2012). "Simulation of temperature distribution in single metallic
powder layer for laser micro-sintering." Computational Materials Science 53(1): 333-339.

4. Azarhoushang Bahman, Zahedi Ali. Laser conditioning and structuring of grinding
tools-a review[J]. Advances in Manufacturing, 2017, 5(1): 35-49.

5. J. C. Nelson, N. K. Vail, et al. "Laser Sintering Model for Composite Materials",
available at: ttp://utwired.engr.utexas du/Iff/symposium/proceedings Archive/pubs/Manuscripts/
1993/1993- 41-Nelson.pdf(accessed 2 August 2012).

YK 666.9 : 691.541
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Hauionanehuit rexniyauii ynisepcureT Ykpainu "KIII im. Irops Cikopepkoro", M. Kuis

MIHEPAJIBHE B "SI’)KYYE 3 BUKOPUCTAHHAM HE3BAT'AYEHOI'O KAOJIIHY

[IpoBeneHo aHaNi3 CUPOBHHHUX CyMIIlei JiJIsi BATOTOBJIEHHS B SXKY4Oro MaTepialy HHU3bKOTEMIIEpaTypHOTo
BUIIAJTY TUIYy POMaHLIEMEHTY Ha OCHOBI CHCTEMHU BaIlHsK — He30araueHuid kaouniH. [lokazano ocobimBocTi pazoBoro
cKkiany Matepiamy micias Bumany Ha 1150 °C mpu 3acTocyBaHHI He30araueHoro KaojiHy SK alloMoO- Ta
KPEMHE3eMBMICHOTO KOMITOHEHTY.

The analysis of raw material mixtures for making of astringent material at low temperature burning by
Roman cement type on the basis of the system limestone - kaolin unenriched is done. The features of phase
composition of material after burning on 1150 °C at the use of kaolin unenriched as component that contain Al,O3
and SiO; are shown.

KoaiouoBi cioBa: B’spKyue MiHEpanbHe, CyMilll CHPOBHHHA, CKJIa[|, BUIIAJ, aHai3, BJIACTHBOCTI.

Beryn

XiMIKO-MIHEpAJIOT1UHUN CKJIaJ BHUXIJHOI CHPOBMHH € BaroMuM (PaKTOPOM TEXHOJOTii
CHJIIKaTHUX MaTepiaiiB, B ToMy 4ucii B’sokydux [1-3]. YpaxyBaHHS 11b0r0 (aKTOpy BasKJIHUBO
npy po3poOlli HOBUX CKIJIAIB CyMillled Al BUTOTOBJIEHHS MiHEpalIbHUX B SDKYYHX, B TOMY
yuciai HuzbkoTeMmiiepatypHoro Bumainy (900-1200 °C). Ilpu niboMy rIMHUCTA CHPOBHUHA CIYTYE
mxepenom SiO2, Al2Oz, Fe;03, mo marote yrBoproBatu 3 CaO npu Bumaii KpucTtaiiuHi (asu
CUJIIKATIB, alioMiHaTIB 1 amomodeppury kanpiito. KiabKicTh 1 peakiiiiHa 37aTHICTh BKa3aHHX
BUIIIE OKCHJIB 3aJIeKUTh BiJl YMOB pYHHYBaHHS TpaToK MOPOJOYTBOPIOIOYMX MiHepalliB
CHPOBHHH, TIEPIII 32 BCE TIIMHUCTOI.
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XapakTepucTUKA 00’ €KTIB T0CTiIKEHHSA

OOG’€KTOM  JOCHIDKEHHS CTaJlld CHUPOBHHHI CyMIIIi /s BUTOTOBJICHHS B’SHKYYOTO
Marepiay Ha OCHOBI CUCTEMH BaITHSK — TJIMHUCTHIH KOMITOHEHT.

JIJist BUTOTOBJICHHS BUX1THOT CHPOBHHHOI CYMIIIIl 3aCTOCOBAHO:

- BamHsk JlyOoBenpkoro pomoBuina IBaHo-®paHKiBCHKOI 00, MO MPOMHUCIOBO
BukopucToByeThes [IAT «IBaHO-DpaHKIBCHKIIEMEHTY;

- kaosiH KCCK I'myxoBernpkoro poaosuina BiHHUIIEKOT 001aCTi.

3a xiMiyHUM ckJagoM npoba HezbaraueHoro kaoiiHy KCCK Bin3Ha4aeThCsl BEIMKUM

BMmicToM SiO; npu KinbkicHOMY cmiBBigHomeHHi SiO2 @ AlO3 = 3,6, miABHIICHUM BMiCTOM JTYK-
HuX okcudiB Ty R20 = 4,14 mac. %, BiIHOCHO MaJIOIO KUTBKICTIO OapBHUX OKCHUIIB (Tad. 1).

Tabmws | - XiMigyHHHA CKIIa] CHPOBUHHI

HasBa Bwmict okcumis, Mac. %

SiO2 | AlbOs | Fe203 | TiO2 | CaO | MgO | SOz | Na2O | KO | Bam
npodu

BaITHSIK 3,13 | 0,06 | 1,05 52,82 | 0,52 | 0,10 42,32

KCCK 69,48 | 1927 | 032 | 033 | 0,31 | 065 | 0,47 | 0,60 | 354 | 525

3a wminepanoriunum ckiagoMm kaoiaiH KCCK mopsim 3 KaonmiHITOM BiJ3HAYa€ThCS
HiBUILIEHUM BMICTOM KBaplly Ta MOJbOBOIO WINAaTy, 3a AMCIEPCHICTIO 1Mo BMicTy 17,2 mac.%
TOHKOAUCIIEpCHUX YacTUHOK (pakiii < 0,001 mm 1 30,0 mac.% gacturok Ppakmiin < 0,01 Mm
HAJICKUTh JI0 TPy HU3bKO qucnepcHux [4,5].

Komn’oTepHi po3paxyHkH Ta aHaJIi3 CKJIAal1y CHPOBHHHHUX CyMillei

Jis  po3poOKK  BSDKYYHMX — HM3BKOTEMIEPAaTYpHOTO  BHUMANy 3aCTOCOBAHO  HOBY
koMmi’'totepHy nporpamy «Pomanllem» [6]. Ilpm npoMy 3a BH3HAHOIO METOJMKOIO IIOAO
POMaHIIEMEHTY CKJIaJ] MIHEpPaJbHOI'O B’SDKYYOrO0 pO3paxoOBYIOTh 3a 3a/JaHUM 3HAYCHHSM
rigpasnigyaoro moxyns HM=1,1-1,7.

Bcranosieno (puc. 1), 110 npu BUKOpUCTaHHI O1HApHUX CUPOBHUHHUX CyMilleil Ha OCHOBI
cuctemu BarHsK- kKaojiiH KCCK MoXTMBHIA BMICT KaoJIiHy CTaHOBUTH Bif 22 1o 32 mac. %. [Ipu
[IbOMY BHMI'OTOBJICHUH B’SDKYyYHil MarTepiajl XapaKTepU3yeThCsl 3HAUEHHSAMH KPEMHE3EMHOTrO
Moyt N=3,42-3,47 npu rmuHO3eMHOMY MOoayi p = 5,10-7,86.

BinmoBigHO 10 BUKIIAIEHOTO BUIIE aHATI3Y JUIS TOCIHIKEHHs 0coOIuBOocTel (ha30BOT0O
CKJIaJy Ta BJIACTUBOCTEN MIHEPAJIBLHOTO B’ SXKYYOTro Ha OCHOBI cucteMu BanHsK — kaoiaiH KCCK

Oyno obpaHo cymim 7-1, SKi IpH XapaKTepU3yIOThCs MaKCUMallbHO MOxIMBUM BMicToM KCCK
— 32,0 mac. %.

Mod
8- _ b
6- -” I"F-F.“'—
41
L - > ®a
2
22 26 30 34 Ck, %

Puc. 1. BanexxHicTh KpeMHE3eMHOT0 (a) Ta NIHHO3eMHOro (D) MOy B B’ sKydoro
Bix koHneHTpanii KCCK (Ck) B 6inapHiii cyminIi Ha OCHOBI BalHAKY
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HocmimkyBana cymim 32 XiMiKO-MiHEpaJOriYHMM  CKIaIOM  XapaKTEPU3YEThCSA
KiIbKiCHMMH criBBigHOIIeHHsMH okcuaiB Ca0 : SiOz = 1,42 ta Ca0 : Al,Oz = 5,54 (taba. 2).

Tabnunsg 2 - XimMiuyHHH CKJIaJl CHPOBHHHOI cyMinri

Kox cymimri BwmicT okcuais, Mac. %
CaO SiO; Al,03 | Fe:O3 MgO
7-1 36,03 | 2542 6,50 0,82 0,57

MiHepanorigHuil CKJIa] CyMillli BiAMOBIA€ KITBKICHUM CITiBBITHOIICHHSM
MOPOIOYTBOPIOIOUNX MIHEPATIB KaJIbIHUT : KBapI = 4,42, KaJIbLHKT : KAOJIHIT = 5,23 1pu BMICTI
rigpokcumis 3amiza 0,9 % (puc. 2, Tadin. 3)

|l

0| S|
k] 3
Al o

900

128 —
3.03 =

800

3.57

7.15 e—
=]

r 700

600

1.60
1.9
2.50
3.24
—_———— 3y ==
3.86
4.25

500
f
g & &
- - L~
— 400
o
< %
L] "
bl 5 ~N
- i
= B = 300
& | 1 N
) © D <
T et N1 L7
. (e l 1 ~ = 200
wn
m — ™~ *
- ~ ~ \"}
o~ X v
* 100
* " A vIEN v 4
\r * * A
v 20
* x A
0
i

70 68 66 64 62 60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2

Puc. 2. ludppakrorpama cymimi Banusik-kaonin KCCK
ITo3HayeHHs: X KanblIMT, V KBapll, A MOJHOBHI IITAT, © TiAPOCIONA, + KaONiHIT

Tabnuus 4 - MiHepanoriuHuii CKiIaji CHPOBUHHOI cyMmini

Kon cymimi BwmicT minepainis, mac.%
KaJILIIUT KaoJIHIT rigpo- KBapil MONLOBUH | TiApo-
carona [IraT KCHUIN
3ai3a
7-1 63,3 12,1 0,5 14,3 6,4 0,9

®a30BMil CKJIAJ i BJIACTHBOCTI B’ SIZKY40r0 Martepiaay

PentrenodasoBmii anami3, mnpoBeneHuid 3a momomororo audpakromerpa [IPOH-3M,
JIO3BOJIUB BUSIBUTH NEBHI OCOOIMBOCTI ()a30BUX IEPETBOPEHb MPU BUMANI JOCTIIKYBAHUX
cyminreit [7].

OueBuaHO, MO TICAS BUMATY Ha MakcuMallbHy Temriepatypy 1150 °C wmae wicue
pYHHYBaHHS KPHMCTAIIYHUX TPATOK OCHOBHHMX IOPOAOYTBOPIOIOUMX MiHEpaIiB CHPOBUHHUX
KOMITOHEHTIB — KaJbIIUTy Ta KAOMIHITY, 3MEHIICHHS KIJTbKOCTI BITLHOTO KPUCTAIYHOTO KBapILy
(puc. 2,3). Ilpu umpomy okcumu CaO, SiOz, Al2O3 maroum TiIBUILEHY BUIBHY CSHEprii0 SK
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MPONYKTH PYWHYBAHHS KPUCTATIYHUX TpaToK  MIHEpasliB, YTBOPIOIOTh HOBI KpUCTaJIYHI
cnonyku cunikaris (CS, C.S), amomocunikaty (C2AS) ta amrominaty (CA) kanbIiro.

Ile xopemroeThCs 31 BKa3aHUMU BHUIIE BIAMIHHOCTSAMH XIMIKO-MiHEPAJIOTIYHOTO CKJIATy
BUXIJTHUX CYMIIIICH.
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Puc. 3. luppakrorpama matepiaiy 3 cymimi 7-1 micns Bunany Ha 1150 °C

Otpumani pe3ynbTaTH TEeCTyBaHb NPOO pO3pOOICHOro Marepiany ICis BUOATY 3
MakcuMaibHO Temrneparyporo 1150 °C cBiquars npo HeoOX1/1Hi B’ sKy4l BIACTUBOCTI (Tab. 6).

Tabawuis 6 - BiacTHBOCTI B’SHKYYOro MaTepiary

Iloxa3HuKHM BIacTUBOCTEN

ToHkicTh momery, 3aymmok Ha cuti 008, mac. % 8
TepMiHU TYXKaBJIEHHS, XB TOHaToK 75
p K > KIHEIb 110
MinHicTs Ha cTUcK yepes 28 116, MIla 20

3rigno knacudikarnii JJCTY b B.27-91-99 3a mBUAKICTIO TyXaBlIeHHS MPpoda B’ Ky4Oro
7-1 BITHOCUTBCS 10 TPYIU HOPMAJIBHOTYXaBilOUMX (TEpPMiH MOYaTKy Bix 45 XB. 10 2 ron.),
XapaKTEPHUMH MPEJCTABHUKOM SKOI BBOKAIOTHCS MOPTIAHAIIEMEHT Ta MIJIAKOTIOPTIAHIIEMEHT.

BucHoBku

1. AHani3z XiMiKO-MiHEpaJOTIYHOTO CKJaJy Ta BJIACTUBOCTEH CHMIIIKaTHUX CHPOBHHHHUX
KOMITOHEHTIB € 0a3MCOM MPOTHO3HOI OIIHKH iX TEXHOJIOT14HOI mpuaaTHocTi. [Ipu mpomy mono
TEXHOJIOTIT B’SKYYHX MarepiajiB BaXXJIUBOIO € KOMIUIEKCHA OIliHKAa KapOOHATHOI Ta TIIMHUCTOI
CKJIa/IOBUX.

2. 3 ypaxyBaHH;IM 0COOJIMBOCTI ckiaay Hez0araueHoro kaoininy tuny KCCK (mizBuiieHum
BMICTOM KAaOJIHITY, KBaplily, MOJbOBOIO IIMNAaTy), IOIUIbHICTH 11 3aCTOCYBaHHS B BUPOOHHUIITBI
MiHEpaIbHUX B’SKYYMX SK alIOMO- 1 KpEMHE3eMBMICHOTO KOMIIOHEHTY IIOB’A3aHa 3
MO>KJIMBICTIO PEryJIIOBaHHS KIHETUKHU 1 HaNpsIMKY ()a30BHX MEpETBOPEHb MPHU BUIAJl MaTepiany
13 3MEHIIEHHSIM MAaKCHUMaJbHOi TEMIIEpaTypH, IO BIJNOBIJAa€ CY4YaCHUM BHMOTam
pecypco30epekeHHS.
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J10 IUTAHHSA PO CTBOPEHHA BUCOKOTEMIIEPATYPHUX
PAJIOMOIIMHAIOUAX KOMIOO3UIIIMHUX KEPAMIYHUX MATEPIAJIIB

Y poOoTi pO3IJISHYTI OCHOBHI HAampsSIMKH CTBOPEHHS BHCOKOTEMIIEPATYpPHUX  paJiONOTIIMHAIOYUX
KepaMiuHMX MarepiaiiB, 10 MOXXYThb OYyTH 3aCTOCOBaHi JJIsi CTBOPEHHS HOBHX (DYHKLIOHAJIBHMX MaTrepiasiB Juis
KOCMIYHOi, aepOKOCMIYHOi, €JEeKTPOHHOI TEeXHIKM Ta Yy MEAWIHHI. 3AiHCHEHO OOIPYHTOBaHWH BHUOIp
BHCOKOTEMIIEPATypPHOI JieEKTPUYHOT MATPHIll Ta CETHETOENEKTPUYHOI JAOMIIIKU IIJISl OJEP KaHHS TPai€HTHOTO
KOMIIO3UIIIITHOTO pajionorinHaouoro marepiaxy. HaBenmeHi pe3ynmpTaTW OOCTIDKEHb BIUIMBY KOHIIGHTpAITi
CETHETOEJIEKTPUYHOI JOMIIIKK Ha (i3W4HI Ta AieTeKTPUYHI BIACTUBOCTI KOMIO3MIIHHOI KepaMikd OTpHMaHOi 3a
KepaMigyHOIO TEXHOJIOTIEIO.

IIpoBeneni mocmimkeHHS (Da30BOro cKiIagy Ta MIKPOCTPYKTYPH JOCTIKEHHUX CKJIAJiB KOMIIO3UIIHHOT
KepaMikd JTO3BOJIMJIM BCTAaHOBHTH B3a€EMO3B’SI30K MIXK BJIACTHBOCTSAMHU, (Da30BHM CKJIAJJOM Ta CTPYKTYPOIO
OTpPUMaHUX KepaMiyHUX MaTepiaiiB 3 Pi3HUMHU 3HAYCHHSIMH JTi€JIEKTPUYHOT IIPOHUKHOCTI.

