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AHoTanisi. [lepcrieKTHBHUM HampsiMam# J10C-
JPKEHb 1 PO3BUTKOM TPOMUCIOBOTO BHPOOHUIIT-
Ba BU3HAYWIIO CTaly TCHJCHIIIIO PO3BUTKY HAYKO-
BHX JIOCJIIJUKCHb 1 CTBOPEHHS HOBHUX BUCOKOE(EK-
TUBHUX TEIUIO3BYKOI30JALMIHHUX BHUPOOIB 3 MiIBH-
NICHUMH eKCIUTyaTaliiHIMU XapaKTepUCTHKAMHU.
BazanbToBe BOJIOKHO € €KOJIOTiYHO YHUCTa CHPOBU-
Ha A5 BUPOOHUITBA TEIJIO3BYKOI30JSLIHHUX BU-
po0iB, ska Ma€ BHCOKY TEMIEpaTypOCTiHKICTh,
KHCJIOTOCTIMKICTD, [0 € OJHUM 3 HaWBaXKJIMBIIIAX
MOKA3HUKIB,

ba3anbToBi BOJOKHA SIBISIOTH COOOHO CKIIOMO-
niOHY ab0 CyOMIKpPOKPHCTATIIYHYy PEUOBHHY, ITOBE-
IiHKa K0T B PO3YMHAX Pi3HOI XIMIYHOT MPHUPOIH
OOYMOBITIOETBCSL  MEBHUMHU  3aKOHOMIPHOCTSAMH.
CriiikicTs 0a3abTOBUX BOJIOKOH JO Mii HEOprai-
YHUX KUCJIOT 3aJICKHUTh BIJ 1X XIMIYHOTO CKJIATy i
YMOB 00pOOKH.

[TiABUIIICHHST TEMIEPATYpH PO3UMHY KHCIOTH
OPUIIBUINIYE TPOLIEC BHIYTOBYBAHHS, IO CYIPO-
BOJDKYETBHCS T1IPOTEPMATILHUM CTapiHHAM CKEJIETy
BOJIOKHA, 110 aHAJIOTIi 3 TiAPOTepMaIbHUM CTapiH-
HAM cuiikaremiB. [liTBUIIEHHS CTIHKOCTI MiHepa-
JILHUX BOJIOKOH JI0 il HEOPraHiYHUX KHUCJIOT IIiJl
BIUIMBOM TE€PMOOOpPOOKH BigOyBaeThCs 3a paxy-
HOK BIATIOBIIHMX CTPYKTYPHHUX 3MiH MaTepiamy
0a3aIbTOBOTO BOJIOKHA. 3aJI€KHICTh XIMIYHOTO
cKiangy 0a3anbTOBOTO BOJIOKHA, PI3HMX DPOJIOBHIL,
TemMmnepaTypHa oOpoOka pO3YMHY 1 KHCIIOTaMH,
IIBUIKICTh BUTATYBaHHS, OXOJOIDKEHHS Bimirpae
BU3HAYallbHY POJb Y (DOPMYBaHHI CTPYKTYpH.

MeToro TOCTiKeHb € OTPUMAHHS THYYKHX Te-
IJI03BYKOI30JIAIIHHIX BUPOOIB HA OCHOBI MOAM(}i-
KOBaHOTO 0a3aJIbTOBOTO BOJIOKHA, 0a3allbTOBOTO
BOJIOKHA 3 PO3YMHAMH KUCIIOT.
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MeTonaMi  eKCIIEPUMEHTANBHUX JOCHTIHKEHb
OyJIi BUKOPHUCTaHI CydacHI METOIH, TaKi SK: XiMi-
YHUH €JeMEHTHUI aHalli3, ONTHYHA 1 eJIeKTPOHHA
MIKpPOCKOITis, TpaBIMETPUYHUHA aHaji3 Ta iHIII.
Bupuenns ¢Gi3mko-MexXaHIYHUX BJIACTHBOCTEH 1
TEPMOMEXaHIYHUX XapaKTEPUCTHK MPOBENECHO II0
TpagULUiiHUM METOIUKaM 3TiTHO 3 HOPMAaTHBHUMHU
JIOKYMCHTAMH.

daktopamu, SKi BU3HAYAIOTh CTPYKTYpHi, (¢i-
3MKO-MEXaHi4YHi 1 XiMi4HI BIaCTUBOCTiI 0a3albTO-
BOTO BOJIOKHA € TepMidHa IMepeicTopis 06a3ambTo-
BOI ITOPOIH/PO3IIABY/BOIOKHA.
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TepmiuHa nepeaicTopis 6a3anbTOBOI MOPOIH:

- YMOBH OCTHTaHHS MarMaTHYHOI JiaBH (IIIBHI-
KiCTh OXOJIO/PKCHHS, MaKCHMalbHa TeMIIepaTypa
JIaBM);

- MiHEpalbHUIl CKIaJa; CTyHiHb PIBHOBAard Io-
ponu.

