AHOTAILISA

Pomencoxka O.I1. ByrinennacTUKy JJIsl TOHKOCTIHHUX KOHCTPYKIINA pakeTHO-
KOCcMi4HOT TexHiku. — KBamidikaliiiiHa HayKoBa Mpailsl Ha IpaBax PyKOIHCY.

Jucepramiss Ha 3100yTTS HAyKOBOTO CTYIEHS JokTopa dimocodii 3a
cremianpHicTIO 132 — Marepiano3HaBctBo. — JIHIMPOBCHKUM HAIllOHATBLHUN
yHiBepcuteT iMeH1 Onecs ['onuapa; [epxkaBHe nianpueMcTBo «KOHCTpYKTOpPCHKE
oropo «IliBnenne» im. M.K. SAurensy», Juinpo, 2021,

Jluceprailito NMPUCBSYEHO BUPIMICHHIO BAXKIWBOI HAYKOBO-TEXHIYHOI
3aJla4l  — MIABUINEHHIO MIIHICHUX XapaKTepPUCTUK BYIJICIUIACTUKIB IS
TOHKOCTIHHUX KOHCTPYKUIA PAKETHO-KOCMIYHOI TEXHIKM LIJISAXOM PO3POOJICHHS 1
BUKOPUCTAHHSA HOBUX METOJIB OOpOOJICHHSI BUXIJTHUX MaTrepiaiiB — BYIJICLIEBOIO
BOJIOKHA Ta €TIOKCHUTHOTO CITOJIYYIHOTO.

VYrepiie BU3HAUEHO BIUIMB MOAMQIKAIl MOBEPXHEBOIO IIAPYy BYIJICIIEBUX
HAIMOBHIOBAYiB U 1H(PAuEepBOHOTO BUIIPOMIHIOBaHHS Ha Mpoiecu (HopMyBaHHS
KOMITO3UIIITHOTO MaTepially Ta OTBEpPAIHHSA CIOJYYHOrO. 3aCTOCOBAHO METO]
MoaudiKyBaHHS TpaauiliiiHoro ByrieneBoro BosokHa YKH/5000 mmazmoro
TIEJIEKTPUIHOTO Oap’€pHOTO pO3psAay, 1€ SK IUIa3MOYTBOPIOBAIBHHMA Ta3
BUKOPUCTOBYIOTh TOBITpsl. 3 METOK HACUYEHHS TOBEPXHEBOTO  Iapy
HAIMoOBHIOBa4Ya (YHKIIOHATBHUMHU TPYIMaMU: TiIPOKCUIHLHUMHU, KapOOKCUIHLHUMH,
KapOOHUJIbHUX Ta 1HIIMMH, IO BIAMOBIJAIOTH 3a CIPOMOXKHICTH MaTepiany 1o
3MIMBAHHS 3 €MOKCHUIHOI MaTPHUIIC IJIA aKTUBAIll ra3y 3amporOHOBAHO JOJaHHS
XIMIYHUX MPEKYPCOPIB — aKPUIIOBOI KUCJIOTH a00 ajiiaminy.

[IpoBeneHO KOMIUIEKCHE JOCHI/DKCHHSI IOBEPXHEBOTO Iapy BYTJICIEBHX
BojjokoH YKH/5000 stk TpamumiiiHux, Tak 1 0OpoOJIeHHX TUIa3MOI0 B CEPEIOBHIIII
aKpuwiIOBOi  KHCJIOTH a00  ajulaMiHy, 3 BUKOPUCTAaHHSM  €JIEKTPOHHO-
MIKPOCKOITIYHOTO aHaji3y, 1H(padyepBOHOI, PEHTTCHIBCHKOI (POTOEIEKTPOHHOI Ta
paMaHIBChKOT CIEKTpOCKoImii (KOMOIHAIIIMHOTO PO3CitOBaHHS CBITiIa). Bu3HaueHo
KyTH 3MOYYBaHHSI €MOKCHUAHOIO MaTpPHUIICI0 HANOBHIOBAYa y BHUXIJIHOMY CTaHI Ta

miciast MOAU(IKYyI040i 0OpOOKH.