The main directions in the creation of high-temperature radio-absorbing ceramic materials that can be used to
create new functional materials for space, aerospace, electronic engineering and in medicine are considered in the
article. A well-founded choice of a high-temperature dielectric matrix and ferroelectric additive for obtaining a
gradient composite radio-absorbing material is carried out. The results of studies of the ferroelectric impurities
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concentration influence on the physical and dielectric properties of composite ceramics obtained for ceramic
technology are presented.

Based on the studies of the phase composition and microstructure of the composite ceramics compositions
studied, it was possible to establish a relationship between the properties, the phase composition and the structure of
the obtained ceramic materials with different values of the dielectric constant.

Kiao4oBi cjoBa: BHcOKOTeMIepaTypHa pagionoOridHAaOYa KOMIIO3WIIHHA Kepamika, TpaIieHTHHHA
PamioNOTIMHAIOYMA Martepial; MieleKTpHuYHa MPOHHWKHICTH; THTAaHAT CTPOHIIIO; CIABCOHIT, MIKPOCTPYKTYpA;
(hazoBwmii ckIaz

Beryn

3a kiacudikalli€ero pagioNnorIMHAIYl MaTepiaii MOXYTh OyTH ~ MarHiTHUMH Ta
HeMarHiTHUMU. HemarHiTHi pagionoriMHaro4i Marepiaid B CBOIO Yepry MHOIUISIOTHCA Ha
rpajieHTHi, iHTep(]epeHIiiftHi Ta KoOMOIHOBaHi.

I'panientni PIIM wMatoTh OararomapoBy CTPYKTYypy 3 IUIaBHOIO 3MIHOIO 3HAa4YEHHS
JIETIEKTPUYHOI MTPOHMKHOCTI MO TOBIIMHI MaTepiay €1 > € > €3 > gn. Ilepmmit map PIIM
NOBHHEH OYTH BUTOTOBJICHHH 3 paJionmpo30poro marepiaidy, MAl4oro HU3bKi JieNeKTpUYHI
BTpatu (€1) MJI1 Y3TOJKCHHS XBHJIBOBOTO OIOPY TOBITps Ta Marepiany. IHmn 1mapu
BUTOTOBJISIIOTHCSL 3 TBEPAMX [ICNEKTPUKIB 3 BHUCOKOIO JII€JICKTPUYHOIO IPOHUKHICTIO
(CerHeTOCNEeKTPUKH, CETHETOMArHETUKY Ta 1HIII ).

I'pamientri PIIM MoxyTh OyTH OTpHMaHI 3a METOJOM HAamlpaBJIeHOI KpHCTami3alii B
o0racTi KpucTamizamii TATAaHATy CTPOHLIII0 Ta 32 KOMIIO3HUIIITHIM METO/I0M.

VY naniit poO6OTI HAMU PO3TIITHYTO HANPSIM CTBOPEHHSI Pa/IiONOTIIMHAIOYMX MaTepiaiiB 3a
KOMIIO3ULIIHUM HanpsiMoM. Lli MaTepianu 3MOXKyTh 3HAITH CBOE BIIPOBAPKEHHS IPU CTBOPEHHI
OaraTomapoBUX  PATIONOTIMHAIOYMX  MaTepialiB Uil  HAJBUCOKOYACTOTHOI  TEXHIKH.
TpaauuiiHO U1 CTBOPEHHS KOMIIO3UIIMHUX pa/liONOIIMHAIOUMX MaTepialliB 3aCTOCOBYIOThCS
KOMIIO3UTH HAa OCHOBI JIENIEKTPUYHOI MATPHUIll Ta EJIEKTPONPOBITHOTO, MAarHiTHOTO,
CETHETOMArHiTHOIO 1 CErHeTOeNEKTPUYHOrO0 HAloOBHIOBAYa, 3a PAXYHOK BBEJICHHS SKUX 1
BIIOYBA€THCS 3HI)KEHHA MHUTOMOI O0'€MHOro oOmnopy, 30UIbIIEHHS MAarHiTHOI HPOHUKHOCTI 1
JieNIeKTPUYHOI MPOHUKHOCTI KOMITO3ULIIHHUX K€paMiYHUX MaTepialiB.

Crnin 3a3HauuTH, 110 KepaMmika Ha OCHOBI THTAHATy CTPOHIUIO € MEPCHEKTUBHOIO IJIf
CTBOPEHHSI JIPYrOro Ta HacTYIHOTO MIapy IpaJi€HTHOTO KOMIO3MLIHHOTO pPaioNoriINHAY0ro
Mmarepially 3a paXyHOK BiJHOCHO BHCOKOT'O 1 NMPAKTHYHO MOCTIHHOIO 3HAa4YeHb HieNEKTPUYHOI
IPOHUKHOCTI 1 TAaHreHCY KyTa [IEJIeKTPUYHUX BTpaT y MIMPOKOMY YacTOTHOMY Jliara3oHI
paioXBWIb B MOPIBHAHHI 3 IHIIMMU BIIOMUMH KPHCTATIYHUMHU (a3aMH Ta CKJIAJA€ 33 PI3SHUMU
nanuMu € = 155-255 npu wactori 3 1 kI'p o 10 I'T.

Ha nonepennbomy eramni Hamu OyJnO TEOPETHUHO OOIPYHTOBaHA Ta €KCHEPUMEHTAIbHO
HiATBEP/KEHa MOXKJIMBICTh CTBOPEHHS pajioNpO30pHX KepaMiuHUX MarepiaiiB Ha OCHOBI
kommosuitii  cucremu  SrO-AlO3-SiOz, 1m0  XapakTepus3ylOThCS  BHCOKUMH  (Pi3UKO-
MEXaHIYHUMH, eKCILTyaTalliiHUMH, TITIEHIYHUMHU  BJIACTUBOCTSMH, € EKOJOTIYHO YHCTUM 1
JIOBIOBIYHMM MaTepiajioM 1 M0 BaXKJIWBO MalOTh BHUCOKY TEMIIEpaTypy IUIaBJICHHS Ta caMme
rOJIOBHE 30€piraroTh CBOi €JMEeKTPOJMHAMIYHI BJIACTUBOCTI (TAHT'€HC KyTa JA1€JIEKTPUYHUX BTpPaAT
Ta JieNIEKTPUYHY NMPOHUKHICTH) 6e3 3MiH 10 Temmeparypu 1200 °C. Lli cknaau MOXyTb OyTH
BUKOPUCTaHI TpU  CTBOPEHHI  BHUCOKOTEMIIEPATYPHHX  KEpaMiYHUX  KOMIO3HUIIIHHUX
palioONOTIMHAIOUMX MaTepialiB y SAKOCTI MIETeKTPUYHOI MAaTpHUIll 3a pPaxyHOK TaKUX
BJIACTUBOCTEH: JlielIeKTpHyYHa IPOHUKHICTh — 6,42; TaHTeHC KyTa aienekTpuuyHux Brpart — 0,0017;
BogonornuHanss — 0,08 %; ysaBHa ryctmHa — 2960 kr/m%; MimmicTs mpu 3ruHi — 72,3 MIla;
06’ emuuit omip — 5,9-10% Om-cm.

Buxonsun 3 BHIIEHABEIEHOTO METOK TPOBEICHHUX JOCHIDKEHb OYJIO OTpPHUMAaHHS
KOMIO3UI[ITHIX BHCOKOTEMIIEPATypOCTIMKUX MarTepiaiiB 3 pPeryjibOBAaHUMHU Ji1€JIEKTPUUYHUMU
BJIACTUBOCTSAIMHU IIIJISIXOM PO3POOKH HOBUX CKJIA/iB KepaMmiku. Jlisi JOCATHEHHS MOCTaBIIEHOI
MeTH OyJM MOCTaBJieH! TakKl 3aBJIaHHSA: PO3POOMTH HOBI CKJIAAM KEpaMiKu 3 PeryJbOBaHUMH
JeNeKTPUYHUMU BJIACTUBOCTSAMU; JIOCHITUTH BIJIMB KUIBKOCTI KpHCTaNIYHOI (a3 TUTAHATY
CTPOHLIIO Ha (Pi3UUHI Ta AIETEKTPUYHI BIACTUBOCTI KE€paMiK/ Ta BUBYUTH ii (a30BHH CKIa] Ta
MIKPOCTPYKTYDY.
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MeToanka eKCiepuMeHTy

TexHoorisi BUTOTOBJICHHS JTOCTIAHUX 3pa3kiB Oyia nBycraniiina. [lepima crazis mossrana
y CHHTE31 OKpEMO THTaHATy CTPOHIIIIO Ta CJIIaBCOHITY. Jlani mMaTepiaau, CHHTE30BaHI Ha OCHOBI
KpuctamiyHux (a3 (CIaBCOHIT Ta THHAT CTPOHINIO), MOAPIOHIOBAIM Ta 3MIMIYBaId Y
wianerapaoMy mirHi PM 100 1o 3amumiky Ha cuti Ne 0063 e Oinbme 1,5 %. @opmyBaHHS
3pa3KiB A JOCHIHKEHb MPOBOAWIOCH HAMIBCYXHM CHOCOOOM Ha J1abOpaTOpHOMY Ipeci mixa
tuckoMm 20 MIla. Ilicns cymku A0 3anMmKkoBoi Bojorocti 1 % mpoBoawin BUIAT JOCIITHUAX
3pa3kiB  mpu ABox Temmeparypax 1350 Ta 1400°C 3 BuTpuMKOw | romuHa Yy
C1a000KUCITIOBATHHOMY CEPEIOBHIIII.

Bu3HnaueHHsT Ji€IEKTPUYHMX BJIACTUBOCTEH MPOBOJIWIM Ha BUMIproBadi imiTancy E7-8
srigao 'OCT 24409-80 npu wacrtori 1 k['1. 3a AOMOMOror0 BUMIpSHUX 3HAYEHb EJIEKTPHYHOI
€MHOCTI 3pa3KiB 0yJI0 BU3HAYCHO JICICKTPUYHY IPOHUKHICTb.

BusHaueHHsT TOKa3HUKIB YSBHOI TYCTHHU Ta BOJONOIVIMHAHHS JOCTIIHUX 3pa3KiB
IPOBOJIMIIN CIIOCOOOM TipOCTaTHYHOTO 3BaKyBaHHs y Boi 3rinno [OCT 24409-80.

Pe3yabTaTi T2 00rOBOpEHHS

Y pesynbraTi npoBeneHOl poOoTH HamM OyB JIOCHIDKCHHWH BIUIMB KOHICHTpAIIii
CErHETOCJEKTPUYHOT JOMIIIKK Ha JieJIeKTpUuHi Ta (pi3uyHi BracTUBOCTI KoMmo3uilii. [IIuxToBi
CKJIaly MOJICIIbHUX KOMIIO3HII HaBeaeHo y Tabnuii 1.

Tabuuus 1 — IuxToBuil CKI1ag MOAEIBHUX KOMIIO3ULIIT

[Tudp Kommosmuii _ Bwmict koMnioHeHTiB, Mac. % _
SrTiO3 SI’A|28I208
El 10 90
E2 20 80
E3 30 70
E4 40 60
E5 50 50
E6 60 40
E7 70 30
E8 80 20
E9 90 10

PesynpTaTi BU3HAU€HHS BOJOMNOIVIMHAHHA, YSIBHOI TYCTHHH Ta Ji€JIEKTPUYHOI
IIPOHUKHOCTI B 3aJIe)KHOCTI BiJl KOHLEHTpALlli CErHETOENEeKTPUYHOI J100aBKU Ta TemmepaTypu
BUIIATY JJOCJITHUX 3pa3KiB MpejacTaBieHi y Tabaumi 2 Ta 3.

Tabuuus 2 — BnacTuBOCTI CHHTE30BaHHX 3pa3KiB

TeMni%aTypa, upp | Bononormuuanns, % | Bigkpura nopysaTicts, % | YsaBHa ryctuHa, p, Kr/m®
El 5,92 15,04 2540
E2 4,11 11,51 2810
E3 3,26 9,73 2990
E4 1,38 4,75 3460
1350 ES 1,51 5,20 3450
E6 1,07 3,98 3720
E7 1,09 4,66 4350
ES 0,79 3,21 4080
E9 0,46 1,88 4120
El 4,53 11,86 2620
E2 1,42 4,20 2970
E3 0,60 1,91 3210
E4 0,47 1,58 3380
1400 E5 0,98 3,44 3500
E6 1,08 3,95 3670
E7 1,09 4,13 3790
E8 0,49 1,95 4010
E9 0,46 1,91 4130
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Tabuuus 3 — JliesleKTpUYHI BIaCTUBOCTI CHHTE30BaHUX 3Pa3KiB

JienexTpuyHa IPOHUKHICT
Mudp kommozutii
1350 °C 1400 °C
El 37,32 20,63
E2 32,66 20,54
E3 29,27 22,44
E4 29,13 33,76
ES 38,11 37,48
E6 41,06 49,95
E7 50,50 45,38
E8 51,29 44,05
E9 60,34 50,07

3iCTaBIAIOUM pe3yJabTaTU JOCHIIKEHHS TPbOX MapameTpiB (BOJONOITMHAHHSA, YsIBHA
TYCTHHAa Ta JieJIEKTpHYHA TPOHUKHICTh) KEpaMiuHUX KOMIIO3HMLIHHUX MarepiaiB, IO
BU3HAYalOTh B KOMILJIEKCI ONTHMAJIbHI XapaKTEPUCTUKU PAIINOrIMHAIOUOro Marepiany, CIif
3a3HAYUTH HACTYITHI OOMEKEHHS Y BAKOPUCTaHHI OKPEMHX CITiBBiTHOIICHD B KOMITO3HUIISIX.

3 Tabnuui 2 BUJHO, IO 3HAYHA PI3HUILS BOAOMNOINIMHAHHSA IPU JBOX TeMIepaTypax
BUTIAJTY CIOCTEPIraeThCsl TUIBKA NPU OUTBININA KIJIBKOCTI CIIABCOHITY Ta MPH PiBHINA KiTBKOCTI
CJIaBCOHITY Ta TUTaHATy CTpoHLi0. Lle moB’s3aHO 3 mpouecamMu YUIUIBHEHHS KOMIIO3UIM B
o0acTi ckianiB, OMM3BKUX /IO €BTEKTUKU OOpaHMX KPUCTAIIYHHX (ha3, MAKCHUMAIBHO TIOMITHHM
ueit epekr € mpu temneparypi 1400 °C, xomu nns 3paskiB Ez, Es ta E4 Oyno mpucythe
BUCOKOTeMIieparypHe nedopmysanns. [Llo crocyeTbes 3HaYeHD YSIBHOT TYCTHHU JAOCIIDKYBaHUX
3pa3KiB, TO Mpu 301IbIIEHHI TEMIIEPATYPHU CIIOCTEPIra€ThCs HE3HAUHE i M1ABUILICHHS.

3 MiIBUMICHHSM TEMIIEPAaTypH Ta KOHIEHTpAlii CEerHeTOCICKTPUYHOI IOMIIIKU (JIUB.
TabmuIto 3) 3HAYEHHs MAIeJIeKTPUYHOI MPOHUKHOCTI OTPUMAHMX 3pa3KiB HAOIMKAIOTHCS [0
TEOPETUYHUX 3HAYEHb, 11€ JoOpe BUPAKEHO NMPHU 30UIbIIEHHI KUIBKOCTI TUTAHATY CTPOHIIIO J0
60 mac. %. IIpu BMICTI TUTaHATy CTPOHIIIO B 3pa3Ky y KiabkocTi 70 — 90 mac. % nienekTpuyHa
NPOHMKHICTh JUIS JIOCHKYBaHUX TeMIepaTypax 30epiraetbcsi B Mexax 45 — 60, Toni sk
TEOPETUYHE 3HAYEHHS MIEJIEKTPUYHOI MPOHUKHOCTI Ma€ CYTTEBUM 3pICT 1 MPH KUIBKOCTI
TUTaHaTy cTpoHLio B 90 mac. % noBuHHO craHoBUTH 100.

AHani3yloud BHILIEHABEJIEH! BJIACTHUBOCTI Yy KOMIUJIEKCI MOXHa BIAMITUTH, IO 3a
KOMIIJIEKCOM BJIACTUBOCTEH JUIsI CTBOPEHHsS JAPYroro Ta HACTYIMHOIO IMIapy TI'pajieHTHOTIO
KOMIIO3HUIITHOTO PajioNorinHAYOro Marepially HauOuibll miaxoasTsh ckaaau E§ ta E9 3a
pPaxyHOK TaKMX BiacTHBOCTeW: BoponorauHanHg — 0,79-0,46 %, ysBHa ryctuna — 4080 — 4130
KI/M° Ta JlieleKTpHYHa IPOHMUKHICTh — 44 — 60 oTpuMaHuX mpu TemmepaTypax 1350 ta 1400 °C.