B 3anexxHOCTI Bif| CITIBBiIHOIIIEHHS MapaMeTpiB
TEXHOJIOTIYHOTO TIPOIIECy, MIHEPATBLHOTO 1 XiMid-
HOTO CKJajay 0a3ajbTOBOI IMXTH, HPOILECY CTBO-
PEHHS CTPYKTYpH 0a3aJbTOBOTO BOJIOKHA MOJKJIH-
BO HaJIaTH MEBHY CIPSIMOBAHICTh, IO Ja€ MOMKIIH-
BICTh OTPUMAaHHS 0a3aJbTOBOrO BOJIOKHA 3 Hare-
pen 3aJaHUMH BIACTHBOCTSIMHU.

[lepcriekTHBaMK MOJANIBIINX JOCHIKCHD € BH-
3HAYEHHS  PEXUMIB TEXHOJIOTIYHOTO MPOIECY
(oxonopKeHHsT 0a3aJIbTOBOTO BOJIOKHA 1 MPOLIECH
crabim3arii).

Karouogi cioBa. TemneparypHa nepenictopis,
KHCIIOTOCTIMKICTh 0a3ajJbTOBOr0 BOJOKHA, TEMIIE-
paTypa po3IuiaBy, 6a3aJbTOBI BOJIOKHA, 30HA KPHUC-
TaJITHOCTI.

BCTVII

[aTeHCHBHE 3a0pyIHEHHS HABKOJIHUIIHBOTO
cepenoBHINa, 00yMOBIEHE PO3BUTKOM MPOMHU-
CJIOBOTO BHPOOHMIITBA, 1 3HAYHE ITIIBUIIICHHSI
BapTOCTI €HEProHOCIiB, MPH MPOTHO30BAHOMY
CKOPOYEHHI X CBITOBUX 3alaciB BU3HAYMIIO
CTaly TEHJICHIIII0 PO3BUTKY HAyKOBHUX JOCII-
JDKEHB 110 CTBOPEHHIO HOBUX BHUCOKOE(EKTHB-
HUX TEIUIO3BYKO3OJSIIIHHMX MaTepianiB. Lle
BH3HAYWIIO PO3POOKY 1 MPUHHSTTS HOBUX HO-
PMaTUBHUX JOKYMEHTIB, $IKI BCTaHOBJIIOIOTH
KOPCTKI BUMOTH JI0 TEIJIOBOTO 3aXMUCTY JKUT-
JIOBUX OYIUHKIB 1 CTIOPY, a TAKOX 10 €HEPro-
e(EeKTUBHOCTI BHPOOHMYHUX MPOIIECIB.

Bumoru kepiBHHMX, 3aKOHOAABYMX 1 HArJIsi-
noBux opraHiB €C BHU3HAYAIOTh MPIOPUTET PO-
3BUTKY €HEPro30epiraroumx TEXHOJIOTIH Mpu
yMOBi  3a0€3Me4YeHHs 3aXUCTy  JOBKULIA.
OxpemMo BU3HA4YE€HI BUMOTH /10 €KOJOTIYHOCTI
MPOAYKIIii; Ti 0e3MeYHOro 3aCTOCYBaHHS INPHU
YHEMOJKJIMBIICHHI HETaTHBHOTO BIUIMBY Ha
310pPOB’sl JIIOIMHH.

ToMmy CTBOpPEHHIO HOBHX 1 PO3BUTKY ICHY-
IOYUX EHepro3depiraryux, €KOJOTIYHO YHC-
TUX TEXHOJIOTii 10 BHPOOHUIITBY BUCOKOe(de-
KTUBHHMX  TEIUIO3BYKOI3OMSIIMHUX  BUPOOIB
MPUIUIAETHCS 0COOTMBA yBara.