BcranoBneno, 1o y mporieci Mmia3MoBOro OoOpoOJEHHS YTBOPIOETHCS HOBA
penbedHa CTPYKTYpa MOBEPXHEBOIO IIApy BYTJICLIEBUX BOJOKOH.

Pesynpratn  iH(QpauepBoHOI Ta  PEHTTEHIBCHKOI  (DOTOEIEKTPOHHOI
CHEKTPOCKOTIT TO3BOJIMIIA OIIHUTH BMICT (DYHKITIOHATHHUX TPy B TIOBEPXHEBOMY
mapi, y TOMY YHCI, KapOOHUIBHMX TpYM, SKI BIANOBITAIOTH 3a peaKIliiHy
3JIaTHICTb JI0 3MIMBAHHS 3 €MIOKCUIHOI0 MATPHUIICIO.

[Toxazano, 1m0 TpaAMIliiiHE BOJOKHO Ha MOBEPXHI Ma€ HE3HAYHY KUIBKICTb
KapOOHUIBHUX TPYI, a MpU 00pOOIIi TIIa3MOI0 B CEPEIOBHUILI AKPUIIOBOT KUCIOTH X
3Ha4YHO 301IbIIeHO. BCcTaHOBJIEHO, IO IJIa3MOBa 0OpoOKa crpusie 30UIbIICHHIO
KUJIBKOCT1 KapOOHIJIBHUX T'PYIl 1 00OYMOBIIIOE MMIJIBUILIEHHS are31iMHOI MIIIHOCTI Ha
MEX1 «HATIOBHIOBAU-MaTPHILS.

3a JOMOMOIOK pPaMaHIBChKOI CHEKTPOCKOMIl (KOMOIHALTHE pO3CIFOBaHHS
CBITJIA) JTOCHIPKEHO aJAre3iiiHy MIIHICTh Y KOHTaKT1 «HAIlOBHIOBAY-CIIOJIYYHE.
JI71s OLIIHIOBAHHSI AaKTUBHOCTI TTOBEPXHEBOIO IIapy HAIOBHIOBAaYa 3alpOTIOHOBAHO
BigHomeHHs iHTeHcHBHOCTEH cMmyr D 1 G (Ip/lg). Pesynpratn Bu3HA4YCHHS KyTa
3MOYYBaHHS JIO3BOJIMJIM 3pOOWTH BHUCHOBOK, IO BEJMYMHA MJI TPATUIIAHOTO
ByrienieBoro BosiokHa Mapku YKH/5000 cknamae — 28 rpam, a o0poOiaeHOro
MJ1a3MOIO B CEPEOBHINAX aKPUIIOBOI KUCIOTH — 23 Tpaj, anijgaminy — 26 rpaf.

[IInsxoM eKCIepuMEHTAIBHOTO JOCTIPKCHHSI BYTJICIEBUX HAIMOBHIOBAYIB
MIITBEPIPKEHO TOLUIBHICTh 3aCTOCYBaHHS TJIa3MOBOTO OOpOOJICHHS SISl aKTUBAIlll
MOBEPXHEBOTO APy 3aBISKH OCAKEHHIO aKTUBHUX (DYHKIIIOHAIBHUX TPYII, 1110
BIJIMOBIAIOTH 32 are31MHY MIITHICTh KOMITO3UTY.

BcranoBneno, mo Mojaudikailisi HarmoBHIOBaYa B CEPEOBUIIl aKPUIIOBOT
KHCIIOTH MOXE 3aCTOCOBYBATUCS SK HOBUU METOJ OOpOOJICHHS AJIS T1BUIIECHHS
MILIHOCTI KOHCTPYKIIi} 3 BYIJICTIJIACTUKY.