[Momanpii AOCHIIKEHHS HANpaBlieHI Ha BHUBUYEHHS JI€JIEKTPUYHUX XapaKTEPUCTUK
po3pobiieHoro Matepianry B 00J1acTi HaJBUCOKHX YacCTOT.

Cnucok BUKOPUCTAHHUX JIZKEPET:

1. bankeBuu B.JI. Texundeckas kepamuka: yueOHoe mocodue it BTy30B. M.: Ctpoiinziar,
1984, 256 c.
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TEXHOJIOI'MM OTBEPXKJAEHUSA XKUJAKUX PAIMOAKTUBHBIX OTXO10B
C UCIIOJIb3OBAHUEM MHUHEPAJIBHBIX BAKYIIUX KOHTAKTHOI'O
TBEPAEHUSA

[IpuBeneHsl pe3ynpTaTl paboT MmO pa3pabOTKe M peanu3alil TEXHONOTHH OTBEPXKACHHS IKHUIKH
paaMoOaKTUBHBIX OTXOJOB M pAacTBOPOB, COJCPXKAIIMX TPHUTUH, C HCHONB30BAHMEM BSDKYIINX KOHTAKTHOTO
TBEPACHMUA.

The results of work on the development and implementation of technologies for curing liquid radioactive
waste and solutions containing tritium are presented, using astringent contact hardening.

KaroueBble cjIoBa: >KHIKHE pAJAHOAKTHBHBIE OTXOIBI, BSDKYIIHE KOHTAKTHOTO TBEPJEHUS, TPHUTHI
COIepKAIIie PACTBOPHI.

OcHoBOM pa3paOOTaHHON TEXHOJOTUU KOMIAKTHUPOBAHUS JKUIKHX PaJHOAKTHUBHBIX
orxon0B (OKPO) sBisitoTCST HOBBIE MHUHEpaJbHbIE BSKYIIHME (LEMEHTHI), TBEPACIOIINUE IPHU
npeccoBaHud [1]. OCOOEHHOCTHIO ATUX LIEMEHTOB SIBISIETCS OTCYTCTBUE BOJBI 3aTBOPEHUS MPU
ux TBepAcHUH. KOHTaKTHO-KOHACHCAIIMOHHBIC BSHKYIIUE I BSOKYIIIME KOHTAKTHOTO TBEPICHUS
(BKT) mpeacraBnsitor co00il MHHEpalbHBIE UCIEPCHBIE IMOPOIIKH, KOTOpPHIE cpa3y IMOcCie
npeccoBanusi npu naasieHuu 40-200 MIla o0pa3yloT KaMHEBHUAHOE BOJOCTOMKOE TEIO C
npouHocThio npu cxxatuu 20-100 MIla u ¢ BogonornomenueM 3-5%. KomnayHel Ha OCHOBe
ATUX BSDKYIIUX TMPU XPAHEHUU B BOJE, AHAJOTUYHO MOPTIAHILIEMEHTY, YBEJIWYUBAIOT CBOIO
MPOYHOCTH CO BPEMEHEM.

OtcyTcTBUE XKUAKON (Da3bl MPU KOMITAKTUPOBAHUU TO3BOJISIET M30€XKaTh 00pa3oBaHUS
HACBIIIECHHBIX  COJIEBBIX PACTBOPOB, BIHUSIOIIMX Ha TPOIECC CTPYKTYpooOpazoBaHUs
TPaJMLIMOHHOIO IIEMEHTa, MPU 3TOM XOPOIIO PACTBOPUMBIE COEIMHEHHUS, B JJAHHOM Cllydae,
UTPAIOT POJIb HWHEPTHOTO 3amoiHuTeNs. OTCyTCTBUE JKUAKOW (a3l NMpHU TBEPACHUH ITHUX
BSDKYIIIMX TIO3BOJISIET CYIIECTBEHHO YBEJIMYUTh MX KOMIAKTUPYIONIYI0 €MKOCTh, a BBICOKHE
(U3HKO-MEXaHWYECKUE XaPaKTEPUCTUKN KOHEYHOTO0 KOMITayH/1a (TIPOYHOCTh Hpu cxxatud - 20-
100 MIla), MoryT mpH COOTBETCTBYIOIIEH €ro yIeNbHONH aKTHUBHOCTH, TapaHTHPOBATh
BO3MOXXHOCTb JUTUTEJILHOTO U OE30MAaCHOTO XpaHEHUs 0e3 HCIOIb30BaHUS JIOMOIHUTEIbHBIX
OapbepHBIX cucTeM [2].

B ornnune oT MeTo1a OCTEKIIOBBIBaHUS, B PE3YJIbTaTE KOTOPOTO MOTYYatOTCs MPOIYKTHI B
BUJIE TEPMOJMHAMUYECKH HEYCTONYMBBIX CHCTeM (O€3BOAHBIX CHIMKATOB), MOJydaemble IO
pa3pabOTaHHOW TEXHOJIOTHH BSDKYIIUE M KOHTJIOMEPATHl HA UX OCHOBE aHAJIOTUYHBI IIPUPOTHBIM
MUHepanaMm (THAPOCUIIMKATBl U THUAPOATIOMOCHIMKATHI), YTO TapaHTUPYET HEU3MEHHOCTh UX
(UBUKO-XUMHYECKOTO COCTOSIHHSI Ha TPOTSHKCHUM JTUTENBHBIX TEPUOJIOB XPaHEHUS U HUX
BBICOKYIO PaIMalluOHHYIO CTOUKOCTB [3].

OcoOeHHOCTBIO  pa3pa0OTaHHONW TEXHOJOTWMU  SBISETCSs TO, YTO B  IIpoIecce
ummoOumm3aruu  JKPO ocymiecTBiseTcss XHUMHUYECKOE CBSI3bIBAHHE BOJABI OTBEPIKIAEMOTO
pacTBOopa HOBOOOpPA30BAHMUSAMM BSDKYLIETO. TepMHUECKOE pa3joKEHUE CHUHTE3UPYEMBIX
HOBOOOpa30BaHUi C BBIIETIEHHEM CBOOOJHOI BOJBI MPOUCXOIUT B TEMIEPATypHOM HHTEpBaje
ot 500 no 900°C, YTO JIa€T OCHOBAHHE PEKOMEHIOBATh JTAHHYIO TEXHOJOTHIO OTBEPKIACHUS IS
UMMOOUITM3AIUN TPUTHICOAEPKAIIUX PACTBOPOB.
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PesynmpTathl  McClieOBaHWI ~ OCHOBHBIX  (DM3MKO-MEXAaHMUYECKUX  XapaKTEPHCTUK
koMrayHa0B Ha ocHoBe BKT, copepxaniux B CBoeM cOCcTaBe pacTBOpPHI ¢ cojecoaepxkanuem 400
u 600 1/11 mpuBeneHbI B Tabmume 1.

Tabmuma 1 - OCHOBHBIE OKCIUTyaTallMOHHBIE XapaKTEPUCTHKM KOMIIAyHIOB HA OCHOBE BSDKYIINX
KOHTAaKTHOTO TBepJeHus ¢ cosecoaepxkanueM 400 — 600 r/i.
IIpu coneconepxanumn
ITokazaTens En. uzm. Ky0OOBOTO OCTaTKa
400 r/n 600 r/n
0
06beMHOe cofiepKaHue Ky6OBOIr0 OCTaTKa B KOMIIAyH/le 06. % 45 40
[Ipenen MpOYHOCTH MPU CIKATHH:
cpa3y nocJje MpeccoBaHUs Mlla 37,6 34,3
nocye 28 cyTOK TBEpACHHUsI B BOJIE Mlla 58,4 59,7
mocyie 28 CyTOK TBEpIEHUS HaJl BOJIOM MlIla 71,4 54,0
nocine 25 UUKIOB MONEPEMEHHOIO 3aMOPAKUBAHUS (MUHYC
S H pemetH p (Vmye |\ 73,4 81,4
15°C) u orrauBanus (tumoc 25°C)
Hogne 50 UUKIIOB nonepeMemgoro 3aMOpaXHBaHUS (MUHYC MIa 75.2 58.4
15°C) m orramBanus (turroc 25°C)
Bomonoriomenue nocie 28 CyTOK TBEPACHHS B BOJIC % 2,5 2,0
I110THOCTE Kkr/m® 1980 2120
Croumocts komnonentoB BKT gans orsepxkaenus 1 e
a DA IPH. 740,00 825,00
KyOOBOTO OCTaTKa
KoneuHnblli 00beM KoMmmayHza, coiepxkamero 1 m° ky6oBoro e 29 25
OCTaTKa ' '
PesynapTarel  WcclieoBaHWS ~— BJIMSHAS ~— OONydeHUS  Ha  (PU3HKO-MEXaHWYCCKHE

XapaKTEePUCTUKH BSDKYILUX KOHTAaKTHOI'O TBEPECHHUS, UCIIOJIb30BABLIMXCS AT UMMOOMIN3AIUH
u komnaktupoBanus JKPO npuseneHs! B Tabnure 2.

Tabnuna 2 - I[lpenen MpOYHOCTH NPH CXKATHH OOPa3LOB BSUKYLIMX KOHTAKTHOTO TBEPACHHS IO M MOCIE
o0ydeHus

[Ipenen npounoctu npu cxatuu, MIla
Bsoxymee HE 00Jy4eHHBIX 00pa3IoB rocJe o0ydeHus,
no3a 6,6 *10° pag
BKT 66,2 76,3
BKT momuduimpoBanHoe 72,8 74,1

Pa3zpaGoranHast TexHosorusi Obula ompoboBaHa Ha FOxHO-YkpanHckoir ADC mpu
OTBEPXJACHUU JKUIKUX PaJHMOaKTUBHBIX OTXOJI0B — KyOOBBIX OCTAaTKOB € coJsiecosepxkanueM 400
r/n (XXKO - 2, emxoct TW10BO2 u TW10BO3). Pe3ynbpTaThl HCTIBITAHUH BBIIIEIAYMBAEMOCTH
KOMITAYHJIOB, COJEpXAIIUX pPaJIUOaKTHBHBIE OTXOAblI, BbIMONHEHHBIX 1o ['OCT 29114
npuBeeHbl B Tabnuiie 3 [4].

Ta6aunia 3 - CKOpOCTh BBINIENaUMBAHUS HYKJIN/A, KI/M2CyTKH

Panno- Ne [lepuoj BhlLeIAYMBAHMS, CYT.
HYKJIH] oOpasua 1 cyTkun 3 cyToK 7 cyTox 10 cyToxk 14 cytoxk
10 2,16*10°3 - 3,5%10° 2,8*10° 1,5%10°
Co 60
11 5,3*10* - 1,3*10° 1,48*10° -
Cs 134 10 - 5,2*10* 2,5%10° 1,14*10* 1,10*10*
S 11 - 2,08*10 6,1%10° 4,0710° 3,3*10°
Cs 137 10 3,36*%10* 5,3*10* 2,2*%10° 1,24*10* 9,5*%10°
S 11 3 1,77*10* 7,0%10° 6,8*10° 3,0%10°
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[IpuBeneHHbIC B TAOIHIIE TaHHBIC TOKA3BIBAIOT, YTO BEJIMUMHBI CKOPOCTH BBIIIETAUUBAHUS
KOMITayH/IOB, IMOJYYE€HHBIX HA OCHOBE OPraHOMHHEPATIbHBIX BSIKYIIUX BCEro Ha MOPSAJIOK HUXKE
AQHAJOTUYHBIX XapaKTEPUCTHUK OCTEKIOBAHHBIX OTXOJOB, MOJIYYEHHBIX Npu Temreparype 900-
1150°C [5].

PesynpTaThl pacyera OOBEMHBIX M IIEHOBBIX XapaKTEPUCTHK TEXHOJOTHH OTBEPIKICHUS
JKPO c wucronb30BaHHEM BSIKYIIMX KOHTAKTHOTO TBEPICHUS, BBIOJHEHHBIC I KyOOBBIX
ocTaTtkoB ¢ cojecoaepxkanueM 400 u 600 r/mn, mpuBeneHsl B Tabnuile 4. PacueTsl BHITOTHEHBI U3
YCIIOBHS HIMMOOMITH3AIMK ¥ KOMIaKTHpoBaHus 1M pactBopa KPO.

Tabmuma 4 — OObeMHBIE W IICHOBBIE XapaKTEPHUCTHKH TEXHOJOTHH oTBepkiaeHus JKPO BsoxymmMu
KOHTaKTHOTO TBEPICHUSI.

3HaueHHue rmoKasareyien
En. 1 XKPO ¢ JIsl TPUTUIA
TTokazarenb A e 3 AV TP
U3M. coJieco/iepyKaHueM, KI/M° | cofiepiKaliux
400 600 pacTBOpOB
KonmuecTBo conelt B pacTBope KT 400 600 HE periam.
KomunuectBo BKT miis oTBepkieHuUs T 2,0 1,3 3,0
'bEM KOMIIAyHJa II UMMOOUITH3AIIAN |
O0beM KOMIIayHIa IOCIIe oouIM3aIy e 1.6 18 20
komnaktupoBadus JKPO
Cornecoiep)xaHue KOMITayH 1a macc. % 15 30 -
OJI1 XMMHYECKH CBS3aHHOW BOJBI MCXOIHOTO
A 2 2 Mace. % 90 - 96
pacTBopa
TeMrrepaTypa geruapatalnuyd KOMIIayHIa °C 500 - 900
CroumMocTh KOMIIOHEHTOB BKT st
3 A IpH. 700 700 1000
oTBepkIeHus 1 M° pacTBopa
YBenuueHue o0beMa MHHUMAJILHO
‘ ( pas 18 18 2,0
BO3MOYKHBIN ITOKa3aTeINb)
Croumocts BKT s xommaktupoBaHusi 1 Kr
) s p IPH. 1,75 0,75 -
coJiei
[TpouHOCTh KOMIIAYH/IA TIPH CKATUH MIla 20-40 20-40 100
O0BeMHOE COfIepIKaHHEe XUMHYECKH CBSI3aHHOM
BOJbI B KOMIIAYH/JIE MTOCIIE OTBEPKICHUS TPUTHI 00. % - - ~50
COJICPIKAIIMX PACTBOPOB

[TpuBenennbie pe3ynbTarhl (Talba. 4) MOKa3bIBalOT, YTO MPH OTBEPHKIAEHUM KYyOOBBIX
OCTaTKOB IO Pa3pabOTaHHON TEXHOJOTMM 00beM KoMmmayHAa yBennuuBaeTcss Ha 60-80% mo
CpaBHEHMIO € O00BEMOM HCXOJHOro pactBopa. Heob6xomumMo OTMETHTh, UTO TpHU
LEMEHTHUPOBAaHUU KyOoBOoro ocratka c¢ cojecojepkanuemM 400 1/n o0bem KoMIayHJa
yBenuuuBaercss Ha 571%, T.e. B 5,7 pa3za, a aHaJIOTMYHBIA NOKA3aTeNb MPU LIEMEHTUPOBAHUU
KPO c coneconepxxkanriem 600 r/m cocrasisier 872% [2]. Ilpu nementupoBanuu KPO B Tape
yBenuueHue oobema coctapisieT 763 u 1144 % coorBercTBeHHO [2].

OddexTuBHOCTh  pa3pabOTaHHON  TEXHOJOTHMH  MOATBEPHKIAETCS  CTOMMOCTHBIMH
MIOKA3aTeJsIMU UCIIOIb3YEMBIX KOMIIOHEHTOB. CtoumocTh KomnoHeHToB BKT nist oTBepknenus
1 mM® XXPO Haxomurcs B npenenax 0,70 TeIC. TpH., TOrAa KakKk CTOMMOCTH IIEMEHTa,
HEOO0XOUMOTrO Uil OTBEP)KACHUS aHAJOTHYHOro o0beMa MO TPATUIMOHHON TEXHOJIOTUU
cocraiusieT 1,14-1,71 Toic. TpH. [2], a npu orBepxaenuun XKPO B Tape 9,89-14,83 Thic. rpH. [2].

