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(54) CNocCis OTPUMAHHA KOMIMO3UTHUX MEMBPAH

(57) Pedpepar:

Crnoci® oTpMMaHHS KOMMO3UTHUX MemOpaH, B SAKOMY TOTYOTb OOHOPIOHY MEXaHiYHy CyMill,
3aBaHTaXytoTb 1i Y NpUCTpin popMyBaHHA MeMbpaH i hopmytoTe MeMbpaHy. B ogHOpigHY MexaHiuHy
CyMilLl BBOOSATb MiHeparbHi KOMNOHEHTH, ob'eMHa YacTka sikux cknagae 50 % Ta pewwTow € nonimep,
a npucTtpoem ans dopmyBaHHA MembpaH € SLS-npuHTep ana 3D-apyky, skui nowapoBo dopmye
mMembpaHy Ha nigcTasi nonepeaHbO PO3POBMEHOI KOMM'IOTEPHOI TPMBUMIPHOT Mogeni i3 ogHOpPIgHOI
MeXaHi4YHOi CcyMiwi | oAgHoYacHO cnikae wapu Mk Ccobo LNAXOM BMAUBY Na3epHoro
BMNPOMIHIOBaHHS, i AKUI 3yNWHAE CBOKO POOOTY NO 3aBEPLLUEHHIO MPOrpamMu.
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KopucHa mopenb Hanexutb Ao cnocobiB BupobHuuTBa Metogom 3D-Apyky inbTpauiiHmx
MeMbpaH Ans O4YMLLEHHA BOAW 3 KOMMO3WUTHMX MOMiMepHo-kepaMiyHMx maTepianis. OTpumMaHi
MemMbpaHu MOXyTb BYyTW BUKOPUCTaHI 9K y CreLianbHUX CUCTEMAaX OYULLIEHHSI NiroTOBaHOI BOOU y
Xap4oBil, hapMaueBTUYHIN rany3six MNPOMWUCIIOBOCTI, TaK AN OYMLUEHHS Bogu, Ky B MNo6yTi
BMKOPUCTOBYIOTb JOMOrocnoaapcTaa.

dinbTpauiiHi MeMbpaHM AN OYMLIEHHSI BOAM XapaKTepuayloTbCsl HacKpisHMMM nopamu. 3a
OOMOMOIoK Takux mMembpaH BiaOyBaeTbCsl BMIYYEHHS 3 BOAW AOMILLIOK Pi3HOI MpMpOAM Ta pPi3HUX
PO3MipiB BKMIOYHO A0 TUX AOMILLOK, NiHINHI PO3MIpK SKMX € HE MEHLLUMMW aHK YMOBHUIW AiameTp nop
MeMbpaHu. ACOPTUMEHT TakuMx AOMILIOK Yy BOAi CKnagawTb pi3Hi 00'ekTM Big cycneHgoBaHUX
(3aBUCNIMX) MEXaHIYHMX YACTMHOK OO0 eneKTPOHEeNTpanbHUX MakpOMOMEKymn, po3nofifieHux B BoAi
peyvoBuH. PinbTpauiiHe OuuMLLEHHS BOAM 34IMCHIOTL 6e3 3anyyYyeHHs 0o4aTKOBMX peareHTiB. [ng
e(EeKTMBHOrO NpoTikaHHS BoAW Yepe3 MeMbpaHy B Hii mae 6yTu He meHwwe 40 % BigkpuTMX nop.

CyyacHi ginbTpaLinHi MembpaHn Takoro Npu3HayYeHHs BUrOTOBMSIOTL 3 MOMIMEPHUX Matepianis,
YMM 3HAYHOK MIPOK OBMEXYIOTb MOXMNUBOCTI IX BUKOPUCTAHHA AMs1 OYMLLEHHS Tennoi abo rapsayoi
Boan. lNpu HarpiBaHHi go Ttemnepatypu 50 °C i BuWe NnacTUYHICTL MeMbpaH, BUIOTOBMEHMX 3
noniMepHMx MartepianiB, CyTTEBO 30iNblUYETbCH, WO A03BONISIE OOMilLKaM "nMpockakyBaTu" yepes
MeMbpaHHi nopu. TakoX nNpobnemol € HasiBHICTb B TakMx MemMOpaHax "rnyxux" nop, B SKMX
HaKoNU4yloTbCA TBepAi OOMILKKM | SKi B NogarnblOMy HEMOXMNNBO BMAAMUTU LUASXOM NPOMMBKM Nia
TMCKOM. HakonuyeHHst TBEpAMX OOMILIOK B "rmyxmx" nopax Npu3BoauTb 4O 4acTKOBOro abo MOBHOro
NnepekpuTTS NPOCBITY CyCigHiX Nop MeMOpaHu i, Yepes3 NeBHWUI Yac, - 4o Buxogy meMbpaHnu 3 nagy. B
TOM e 4Yac noniMepHi martepianu And BUrOTOBMAEHHSA inbTpauinHnx membpaH € 3py4yHuMn Ans
TEeXHONOoriYHoi 06pobku pisHUMK MeTodamw, Ha BepcTaTax, LUTAaMMOBKOK, BUMMABMEHHAM Ta 3a
AOMOMOrOK aAMTUBHUX TEexXHOMorih, A0 skux Hanexuts 3D-gpyk. LWupokmn cnektp TexHonorin
AO3BOMSE THYYKO BUIOTOBNATM MONIMEpHi  dinbTpauiiHi membpaHn B Benukomy AianasoHi
reoMeTPUYHNX Po3MIpiB 3 3aBAaHNMM PO3MipamMK NOP i HANEXHMM BMICTOM BigkpuTux nop. MNpu ubomy
30epiratocst Ik MexaHiudHi, Tak i TpaHCMOPTHI BNAcTMBOCTI NONiMepHMX inbTpauiiHx memopaH [1].