META I METOAU JOCJIIJUKEHD

MeToro JOCIHiIKeHb € OTPUMaHHS THYYKUX
TEIJIO3BYKOI30JIAIMHNX BHPOOIB Ha OCHOBI
Moau(dikoBaHOTO 0a3aTBTOBOTO BOJOKHA. Ek-
CIIEpUMEHTANIbHI TOCITIPKEHHs Oy 1M BUKOHAH1
3a JIOTIOMOTOI0 CYy4YaCHUX METOIB, TaKHX SK:
XIMIYHMI €JIEMEHTHUN aHaji3, OIITWYHA 1 elle-
KTPOHHA MIKPOCKOIIisl, TPaBIMETPUYHUN aHATI3
Ta iHII. BuBYeHHs (i3UKO-MEXaHIYHUX Biac-
THUBOCTEH 1 TEPMOMEXaHIYHUX XapaKTEPHCTUK
MIPOBEJICHO IO TPAIUIIIHAM METOAMKAM 3Tij-
HO 3 HOPMaTHBHUMH JOKYMEHTaMHU.

PE3VJIbTATU TA ITIOACHEHHA

Tenno3ByKoi30JALIHHI BUPOOH IIMPOKO 3a-
CTOCOBYIOTBCSI CyYacHIN TEXHIIl: MamnuHOOY-
TyBaHHi, Cy00y/lyBaHH1, apOKOCMIYHiH ce-
pl Ta IHIIHUX Tamy3sX MPOMHUCIOBOCTI. Y MOBH
pOOOTH B IIUX TalTy3aX MPOMHUCIOBOCTI MEpe-
0a4aroTh OJHOYACHUU BIUIMB Ha TEIJIO3BYKOI-
30MALiKdHI MaTepianu (akTopiB pi3HOI MpUpO-
M 1 BUCOKOI 1HTEHCHUBHOCTI.