MakcuManbHBIMU LIEHOBBIMHU ITOKA3aTEISIMU MPU UCIOJIb30BaHUU BSKYLIUX KOHTAKTHOTO
TBEPACHUS XapaKTepU3yeTCs TEXHOJOTHsS OTBEp)KIEHHUS TPUTHUHCOAEpKalluX pacTBOpoB. B
JIAHHOM cllydae cTOMMOCTh KommoneHToB BKT mis otsepsxaenus 1 m° coctaBmser 1000 rpH.
Opnako pa3paOOTaHHBII KOMIIAyHJI OTJIMYAETCS BO3MOXKHOCTBHIO TOJHOIO XMMHYECKOTO
CBSI3BIBAHMS BOJBI PAacTBOpa MpH 0ObEMHON ee KOHILEHTpauuu B koMmayHae 10 50 06.%. Ilpu
3TOM TeMIepaTypHBI HHTEepBal JerHApaTalii KOMIAayHaa HaxoauTes B mpenenax 500-900°C,
YTO CBUAETEIBCTBYET O €r0 BHICOKMX IKCILTYyaTal[MOHHBIX XapaKT€PUCTHUKAX.
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PazpaboTanHas TEXHOJOTHS MMO3BOJISAET MOJHOCTHIO CBS3BIBATh TpUTHIcOaepskamme XKPO
B MMHEpAJIbHbIE KOMIIAYH[Ibl, XapaKTEPU3YIOLIUECS COOTHOILIEHUEM CBSI3aHHOW BOJBI U
MUHEpaIbHOW cocTaBisitomel 1:1 mo oO0bemy. [lomydaembie o pa3paOOTaHHOW TEXHOJIOTHUHU
KOMIIAyH/IbI XapaKTEpPU3yIOTCs BEIMUMHOH cpemHell miotHoctd 1,5 — 2,0 T/M° u mpenenom
npo4yHocTH npu cxatuu 40 — 90 Mlla.

[Tpu onenke sKoHOMHYECKON 3 (PEeKTUBHOCTH MpeIaraeMoro Metoaa oreepxaenus TPO
HEOOXOAMMO YUMTBIBATh, UYTO OPMEHTHPOBOYHAS CTOMMOCTH 3axopoHeHms 1 m° TPO B
IIPUIIOBEPXHOCTHOM XpaHuiuiue tuna «Bekrop» cocrasisger ~ 6,0 Tbic. rpH. IIpu oOmem
oobeme xpansmuxcs Ha ADC Ykpaunsl J)KPO 31,2 M3, 00bEeM OTBEPIKICHHBIX 110 TPATUITHOHHON
TEXHOJIOTUU 1EMEHTHPOBAHUA OTXOA0B cocTaBuUT 181 — 271 M3, a CTOMMOCTH 3aXOpOHEHHMS
nanHoro oovema 1,1 — 1,6 muH. TpH. CHmwkeHue obobema oTBepkaeHHBIX JKPO B 2 — 3 pasa
MO3BOJIUT CHU3UTh CTOMMOCTD 3axopoHeHus 10 0,36 — 0,8 muH. TpH.

AHajoruyHas TEXHOJOTUsl Oblla pealii30BaHa MPU CO3JAaHUM ABYX MPOMBIIIJICHHBIX
TEXHOJOTMYECKUX YYacTKOB II0 IepepaboTke nuiaMoB ranbBaHuku (I kmacc omacHoctH) B
KOMIAayHIbl, OTHocsmuecs K [V kmaccy. Dkonoruueckas O0€30MacHOCTh MpeIaraeMoro
TEXHOJOTMYECKOI0  peuieHus Oblla  TMOATBEPXKAEHA KOMIUIEKCOM  TOKCHKOJOTHYECKHX
uccienoBaHuii  (ocTpasi TOKCHUKOJOTHS, THAPOTOKCUKOJIOTHS, arpOTOKCUKOJIOTHUS H  T.1.),
npoBeneHHbIXx MHcTtuTyToM (apmakonorun u Ttokcukosnornn AMH Vkpaunsl. B pesynbrate
9TUX HCCIEAOBaHUN OBUIO YCTAHOBJIEHO, YTO B pe3yibTare (PU3UKO-XUMHUYECKUX IMPOLIECCOB,
IPOTEKAIOIUX P KOMIIAKTUPOBAHUM 3KOJOTMYECKH OINACHBIX W TOKCUYHBIX 0TX070B I - I
KJIacCca OIACHOCTH, KOHEYHBIM KOMIIayHJ OTHOCHUTCS K coeauHeHusMm [V kiacca omacHOCTH.
3nauenus JI/[so KOHEYHOTO MPOIYKTA MEepepadOTKH - TpaHysl HaxoauTcs B mpenenax > 5700.
Murpamust B HoOy>KIaromyro cpeny (BO3IyX, BOAY, TPYHT) 3HAUUMBIX B TOKCHUKOJIOTHMYECKOM
OTHOUICHUH COCIUHEHUI U 3JIEMEHTOB IIPU 3TOM He mpoucxomurt [6 - 10].
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HanionanbHuii TexHiunuil yHiBepcuter Ykpainu "KuiBcbkuii MOMITEXHIYHUHN IHCTUTYT IMEHI1
Iropst Cikopcbkoro M. Kuis

BILJIUB JIA3EPHOI'O BUIIPOMIHIOBAHHS HA ®A30BHUM CKJIAJI TA
CTPYKTYPY KYBIYHOI'O HITPUJIA BOPY

MeTogaMu peHTT€HOCTPYKTYPHOTO Ta eIeKTPOHOrpadivHOTO aHAaJi3iB BUBYCHI 3MiHHU y (a30BOMY CKIai Ta
CTpYKTypi KyOiunoro Hitpumy 6opy (KHB) mim miero masepHOTO BHIIpOMiHIOBaHHSA. J{OCHimKyBaBcs SIK BUTBHO
onpominernit KHB Tak i KHB y cknani kommosuty. [loOynoBana miarpaMa IpunmycTUMHUX —IapaMeTpiB Jla3epHOL
00poOKwH, sKi He 3MiHIOBaNHM BUXiAHY cTpyKTypy KHB. Bussienmnii epexr ounmenns KHB Bin iHmmx HiTpinHUX (a3

oopy.

Changes in the phase composition and structure of boron cubic nitride (CNB) under the action of laser
radiation were studied by X-ray and electron diffraction analyzes. Investigated as freely irradiated by the KNB and
the KNB as part of the composite. A diagram of acceptable laser treatment parameters was constructed that did not
change the original structure of the CNB. The effect of clearing KNB from other nitride phases of boron is revealed.

Kawuosi cinoBa: daszosuii ckimaa, audpakrorpama, jJa3epHe CHikaHHsA, (a30Be MEPETBOPCHHS, KyOIUHHI
HITpUA 60pYy.

Beryn. J{ns BuroroBneHHs iHCTpyMeHTY Ha 6a3i KHB BUKOpHCTOBYIOTH pi3HI TEXHOJIOTT
[1]. B pmamiii poOOTI OOCHIMKYIOTHCSA NPOIECH CIIKaHHS HUliQyBalbHUX KpYriB 3
BUKOPHCTAHHSM JIa3epHOTO BHUIIPOMiHIOBaHHs. JlazepHe cmikaHHS IUTiIQYBaTbHUX KPYTiB , MO
Mictath CBN, Mae 1imuii psig repesar B OPIBHSAHHI 3 IHIIMMH METOJIaMU CITIKaHHS. AJie, aHai3
B3a€MO/II1 J1a3€pPHOI0 BUMPOMIHIOBAaHHS 3 0araroazHUM KOMIIO3UTOM, 110 Ma€ B CBOEMY CKJIAJ1
KPUXKI YacTWHH, TMOKazye [2], 1o BiporimHi JeKiabka MPOIECiB, SKi MOXYTh HEraTHBHO
MO3HAYUTHUCS Ha TEXHOJOTIYHUX BIACTHUBOCTSX HITI(YBaIBLHOTO KPYTY.

Merta po6oru. MeToro poOOTH € BHU3HAYEHHS TEXHOJOTIYHUX PEXHMIB Ja3epHOTO
CHIKaHHA IHCTpyMEHTalIbHOro komno3uty Ha 6a31 KHB, mo 3a0e3neuyrots ¢azoBy cTaOLIbHICTh
cBN Ta iforo BUXiHy MIIHICTb.

Marepiain Ta mMeroamka aociaimxkenb. Jlocnimxysanuck uurignopomkun KHB mapku
KB250/200, po3mimieHoro Ha rpadiToBiii migkIami mcis npsmoro onpomintoBanas  YAG:Nd
— nazepoM 1 3epHa KHDB, mo Bxogumm y ckian komnosuty. OctaHH1 Oyny MONepeHbO MOKPUTH
HiKkesieM. PEeHTTeHOCTpYKTYpHI ociikeHHs npoBoauucs Ha qudpakromerpi JJPOH -4 y CuKa u
CoK,, BumpominroBanmsx. Peectparis audpaxrorpam siticHioBamacs B PEKUMI IUCKPETHOTO
ckaHyBaHHsA 3 kpokoM 0,05° i ekcrosWuicro B KOKHiil TOYILI TPUBAICTIO 3CEK.
31OMKHM eJIeKTpOHOTpaMM TpoBoJWiIKCsS Ha enekrpoHorpapi EMP - 100 npu
npucKoproBanbHIN Harpy3l U = 75kB

PesysabTaTn poborn Ta ix o6roopennsi. Ha puc.l mpencraBiena mrpux — miarpama
BuxigHoro nopomky mMapku KB250/200. CyrreBo, mio kpim JiHii ¢asu, inenTudikoBaHoi sk cBN
C mepioJoM KpucTaliuHoi pemnitkn a=3,615A, dikcyeTbes m01aTKOBE BiIoOpaKeHHs MOOIU3Y
miHii 111 KHB (puc.1, BcraBka). CriiBcTaBiaeHHSI 3 TEOPETUUHUMU NU(PPaKLUIHHUMU CIIEKTpaMu
JI03BOJIsIE BBaXKAaTH, IO BiJOOpaKeHHS 3a3HAu€HE CTPUIKOI HaleXuTh 3'eaHaHHIO BisN2. B
3aJI)KHOCTI BiJ TMapaMeTpiB JIa3epHOTO BHUIPOMIHIOBaHHA Yy (ha30BOMYy CKJIaJl BUIBHO
ONIPOMIHIOBAHOTO MOPOIIKY BUABIIOTHCS 4 (pa3u: cBN, wBN, hBN Tta nitpua BisNo2.
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Puc.1. Hltpux — giarpamma BuxigHoro nuti¢pmnopormky mapku KB250/200
(CuKo BumpominroBanns). Ha BcTaBmi — qudpakrorpama modnmsy Bigoopaxkenss 111 cBN

BB eHepreTyHuX mapaMeTpiB JIa3epHOTO BUMPOMIHIOBAHHS Ha ()a30BUI CKJIaJ] IMOKA3aHO
Ha y3arajbHeHi aiarpami (puc. 2).
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Puc. 2. 3anexuicts (hazoBoro ckiany noporky KB 250/200
Bijl €HEpPreTHYHUX MapaMeTpiB JIa3ePHOr0 BUITPOMIHIOBaHHS

CyTTeBO, MO MIUIBHICTh TOTY)XKHOCTI 30HU cTabutbHOCTI BN po3ruiaBieHHs 3B’S3ku 1pu
HEJOCTaTHS Uil MOBHOTrO ()OpMyBaHHI KOMIIO3UTY. [l 3MEHILEHHS TeMIepaTypu HarpiBaHHS
3epen KHBb mnpu mazepHoMy ompoMiHIOBaHHI Ha iX TIOBEPXHIO HAHOCHBCS IIap HIKEIO.
ExpanoBanuii Hikenem KHB pasom 3 mopomkom III-12H-01 namnaBnsBes Ha crane Ct3. 3
chopmoBaHoro Banuka Buiydanucs 3epHa KHB, ski micas momatkoBoi 0OpoOKM 3HIMAIUCh HA
esiekTpoHorpadi. 3 po3mm@pyBaHHS €NEeKTPOHOIpPaMU BUXOAWTH, 10 KyOiuHa (a3a HITpuUIy
Oopa He 3a3Haa .oJIMOP(HUX NEPETBOPEHD Yy Ipoleci (popMyBaHHS KOMIIO3UTY.

BucHoBku. BusiBiieHi moporosi eHepreTHyH1 MapaMeTpy MpU MEPEeBUIIEHH] SIKUX JIa3epHe
BUIIPOMIHIOBaHHS IHIIIIOE MOJIMOPQHI NMepeTBOpeHHs Npu mpsimomy omnpomiHioBanHi KHB.

[Toxputts 3epen KHB Hikemem 3abesneuye cTaOUTBHICTH KyOIluyHOT (pazu mpu J1azepHOMY
CIiKaHHI KOMIIO3HTY.

Jlitreparypa:
1. bBrowanesuu A.M., bouko A.M. wu np. JlazepHas pe3ka MarepualoB Ha OCHOBE anMasa U
TUTOTHBIX MoauuKanuii HuTpuaa 6opa // Ilopomkosas Metamryprust. — 2004. — No3/4 — C.47-53.
2.  Tonouxo HK. XnopkoB HO.B. u gap. M3mepeHue NOIMIOMIATEIBHON CIIOCOOHOCTH
CBOOOJHO HACHIIAHHBIX OJHO KOMIIOHEHTHBIX METAJIMYECKHX IOPOLIKOB M €€ H3MEHEHHE B
nporiecce na3epHoi oopadotku // [lopomkosast metammyprus. — 1997. — Ne 7/8. — C. 89-94.
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TEXHOJIOI'UA U3I'OTOBJIEHUSA MUKPOITIOPUCTOT'O ABTOKJIABHOT'O
T'A30BETOHA HA3KOM INIOTHOCTH

[IpencraBneHsl pe3ynbTaThl HCCIEAOBAaHNS CBOHCTB MUKPOIIOPHCTOTO Ta300eToHa. MccnenoBaHpl OCHOBHBIC
9KCIUTyaTalOHHBIE XapaKTEPHCTHKH TETION30IAMOHHBIX KOMITO3HTOB.

The results of studies of the properties of the microporous aerated. The main operational characteristics of
heat-insulating composites are investigated.

KiroueBble cj10Ba: aBTOKJIaBHBIH MUKPOIOPHUCTHIN Ia300€TOH, Ki1acc 6ETOHA MO IUIOTHOCTH, IPOYHOCTH MPH
C)KaTUH, IOPUCTOCTb.

Hcxons U3 OCHOBHBIX IMOJIOKEHUH KOHLEMIMY YCTOWYMBOIO Pa3BUTHS, Ta300€TOH MOYKHO
paccMaTpuBaTh Kak OJMH M3 HamOoee NEepCHeKTHBHBIX KOHCTPYKIMOHHBIM MaTepHAlIOB,
o0ecrneynBamIuX CYLUIECTBEHHOE COKpallleHHMEe HHEPreTHYecKUX 3arpaT Ha OTOIUICHHE
MOMEIICHUH NIPY HU3KHUX PAaCcX0Jax CTEHOBOIO MaTephalia Ha €AWHUILY TUIOMIAN OTPaXKIA0IINX
KOHCTPYKLUH.

OpHako, TpPaIWIMOHHBIA  aBTOKJIABHBIH Ta300€TOH  XapakTepU3yeTCs  HaIHMIUEeM
OTPaHUYEHUH MO SKCIUTyaTallud BO BJIAXKHBIX YCIOBHMAX (U1 MOMELIEHUH C OTHOCHTEJIbHOM
BIQKHOCTBIO BO3ayxa He Oomee 75 %), 4ro oOycIaBiIMBaeT HEOOXOAMMOCTh 3allUThHI
IOBEPXHOCTH OTpaXJarollell KOHCTPYKIMHM OT copOuuu BoAbl. Makpomnopucras CTpyKTypa
JAHHOTO MaTepuajna He IO03BOJSET HCIO0JIb30BaTh 3(PQPEKTUBHO TUAPOPOOHBIE MOKPBITHS U
o0yciaBIuBaeT HEOOXOJUMOCTb 3alUThl MOBEPXHOCTH C TIOMOIIBIO  Pa3HOOOPA3HBIX
MITYKaTYPHBIX PaCTBOPOB.

[lenpto  umccnenoBaHMii B oOsacTM  pa3pabOTKHM  TEXHOJOTMH  MPOU3BOJCTBA
MHUKpOIIOPUCTOTO AaBTOKJIABHOTO Tra3o0eToHa ObUIO MOJIy4eHHE KOMIIO3HMIMM, KOTOphle Obl
XapaKkTepU30BAINCH HATMYUEM MUKPOIIOPUCTON CTPYKTYPHI.