OkpiM noniMepHMX, BUKOPUCTOBYIOTb KepaMivHi inbTpauiiiHi MmembpaHn Ha OCHOBI NpUpoAaHOT
CUPOBUHM Ta 3 JoAaBaHHAM LUTYYHUX MaTepianiB [2]. Bigomi cyyacHi kepamiyHi MembpaHu npu Taknx
cammnx po3mipax nop B HUX, SIK i y noniMepHux MembpaHax, MOXyTb eKkcnnyaTyBaTucs B 2-5 pasiB
AOBLUE MNOPIBHSAHO 3 NONIMEPHMMU, MatOTb BinbLl BUCOKY MeXaHiuHy MiLHITb, NigaalTbecs pereHepadii
LUMNAXOM MpOXaptoBaHHSA abo 3BOPOTHOI MPOMMBKM Mid BUCOKUM TUCKOM, HE BTpadvalTb 34aTHOCTI
edeKTVBHO ouuliaTn BOAY 3a TemnepaTypu KWMNIHHSA BOAWM 3@ paxyHOK 36epexeHHs i3nyHnX
napameTpiB i Qi3nYHNX BNacTMBOCTEN, NICNA BUYEpnaHHA TEPMiHY ekcnnyaTauii kepamMiyHi MembpaHu
He yTBOpIOOTb Hebe3nevyHnx nonimepHux Bigxoais [2, 3].

Bigomi cnocobu BMpoOGHULUTBa KepamiyHWX MembpaH MomnsralTb Yy NPUrOTYBaHHI LUMXTW, siKa
CKIagaeTbCa 3 KepaMiyHOi OCHOBM, PEYOBUMH-MOPOYTBOPHOBAYIB i B'SXKYYMX PEYOBUMH. 3 LLUMXTU
dopmMyoTb MeMOpaHy NeBHOi hopMuM Ta po3MipiB, SKy niggatTs 06pobui 3a BUCOKMX Ta HAaABMCOKUX
Temnepatyp. Mig 4yac o6pobku BigGyBaeTbCA NpoLec opMyBaHHA MOHOMITHOI KepamidHOT Macu 3a
paxyHOK B3aemMofii kepaMiYHOI OCHOBU i B'SXy4Oi peqyoBUHM, i, BOAHOYAC, (POPMYBaHHSA HaCKpPi3HMX
nop 3a paxyHOK BUropaHHsi abo BUNapoByBaHHSA Pe4OBMH-MOPOYTBOPIOBAYIB.

TemnepaTtypHuin pexxum o6yMOBNEHUI TEMNEPATYPOIO MIABIIEHHA B'SXXYYOT PEYOBUHMN.

MopucTicTb, K NUTOMa YacTKa HACKPI3HUX Mop, BU3HAYaETLCH, CYTTEBOK MIpOKO, XiMIYHUM
CKIMazioM Ta XiMiYHUMU i PI3NKO-XiMIYHUMK BNACTUBOCTSAMU PEYOBUH-MOPOYTBOPIOBAYIB.

MexaHiyHa MiLHICTb kepaMivyHOi MembpaHmn 3anexuTb Bid CMiBBIAHOLWEHHS TOBLUMHM OO AiameTpa,
a TakoX XiMiYHOro cknagy i (i3nko-XiMiYHUX BNACTMBOCTEN KepaMidHOi OCHOBWM Ta CNiBBI4HOLLUEHHS
KiNbKOCTi PEYOBUHU-OCHOBM [0 KiMbKOCTi B'SXKYYOl pPeyvyoBMHW. HepocTaTHs KiNbKiCTb  B'sXKyYOl
PEYOBUHUN 3HWKYE MEXaHiYHY MILHICTb MembpaHu i ii 34aTHICTb NPOTUCTOSATU NIABULLEHOMY TUCKY
3abpygHeHoi Boau nig 4ac pinbTpauii, a TakoX 3HWKYE NPOAYKTUBHICTL (inbTpauii. HagmipHa
KiNbKICTb B'SXKYYOi peyoBWHM Nig 4Yac Bunany y BUMMA4I po3nnaBy 3aTikae B MOPU | 3MeHLUYye
NMOPUCTICTb MeMBpaHu, Lo € HebaxxaHUM.