Bba3zanbToBi BOJIOKHA SIBISIFOTH COOOIO CKJIIO-
noAioHy ab0 CyOMIKPOKPHUCTAIIUYHY PEUOBHUHY,
MOBEiHKA SIKOI B PO3YMHAX Pi3HOI XIMIYHO{
MpUpoaAu OOYMOBIIIOETHCS TMEBHUMHU 3aKOHO-
MipHOCcTsiMu. [locmigaunkamu [1, 2, 3, 6, 7] mo-
Ka3aHo, IO CTIMKICTh 0a3ajJbTOBUX BOJIOKOH
70 Nii HEOpPraHIYHUX KHUCIIOT 3aJeKUTh BiJ X
XIMIYHOTO CKiaay 1 ymMmoB o0poOku. IligBu-
IICHHS TeMIePaTypy PO3UUHY KUCIOTHU MPHIII-
BUJIIIY€E TPOIEC BUIYTOBYBAHHS, IIO CYIPO-
BOJKYETBCSI  TIPOTEPMAIbHUM  CTapiHHAM
CKeJIeTy BOJIOKHA, IO aHaJorii 3 rigporepMma-
JbHUM CTapiHHAM CHJIKaremiB. 30UIbLICHHS
BMicTy Si0; 3aBXaM MPU3BOAUTH J0 3POCTaH-
HSl CTIHKOCTI BOJIOKOH. 3TiIHO JITE€paTypHUX
mxepen [5, 8, 10] 6a3anbToBI BOJIOKHA 3 BMIC-
toMm SiO; > 50...60% He pO3UUHSIOTHCS B KU-
cioTax. BIyiMB oKCHIIB 3aji3a 1 aJIFOMIHIIO, Ha
KHCIIOTOCTINKICTh 0a3albTOBOTO BOJIOKHA HO-
CUTh CKJIAJTHUH 1 cyrnepewinBuil Xxapakrep. Ilo
pe3ynbTaTtaM JOCHiKEHb BUILTUBAE, IO 3aMi-
Ha B ckii SiO; Ha Fe;O3 nmpu3BoauTh 10 3HU-
JKEHHSI KHCJIOTOCTIMKOCTI BoJIokHA. OmMHaK Ta-
K€ 3HWKEHHS HE MPSMO IMPOIOPIiHE TiBU-
IICHHIO BMICTY OKCHJIIB 3ali3a. Tak 3aMilieH-
Ha okcuaiB CaO 1 MgO Ha okcuau 3aimiza B
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kimpkocTi 3...15%, 6e3 3minm BwmicTy SiOy,
CTMOYATKy 3HM)KY€E KHCIOTOCTIHKICTh (KOHIICH-
tpaniss FeO+Fe,Os no 7,5%), a npu momainb-
IOMY MiABHIIEHHIO CHOJYK 3ajli3a NpHU3BO-
IIUTH O 301IBIIEHHS KHUCIOTOCTIMKOCTI BOJIO-
kHa B 3 1 Oinmpiie pasu. Beranomneno [9], mo
3amina CaO na MgO (6e3 3mian BmicTy SiO;)
MPU3BOAUTH IO ITiIBUIEHHS KHUCIOTOCTIMKOC-
Ti BOJIOKOH. BincytHicte MgO mpuBOIUTH 10
PO3UYMHEHHS BOJIOKOH B KHCJIOTax, a TOBHA
3amia CaO Ha MgO Hajae BOJIOKHAM BHCOKY
KHUCJIOTOCTIMKICTh. 30iibIIeHHs BMicTy MgO
TaKOXX IMO3UTHUBHO BIUIMBAE€ HAa SIKICTh BOJIO-
KOH, 1X MIIHICTb, €JIaCTUYHICTh 1 TeMIepaTy-
pocriiikicts. BB okcuny Al,O; Ha kucno-
TOCTIHKICTh 0a3aJIbTOBOTO BOJIOKHA, 3aJICKHUTh
Bil Oarathox ¢akropiB. [Ipm abGcomoTHOMY
30impieHHi BMicTy Al,Os KHCIOTOCTIHKICTH
BOJIOKHA MPOTPECUBHO 3HIKYETHCS, IO MOXK-
JIMBO TOSICHUTHU TUM, 10 B MOMEHT YTBOPEHHS
BOJIOKHA Al 3HAXOAWTHCS B MIECTEPHIN KOOp-
JUHAIIT 1 pO3MIIIY€ThCS HE Y By3JaX Kapkacy,
a B IyCTOTAax, BHACIIIOK YOT0O KapKac mociad-
JIOETHCS 1 HOTO KUCTOTOCTIHKICTh manae. [lpu
3HaYyHOMY 30uIbIIeHH] KiTbKOoCcTi Al,O3 (i Bin-
TOBiZHOMY 3MeHImeHH] B7MicTy MgO) ion Al”
MEPEXO/IUTh B IIECTEPHY KOOPIWHAIIIO 1 ITe-
peMIIIAeThCA 13 BY3JiB PELIITKA B 11 MyCTOTH.
[Ipu mpoMy MOTIpHIYIOTHCS XiMi4yHI (XiMidHA
CTIKICTB), MeXaHIYHI (MOIYyNb MPY>KHOCTI) 1
KpUCTai3aIliifHi BIACTUBOCTI cTekos [16].
Bbyno mokasano [9, 12, 11, 13, 14], mo 6a3aib-
TOBE BOJIOKHO, sike Bwmimaye 10 49% SiO,, He
PO3UYMHSETHCS COJITHOIO KHCIOTOIO, & BUIYTO-
BYETHCSI 3 YTBOPCHHSIM KPEMHE3EMHCTOTO 3a-
nuiky. [Ipu cocrepeskeHH1 mpoiecy BUIYTro-
ByBaHHs1 0a3aJIbTOBOTO BOJIOKHA B 2H COJISIHIN
KHCIIOTi OyJi0 BcTaHOBIIEHO [15], 1o mif miero
KHCIIOTH Ha BOJIOKHO OKCHIM 3ai3a Iepexo-
JSTh B PO3YUH 1 BWIYXKEHI JIJISHKA BOJIOKHA
(«00010HKa») 3HEOAPBITFOETHCS, TOI SIK BHYT-
PIIIHI AUISHKHA BOJIOKHA («CTPIKEHBY), K1 I1e
HE BCTYNUJIM Y B3a€MOJIIO 3 KHUCJIOTOIO, 3aJIU-
maroThesl 3abapBineHUMH. [liameTp BOJIOKHA
CTHOYaTKy 301IBIIYETHCS, a MOTIM 1O Mipi po-
3BUTKY MPOIIECY BUITYTOBYBAaHHS 3MEHIIY€THCS
npuOIM3HO A0 TMoYaTKoBOi BenwmuuHH. [lia-
METp BHYTPIIIHBOTO «CTPUXKHs» Oe3MepepBHO
3MCHIIYETHCS 1 3 9aCOM «CTPHIKEHBY» 3HHKAE.
3anunraeTbcs 6€30apBHE BOJOKHO IMITIHIPHY-

HO1 opmu, sike BMilLye Outbl K 98% okucy
KpEMHII0 1 Mae Temmeparypoctiiikicte 1200 -
1500°C.