TpaaunMOHHBIE aBTOKJIABHBIE Ta300€TOHBI, B CHIIy CHENU(UKA WX TPOU3BOJCTBA
XapakTepu3yroTcs HaauuueM makponop pazmepom 0,5 — 3,0 mm (puc. 3a). JlaHHas CTpyKTypa
TIOJTHOCTBIO OTPEIEIISIETCS IPOCTPAHCTBEHHBIM PACTIONOKEHNUEM YaCTHI ATFOMHHHAEBOH ITyZIPHI B
CMecH TocJIe ee IepeMelIuBaHmsI U pa3MepOM YacTHI] 3TOro razoodpaszosarens. Makponopucras
CTPYKTYpa TPaJUIIMOHHOTO Ta300€TOHA OINpENeNseT, B MOCIEAYIONMEeM, €ro IKCIUTyaTallHOHHbIE
XapaKTEepPUCTUKN M OrpaHMYMBACT OO0JIACTh €ro MCIOJIb30BaHMs BO BIaXHBIX cpenax. Ilo
pe3yabpTaTaM JUIUTEeNbHOrO o0cienoBanus [1] ycTaHOBIIEHO, YTO HCIIOJIb30BaHUE W3JCITHA W3
aBTOKJIAaBHOT'O ra3o0eToHa 0e3 3alUTHBIX MOKPBITHH B YCIOBHUAX MOBBIIIEHHOW BIaXXHOCTH WU
IIPY BO3/ICHCTBUH arpECCHBHBIX CpPeJ MPHUBOIHUT K OBICTPOMY HMX pa3pylieHuio. TpaTuiroHHbIe
Hapy>KHbIE 3aIlIUTHBIE MOKPHITUA 3()(HEKTUBHO YCTPAHSIOT YKa3aHHBIA HEIOCTAaTOK, OJHAKO B
CHJIy HaJIMYMsI MaKpOIOPUCTON CTPYKTYphl aBTOKJIABHOTO ra300eToHa TpeOYIOT 00s3aTeIbHOTO
BBINOJIHEHUS IITYKATYpHBIX paboT, YTO 3aMETHO YCIOXKHSET M YAOpOXKaT 3aBepIIAIOLINi 3Tamn
CTPOMTENBCTBA.

CoBpeMeHHbIE TUAPOGOOHBIE MOKPHITUA CIIOCOOHBI CYIIECTBEHHO YIPOCTUTH MpPOIECC
3alIMTHl  W3JENMi Ha OCHOBE AaBTOKJIABHOTO Ta300€TOHA, OJHAKO B CHIY CIEHU(PHUKH €ro
CTPYKTYPBI, TPeOYIOT MOBBIIIEHHOT'O PAacXo/a A0POroro ruipooou3npyromero npoayKkra.

Pa3zpaboTanHasi TEXHOJIOTHSI MHKPOIIOPHUCTOTO aBTOKJIABHOTO Ta300€TOHA MO3BOJISET
NOJy4aTh KOMIIO3MILIMM, B CTPYKType KOTOPBIX OTCYTCTBYIOT KpYIHBIE TIOpBI, Kak Ha
MOBEPXHOCTU MaccuBa (puc. 3B), Tak U BHYTpH ero (puc. 3c).
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Puc. 3. CTpyKTypsl TpaJMLIMOHHOTO aBTOKJIABHOTO ra300eTOHA (2), MUKPOIIOPUCTOIO aBTOKJIABHOTO OeToHa
CHapyH (B) U BHYTPEHHsIsI CTPYKTypa 00pasiia ociie UCTIBITaHus (C)

DU3NKO-MEXaHUUYECKUE XapaKTEPUCTUKH MHUKPOIOPHUCTOrO0 aBTOKJIABHOTO Ta300eToHa
MpUBEICHBI B Tabnuiie 6.

Tabmmna 6 — Pu3NKo-MeXaHNUECKHE XapaKTEPUCTHKA MUKPOIOPHCTOTO aBTOKJIABHOTO Ta300eToHa

Mapka YPpOBHHM IPOYHOCTH ABTOKJIABHOTO [InoTHOCTH [IpounocTs nipu
OeToHa 1O razooerona, Mlla, oOpa3sia C)KaTUH
IJIOTHOCTH o crangapry [2] Kr/m® MITa

D250 0,72 280 0,86
D350 1,45 370 1,70
D400 1,45 400 2,08
D500 2,17 - 3,62 550 2,28
D600 2,90 - 3,62 630 4,60

[IpencraBneHHble  pe3ynbTaThl IMOKa3bIBAlOT, YTO IPOYHOCTHBIE XapaKTEPUCTHKH
MHUKPOMIOPHCTOTO ~ aBTOKJIIABHOTO Ta300€TOHAa TIO YPOBHIO TPOYHOCTH COOTBETCTBYIOT
TpeboBaHuUAM craHaapra. [Ipu 3ToM HEOOXOIMMO OTMETUTh, YTO TEXHOJOIUS UX U3TOTOBICHUS
MO3BOJISIET OCYIIECTBIISITh HE TOJIBKO TOBEPXHOCTHYIO THAPO(oOH3annio, KOTOpast BHITOTHIECTCS
1ocjae aBTOKJIABHOW 00pabOTKM, HO M OCYHIECTBIATH ruapododusanuio B odObeMe mMaccuBa B
IpOIIEeCCe MPUTOTOBICHNS CMECH.

OCOOEHHOCTBIO YKAa3aHHON TEXHOJIOTHHM SIBISIETCS TOBBIIICHHBIM yIENbHBI pPacxoj
TETJIOBOW SHEPIUH, OAHAKO B CTPYKTYpE CEOECTOMMOCTH 3TOT Hepepacxoj] KOMICHCHPYETCS
OTCYTCTBHEM B TEXHOJIOTUYECKON CMECH aTFOMUHUEBOM My/pHI.

IlepedyeHb CCBLIOK!
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YK 666.973.6
B.C. €EHMNY, marictp
KuiBcbkuit monmitexHiyHUM iHCTUTYT iMeHi Iropst CikopchbKOTO

SMEHIIIEHHSA BOﬂOHOTPEBHHEMEﬁTHO-l'II]J_[AHOi CyMIll 3A PAXYHOK
JOJABAHHA KPEMHIMOPITAHIYHUX CITIOJIYK

B nam yac y OymiBHHITBI OJHI€EI0 3 BaroMHx 3ajad, SKi MOTPeOYIOTh BUPIMICHHS, €
3HMDKCHHS BOJIOTIOTPEOH PO3UYMHIB 1 OETOHIB, OCKUIBKH MIIHICTh TOTOBOI KOMITO3HIIii HANPSMY
3aJISKUTH BiJl BOIO-LIEMEHTHOTO BifHOIIeHHs. [1i yac TBepaHeHHs neMeHTy e 15-25% Boau
BiJl MacH IIEMEHTY XIMIYHO 3B’SI3y€ThCSl 3 YaCTHHKAMH IeMeHTy. Ha mpakTuili Uit OTpuMaHHs
TUTACTUYHOI MacH JOJAEThCS BOAM B JIEKUTbKA pasiB Outbiie: 40-70%, 1m0 BiAMOBiIa€ 3HAUCHHIO
B/11 0,4-0,7. L1s HajuIMIIKOBA BOJA 3JIUIIAETHCS B CYMIIlll Y BUTJISIII 3aKPUTHX 1 BIAKPUTUX TIOP
1 KanrapiB. MIIHICTh TOTOBOT KOMITO3HUIIiT HANIPSIMY 3QJIC)KHUTH BiJ] IOPUCTOCTI: UMM OijbIIe 1Op,
THM MeEHIma MinHicTh. KinbkicTh momaHoi BOAM BIUIMBAE 1 Ha iHII (akTOpW, Taki SK
BOJIOHETIPOHUKHICT 1 MOPO30CTIHKICTh, OCKITBKU 3HIYKEHHS BOJONIOTPEOH BEJIE JIO ITiIBHIICHHS
HIUJIBHOCTI O€TOHI1, 110 1 3yMOBIIIO€ 3MiHY IIMX BIACTHUBOCTEH.

s 3amkenHs B/L] BUKOpHCTOBYIOTH 100aBKH-MOIU(iKaTOpH pizHOrO CKiaxy. B poboti
Oyno obpano I'KXK-94 1 'KXK-11k, ocHoBHa nig AKUX TiapodoOi3yroda, 10 3yMOBIIOE 1HTEPEC
JI0 BHSIBJICHHSI MOJKITUBUX JIOJIATKOBUX €(EKTIB B IOPIBHSHHI 3 KOHTPOJIBHUM 3Pa3KOM.

Tabnmms 1 - [lani mpo BOAO-TIEMEHTHE BITHOMICHHS U1 0OpaHUX CKIIAIiB.
Ilokazauku
Ha 50 r maBaxxxu
. . . B/
% K1JIBKICTH KUIBKICTHh 10daHO1
TloGanka n00aBKH | OOABKH B MII BOJH B MII
HCMCHTHO"HIH_IaHa _ _ 13,6 0’272
CYMIII
0,8 0,4 13,1 0,262
1,2 0,6 13,4 0,268
TIOK-94 2 1 12.8 0.256
3 15 12,6 0,252
0.8 0,46 12 0,240
1,2 0,69 11,5 0,230
THOK-1 Tk 2 1,16 11.4 0,228
3 1,73 11,2 0,224

Sk BumHO 3 Tabm. 1, mpu BBEIEHHI B CyMIIl J00aBOK iX BOJO-IIEMEHTHE BiJIHOIIEHHS
3HWKYeThesa. Haitbinbi pizke 3HmkeHHs B/L] ciocrepiraerbes npu nonasanui I'KXK-11x Bix 0,8
1o 1,2% Bix macu cymimii. [Ipu BmicTi qo6aBku 1,2% BoIO-1IEMEHTHE BITHOIICHHS 3HUKYETHCS
Ha 18,2% Big KOHTpOIBHOTO 3pa3ka. [logasnbine 301UIbIIeHHS BMICTY JOOaBKM HE MPU3BOAUTH 10
3Haunoro nonmxeHHs B/1. JlogaBanus ['KXK-94 3amxye KiUIbKICTh 101aHOi Boau Ha 1,5-8% npu
BMicTi no6aBku Bixg 0,8 10 3%.

Opepxani 1aHi cBiI4aTh NMpo €()EeKTHBHICTh OJIaBaHHA KPEMHIMOPTraHIYHUX PEYOBHUH Yy
SKOCTI J00aBOK, IO 3HMXKYIOTh BOJONOTPEOy, aBUSABICHUN JIOJATKOBHM €(QEKT 0IOMOXKe
PO3IIUPUTH 00JIaCTh BUKOPUCTAHHS 1 3aCTOCYBaHHS.
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T.C. JAILIKOBA, ac., B.B. [JIYXOBCKUM, k.1.1., nom., N.B. TJTYXOBCKUW, k.1.H., 1011

KueBckuii nonurexHudyeckui THCTUTYT uMeHu Mrops Cukopckoro
r. Kues, mp. [To6ens1, 37, info@technologies.kiev.ua, (044) 204-91-62

TEIVION3O0JAHNOHHBIE KOMIIO3UTHBI HA OCHOBE KPYITHOTOHHAKHbIX
0oTX010B

HpI/IBeHeHLI PE3YIbTAThl UCCICAOBAaHNUS OCHOBHBIX (1)H3I/IKO-M6X8.HI/I'~IGCKI/IX CBOMCTB SIUEHCTHIX OETOHOB Ha
OCHOBC KPYIMHOTOHHAXXHBIX OTXOJ0B METAJUIypruu. YcTaHOBIIEH BUJ 3aBUCHMOCTH MMPOYHOCTH OCTOHOB STYEHCTOM
CTPYKTYPBI OT IIPOYHOCTU MaT€pHrajla MaTpUIbI.

The results of the study of basic physical and mechanical properties of porous concrete on the basis of
tonnage of waste metals. Established dependence of concrete strength cellular structure on the strength of the matrix
material.

KaroueBble ¢JI0Ba: HCaBTOKJIABHBIN Fa306eTOH, MMPOYHOCTH MaT€pHrajia MaTpulibl, aKTUBHOCTDb 3aIIOJTHUTCIIA.

Hcxonst 13 OCHOBHBIX IMOJIOKEHHWH KOHLEIIIMH YCTOWYHBOTO PAa3BUTHS, Ta300€TOH MOYKHO
paccMaTpuBaTh Kak OJUH M3 HaubOosiee NEepPCHEKTHBHBIX KOHCTPYKLMOHHBIM MaTepuaos,
o0ecrneuynBarIUX CYLHIECTBEHHOE COKpAllleHHWEe JHEPreTMYECKUX 3aTpaT Ha OTOILICHHE
IIOMEIIEHUH MPU HU3KUX PACX0Jax CTEHOBOI'O MaTepuasia Ha KBaJpaTHBIN METp OrpakIaroIiux
KOHCTPYKLUH.

Ho, 1no3Bojsisi CyIIeCTBEHHO COKpaTUTh TEIUIOBBIE IMOTEPH 3[JaHUN, TpPaJAULIMOHHBINA
ra3o0€ToH, B CBOEM IMPOM3BOJCTBE IMPENINOJaracT TMPUCYTCTBHE BBICOKOTEMIIEPATYPHBIX
IpoLecCOB (aBTOKJIABUPOBAHHWE) U MCIIOJIB30BaHME MCXOJIHBIX IPOAYKTOB, MPOU3BOJCTBO
KOTOPBIX COMPOBOXKAaeTcsi oOpasoBanueM Oonbmoro xonudectBa CO2 (mapHUKOBOro rasza). B
COCTaB CBIPbEBOM CMecH aBTOKJIaBHOro razoberoHa Bxoaur 10 40 % mo wmacce
NOPTJIAH/ALIEMEHTa U W3BECTH. [IpOM3BOJCTBO ATHX BSIKYIIMX COMPOBOXKIAAETCS BBHIIEICHUE B
atMocdepy Oonbmoro konuuectBa COz. IlapHuMKOBBIM ra3 oOpa3yercss He TOJBKO NpHU
nexkapOoHu3anuu u3BecTHsKa (10 300 Kr HAa TOHHY MOpTIaHALEMEHTa U 10 780 Kr Ha TOHHY
U3BECTH), HO W MpPU CXKUTaHUM TOIJIMBA, KOTOPOE MCIOJIb3YyeTcs Ul OOXKUIa HCXOAHBIX
ChIpbEBBIX cMecel. C y4eToM YIJIEKHCIOro rasza, oOpa3yrollerocss Nnpu TPaHCHOPTHPOBAHUU
TFOTOBOIO  MPOJYKTa, CIELUAIUCTHl IOJararT, YTO CO3JlaHHE OJHOM TOHHBI ILIEMEHTa
COIPOBOKAAETCS BBIITYCKOM B aTMOc(epy 0OAHON TOHHBI yriekuciaoro rasa [1].

N3BectHa o000OIIEHHAass 3aBUCUMOCTh MPOYHOCTH TMOPHUCTHIX MaTepuasnoB (Rp) ot
NPOYHOCTH MaTepuana marpuipl (Rm), KoTopas Obula IMOJNy4YeHa NPU aHAINW3E Pe3yNlbTaToOB
WCIIBITAaHUI TOPHBIX Iopon [2]:

Rm = Rp (pm /pp)?, 1)

Ha ocHose YKaSaHHOfI 3aBUCUMOCTH OKCIICPUMEHTAIIBHO ObLIa YCTAHOBJICHA aHAJIOTHUYHAasA
3aBUCHUMOCTD JJIsA ra300€TOHOB aBTOKJIABHOT'O TBCPACHUSA [3], KOTOpas UMECT BU:

Rp=Rm [1- 1,105 - (1 — pp/pm)°%], )

rae: Rm— npoyHocTh MaTepuaia MaTpHIIbl IFIOTHOCTBIO Pm;
Rp — mpo4YHOCTH MOPHUCTOrO MaTepuana MIOTHOCTHIO Pp.
ABTOpamMM 3KCIIEPUMEHTANIBHO [4] ObUT YCTAHOBJIEH BHJI AaHAJTOTMYHBIX 3aBUCUMOCTEN IS
HEAaBTOKJIABHOT'O ra300€TOHA Ha OCHOBE MOPTJIAHALIEMEHTA U Ha OCHOBE LIIEJIOUHOTO [IEMEHTa!

Rm=Rp (pm /pp)2’28 ) (3)
Rp=Rm [1- 1,105 - (1 - pp/pm)®*], 4
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JlocToBepHOCTh  HAWJIEHHBIX  3HAYECHHMM  TOKa3aTejield  CTENEeHW  IOATBEpKICHA
CTaTUCTHUYECKOW 00pabOTKOM pe3yabTaTOB UCIBITAHUH, KOTOPbIE MTPEACTaBICHBI B Ta0IUIE 1.