MopiBHAHO 3 BMrOTOBMEHHAM MOMIMEPHUX MeMOpaH, TEXHOMOriYHI MOXITMBOCTI BUTOTOBIEHHS
KepamiyHux MeMOpaH € Oinbw obmexeHumMM, 0COONMBO, B 4YaCTWHI BUMKOPUCTAHHS aaWUTMBHMUX
TexHonorin - 3D-gpyky. OKpiM LbOro, HEMUHYYOK 3anulaeTbecs cTadia diHilHOro Bunany, nig vac
SIKOroO 3a BUCOKUX TemnepaTyp, BnacHe, i opMyeTbCs kepamivyHa maTtpuus [4, 5].

Komno3ntHi membpaHn Ha OCHOBI MOMIMEPHOro Martepiany 3 po3nofifieHo B HbOMY KEpPaMivHOH
as3o0 NoegHylTb NepeBarn SK TEXHOMOrW BUIOTOBIEHHS inbTpauiiHux MembpaH, Tak i iXx
MeXaHi4YHMX, TPaHCMOPTHUX Ta eKcnryaTaliiH1X BNacTMBOCTEN. BaxnmBow ocobnumBicTo € Ton dakT,
WO Tak camo, siK i noniMepHi membpaHu, KOMMNO3WTHI NoNiMepHo-KepaMiyHi MeMbpaHn 6e3 cyTTEBUX
obmMexeHb Ha cTagii iX BWrOTOBMEHHs nigdawTbCsa TexHonoriam 3D-Apyky, B TOMy 4uchi i3
3acTocyBaHHAM SLS-npuHTepiB (3D-npuHTEpiB ANS CENEKTUBHOMO Na3epHOro cnikaHHs) [6].
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KepamiyHoOto OCHOBOIO MOXYTb 6yTK antomiHin okena (Al20s) abo uupkoHin(lV) okena (ZrO2), abo
TutaH(lV) okcma (TiO2), abo cwuniuin kapbia (SiC). lNopiBHAHHA inbTpauinHMX BNacTMBOCTEN
KepamiyHMx MeMOpaH, BWIOTOBMEHMX 3 TaKUX KepamidHMX OCHOB CBig4MTb, LWO Harkpale
CMiBBIAHOLUEHHSI MK MEXaHI4YHOK MiLHICTIO, MOPUCTICTIO Ta ONOPOM TUCKY BOAM Mae Micue y MembpaH
Ha ocHoBI cunidito kapoigy (SiC) [3].

Bigomuii cnocié oTpMMaHHsa KepaMiyHOi MembpaHu, NPy SKOMY 3MillytoTb Mk COBOK peyoBUHY-
reneytesoptoBad (B'sbkKydy peYOBMHY), KepaMiuHy OcHoBy - cuniuito(lV) okcuay, peyoBUHM-
nopoyTBoptoBadi (akTmBoBaHe Byrinnsd Ta OioBigxod - peTenbHO NoApibHEeHy SeyHy Likapanyny).
MembpaHy popmMytoTb METOAOM reneBoro NUTTA.

MpoTe ¢opmyBaHHA 3aroTOBKM METOOOM rerfieBoro NUTTA Hakrnagjae CyTTeBi OoOMexeHHa Ha
dopmMmy i po3mipu 3aroToBOK i 34e6inbLIOro He Aae MOXNMBICTbL dhopmyBaTy MemMbpaHu BENMKOro
piameTtpa. OkpiMm uboro, reneei MaTepianu noTpebyoTb A0OATKOBUX BUTPAT eHeprii Ha iX
BMNantoBaHHA [7].

Bigomuin cnocib 3a skum 3MilyloTe MK COBOI0 MOPOLLKONOAIOHI PEYOBUHU - KEpaMiyHy OCHOBY Y
BUrNSAi yTBOptoBaYiB kepamikm - SiC (cuniuito kapOigy Ta aniomiHilo okcugy abo rnuHKU, sika €
NPUPOAHMM HOCIEM antoMiHil0 OKCMAY), PEYOBUHY-MOPOYTBOPOBaY (rpadiT Ta noniMeTunmeTakpunar)
Ta B'SXydi pedoBuHM (NoniBiHINOBUA cnupT, cknsiHa dpiTa). icna peTenbHOro nepeMillyBaHHsA CyMiLLl
CMpPEecoBYOTb AN CTBOPEHHSA (hOPMOBaHOI 3aroToBkM nig Tuckom 2,3 MIa. 3aroToBky HarpiBatoTb y
Tpu cTagji, cnoyatky go 850 °C, nmotim go 1300 °C, Hagani go 1700 °C, nicna 4oro OoTpUMYOTb
MembpaHy, siKy MporpaMoBaHO OXOSOAXKYOTh.