B nmiteparypuux mxepenax [17, 18, 19, 20]
MOKa3aHo, IO TepPMOOOpoOKa 0a3aabTOBOTO
BOJIOKHA 1ipHu Temnepatypi 800°C, pi3ko mif-
BHIIYE iX KHCIOTOCTIMKICTh. [liaBuICHHS
CTIMKOCTI MiHEpaJIbHUX BOJIOKOH JI0 Jii HEop-
TaHIYHUX KHUCJIOT ITiJI BILTHBOM TEPMOOOPOOKH
MOSICHIOETBCSI 32 PaXyHOK BIJIOBIIHUX CTPYK-
TYpPHHX 3MiH MaTepiany 0a3aJbTOBOTO BOJIOK-
Ha.

Ha ocHoBi nocmimkens [19] B3aemonii Oa-
3aJIbTOBUX BOJIOKOH 3 Pi3HUX TIPCHKUX MOPiA 3
KUIUITYMMH  PO3YMHAMHU CIpYaHOi 1 COJISIHOI
KHUCJIOT 3alpoIlOHYBaIM PO3IUINTH BOJOKHA 3
0a3anbTiB 32 KUCIOTOCTIMKICTIO Ha TPU OCHO-
BHUX THIIH:

- MaJI0O PO3YMHHI B KHCJIOTax 31 30epekeH-
HsM (HOPMH 1 KOJTBOPY BOJIOKHA;

- YaCTKOBO PO3YMHHI B KHCJIOTaX;

- MIOBHICTIO PO3UMHHI B KUCJIOTaX.

SIK BHIHO 3 BHIICHABEICHOTO, PE3YJIbTAaTH
JOCTIIKEeHb y PI3HUX aBTOPIB CYTTEBO BiJpi3-
HSIIOTBCS, IO CBIAYUTH MPO HE 1O KiHIS BH-
3Ha4eHy poOjb BIUIMBY KOKHOTO XIMIYHOI'O
€JIEMEHTY Ha KOpO3ilHYy CTIHKICTh 0a3ambTo-
BOTO BOJIOKHA. AHali3 pe3yJbTaTiB JIOCIi-
JDKEHb BUIIE3TaIaHUX aBTOPIB BKa3ye Ha Te,
10 B3a€MOJIisl 0a3aJbTOBOTO BOJIOKHA 3 KHC-
JOTaMH 3AJIEKHUTh HE CTIIBKH BiJ] XIMiYHOTO
CKJIaJly BOJIOKHA, CKUTBKU BiJ] XIMIYHOI 1 CTpYy-
KTypHOi ()OpPMH, B SIKiif 3HAXOAUTHCS MaTepial
BOJIOKHA (CTYMiHb OKUCIJICHHS, KOOPIWHAIITHE
YHCII0, CTYMiHb JOCKOHAJOCTI KPHCTATIYHOI
peunitku i T.1.). [IpeBakHui BIUIMB Ha KOPO-
3iifHy CTIHKICTh 0a3aJbTOBOTO BOJIOKHA 3JIIHC-
HIOE€ CITIIBBIAHOIIEHHS XIMIYHMX €JE€MEHTIB, 1X
KOHIICHTpAIlisl, TEMIIEpaTypHa MepeicTopis Ta
1HIII TeXHOJOTI4HI (aKTOpH.

®dakTopamMu, SKI BHU3HAYaIOTh CTPYKTYpHI,
(bi3uK0-MexaHI4Hi 1 XIMi4HI BJaCTUBOCTI 0aza-
JTHTOBOTO BOJIOKHA € TepMi4HA MeEpemicTopis
0a3abTOBOT MOPOIU/PO3ILIIABY/BOIOKHA.

Tepmiuna nepesicTopist 6a3anbTOBOI MOpPO-
IIM BKJIFOYA€E B ceOe Taki CKIag0Bi:

-YMOBM OCTHUIaHHS MarMaTM4yHOi JIaBU
(IIBUIKICTH OXOJIOJKEHHS, MaKCHUMaJlbHa Te-
MIepaTypa JaBH);
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- MiHEpQJIBHUM CKJIaJ; CTYMiHb PIBHOBAru
OpOJU

- pO3MIp 1 CTPYKTYPY 30H KPUCTATITHOCTI;

- CTyHiHb 1e(DeKTHOCTI MOBEPXHi BOJIOKHA.