Tabnuma 1 — Pe3ynbTaThl cTAaTHCTHUECKON 00pabOTKH pe3yIbTATOB HCITBITAHHS

PacueTHbic 3HAUCHUS IMOKA3aTeIIs CTEIICHU

[Tokazarenp JUISL BBIPQXKEHUS
3) (4)
Cpennee apudMeTHIECKOE 3HAUCHHE 2,281 0,472
3HaYeHNE SMIIUPUIECKOTO CTaHIapTa 0,1427 0,0366
[TorpemHOCTh 3HAYCHHS] TPU JIOBEPHUTEIHHOM 0,041 10,011
BeposiTHOCTH 95 %
OTtHocuTeNnbHas MOrPEIIHOCTh CpEeIHEro 1,8% 2.3%

apI/I(bMeTI/ILIeCKOFO 3HA4YCHUA

Jns  peanuzanuu  1eNied HMCCIIENOBaHUN 1O pa3pabOTKE TEXHOJOTHH HW3TOTOBIICHHS
BBICOKOITPOYHBIX HECABTOKJIABHBIX razo0E€TOHOB Ha OCHOBE KPYIIHOTOHHAXXHBIX OTXOAO0B
HPOMBIIIJICHHOCTH, ObLUTH UCIOJIb30BAaHbI NICJIOYHBIC IIEMEHTHI [S] KOTOphIe ObLIM pa3padoTaHbl
B 70-X rojax mponuioro Beka B YkpauHe. OCOOCHHOCTBHIO YKAa3aHHOTO BUJIA LIEMEHTOB, SIBISIETCS
TO, YTO OHHMH H3TOTABJIMBAKOTCA HA OCHOBC KPYIIHOTOHHAXXHOTO OTXOJa MCTAJLIYprun —
JIOMEHHOTO TPaHYJIMPOBAHHOTO MUIAKA U XapPaKTEPU3YIOTCS BBICOKOH MapOYHOH MPOYHOCTHIO
(mo 100 MIla), nonroseynoctbio (F1000) 1 KOPPO3MOHHON CTOMKOCTHIO [6].

XapaKkTepUCTUKU IIEJIOYHOTO IIEMEHTA, KOTOPBI OBbLT KCIIONB30BaH ISl pa3pabOTKH
HEaBTOKJIABHOTO ra300€TOHA HA OCHOBE MOJIOTOTO JIOMEHHOTO IIJIaKa, MPEICTaBICHBI B Ta0II. 2.

Tabnmma 2 — OCHOBHBIE XapaKTEPUCTUKH IIEIIOYHOTO IIEMEHTa

Cpoxu
[noTHOCTH Mapka 1menoyHoro eMeHTa,
Bun menounoro CXBaTbIBaHUS,
pactBopa, MIlIa, B Bo3pacre
KOMIIOHEHTa 3 MUH.
KI/M
HA4yajo | KOHeI| 7 CyTOK 28 cyToK

METaCHUJIHKAT 1200 36 45 63,0 (5,6)* 107,8 (7,6)
HATPHUS 1250 37 48 59,2 (7,1) 93,0 (6,5)
JVICHJTKAT HATPUS 1300 56 70 48,3 (4,6) 77,3 (6,3)

* npuMEe4YaHue — B cKkoOKax npeaca NpOIHOCTH Ha PACTSXKCHUC TTPU n3ruoe

[IpuBeneHHblE pe3yibTaThl YKa3blBalOT HAa TO, YTO YPOBEHb MPOYHOCTH IIEJTOYHOTO
LIEMEHTA YK€ B BO3pacTe 7 CyTOK COOTBETCTBYET YPOBHIO MapOYHON TPOYHOCTU TPATULIMOHHOTO
noptinanaiementa (48...63 MIla). Mapka mienoyHoro IemMeHTa, B Bo3pacTe 28 CYTOK,
CYIIECTBEHHO MPEBBIIIAET MAPKY TPAJUIIMOHHOTO MOPTIAHIIEMEHTa 1, B 3aBUCUMOCTH OT BHJIA
M IJIOTHOCTH IIEJTOYHOT0 KOMITOHEHTA, HaXOAuTCs B auamnasone 77...108 Ml]a.

Pe3ynbraThl HcnbITaHUS 00pa3lOB HEABTOKJIABHOIO ra3zobeToHa (Tabi. 3), KoTopble ObLIH
M3TOTOBJICHBl HA OCHOBE IIEJIOYHOIO IIeMEeHTa 0e3 3aloIHUTENS U U3 KOMIIO3UIIUKA Ha OCHOBE
MIEJIOYHOTO IIEMEHTa C 3alOoJHUTENeM B BHJAE (PPAaKIMOHHPOBAHHBIX KBAPIIEBOIO IECKa M
HEMOJIOTOTO JIOMEHHOTO TPaHyJIMpPOBAHHOIO IIIJIaka, yKa3bIBalOT HAa TO, YTO IpPE/ICTaBICHHbIE
HEaBTOKJIaBHbIE Ta300€TOHBI B BO3pacTe 7 CYTOK XapaKTEpU3YIOTCS BBICOKMMHU YPOBHSIMHU
NPOYHOCTH TPU CXKATHUM, Ha ypoBHE TpeOOBaHWIM HAIMOHAIBHOTO CTaHAapTa  JUIS
HEaBTOKJIABHBIX ra3o00eToHOB B Bo3pacte 28 cyrok (tabn. 4). MapouyHas NpOYHOCTh
HCCJIETyeMbIX KOMITO3ULIMI B BO3pacTe 28 CYTOK, BO BCEX CiydasX, MPEBBILIIAET TPEOOBaHUS K
MapKe HaIMOHAIBHOTO CTaHAapTa, a BIAXHOCTh Tra300e€TOHA HAXOAUTCSI B Tpeaenax
HOPMHUPYEMBIX 3HaYEHHUH OTIYCKHOM BIa)KHOCTHU, TO €CTh He Oonee 25 %.

OTnuuuTeNnbHOM  OCOOEHHOCTHIO  HEABTOKJIABHBIX Ta300€TOHOB OT  aHAJIOIMYHBIX
KOMITO3UIMI aBTOKJIABHOTO TBEPJCHUS 3aKJIIOUAETCS B YBEIMYEHHUM Mpejesia IPOYHOCTH Mpu
CKaTHUHU IIPU MOCIIEAYIOLIEM TBEPAECHUH Ha NPOTsHKEeHUHU 90 CyTOK.
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Ta6nnua 3 — ®u3uKo-MeXaHUYECKUE XapaKTCPUCTUKN HCABTOKIIABHBIX razo0eTOHOB Ha OCHOBE mCJI0OYHOTIO
HCMCHTA

Mapka Cpennsis Brnaxxnocts [Ipounocts npu cxxaruu, Mlla,
OeroHa 1O IUIOTHOCTD obpasua B BO3pacTe
TJIOTHOCTH obpasia, Kr/m> Mmacc. % 7 CyTOK ‘ 28 CyTOK | 90 cytok
0e3 3amoJIHUTEIS
D500 520 18,7 2,54 4,07 4,32
D600 610 16,9 3,74 4,75 5,10
D700 680 17,6 5,02 6,09 6,46
3aIOJIHATENb — KBapleBblid mecok (ppakuus 0,25-0,5 mm) 50 % oT macchl 11aka
D500 510 155 2,29 2,97 3,16
D600 620 15,7 3,87 4,36 4,55
D700 690 16,1 4,84 5,78 6,17
3aIOTHATENh — KBapleBbli mecok (ppakmwus 0,25-0,5 mm) 100 % oT Macchl maka
D500 530 12,1 2,38 2,67 2,86
D600 610 13,7 3,74 3,82 4,02
D700 710 13,9 4,86 5,04 5,31
3aIOJTHATENh — UIAK HeMOoJIOThIN (ppakmwmst 0,25-0,5 MM) 50 % oT Macchl IUTaka
D500 500 19,7 2,54 2,87 3,03
D600 620 18,5 4,03 4,47 4,67
D700 700 18,4 4,93 5,14 5,38
3aMoJHUTENb — IIIAK HeMoJIoThIH (ppakuumst 0,25-0,5 mm) 100 % oT Macchl nutaka
D500 510 17,4 2,17 2,54 2,61
D600 590 17,5 3,02 3,75 3,90
D700 690 18,0 4,09 4,43 4,57

Bricokass mieno4yHas cpega  MIENOYHOTO  IEMEHTa  O00ECleYMBAaeT  XHWMHUYECKOe
B3aMMOJICIICTBHE TNPOJYKTOB €ro T'HJpaTalii C TOBEPXHOCTHIO 3alOJIHUTENS - KBapLEBOTO
necka. OTCyTCTBHE TaKOro B3aMMOJACWCTBUS B KOMIIO3HMIMSX HAa OCHOBE MOPTIIAHAIIEMEHTa
00ycJIaBIMBAET 3aMETHOE CHIKEHHE IPOYHOCTH MPHU CKATHUM KOMIO3ULUi razo0eToHa (Tab. 4).
[Ipu BBegeHMM B cocTaB razo0eToHa KBapLEBOro Iecka B KoiaudecTBe 25 % OT Macchl
HNOPTJIAH/ALEMEHTa, MNPOYHOCTh CHUXaeTrcs 10 68 % OT MNPOYHOCTH KOMITO3UIMKA 0e3
3anoiHuTens. C yBenuyeHue 10U 3anoaHuTens A0 43 u 67 %, npoyHOCTh CHIDKaeTcs 10 66 u
54 % cooTBeTCcTBEHHO. B TO ke Bpemsl, IpH BBEAECHUHU KBAPIIEBOIO MECKa B COCTAaB KOMIO3ULIUI
Ha OCHOBE IIEIOYHOro IeMeHTa B KojumdecTBe 50 m 100 % oT Macchl IakKa, CHIDKCHHE
npoy”octy cocrasiseT 10 u 20 % cooTBETCTBEHHO.

Tabmuma 4 - IIpoyHocTh HeaBTOKIaBHOTO razoberoHa D600 Ha OCHOBe MOPTIIAHALIEMEHTA U IIEIOYHOTO
1eMeHTa 0e3 3aIOJTHHUTEIIS U C 3aIIOJHUTENIEM, KBapIIeBBIM IIECKOM, B BO3pacTe 28 CyTOK.

KommnuaecTtso Mapka HeaBTOKIIaBHOTO [Tpounocts B % oT
Bunx nementa 3anojHuTeNs, %o, razo0eToHa, MMPOYHOCTH 00pa3IoB
OT MaccChl IIleMeHTa MlIla 0e3 3amoIHUTEINS
0 4,46 100
[TopTnanaiemMeHT 25 3,05 68,4
43 2,93 65,7
67 2,41 54,0
[lenounoii 0 4,75 100
HeMeHT 50 4,36 91,8
100 3,82 80,4
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[Tony4yeHHBIE Pe3ybTaThl UCTIHITAHNST HEABTOKJIABHBIX Ta300€TOHOB Ha OCHOBE IICIIOYHOTO
[IEMEHTa [OKAa3bIBAIOT, YTO pa3pabOTaHHBIE KOMIIO3UIIMU XapaKTEPU3YIOTCS YpPOBHSIMHU
NPOYHOCTH B TMpeNenax IoKa3areiel, perIaMEHTHPYIOUIMX IMPOYHOCTHBIE XapaKTEPUCTUKU
Fa306€TOHOB HallUOHAJIbHBIMU ~ CTaHJapTaMH, HC TOJIbLKO B 06HaCTI/I HEaBTOKJIaBHBIX
KOMITO3HITMH, HO U B 00JIACTH aBTOKJIABHOT'O ra3zo0eToHa (Tadm. 5).

Tabmuma 5 — TpeOGoBaHus CTaHAAapTa W MPOYHOCTHBIC XAPAKTEPHUCTHUKM HEABTOKIABHOTO ra300eToHa Ha
OCHOBE II[ETIOYHOTO IIEMEHTA

YPOBHU IPOYHOCTH NPHU IIpounocts npu cxxaruu, Mlla,
cxatuu razoberona, Ml1a, HEaBTOKJIABHOTO ra300€TOHA Ha OCHOBE
Mapka 1o crangapry [7] HIEJIOYHOTO [IEMEHTA
OceToHa 10 C 3aI0JIHUTEIIEM,
IUIOTHOCTH HEaBTOKJIABH HEMOJIOTHIH IIIJIaK B
ABTOKJIABHOT'O 0e3 3armoNHuTeNs
oro KOJIMYECTBE
50 % 100 %
D500 2,17 3,62 1,45-2,90 4,07 2,87 2,56
D600 2,90 — 3,62 2,17 -2,90 4,75 4,47 3,75
D700 3,62 - 7,23 2,90 — 3,62 6,09 5,14 4,43

Puc. 1. XKunoit nByxsTakHBIN JIOM, BO3BOMUMBIH ¢ Puc. 2. dparMeHT BHYTPEHHETO IOMEIIEHHS >KHIJIOTO
HCIIOJIb30BaHNEM CTCHOBBIX Ta300€TOHHBIX MaHeNei JBYX3TaXKHOTO JIOMa BO3BOJUMOIO C HCIIOJIb30BaHHEM
CTEHOBBIX I'a300€TOHHBIX MaHeIen

Bricokne (u3nKo-MexaHHYeCKHe XapaKTepHCTHUKM HeaBTOKIaBHOTO Tazoberona D600
OBLTM peann30BaHbl MPH BBITYCKE OMBITHO-MPOMBIIIJICHHONW MapTUU CTEHOBBIX Ta300€TOHHBIX
naneneit pazmepom 3300x1500x500 MM (pucyHok 1, 2), KOoTOpble OBLIM HCIOJIB30BAHBI MPHU
BO3BEACHUH KHJIOTO JBYX3TAXKHOTO 3/1aHus [8].
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'KuiBchKuil HAliOHANBHAI TOPTrOBENbHO-CKOHOMIUHHI YHIBEPCHTET
?KuiBchkuii mosiTexHiunuii incTutyT iMeni Iropst Cikopchkoro

3ACTOCYBAHHJI 30/IbHUX MIKPOC®EP I CIIYYEHHUX ITEPJIITIB B
TEIVIOIBOJIANIMHUX CYMIINAX JJIS1 MYPYBAHHA

Jana crarTsi mpUCBSYEHa JOCITIPKEHHIO BJIACTHBOCTEH 30JIbHMX MIKpoc(ep B MOPIBHAHHI 31 CIy4YCHUMH
neputitamu. B craTTi po3ristHyTO (i3MKO-XiMI4HI BIIACTUBOCTI 30JIbHUX MiKpocdep Ta NepIliTy, a TAKOXK BJIACTUBOCTI
ix moBepxHi. JloBeleHO NOTEHILIWHY 30aTHICTb BUKOPHCTaHHS 30JbHUX MiKpocdep B SKOCTI HallOBHIOBada B
TEIIOI30JSIIHHUX CyMillIax AJIsl MypyBaHHS

This article is devoted to the study of the properties of fly ash microspheres in comparison with elliptical
perlites. The article deals with the physical and chemical properties of fly ash microspheres and perlite, as well as
properties of their surface. Proved the potential ability to use ash microspheres as filler in heat-insulating mixtures
for masonry.

OctanHiM yacoM Ha PUHKY OyJiBEJIbHUX MaTepiaiB IIUPOKUM MOMUTOM KOPUCTYIOTHCS
cyxi OyniBenbHI CyMimni, 0COOIUBO 31 CHEIiaIbHUM MPU3HAYCHHSIM — TEIUIO-, 3BYKO130JIAIIIHHI.
Jns 3a0e3neyeHHs CeliadbHUX BJIACTUBOCTEM TakUX CyXuxX OyIiBeNbHUX CcyMmimied a0 ix
CKJIQJy BBOJATHCS HamoBHIOBaui. KokeH BHJ HANOBHIOBAYiB Mae€ CBOi 3ajaHi (YHKII:
MiJIBUILEHA MIIHICTh, HU3bKA TEIUIONPOBIIHICTh, XIMIYHA CTIMKICTb, 3AaTHICTh O B3a€EMOJII 31
3B’A3YIOYMMH PEYOBHHAMH. 3aBISKA IIMM BJIACTUBOCTSM HANOBHIOBAYi 3HAWILIM CBOE
3aCTOCYBaHHs He Juile B OyniBelbHIN, a ¥ B aBTOMOOUIbHINA, XiIMIUHIA 1 HaBiTh JIETKid
npomucioBocti. Cepen MOTCHLIHHUX HAIMOBHIOBAYiB Ui CyXHX OyAiBeJIbHHX MarepiajiiB
NPUBEPTAIOTh yBary 30JbHI MiKpOC(epH Ta CIIy4eHUH MepJIiT.