CknagHicTb BMrOTOBNEHHA MeMOpaH Yy Takun crnocid nomnsrae He TifbkM B TOMYy, WO CyMmiw
HarpiBatoTb 4o 1700 °C, WO € NpUYMHOK BENUKMX eHepro3aTpar, a W Yy HeoOXigHOCTi KOHTpons 3a
TemMnepaTyporo i YacoBUMU iHTepBanamu BNAUBY Ha Cymilw nig 4Yac TPUCTALIMHOrO HarpiBaHHs Ta
NpOrpamMoBaHOro OXONOAXEHHS.

Peanisauis Takoro cnocoby notpebye BMKOPUCTaAHHSA BigNOBIgHOMO, YacTo AOCTAaTHBO BapPTICHOrO,
obnagHaHHA. OCHOBHOK NPWYUHOK CKMNagHOCTI Cnocofy € BMKOPUCTaHHA MOPOYTBOPHOBAYIB, SKi
BUMApPOBYHOTLCSA NPU BUCOKMX TemnepaTypax [8].

B iHwux Bigomux cnocobax BukopucTaHHs 3D-NpuHTEPIB 3 METOK OTPUMAaHHS KOMMO3UTHMX
BMpOGIB poO3rnagaloTb BUKOPWUCTaHHSA, BriacHe, MoniMepHO-KepamiyHMX KOMMO3UTHUX CyMilLen, siK
BUTpaTHUX Matepianie ans SLS-gpyky [9, 10].

Cnocobn BWUrOTOBIEHHS KOMMO3ULUINHUX MOSiMepHO-kepaMiyHuX inbTpauinHnx MembpaH 3
BUKOpUCTaHHAM TexHonorii 3D-Apyky i3 3actocyBaHHaM SLS-npuHTepiB, SK Taki, HE ONncaHi.

Hanbnmxymm aHanorom € crnocié OTpUMaHHA KOMMO3UTHUX MOMiMEpPHO-KepaMiyHMx MembpaH 3a
MiHepanbHUM CKNagoM € Crnocid BUrOTOBMEHHS KepamiyHMX MeMbpaH A5 inbTpauinHOro OYULLIEHHS
BOAM, ONMCAHUIM B NaTeHTi Ha KopucHy mogens [11]. KepamiyHy memGpaHy BUroToBnsnu 3 matepiany-
ocHoBM - cuniuito kapbigy (SiC) Ta anowmiHito okcugy. [ogaTKoBO Ans  KOHTPOSbOBAHOrO
NOpPOYTBOPEHHSA OO0 CKNady BUXIAHOI CyMilli BBOAMMM PEYOBUHM-NOPOYTBOPIOBaYi - kapboHaTHi coni
HaTpito, kanbuito, amoHito (NH4HCO3), abo (CaCOs), abo (NaHCOs), Ta B'sxkydy peyoBuHy - Bypy
(Na2B4O7¢10H20), sika HagaBana membpaHi MexaHi4Hy MiLHICTb nicns Bunany.

Ha cragii dopmyBaHHs 3aroToBok MembpaH 40 MiHepanbHOi CyMmilli BBOAWIM PO34MH KPOXMaIto.
Po3umH Kpoxmarni TMMYacOBO BWKOHYBaB (PYHKLIT B'SXKy4ol peYOBUHU, SiKka crnpusna yTpUMaHHIo
dopmun 3aroTtoBkn. B npoueci Bunany Kpoxmanb MOBHICTIO BWropaB i [O0AAaTKOBO CHpUSB
NOpPOYTBOPEHHIO B MeMBpaHi.