TakoX BaXXJIMBHUM TapaMeTPOM, SIKUM Xa-
paKkTepu3ye Te, sIK MaTepiall BOJIOKHA pearye
Ha MEXaHIYHI 3yCWIIS TPH HE3MIHHUX IMOKa3-
HUKaX OTOYYIOYOTO CEpeAOBHUINA € MIIHICTh
Ha po3TAr. MIIHICTh Ha PO3TST MOKAa3y€e 3Ha-
YeHHs 3yCWJIb PO3TATY, MpHU KoMy Jedopma-
Iisl MaTepiay MepeXoanTh i3 PY>KHOI cTadii B
iacTU4YHy. bazanbToBEe BOJIOKHO, Mae J10CTa-
THBO BHCOKY MIITHICTh Ha PO3TAT, B MOPiBHSH-
Hi 3 iHIIMMH BoJIokHamHu (Tao6m. 1.).

Ta6.a. 1. [ToxkasHukH MexaHIYHOI MIIHOCTI Oe3Ile-
PEpBHUX BOJIOKOH

Table 1. Indicators of mechanical strength of con-
tinuous fibers

[Tokazuuk | bazans- | Bosok- | Byrie-
TOBE BO- | HO E- LIEBE BO-
JIOKHO CKJIa JIOKHO
Minnicts | 3000- 3100- 3500-
Ha po3Tsr, | 4840 3800 6000
MIla

BUCHOBKM TA PEKOMEH/IALIIT

3rifHO aHaji3y pe3yJbTaTiB JOCHIIKECHb
MOXHa 3pOOWTH BHUCHOBOK, IO XIMIYHUHN
CKJaJ 1 KOHIIGHTpallis €JIEeMEHTIB B KOPO3iii-
HOMY CEPEIIOBHUII IICIs BUTPUMYBaHHS Oa3a-
JBTOBOTO BOJIOKHA € (YHKLIAIMH Oararbox
YUHHUKIB 1 W mporec Moke OyTH BUKOPHC-
TAHUHM 11 OTPUMaHHS HOBUX Harepen 3aja-
HUX BJIACTHBOCTEH CTPYKTYpH 0a3ajibTOBOTO
BOJIOKHA.

ToMmy, B 3aJIe)KHOCTI BiJl CIiBBiJHOIIECHHS
napaMeTpiB TEXHOJIOTIYHOTO IpOoIecy, MiHe-
paJpbHOTO 1 XIMIYHOTO CKJIagy O0a3aibTOBOI
IIUXTH, TIPOLIECY CTBOPEHHS CTPYKTypHu Oaza-
JHTOBOTO BOJIOKHA MOJKJIMBO HaJgaTH IEBHY
CHIPSIMOBAHICTh, IO JIA€ MOXIJIUBICTH OTpPH-
MaHHsl 0a3aJbTOBOTIO BOJIOKHA 3 Hamepen 3a-
JTAaHUMH BIIACTUBOCTSIMH.

[lepciekTrBaMM MOJAIBUINX JOCTIIKEHD €
BHU3HAUCHHS PEKUMIB TEXHOJOTIYHOTO IMPOIIe-
cy (0XoJo/KeHHs 1 Tpolecu crabimizamii 0a-
3aJIbTOBOT'O BOJIOKHA).

JIITEPATYPA

1. Zhang F.H. Interfacial shearing strength and
reinforcing mechanisms of an epoxy composite
reinforced using a carbon nanotube. J. Mater.
Sci. 2009. Vol. 44. Ne 13. P. 3574-3577.

2. Dedak T. Manufacturing and testing of long
basalt fiber reinforced thermoplastic matrix
composites. Polym. Eng. Sci. 2010. Vol. 50.
Ne 12. P. 2448-2456.

3. Mészaros L. Preparation and mechanical prop-
erties of injection moulded polyamide 6 matrix
hybrid nanocomposite. Compos. Sci. Technol.
2013. Vol. 75. P. 22-27.

4. Hoto R. Optimization of mechanical properties
of basalt woven. APA-6 composite parts by
means of velocity control. Proceedings of the
18ICCM, Korea. 2011.

5. Song J. Basalt fibre-reinforced PA1012 com-
posites: Morphology, mechanical properties,
crystallization behaviours, structure and water
contact angle. J. Compos. Mater. 2014. Vol. 49.
Ne 4. P. 415-424.

6. Song J. PVDF/PMMA/Basalt fiber composites:
Morphology, melting and crystallization, struc-
ture, mechanical properties, and heat resistance.
J. Appl. Polym. Sci. 2014. Vol. 131. Ne 13.

7. Sabu T., Kuruvilla J., Malhotra S.K, Go-
da K., Sreekala M.K. Polymer Composites,
Macro-and  Microcomposites.  Wiley-VCH.
2012. 814 p.