3051bH1 MiKpochepH — 1€ YaCTHHA BIJIXO/1B, 1110 YTBOPIOIOTHCS B PE3YJIbTATI CHAIIOBAHHS
TBepaoro nanusa (Byriuisi) Ha TEC. BynoBa Ta XiMiuHUH CKJIaja 30JIbHUX MiKpocdep 3anexarb
BiJl KOMIUIEKCY (DakTOpiB: BUIY 1 MOPQOJOTiYHUX OCOOIMBOCTEH MajiuBa, L0 CIATIOETHCH,
XIMIYHOTO CKJIaay MIHEpaJbHOI YacTUHM MalvBa, TEMIeEpaTypd B 30HI TOpPIHHA ToOIO. 3a
paxyHOK HHU3BKOI COOIBapTOCTI JaHW Marepial BCE YaCTilIe 3HAXOIUTh 3aCTOCYBaHHS B
OyaiBeNbHIN MPOMHUCIOBOCTI, 30KpeMa sIK HaloOBHIOBad Ui KOMIIO3MLIHHUX MartepiaiiB. 3a
pPaXxyHOK HU3bKOTO 3HAU€HHs IOKa3HMKa KoediuieHTa TtemnonposiaHocTi (0,162 Bt/(m-K))
30J1bHI MiKpoc(hepHu BUKOPUCTOBYIOTbCS, B OCHOBHOMY, SIK HAllOBHIOBAY JUIs TEIIO130JSAIMHIX
OyZIiBenbHUX MaTepiajiB (B JaHOMY BUIAJKY — TEIUIOI30JSMINHUX CyMILIEH 1711 MypyBaHHS).

CriyueHuil mepiiT — MPOAYKT CIIy4yBaHHS BYJKAHIYHOTO CKJA, SIKE€ YTBOPIOETHCS B
pe3yabpTaTi BUHOCY 13 HAJIp 3€MJIl MPUPOJIHOTO KHCIIOTO CHUJIIKATHOTO MarMaTU4HOTO PO3ILIaBY.
Takuii MmaTepiall TakoXX 4YacTO BUKOPUCTOBYEThCS B OyHiBEIbHIM HPOMMCIOBOCTI B SIKOCTI
HANOBHIOBaYa, OJHAK, MO TEIUIOMPOBIAHOCTI BiH 3HAYHO MOCTYHAETHCS 30JIbHUM MiKpochepam
(0,520 B1/(M°K)).

3a cBOIM XIMIYHUM CKJIAaJOM 30JbHI MiKpocepu Ta CHoydeHHil MHepiiT JOCUTb CXOXI:
OCOOJIMBICTIO IIMX HAMOBHIOBAUiB € CIOPIAHEHICTh iX XIMIYHOTO CKIady, a came:
CTPYKTYPOYTBOPIOIOUMMH OKcuaamu sBISOThCS SiO2 1 Al2Os. Ilpuuomy, mist BeperiBcbkoro
MEepIiTy BMICT IUX OKCHJIB CKjianae BimmoBigHo 73,13 ta 15,26 mac. %, a s 30JbHHUX
Mikpocdep y Bumaaxky Byriuiga Jloneupkoro Oaceiiny 60,68 ta 34,24 mac. % Ta JIbBIBCBKO-
BomuHcbkoro — 56,44 ta 32,54 mac. % (ta6:. 1).
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Tabauus 1 — XiMiuHUHN CKIIaJ NEPIITY Ta 30JbHUX Mikpocdep, Mac. %

XiMIuHHI CrnyueHuid mepiiT 3oJbHI MiKpochepH 3 3ombHI MiKpochepu 3
CKJIaJ1 BeperiBcpkoro Byrijs JloHebKOro Byrims JIbBIBCBKO-
pOJOBHIIA Oaceiiny BonuHcbkoro 6aceiiny

SiO» 73,13 60,68 56,44
Al203 15,26 34,24 32,54

Fe203 0,38 1,67 5,54

TiO» 0,15 1,19 1,08

Na,O 3,70 - -

FeO 0,56 - -

K20 4,07 6,42 5,21

CaOo 0,9 1,01 -

CxoxicTh XIMIYHOTO CKJaJy BHIIEHABEJACHHX HAMOBHIOBAYIB MOXE CIYryBaTH

MOSICHEHHSIM 1 OTM3BKOCTI 1X (PI3UKO-TEXHIYHUX BIACTHBOCTEH (00’ €MHO-HACUITHA Maca, T'yCTHHA
ICTUHHA, 3MOYYBaHICTh IOBEPXHI BOJOI0, KOe(ilieHT Ii0QIIBHOCTI, e(pEeKTUBHA MHUTOMA
noBepxHs) (Tadi. 2).

Tabnums 2 — @i3uKo-XiMiuHI BIACTHBOCTI 30JIbHAX MIKpocdep Ta CIyYCHOTO MEPIITY

[ToxazHuk 30bHI Crryuenwii nepiitT
Mikpochepu

Maca, r/cm®:

- 00’eMmHa 0,34 0,15

- ICTUHHA 2,63 2,35
YMOBHUH TaHTEHC KyTa JieJICKTPUYHUX BTPAT:

- cyxi 0,021 0,490

- BATPHMaH1 y BOJIOTOMY CEpEOBHUIIT 0,027 0,534
KoedimienT miodimpHocTi (B) 0,158 0,670
3MOUYyBaHICTh:

- BOJIOIO 0,087 0,086

- HEMOJSIPHUMHU PO3UHMHHHUKAMU 0,588 0,129
EdexTrBHa muTOMAa MOBEPXHS:

- 110 BOIi, M%/T 1,70 1,03

- 110 HEMOJISIPHUX PO3UYMHHUKAX, M2/T 5,10 2,32

OpHak, BIACTMBOCTI MOBEPXHI 30JIbHUX MIKpocdep Ta MepiliTy MaroTh NEBHI BIIMIHHOCTI.
Taka pi3HHUI 3yMOBJIEHA PI3HOIO CTPYKTYPOIO IUX HAMTOBHIOBAYiB. 30J1bH1 MIKpoc(hepu SIBISIIOTH
cO00I0 MIKPOKYJIbKH PI3HOTO JiaMeTpy 3 OIUIABJICHOI TIJIAJKOK MoBepxHew. IIpoiec
CIyYyBaHHS MEPIIITY CYNPOBOJKYETHCSA BUAAIEHHSAM BOJIYU Ta Ta3iB 31 CTPYKTYPU BYJIKAHIYHOTO
CKia. BHachiok HbOro CTPYKTypa CIIy4€HOTO IepiiTy MHOpHCTa, a HOro MOBEPXHS Mae
HIOPCTKYBATHI XapakTep.

3MOuyBaHICTh BOJIOIO, sIKa Ma€ MaJly IJIOLTY MOBEPXHI MOJIEKYIH, JUIS 30JbHUX MiKpochep
1 beperiBchkoro nepmity npaktuyHo ogHakoa (0,087-0,086). Toxi sik HeMmoysApHI POZUMHHUKU
(Gen3om, kcuiom) 1o0pe 3MOUYIOTh TIIBKH 30JIbHI MikpocdepH 3 riaakoro nosepxuero (0,588) i
noraHo Iu(QYHIYIOTh B CTPyKTypy mnopucroro mnepiity (0,129). Sk nHacmigok, koeQilieHT
miodiIbHOCTI B IboMY BUMAKY ckiaaae 0,67 mpotu 0,15 y mikpocdep.

EdexTnBHa muTOMa MOBEPXHS MO BOJI 3aBISKU BIAMIYEHUM CTPYKTYPHUM OCOOIMBOCTSIM
Ta cknmagy A Mikpocdep Ha 0,67 M%T Ginblna, a y BUMAAKy HEMOJAPHOTO PO3ZYMHHMKA LIS
pisHuIs 3poctac 1o piBHA 2,8 M%r. HasBHICTH TOPHCTOi CTPYKTYpH y CIy4eHOTO MEpIiTy
pobuTh HoOro OUIBII AKTHBHUM B aJCOpPOLIMHOMY BIJHONIEHHI O MapiB BOJM. 3HAYCHHA
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YMOBHOT'O TaHreHca KyTa MAIeNIEKTPUYHUX BTpAT MICHS BUTPUMKH Y BOJIOTOMY CEpPEIOBHILI
3pocraioth Ha 0,044 mpotu 0,006 y 30a6HHX MiKpOchep.

OTpumaHi pe3ynbTaTH JOCIIKEHh MalOTh OyTH BpaxoBaHI MPU BHUKOPHUCTAHHI 30JIbHHX
Mikpocep Ta crydeHoro beperiBchbkoro mepiiTy B CKJIaji TEMIOI3OMAUIMHUX KOMIIO3MTIB. Ix
XapaKTepHa OCOOJUBICTH MOJSATa€ B HASBHOCTI CIIOKHBHUX BJIACTHUBOCTEH MPAKTHYHO OIHOTO
piBHS, TO1 SIK (Pi3UKO-XIMiYHI BIACTUBOCTI MOBEPXHI CYTTEBO BiJIPI3HSAIOTHCS B 3aJIE€KHOCTI BiX
CTYINEHsT 3MOYYBAHOCTI HAINOBHIOBaYa, KOHTAKTYIOUMX 31 3B’S3YIOUOI0 pedyoBHHOIO. Tomy
MOYJIMBO TPOTHO3YBATH IIEpEBary 3acTOCYBaHHS 30JIbHUX MiKpochep B KOMIIO3UTaX Ha OCHOBI
MiHEpaJIbHUX 1 MOJIMEPHUX B’ SHKYUUX PEYOBHH MOPIBHSIHO 3 beperiBCbKUM CIydyeHUM IMEPITITOM.
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SYNTHESIS AND OPTICAL PROPERTIES OF 2D CARBIDES MXENES

Keywords: MXenes, 2D carbides, nanomaterials, optical properties, electromagnetic shielding, photothermal
therapy, reactor, laboratory line

The family of two-dimensional (2D) transition metal carbides and nitrides, MXenes, has
been expanding rapidly since the discovery of TisC, MXene in 2011 [1]. More than 20 different
MXenes have been synthesized, and the structure and properties of numerous other MXenes
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have been predicted using density functional theory calculations [2]. Two-dimensional (2D)
materials with a thickness of a few nanometers or less can be used as single sheets due to their
unique properties or as building blocks, to assemble a variety of structures. MXenes properties
can be tunable for a large variety of applications [3] that directly lead to their use for
electromagnetic shielding [4], transparent conductors, light-to-heat energy conversion [5], new
advanced lasers and photothermal therapy [6].

The 2D structure, combined with high electrical conductivity and good electronic coupling
between the layers, resulted very high electromagnetic interference shielding efficiency of
MXenes [4].

Research results showed that MXenes demonstrates an outstanding internal light-to-heat
conversion efficiency (~100%) and show much more higher light absorption capability than
other materials [5].

The 2D titanium carbide sheets show strong optical absorption in the near-infrared (NIR)
around 800 nm. The performance of this material is comparable or even superior to that of state-
of-the-art photo absorption materials, including gold-based nanostructures, carbon
nanomaterials, and transition-metal dichalcogenides.

Unique optical and plasmonic properties have also been demonstrated, making the
materials promising for photothermal therapy applications. Preliminary studies show that the
titanium carbide sheets serve as an efficient photothermal agent against tumor cells [6].

Synthesis of MXene begins with etching with 10% wt. HF solution and/or a mixture of
salts and acids at room temperature or slightly higher temperature the A-element atomic layers
(for example, aluminum) in a MAX phase (for example, TisAIC,). After the etching is finished
(complete removal of the A-element layers), washing must be applied to remove residual acid
and reaction products (salts) and achieve a safe pH (~6). After the pH is increased to ~6, and
intercalation of large organic molecules and subsequent delamination completed, the
multilayered MXene flakes or single nanosheets can be collected via vacuum-assisted filtration
and then dried in vacuum [7].

AT ZRINS RESCARCH CONTRC
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®

Fig. 1. Pilot laboratory line with controlled parameters for MXene synthesis (up to 100 g per batch): 1 —
computer control system; 2- Etching reactor for MXene synthesis; 3 — additional equipment for laboratory
technological line.
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MXenes can be deposited by spin, spray, or dip coating, painted or printed, or fabricated in
a variety of ways. Synthesis conditions used to produce MXenes influence the resulting
properties and thus are directly related to the performance of MXenes in their applications [7].

In the laboratory, researchers synthesize MXene in very small quantity (milligramms), and
it is very difficult to repeat the synthesis conditions in order to obtain a material with the same
repeatable properties.

For scaling up laboratory process and to obtain the material in larger quantities (up to 100
g per batch) of good quality with repeatable properties, a pilot laboratory line was developed [7]
(Fig. 1), which allows to control the etching process and adjust its basic parameters -
temperature, mixing speed, recording and storing all necessary data for analysis or to repeat the
conditions during subsequent syntheses to obtain a MXxene with repeatable properties.

In addition, since the acidic etching process is accompanied by the release of heat, a
specially developed sealed reactor allows more secure synthesis, and also the computer control
system provides the desired optimal synthesis temperature.
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HamionanbHuit TexHiuHUi iHCTUTYT YKpainu «KuiBChbKHUI MOMITEXHIYHUHN IHCTUTYT iMeHi [ropst
Cikopcbkoro», M. Kuis

JOCJIIIKEHHS BIVIMBY HAHOLEJIIOJIO3U HA BJIACTUBOCTI HEMEHTY

Lentono3a Ta 1i moxinHi 3HAWIIIM MIMPOKE 3aCTOCYBAHHS SIK BOJOYTpPUMYIOYa Ta cTablizyroua 100aBKH 10
OyniBenpHUX MatepianiB. JlomaTkoBui e(eKT Bijg X 3acTOCyBaHHS MOJNATAE€ y CIHOBUIBHEHHI TY>KaBJICHHS 1
TBEpAHCHHS LEMEHTy. MEeTOI JOCIIJDKEHHs € BH3HAUYEHHS BIUIMBY HAHOLIGJIONO3UM Ha BJIACTHBOCTI IIEMEHTY.
JloBenieHo, 110 HAHOILEION03a Ma€ IUIACTH(DIKYIOUMH e(eKT, MPUCKOPIOE TY)KaBJIECHHS 1 TBEPJHEHHsS LEMEHTY B
paHHI TepMiHH.

Cellulose and its derivatives is widely used as water-retaining and stabilizing additives for building materials.
The additional effect of their application is the slowing of setting and hardening. The goal of the study is to
investigate the influence of nanocellulose on the cement properties. It is proved that nanocellulose has a plasticizing
effect, accelerates setting and early strength development.

KoarouoBi cioBa: xiMiuHa 100aBKa, HaHOIEIIOJIO3d, IIEMEHT, HOPMalbHa I'YCTHHA, TEPMIHU TYXKaBIJICHHS,
MiIHICTD

3actocyBaHHsS XIMIYHMX J00aBOK Jjsi OyAiBeNbHHX MaTepiaiiB pos3modaiocs MIie B
CTapoJaBHIX KpaiHax B mepioJ n0 Hamoi epu. CHo4yaTtky NPUPOAHI OpPraHidHI PEUOBHHU
3aCTOCOBYBAIMCS JUIsl TOKpAIIeHHS riapoizonsuii Ta ¢apOyBaHHs. 3 1i€I0 METOI0
BUKOPUCTOBYBAJIUCS SIMIIS, MOJIOKO, KpOB, POCIHMHHI OapBHUKHM, Tomlo. Ili3Hime mnovanu
3aCTOCOBYBAaTH NPUPOJAHI BOJOKHA [yl apMyBaHHS Ta HEOpraHiuHi COJl Ul HPUCKOPEHHS
TBEPAHEHHS OyJiBeIbHUX cyMimeid. CbOroJHl iCHye caMOCTIMHA MiJAraay3b HPOMHCIOBOCTI 3
BUPOOHUIITBA XIMIYHUX J00ABOK HE JUIIE JUis OyJiBEeIbHUX MaTepiamiB, a W JUIi KOCMETHYHUX
3aco01B, Xap4uoBOi MMPOMHCIOBOCTI, CUILCHKOTO TOCTIOAPCTBA, TOIIIO.

XimiuHi nqo0aBkM nansi OETOHIB Ta OyaiBEeIbHUX PO3YMHIB € XIMIYHUM TPOAYKTOM
OpUPOAHOTO ab0 INTYYHOTO TIOXO/DKEHHS, SKWH JOMA€ThCS M 4Yac MPHUTOTYBaHHS
XiMiuyHl 7100aBKM I Oy[diBEIbHUX MaTepialiB  KiIacU(iKyloTh 3a (QYHKIIOHAJIbHUM
OPU3HAYEHHSM Ta OTPUMYIOTh JBOMa MNUIAXaMH: 1) LiJeCHpsIMOBaHUM CHUHTE30M 1 2)
nepepoOkoro Biaxois [1]. s oTpumanHs 106aBOK MOXHA 3aCTOCOBYBATH IIACTUKOBI BUPOOH,
NaToKy, POCIMHU 1, HaBiTh, (pykTu. IIpukiagom m006aBOK POCIMHHOTO TMOXOKEHHS €
[EJTI0103a, SIKa HAJICKUTh J0 KIAcy «BOJAOYTPUMYIOUMX J00aBOK». Taki 100aBKH 3MEHIIYIOTh
BOJIOBIIIUVIEHHS 1 PO3LIAPOBYBAHICTh pO34YMHIB Ta OeToHIB. JlonaTkoBUMHU edekTaMu 100aBOK €
rtacTuikaiis 1 CloBUIbHEHHS TBEPIHEHHSI.