BurotoBneHHs kepaMiyHUX mMembGpaH 3aBXaW € ABOCTadiHMM TeXHOMNoriYHum npouecom. Ha
nepLlin crtagin peTenbHO 3MillylOTb MiXX COBOK BCi MiHeparnbHi KOMMOHEHTW i AO0AalTb PO3YMH
Kpoxmaro, B pesyrnbTaTti Yoro oTpMMyITb OOHOPIAHY MexaHidHy cymill. lMicns 3milyBaHHS MeTOAO0M
npecyBaHHs 3a JOMOMOrOK MPUCTPOD POPMYBaHHSE MeMbpaH CTBOPIOIOTL MeMBpaHy NeBHOT hopMM i
reoMeTpuyHnx po3mipie. dopmMa 3anexuTb Big reOMeTpUYHUX NapaMeTpiB MaTpulb, B SKUX NPECYTb
roToBY CyMilll ANsi CTBOPEHHs1 MeMbpaHn. CchopmoBaHy MeMOpaHy BUCYLLYIOTb 3a Temnepatypu 9512
°C npotsrom 30-60 XBUNUWH ANs BUAANeHHsa BoMoru 3i weuakictio 1 rpagyc 3a xBunuHy. Ha HacTynHin
TEXHOSOrYHIN cTafii BUCylleHy MemOpaHy Micns OXONOMXKEHHS NigAaloTb BUCOKOTEMMEPATYPHOMY
BMMNany 3a CKnagHuUM TemnepaTtypHuUM pexXMMoM HarpiBaHHda. CnoyaTky go Ttemnepatypu 35015 °C
HarpiBaHHA 34iNCHIOBaNM 3i LWBKMAKICTIO 3 rpagycu 3a XBunuHy, Big Temnepatypu 3505 °C po
TemnepaTypu 950110 °C HarpiBaHHA 3fiMcHIOBanu 3i WBKUAKICTIO 2 rpagycu 3a xBunuHy. OctatodHe
crikaHHs BigOyBanocs WsSXoM BUTPMMYBaHHSA Cymiwi 3a Temnepatypu 950110 °C npotsrom 60-65
XBUIMMH. OCTaToyHe OXONOMKEHHA OTPMMaHOoi MeMbpaHu BigdyBanocs NpMpogHMM LUSISIXOM.

HepocTtaTHa gOCKOHAanICTb Takoro cnocoby oTpumaHHs QinbTpauiiix MembpaH nonsirae B TOMY,
wo dopma Ta reoMeTpuyHi po3mMipy MeMOpaHu 3anexartb Big OpMU Ta FEOMETPUYHUX PO3MIpiB
MaTpuui, B Skin pOpMYyIOTb 3aroToBKy membpanun. [na rHy4koro nepexogy Ao iHWoi dopmu Ta/abo
iHLUMX FeOMEeTPUYHNX Po3MipiB Tpeba nonepeaHbO BUFOTOBWUTU BigNoBiAHY MaTpULUIO ANs NpecyBaHHS
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abo nocTinHo matm Habip Takmx maTpuub. PopmMyBaHHA MembBpaH MeTOAOM MpecyBaHHA He [ae
MOXMMBICTb 3 BEMMKOI TOYHICTIO OMNYCKIB i NOCagoK BUrOTOBNATY binbTpauiviHi Membpanun. Ockinbku
QinbTpauiiHi MemMOpaHu 3aBXau eKcnnyaTylTb Nig Big'eMHMM abo nig Hag IMLLIKOBUM TUCKOM,
TOYHICTb MNocagkm MembpaHM B camMoMy inbTpyBanbHOMY MPUCTPOI BNMBAE Ha HaNexHy
repMeTUYHICTb | BMNEBHEHY MNIATPUMKY pPisHUUI TUCKIB B npoueci inbTpadii. CknagHuin i
OaraTocTagiiHMin TemnepaTypHUA PEXUM CnovaTKy CYLUiHHS, a NoTiM Bunany BUKIMKAE noTpeby B
ABOX HarpiBanbHUX anapatax - Cywapku Ta nedi ans sunany. B obox amapaTtax 3acTocoBylOTb
crneuianbHUI TeMMepaTypHUN pexuMm HarpiBaHHs. OXOnogKeHHs roToBoi MeMbpaHu nicna Bunany
NPUPOAHMM LUMISAXOM € AOCTaTHbO TPMBANUM MpoLLecoM i 3arimae He MeHLwe 12 roguH. Takuin pexum
Ha CpiHiWHIN cTaail 3HWXKYE NPOAYKTUBHICTb TEXHOMOrMYHOrO MnpoLEecy BUIOTOBIEHHA MeMbpaH,
0cobnmnBo nNpm X MacoBOMY BMPOBHULTBI.

B ocHOBY kopuCHOI MoAeni NoCTaBneHo 3agady BOOCKOHANUTWU cnocié oTpUMMaHHA KOMMO3UTHUX
MembpaH, 3pobutn noro GinbLl rHy4YkKMM LwWoAo ¢hopmu, PO3MIpiB Ta cknagy rotoBuMx MemOpaH i
CMPOCTUTM TEXHOMOMYHUIA NPOLEC iX BUIOTOBMEHHSA LWASAXOM 3actocyBaHHsa 3D-gpyky Ha SLS-
npuvHTEpax Ta 3MiHW CKMagy KOMMO3MTHOro martepiany, ska 3abesneuynmTb OTpMMaHHs MeMOpaH
3aBfaHoi hopmu i PisnKo-mexaHiYHNX BN1aCTUBOCTEN.