8. De Rosa I.M. Post-impact mechanical charac-
terisation of glass and basalt woven fabric lam-
inates. Appl. Compos. Mater. 2012. Vol. 19.
Ne 3-4. P. 475-490.

9. Osafune H., Kitamura S., Kawasaki T. Ox-
ynitride glass, method of preparing the same
and glass fiber. US Pat 5576253. 1996.

10.Jones R.L. The kinetics of corrosion of E-glass
fibres in hydrochloric acid. Journal of Materials
Science. 2004. 39. Ne 18. P.5633-5637.

11.Wallenberger F.T. Advanced Inorganic Fi-
bers: Processes, Structures, Properties, Spring-
er. 346 p.

12.0tto W.H. Compaction effects in glass fibers.
1961. Vol. 44. Ne 2. P. 68-72.

13.Shelby J.E. Characterization of glass micro-
structure by physical property measurements. J.
Non-Cryst. Solids. 1982. Vol. 49. Ne 1-3.
P. 287-298.

14. Griffith A.A. The phenomena of rupture and
flow in solids. Philosophical transactions of the
royal society of London. Series A4, containing
papers of a mathematical or physical character.
1921. Vol. 221. P. 163-198.

99



ENERGY-EFFICIENCY IN CIVIL ENGINEERING AND ARCHITECTURE. Issue No. 10.

15.Tsai J.L. Investigating mechanical behaviors
of silica nanoparticle reinforced composites.
Compos. Mater. 2010. Vol. 44. Ne 4. P. 505—
524.

16. Wei B. Environmental resistance and mechani-
cal performance of basalt and glass fibers. Ma-
terials Science and Engineering: A. 2010. Vol.
527. Ne 18-19. P. 4708-4715.

17.Ezz-Eldin F.M. Effect of dilute HF solutions
on chemical, optical, and mechanical properties
of soda—lime-silica glass. Journal of Materials
Science. 2010. Vol. 45. Ne 21. P. 5937-5949.

18.Tanoglu M. Investigation of properties of fi-
ber/matrix interphase formed due to the glass
fiber sizings. Journal of Materials Science.
2001. Vol. 36. Ne 12. P. 3041-3053.

19.Bartenev G.M. High-temperature relaxation
mechanisms in inorganic glasses. Journal of
Non-Crystalline Solids. 1980. Vol. 37. Ne 2,
P. 285-298.

20.Deubener J. Decoupling between birefringence
decay, enthalpy relaxation and viscous flow in
calcium boroalumosilicate glasses. Chemical
Geology. 2008. Vol. 256. Ne 3—4. P. 299-305.

REFERENCES

1. Zhang F.H. (2009). Interfacial shearing
strength and reinforcing mechanisms of an
epoxy composite reinforced using a carbon
nanotube. J. Mater. Sci, 44(13), 3574-3577.

2. Deak T. (2010). Manufacturing and testing of
long basalt fiber reinforced thermoplastic ma-
trix composites. Polym. Eng. Sci, 50(12), 2448—
2456.

3. Mészaros L. (2013). Preparation and mechani-
cal properties of injection moulded polyamide 6
matrix hybrid nanocomposite. Compos. Sci.
Technol, 75, 22-27.

4. Hoto R. (2011). Optimization of mechanical
properties of basalt woven.APA-6 composite
parts by means of velocity control. Proceedings
of the 18ICCM, Korea.

5. Song J. (2014). Basalt fibre-reinforced PA1012
composites: Morphology, mechanical proper-
ties, crystallization behaviours, structure and
water contact angle. J. Compos. Mater, 49(4),
415-424.

6. Song J. (2014). PVDF/PMMA/Basalt fiber
composites: Morphology, melting and crystalli-
zation, structure, mechanical properties, and
heat resistance. J. Appl. Polym. Sci. 131(13).

7. Sabu T., Kuruvilla J., Malhotra S.K., Go-

da K., Sreekala M.K. (2012). Polymer Com-

posites, Macro-and Microcomposites. Wiley-
VCH, 814.

8. De Rosa I.M. (2012). Post-impact mechanical
characterisation of glass and basalt woven fab-
ric laminates. Appl. Compos. Mater., 19(3-4),
475-490.

9. Osafune H., Kitamura S., Kawasaki, T.
(1996). Oxynitride glass, method of preparing
the same and glass fiber. US Pat. 5576253.