JUiss OTpUMaHHsS LENIONIO3M Y CBITOBIM MpPaKTHUIll BUKOPUCTOBYIOTh, B OCHOBHOMY
JIepeBUHY XBOWHUX Ta JIMCTSIHHUX TIOPIJI, SIKi € JIOCHTh JOPOTHMMH Ta MOTPEOYIOTh TPHUBAJIOTO Yacy
BIJTHOBJICHHS. 3pOCTaroui NOTPeOH B LIETI0JIO31 MOXKHA 3a0€3MEUNTH 38 PaXyHOK BUKOPUCTAHHS
HEJIEPEBHOT POCIUHHOT CHPOBUHU - CTE0EN 3J1aKOBHX 1 BOJIOKOH TEXHIUYHUX pociuH. OIHUM 13
NEPCHEKTUBHUX HANpsIMIB BUKOPUCTAHHS IIEIOJIO3U € HAHOLENI0JI03a, AKY HMOJUIAIOTh HA TPU
OCHOBHI BHJU: HaHO(]iOpHIIbOBaHA IIEJNI0JI03a, HAHOKPUCTANIIYHA IIEJI0I03a Ta OakTepiajibHa
HaHOIENM003a. 7l OTPUMAaHHS HAHOLENIONO03H 13 POCIMHHOI CHUPOBHHU BUKOPHCTOBYIOTHCS
MexaH14H1, XiMi4HI 1 pepMeHTaTuBHI MeToau. HaHorenomno3a Mae Takl yHIKaIbHI BIACTUBOCTI,
SK TIJBUIIEHY MEXaHIYHy MIIHICTh, HH3bKY TOKCHYHICTh, O10CYMICHICTb, O010J€CTPYKIIIiIO,
HU3bKY BapTICTh BUXIJHOI CHPOBUHH, IO JO3BOJII€E BUKOPUCTOBYBATH ii B PI3HUX Taiys3sx: B
OTNTOEJNIEKTPOHIILll, TEXHII[, Y BUPOOHUIITBI XIMIYHUX JIKEpPeN CTPyMY, COPOEHTIB, JUIs 3MIIIHEHHS
Ta MiBUIICHHS TEPMIYHOI CTIHKOCTI MOJIMEPHHX Ta ManepoBUX KOMITO3UTIB [2-4].
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[lemronmo3a BijomMa y Oy/iBENbHIN MPOMHKCIOBOCTI SK BOJOYTPUMYIOUa Ta CTabiIi3yroda
nobaBka. OHAaK, BOHA HETATHBHO BITMBAE HA TY)KABIICHHS 1 TBEPIHEHHS IIEMEHTY. ToMy METOI0
JOCIIJKCHHsT OyJI0 TIEPEBIPUTH BIUIMB HAHOIEIOJIO3M Ha BJIACTHBOCTI LeMeHTy. st 1poro
BUKOPUCTOBYBAIM  HAHOLICTIONO3Y, SKy OJEpPKadu KHCIOTHHM TiAPONI30M  JIBHSHOI
OpPraHOCOJIbBEHTHOI  IENI0J03U.  HaHOCTPYKTYypy OTPUMaHHUX 3pa3KiB  HaHOIICIIOJIO3U
HiATBEP/KEHO pe3ylIbTaTaMH aTOMHOI CHJIOBOI MIKPOCKOMIl Ta TpPaHCMICIHHOI eJeKTPOHHOI
Mikpockorrii. /[ BCTAaHOBJICHHS 3MIHHM CTPYKTYPH B pe3yJbTaTi XiMI4HOI Ta (i3udHOI 00pOoOKH
MPOBE/ICHO PEHTICHOCTPYKTYPHHUI Ta TEPMOTPABIMETPHUHUI aHaIIi3 3pa3KiB HAHOLEII0JI03H [6].

Hanomnenmono3a y Burisiai cycnensii 3 koHienrpamniero 0,5 % 3aminryBaid 3 BOJOKO i
BBOAWJIM JIO0 CKJIaay IeMeHTy. HopmalbHa TYCTHHA 1 TEpMiHU TYXKABJICHHS BH3HAUAIHCS IS
IIEMEHTHOI'0 TicTa Ha MiHi-pwiaai Bika. MilHICTh Ha CTUCK JOCIIDKyBaiacs Ha IEMEHTHHUX
Ky0ax 3 po3mipom pedpa 2 cm. PesynbraTu qociikeHHs HaBeeHi B Tadmumi 1.

Tabmmus 1 — di3nko-MexaHIyHI BIACTUBOCTI IEMEHTIB 3 J00aBKOI HAHOLEIIOIO3HU

Bwmict Hopmanbna | Tepminu Ty)KaBlICHHS, MinHICTh Ha CTHCK KYOiB 2 cM,
HAHOIEIOJO03H, | T'ycTuHa, % roji-XB Mlla, y Biti, 110
Mmac. % IOYaTOK KiHEIb 2 7 28
0,000 25,5 1-47 3-37 15,5 31,6 48,5
0,025 24,5 1-03 3-03 22,4 33,3 39,8
0,050 24,0 0-60 2-50 26,4 39,8 43,8
0,100 23,5 0-60 3-20 20,5 42,1 50,5

Sx BUIHO 13 JaHUX TaONHIN, HOpPMajdbHA TYCTHHA IIEMEHTHOTO TiCTa TIPH BBEICHHI
HAHOLEJIIOJIO3U 3MEHINYeThCs Ha 4-8 %, a Ty)KaBJIEHHS NP 301IbIIEHHI BMICTY HaHOLEIOI03U
npUCKOpro€eThes. [IpH IbOMY TaKOX CYTTEBO MPUCKOPIOETHCS TBEPIHEHHS LIEMEHTY, MTEPEBAKHO,
B panHi TepMiHu. I[licis 1 7oOu MIIHICTH IIEMEHTIB 13 HAHOIIEII0J03010 Oinbina Ha 32-70 %, a
micist 3 1o6u — Ha 5-37 %. B mi3Hi TepMiHU TBEpAHEHHS MIIHICTh LIEMEHTIB 13 HAHOIIEIIOJI03010
MEHIIIa MIIIHOCTI KOHTPOJBHOIO 3pa3ka LeMeHTy. Minnicts 3paskiB 3 0,025-0,050 mac.%
no6aBku menma Ha 10-18 %, a mimHicTh 3pazka 3 0,100 mac. % nHaHOUEMIOM03U OLTBINA 32
MIIHICTh KOHTPOJIBHOI'O 3pa3ka 1eMeHTy Ha 4 %. PexkomeHnoBaHUM BMICTOM N00aBKU
HaHouemono3u € 0,100 mac. %, 3a SKOi HOpMajbHA T'YCTHHA 3HUXKYEThCS Ha 8 %, MOYATOK
Ty’KaBJIEHHS 3MeHINyeThbcsl Ha 44 %, kiHeub TyxkaBieHHS — Ha 8 %, MiunHICTH Ha 1 100y
30utbmyeThes Ha 32 %, Ha 3 100y — Ha 37 %, Ha 28 100y — Ha 4 %.

ExcriepuMmeHTanbHi JaHi MiATBEPIKYIOTh, IO HAHOIEIIIION03a Mae IuacTU(iKyroul
BJIACTUBOCTI, IPUCKOPIOE TYXKABJIEHHS LIEMEHTY Ta TBEpJHEHHS B paHHIHN mepion. 3ajiexkHO Bij
BMICTY HaHOILEJIIOJI03a IO-pI3HOMY BIUIMBAa€E Ha MILHICTh Ha 28-700y, IO CBIAYUTH MPO
HEOOXI1/THICTh BH3HAYEHHS ONTUMAJIBHOI il KOHIIEHTPAIIl IOCITHUM IIJISTXOM.
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OCOBJIMBOCTI IPOLECY IIOMEJIY KBAPLHIOBOI'O IIICKY

Jana poboma npucesuena oensady nimepamypu 3a memor: noMmel K8apyo8oz2o NicCKY.
Pozenanymi maxi numanns sax 6ubip 601020cmi nicKy, nomen 3a CyXum ma MOKpPUM CnocoboM,
ONMUMANbHA CMENiHb 3A8AHMANCEHHs KYIbOGUX MIUHIE MA GUKOPUCMAHHA — AKMUBAMOPIE
nomerny.

KarouoBi cjioBa: KBaproBwid TICOK, TIOMEJ, TIOBEPXHEBO-aKTHBHI PEUYOBUHH,
JUCIIEPCHICTD, KYJIbOBUI MIIHH.

[Tomen kBapIOBOro IMiCKy JIO TIEBHOI CTENEHI JUCIEPCHOCTI € TyXe CHEepPro3aTpaTHOIo
TEXHOJIOTIYHOIO OTEepaIliel0 1 MOXE BHUKOHYBATUCh SK MOKPUM TaK 1 CYXHM CIIOCOOOM.
KBaproBuii micoKk € HaWNOUMMPEHIIUM KpPEMHE3eMHCTUM KOMIIOHEHTOM Yy BUPOOHHUITBI
OyZIiBelnbHUX MaTepialliB TaKMX SK HANpUKIaA HI3APIOBaTUN aBTOKIaBHUUN OeToH. ToHKuUI
nomen 3a0e3redyye Kpamly XiMI9HY B3a€MOJIF0 MDK ITICKOM, IIEMEHTOM, BallHOM 1
ra3oyTBOpIOBaueM B TMporieci (opMyBaHHS 1 aBTOKJIABHOI OOpPOOKM MacUBY Hi3ApIOBATOTrO
BUPOOY.

Haituacrime as nomeny KBapioBOro micKy BUKOPUCTOBYIOTh OapabaHHI KyJIbOB1 MIIMHU
3 KyJIAMHU 200 CTPHKHAMH Y SIKOCTI METTFOUHX TiJI.

3aomaKeHHs] €HeproHOCIiiB BiAOYBa€TbCcs MPU KOMIUIEKCHOMY MiJIXOJi 1O BUOODPY
OCHOBHHX TEXHOJIOTIYHHUX OIEpaliil MpoIiecy MmoMemny, TaKhuX SK: ONTUMAJIbHE CITiBBiIHOIICHHS
MDK MENIOYMMHU TiTaMH Ta MOAPIOHIOBAHUM MaTepiajioM, CTEMiHb 3aBaHTAXXEHHS MIIMHA
MarepiajaoM, BOJIOTICTh MaTepiaiy, 101aBaHHs i1HTeHCHU(]IKaTOpy TOMEIy, TOIIO.

IHaTeHCcHdikaTOpH MOMeNy BiIPI3HAIOTHCS MIXK COO0I0 XIMIYHOIO OY0BOIO Ta MPUHLIUIIOM
it [1].

CreniHp 3aBaHTaKEHHsSI MJIMHA KBAapIIOBUM IICKOM HAampsMy BIUIMBA€E Ha €(EKTHBHICTb
nomeny. Ilpu nepeBaHTakeHHI MIJIMHA MarepiajoM, KyJl BTpPayalOTh €HEPrito 1 MoMen He
BinOyBaeThcs. JlocmimkeHo, MmO mpu 30UIBIIEHHI TOBIIMHM IMIapy MaTepialy a0 15 wmwm,
BiZIOyBa€eThCs MaiHHA KYJIi B MaTepian 0e3 mpoiiecy noapionenHs [1].

3acrocyBanHs [IAP-iHTeHCH(]ikaTOpiB moapiOHeHHs Oa3yeThcst Ha edexti Pebinnepa,
SKUW BUHUKAE TpU aacopOIlii Ha IMOBEPXHIO TBEPAOTrO TiIa MOJEKYl I1HTeHcHudikaropa.
[TonepenHiMH TOCTIIKEHHSIMUA BCTAaHOBJIEHO, 1110 TOBEPXHEBO-AKTUBHI PEYOBUHU KUPHOTO PSITY
I'KK-36, 'KXK-94 i sxupHi kucnot, siki MicTsath Tpyny C7 — Co B kimbkocTi 0,1%-0,2 Big macu
NoJpiOHIOBAHOTO MaTepiany, 3JaTHI 30UIBIIMTH MPHUPICT mUTOMOi moBepxHi Ha 40-50% mnpu
OJTHHX 1 THX )K€ YMOBax mopiOHeHHs [2].

OTxe MOXXKHa 3pOOMTH BHCHOBKH, III0 TIPU PETEILHOMY aHalli31 Ta BUOOPI ONTUMAIbHUX
TEXHOJIOTIYHUX MapaMeTpiB, MOKHA IHTEHCHU(IKYBAaTH IpOILEC MOMENTy KBapLOBOrO IMICKY B
KyJbOBOMY MIIMHI. 7 1IbOTO HEOOXIAHO KOHTPOJIOBATH TaKi MapaMeTpH: BOJIOTICTh IMICKY,
TOBIIMHA IIApy MaTepialy Ha JHI MJIMHY, CIHIBBIJIHOIIEHHS MEJIOYUX TUI 10 Marepiaiy,
ONTUMaJIbHA KUIBKICTh IHTEHCU(DIKATOPy MOMEITY.
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AOCIIUKEHHA IIOMEJTY KBAPHHOBOI'O IIICKY B ITIPUCYTHOCTI
KPEMHIAOPIAHIYHOI PIITMHA

Jana poboma npucesuena 00CHiOHCEHHIO MOKPO20 MaA CYX020 NOMENY K8APYO8020 NICK)
6 npucymuocmi kpemuitiopeaniynoi piounu I'KK-94. 3uaiideno pso nepesae oanoi 006asxu Hao
ananozamu ma onmumanvry Konyenmpayiro I’ KXK-94, ona inmencughixayii nomeny keapyo8oco
nicKy.

KirouoBi cioBa: KBaproBuii IICOK, KpEeMHIMOpPraHiuHa piguHa, €QEKTHBHICTS,
azcoporis

Kpemniitopraniuni rigpodo0bizatopu-iHTeHCHU(BIKaTOpu MOMENy MaloTh IEBHI MepeBaru
HaJl OpPraHiYHUMH, BOHU TIOBHICTIO COPOYIOTHCS Ha TMOBEPXHIO MICKY HA BIAMIHY BiJl TOYKOBOI
¢bi3uuHoi amcopOii y BUMAAKy OpraHiyHUX, BUTPUMYIOTh HarpiBanHs Bumi 3a 300°C Ta
YTBOPIOIOTH MOJIIMEPHY ILTIBKY Ha oBepxHi yacTok [1]. I'ixpodobizanis yacTok micky 3amnodirae
iXHPOMY HaJMIAHHIO HAa MEI0Yl TiJIa 1 MPOSIBIILE CBOIO €(EeKTUBHICTh 3 MEPILOTO YAapy Kyii, B
TOW Yac, KOJNU JUTsl PO3KIMHIOIYOI il MOBEpXHEBO-aKTUBHUX pedoBHH (3a I1.A. PeGinmepom)
HEOOXiTHO MaTH 30HY MepeapyHHYBaHHs, ika BUHHUKA€E 3HAYHO Mi3Hiie [2].

Kpewmniiiopraniuna piguaa ['KXK-94 mpencraBnse co0or0  MPOIYKT — TiIpomizy
STWIIUXJIOPCUIIAHY 3 YTBOPEHHSM TOJIIMEPIiB €TUIIT1IPOCHIIOKCaHY.

~Si-0-
|

, nen=9-14,
C2H5 n

Puc. 1. CrpykrypHa hopmyna kpemHiopranigHoi piguan ['KXK-94

JlocmimxeHHsT TPOBOIMINCH Mpu BosiorocTi micky 0,2-0,4%, a CriBBIIHOIIEHHST Macu
HICKy /70 Macu MENIouuX TUl B JaOOopaTOpHOMY KyJabOBOMY MiMHI Oyino 1:4 1 3amumanock
MOCTIHHUM.

EdexTuBHicTh aii 100aBKHM JOCTiKyBaiacsd 3a MOKPHM 1 CYXHUM CIIOCOOaMM IMOMEIY.
JlocniakeHHs okas3aiu, 0 HalOUIbIly epeKTUBHICT 100aBKa mposBise npu goaasanHs 0,10-
0,15% Big macu Mmatepiany, KU MOAPIOHIOETbCA 1 301IbIIy€e MIBHIKICTE momeny Ha 50,7 —
51,7%[3].

3acTocyBaHHS J1aHOI T00ABKU JO3BOJISIE BIIMOBUTHCH BiJl MOKPOTO ToMeny 6e3 100aBoK,
NPaKTUYHO HE 3HIDKYIOUM TPOTYKTUBHOCTI BUKOPHUCTOBYBAHOTO ITOMOJIGHOTO —arperarty.
OpaHOYacHO 11e J1a€ 3MOTY 3aMIHUTH IUKIIIYHO Jifo4ye 00IaJHaHHs Ha Oe3nepepBHe.
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