MocTaBneHy 3agavy BUPILIYOTb CTBOPEHHAM CMOCOOY OTPUMAHHS KOMMO3UTHMX MeMOpaH Ans
QinbTpaUifHOrO O4YMLEHHS BOAM abO0 iHLWIMX PO3YMHEHWX Yy BOAI MPOAYKTIB, B SKOMY FOTYOTb
O[HOPIAHY MeXaHiYHY CyMill, 3aBaHTaXylTb i Yy NpUCTpin dopMyBaHHA MembpaH i opMyHTb
MeM0bpaHy, 3rigHO 3 KOPWUCHOK MOAENMo, WO B OAHOPIAHY MeXaHi4yHy CyMill BBOASATb MiHepanbHi
KOMMoHeHTH, ob'eMHa 4vacTka sakux ckrnagae 50 % Ta pewTow € noniMep, MPUCTPOEM AnA
dopmyBaHHsa membpaH € SLS-npuHTep ona 3D-gpyky, skvi nowapoBo dopmye MembpaHy Ha
nigctasi nonepegHbO PO3pobneHoi KOMN'toTepHOI TPUMBUMIPHOI Mogeni i3 OAHOPIOHOI MexaHiYHOT
CyMilli i 0gHOYacHO chikae Wwapu Mk cobolo LWMASXOM BRAMMBY Ma3epHOro BUNPOMIHIOBAHHS, i SKWN
3yNUHSE CBOK POBOTY MO 3aBepLUEHHIO MPOrpamMu.

MepLuoo OAaTKOBOK BIAMIHHICTIO € Te, WO NoNiMepPHUM MaTepianioM, KMl BUKOPUCTOBYIOTb A1
3D-apyky Ha SLS-npuHTepax € noniamia-12, skui we HOCUTb Ha3By "HennoH-12", a MiHepanbHUM
KOMMOHEHTOM, sIKMI 3abeanevyye MexaHiYyHi BnacTMBoCTi MeMbpaHu i Ti NopuUcCTiCTb, € cyMmil
NPUPOOHOro po3MeneHoro MiHepany 6eHTOHITY | NPMPOOHOr0 PO3MENEHOrO MiHEPAIy KaosTiHy.

MonimepHUn maTepian € cTaH4apPTHUM BUTpaTHUM MaTepianom ans 3D-apyky Ha SLS-npuHTepax.
BiH 3abe3neyye BUroTOBIEHHA MeMOpaHu MeTtogoM 3D-apyky 3aBaaHoi hopMu i po3MipiB, a Takox
npuvmMMae y4actb y popMyBaHHi nop membpaHu Ha diHiLLHIA cTagii nasepHOro ONPOMiHIOBaHHS.

[pyroto 0OOaTKOBOK BIAMIHHICTIO € Te, WO TemnepaTtypa, 3a sKkoi BigOyBaeTbCA [OCTaTHSA
nnactuaikauig noniMepHOro NOPOLLIKY i BiH YACTKOBO NnaBuTbCS, CTaHoBUTL 175-179 °C.

lMicna 3miwyBaHHS noniMepHoro maTepiany i MiHepanbHOro KOMMOHEHTY OTPUMYIOTb KOMMO3UTHY
noniMepHO-KepaMmivyHy CyMilll, Ky BUKOPUCTOBYIOTb A4S BUTOTOBIIEHHA MeMOpaH i gka MoXe MICTUTK
Taki 06'€MHi YaCTKM KOMMOHEHTIB:

cknapg 1: 50 % noniamia-12, 45 % 6eHTOHIT, 5 % KaoniH Ta

cknapg 2: 50 % noniamig-12, 40 % 6eHTOoHIT, 10 % KaoniH.

ToBwwHa wapy cknagae ado 0,075mm, abo 0,1 mm.

Cnoci® BUKOHYIOTb HACTYMHUM YMHOM.

[nsi BUroTOBMEHHS KOMMO3WTHOI MOMiMEPHO-KepaMiyHOT inbTpauiiHoi mMembpaHu cno4vaTKy
3BaXYHTb BCi KOMMOHEHTH, 3 SIKMX BUTOTOBNSATE MeMOpaHy. 3BaXXeHU NOPOLLOK NofiMmepy peTensHo
3MiLWYOTb 3 pO3MeneHMM BGEHTOHITOM Ta KaomiHOM [0 YTBOPEHHS MOBHICTIO OAHOPIAHOI MeXaHi4YHOl
CyMiLli, B KA NOPOLUKOMOAiIOHI YaCTUHKM NoniMepy PIBHOMIPHO PO3MNOAINEeHi Mk MOPOLLKONOAIGHUMM
YacTMHKaMu OEeHTOHITY Ta kaoniHy. [Ona 3miwyBaHHA nonimepy 3 OEHTOHITOM Ta KaoriHOM
BVKOPUCTOBYIOTb  KYMNbKOBUA MIWH, NnaHeTapHui MAvH abo iHWWi npucTpin 3i cTuparydmm
HaBaHTaXXeHHAM, KM 3abe3neyye peTenbHICTb 3MiLLYBaHHSA HANEXHUM YMHOM.