10.Jones R.L. (2004). The kinetics of corrosion of
E-glass fibres in hydrochloric acid. Journal of
Materials Science, 39(18), 5633-5637.

11.Wallenberger F.T. (2000). Advanced Inorgan-
ic Fibers: Processes, Structures, Properties.
Springer, 346.

12.0tto W.H. (1961). Compaction effects in glass
fibers. 44(2), 68-72.

13.Shelby J.E. (1982). Characterization of glass
microstructure by physical property measure-
ments. J. Non-Cryst. Solids., 49(1-3), 287-298.

14.Griffith A.A. (1921). The phenomena of rup-
ture and flow in solids. Philosophical transac-
tions of the royal society of London. Series A,
containing papers of a mathematical or physi-
cal character, 221, 163—-198.

15.Tsai J.L. (2010). Investigating mechanical be-
haviors of silica nanoparticle reinforced compo-
sites. Compos. Mater., 44(4), 505-524.

16.Wei B. (2010). Environmental resistance and
mechanical performance of basalt and glass fi-
bers. Mater. Sci. Eng., A., 527(18-19), 4708—
4715.

17.Ezz-Eldin F.M. (2010). Effect of dilute HF
solutions on chemical, optical, and mechanical
properties of soda—lime-silica glass. Journal of
Materials Science, 45(21), 5937-5949.

18.Tanoglu M. (2001). Investigation of properties
of fiber/matrix interphase formed due to the
glass fiber sizings. J. Mater. Sci., 36(12), 3041—
3053.

19.Bartenev G.M. (1980). High-temperature re-
laxation mechanisms in inorganic glasses.
Journal of Non-Crystalline Solids. 37(2), 285—
298.

20.Deubener J. (2008). Decoupling between bire-
fringence decay, enthalpy relaxation and vis-
cous flow in calcium boroalumosilicate glasses.
Chem. Geol. 256(3—4), 299-305.

100



EHEPT'OE®EKTUBHICTH B BY IIBHULITBI TA APXITEKTYPI. Bumnyck 10.

Effect of acid solutions on the formation of the
structure of basalt fiber

Volodymyr Gots, Petro Palchik,
Oksana Berdnyk

Summary. Perspective directions of research
and development of industrial production has de-
termined the constant tendency of research devel-
opment and creation of new high-performance
heat-insulating products with increased operational
characteristics. Basalt fiber is environmentally
friendly raw material for the production of heat-
and-sound insulation products, which has high
temperature resistance, acid resistance, which is
one of the most important indicators.

Basalt fibers are a vitreous or submicrocrystal-
line substance, whose behavior in solutions of dif-
ferent chemical nature is determined by certain
laws. The stability of basalt fibers to the action of
inorganic acids depends on their chemical compo-
sition and processing conditions. The increase in
the temperature of the acid solution accelerates the
leaching process, which is accompanied by hydro-
thermal aging of the skeleton of the fiber, by anal-
ogy with the hydrothermal aging of silica gel. In-
creasing the stability of mineral fibers to the action
of inorganic acids under the influence of heat
treatment is due to the corresponding structural
changes in the material of basalt fiber. The de-
pendence of the chemical composition of the basalt
fiber, various deposits, temperature processing of
the solution and acids, the rate of extraction, cool-
ing plays a decisive role in the formation of the
structure.

The aim of the research is to obtain flexible
heat and sound insulation products based on modi-
fied basalt fiber, the interaction of basalt fiber with
acid solutions. The methods of experimental re-
search used modern methods, such as: chemical
element analysis, optical and electronic microsco-
py, gravimetric analysis, and others. The study of
physical and mechanical properties and thermome-
chanical characteristics is carried out according to
traditional methods according to normative docu-
ments.

The factors that determine the structural, physi-
cal, mechanical and chemical properties of the bas-
alt fiber are the thermal prehistory of the basalt
rock / melt / fiber.

Thermal prehistory of basalt rock:

- Conditions for cooling the magma lava (cool-
ing rate, maximum lava temperature);

- Mineral composition; degree of equilibrium of
the breed

Depending on the ratio of the parameters of the
technological process, the mineral and chemical
composition of the basaltic charge, the process of
creating the structure of the basalt fiber may give a
certain orientation, which makes it possible to ob-
tain basalt fiber with predetermined properties.

The prospects of further researches are deter-
minations of the modes of technological process
(cooling of basaltic fibre and process stabilizing).

Key words. Temperature prehistory, acido-
resistance of basaltic fibre, temperature of posma-
BY, basaltic fibres, zone of crystals.
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