[Ona oTpuUMaHHSA KOMMO3WUTHOI MoniMepHO-kepaMivyHOi QinbTpauiiHoT MembpaHu 3a OOMNOMOro
Komn'toTepa CTBOPIOKOTL ii TPUBUMMIPHY MoAenb 3 ypaxyBaHHSAM POPMU, FEOMETPUYHUX PO3MIpIB i
AONYCTUMUX BiAXWNEHb Bif reoMeTpuYHUX po3MmipiB. Po3pobreHy TpuBMMIpHY MoAenb KOMMO3WUTHOI
nonimepHo-kepaMmivyHoi ginbTpauinHoi membpaHu nepenatoTs Ha 3D-gpyk o SLS-npuHTepy. B Bigcik
3 BUTpaTHUMW MaTepianamm SLS-npuvHTEepa 3aBaHTaXylTb MiArOTOBREHY OOHOPIOHY MeXaHiyHy
NOpPOLLKOMOAiIOHY CyMmiLl noniMepy, GEHTOHITY Ta KaoniHy.

BignosigHo Oo «KomM'toTepHOi Mporpamu, NpoBOAsTb nowapoBui 3D-Apyk  KOMMO3WTHOI
noniMmepHoO-kepamivyHoi inbTpauinHoi membpaHu. Poboui opraHu SLS-npuHTEpa HaHOCSATb TOHKWM
Wwap Cymiwi 3 OOHOPIAHOI MexaHiYHOI MopoLlKonoAibHoi cymiwi Ha pobouy nnatdopmy. ToBwmHa
KOXXHOTO Lapy nig 4Yac OAHOr0 MOBHOIO APYKY KOMMO3UTHOI MNONiMEepHO-KepaMiyHoi membpaHm
cknagae abo 0,075 mm abo 0,1 mm. [licna HaHeceHHs wapy BiAGyBaeTbCA CniKaHHSA YaCTUHOK
MOPOLLKY MixX CcODOI 3a OOMOMOroK Jla3epHOro OMpPOMiHIOBaHHSA. TemnepaTypa ChikaHHsa Ccknagae
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17810,1 °C. YacTuHkm BEHTOHITY Ta KaoniHy MalTb HEBNOPSAAKOBaHI opmu. 3a TemnepaTyp 177-179
°C BigbyBaeTbcs pocTaTHA nnactudikauis noniMepHoOro mnopoLuKky i BiH 4aCTKOBO NMaBUTbLCA.
BHacnigok 4acTkoBOro nnaBfieHHs1 YaCTUMHKM KaoniHy Ta GEHTOHITY B AOCTaTHIN Mipi 3'€QHYOTLCA MixX
coboo Ta nnacTudikoBaHUM MOMIMEPOM TakMM YMHOM, WO MDK MiHEpanbHUMK YacTUHKaMU
YTBOPIOKOTBCS MOPU, B TOMY YMCHIi | HAMNeXHa YacTka HacKpi3HMX Mop. Takum YMHOM, B KOXKHOMY LUapi
npotsirom npouecy 3D-ApyKy KOMMO3WUINHOI MOniMepHO-kepaMiyHOI MeMbpaHn 3 BUKOPUCTaHHAM
SLS-npuHTepa BMHMKAE O4HOYACHO i MaTpuus NosiMepHO-KepamiuHoi MemMOBpaHu | nopucTa CTpykTypa
uiei membpaHn. 3a TemnepaTyp CnikaHHS METOAOM Jla3epHOro OMNPOMIHIOBAHHSA HWxUMX 3a 175-177
°C nnactudikauisa nonimepy BiabyBaeTbCsi B HeOOCTaTHIA Mipi ANA 34enneHHa Mmix cobok Ta 3
noniMepoM 4YacTMHOK BEHTOHITY Ta kaomniHy, B pe3ynbTaTi MeXaHi4Hi BracTUBOCTI KOMMO3ULiNHOI
noniMepHo-kepamMiyHoi membpaHu noripwyoTeea. 3a TemnepaTyp, Buwux 3a 179 °C nonimepHui
NMOPOLLUOK CTae BHACMNIAOK NIaBNEHHS HACTINbKW PYXMMBMM, LLO CaMOMMAMHHO 3aTikae CYyLUiNbHO MiX
yciMa 4acTuHkamu OeHTOHITYy Ta KaomiHy i nmopucta CTpykTypa MembpaHu 3Hukae abo nopwu
nepectawTb BYTU HACKPI3HUMMU.

lMicns 3aBeplUeHHs APYyKY MOTOYHOrO LWapy npoueaypy NOBTOPOKTL i 4O MonepenHboro wapy
Ao4atoTb HaCTYMHMIA OO0 MOBHOTMO CTBOPEHHS KOMMO3WULIAHOI MosliMepHo-kepaMivyHOi MemMbpaHu
BiANOBIiOHO [0 po3pobneHoi TpMBUMIPHOI Mogeni. [0ToBYy KOMMO3WUIMHY MNOMIMEPHO-KEPaMIYHY
MembpaHy 3HiMalTb 3 NnaTtdopMu NpuHTEpPa.

PesynbTat gocnigjkeHb MexaHidHWX Ta TPaHCMOPTHUX BNACTMBOCTEN KOMMO3UTHUX MOMiMEepHO-
KepamiyHux membpaH, BUrotoBrneHux metogom 3D-Apyky 3 BUKOpPUCTaHHAM - SLS-npuHTepa,
HaBegeHi B Tabnuui 1, Oe NpeacTaBneHi MexaHiyHi BracTMBOCTI MembpaH, Ta Tabnuui 2, ge
npeacTaBneHi TPaHCMOPTHI BMacTUBOCTI MeMbpaH.

HocnigxyBaHi membpaHu Oynu BUrOTOBMEHI 3 BUKOPWUCTaHHAM OeHTOHITYy mapku [14T2K Ta
KaoniHy 3 [NyxoBeLbKOro pogosumLla.

3 T1abnvub BMAOHO, WO OTpUMaHi 3paskym KOMMO3WUIMHMX MeMbpaH MOXYTb BUTPUMYBATK
HagnuwkoBun TUck go 220 atmocdep i MaloTb AOCTATHIO MPOMYCKHY 34aTHICTb Nig Yac ginbTpauii
Boau (ouB. Tabn. 2). [insg cneyeHmx kepaMiyHux MemOpaH uew TUCK ckrnagae He MeHwe 400 atm, ans
noniMepHMx MmatepianiB ue 3HayeHHsi carae 170 atm [6, 11]. 3 HaBedeHNX y TabnMusX 4aHUX BUOHO,
LLIO BUTOTOBJIEHI KOMMO3UTHI MEMOpaHN MatloTb OOCTATHIO MEXaHiYHY MiLHICTb Ans dinbTpadii HaBiTb
rapsidol BoAM Yy BU3HAYEHOMY fiana3oHi TUCKY.

Tabnuuga 1
Cuna 3ruHy, 3a
SIKOT 3pa3okK
MpaHunuys
namaeTbCcs npu . .
3pasok JoBxunHa, Mmm | ToBLWMHA, MM WnpwuHa, mm MiLHOCTI npwu
[ii 3rMHanbHOro .
3ruHi, MlMa
HaBaHTaXEHHS,
H
1 50 2,5 15,5 28,5 22,06
2 50 2,6 15,5 29 20,76
Tabnuuga 2
lMponyckaHHA Boan MpoayKTMBHICTb, MI/XB NPW HAANULIKOBOMY TUCKY
Cknapg 2 atm 5,5 atm
1 0,32 5,99
2 1,59 3,87
CepegHe 3Ha4YeHHS 0,955 4,93
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®OPMYIA KOPUCHOI MOJENI

1. Cnoci6 oTpumMaHHS KOMMO3UTHUX MemOpaH, B SKOMY TOTYIOTb OOHOPIAHY MEXaHiyHy CyMill,
3aBaHTaXyoTb ii Yy NpUCTpin popmyBaHHA MeMbpaH i bopmyloTe MembpaHy, Skl Bigpi3HAETbCS
TMM, WO B OAHOPIOHY MEXaHiYHy CyMill BBOAATb MiHeparnbHi KOMMOHEHTH, 06'eMHa 4acTka sikux
cknagae 50 % Ta pewTolo € nonimep, NPUCTPOEM And dopMyBaHHA MembpaH € SLS-npuHTep aAns
3D-gpyKy, sikui nowwaposo opmye MeMbpaHy Ha OCHOBi MonepeaHbO Po3pobrieHoi KoMM'toTepHOT
TPUBMMIPHOT Modeni i3 OAHOPIOHOI MeXaHiYHOT CyMilli i 0gHOYACHO cnikae wapy Mk COBOH0 LLMAXOM
BNANBY NasepHOro BUNPOMIHIOBAHHS, | KU 3yNnHAE CBOKO POBOTY Micns 3aBepLUEHHS NporpamMm.

2. Cnocib 3a n. 1, Ak BiAPI3HAETLCA TUM, WO NOMNIMEPHMM MaTepianom, KU BUKOPUCTOBYIOTb ANS
3D-apyky Ha SLS-npuHTepax, € noniamig-12 (HennoH-12), a MiHepanbHUM KOMMOHEHTOM € CyMiLl
NPUPOAHOro po3mMeneHoro MiHepany 6eHTOHITY i NPMPOAHOrO PO3MENEHOr0 MiHepany KaoniHy.

3. Cnoci6 3a 6yab-skMm 3 nn. 1 abo 2, skui BIiAPIHAETbLCA TUM, WO TemnepaTtypa, 3a sKoi
BigbyBaeTbCca AocTaTHA nnacTudikauis noniMepHOro NMopoLUKy i BiH YaCTKOBO NNaBUTbCS, CTAHOBUTL
175-179 °C.

Komn'toTepHa BepcTka |. CkBopLioBa
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