3a  J0TOMOror  €JeKTPOHHO-MIKPOCKOIIYHOTO  aHami3y  JOCIIIKEHO
CTPYKTYpYy 3pa3kiB ByrjeruiactukiB. IlokazaHo HasgBHICT, OUIBII LIUIBHOT
CTPYKTYpPH B KOMIIO3MTI, JI€ HAMOBHIOBaY OOpOOJIEHO IUIa3MOI0 B CEpeIOBHIII
aKpUJIOBOiI KUCIOTH. TakoX BHU3HAYCHO XapaKTep PyWHYBAHHS BYTJICIIJIACTHUKY.

Pesynbratn (dpakrorpadiyHoro anamizy mMokazaiM, IO TICHIsS pyHHYBaHHS



Marepiary 3 MOAM(IKOBAaHMM HAMOBHIOBAYEM  CIIOCTEPITa€ThCs  YaCTKOBE
BUPHUBAHHS OJMHUYHHUX BOJIOKOH 13 CIIOJIy4HOTO, a OlJIblIa YacTHHA TMOBEPXHI
3JI0MY Ma€ OJHOPIJIHUN XapaKTep pyHHYBaHHS, 1110 CBIIYUTH PO BUCOKY are3ito
MOBEPXHI po3/iNeHHS (a3.

3 BHUKOPUCTAHHSIM METOAOMY 1H(GPAYepBOHOI CIEKTPOCKOI MPOBEIACHO
OLIIHIOBAHHS CKJaAy (YHKI[IOHAIBHUX TPylm Ha MEXKI «alpeT-CHOJyUYHEe»
BYTJICTUIACTUKIB. BiA3HAaueHO 3MEHIIEHHS I1HTEHCUBHOCTEH CMYT TOTJIMHAHHS
BYTJICIIJIACTUKY Ha OCHOBI ByrieneBoro BosiokHa YKH/5000, o6pobieHnoro
IJ1a3MOI0 B CEPEIOBUIIl AKPUJIOBOI KHUCJIOTH Ta EMOKCHIHOTO CIIOJIYYHOTO Y
MOPIBHSHHI 3 TPAAULIIAHUM, 1€ 103BOJIIE€ CIPOTHO3YBATH 1JBULIEHHS MILIHOCTI Ha
MEXI1 «arnpeT-CroiydHe» y MOJIu()iKOBAaHOMY KOMITO3HTI.

OTtpumani JaHl 100pe Y3rOKYIOThCS 3 pe3yibTaTaMu JepuBaTOrpadiuHoOro
aHalli3y, B pe3yJbTaTl $KOIO BCTAHOBJIEHO, IO TeMIepaTypa AECTPYKIl
BYTJICIIJIACTUKY Ha OCHOBI ByriieneBoro BosiokHa YKH/5000, o6pobieHnoro
MJIa3MOI0 B CEPEIOBUILI aKpUIIOBOT KUCIOTH cTaHOBUTHL 750 °C, a TpaauIliiHOIro —
721 °C. i nani miATBEPIKYIOTH 011 BUCOKY TEPMOCTIWKICTh BYTJICTIJIACTUKY Ha
OCHOBI1 00pOOJIEHOTO BOJIOKHA.

Jlns  BU3HAYEHHsS  aAre3idHOi  MIMHOCTI  MPOBEACHO  BUIPOOYBaHHS
MIKpPOIUIACTHKIB 1 OIIHEHO MaKCHUMaJlbHy PYWHIBHY 3JAaTHICTh JKTYTa IiJI 4ac
po3TsranHs. J[oBeaeHo, 0 cepe/lHe 3HAUEHHS! pyHHIBHOTO HANpPYXEHHS B JIKTYTI
00pO0JIEHOr0 BYTJIEIIEBOrO0 BOJIOKHA IUIa3MOI0 B CEPEIOBUINI aKPUIOBOI KHUCIOTH
BUILE HUK TpaguuiiHoro. CTaTUCTUYHA O0OpoOKa pe3ysbTaTiB BU3HAYEHHS
PYWHIBHOTO HampyXeHHS MpU PO3TIraHHl MIATBEPAWIIa JaHl MEXaHIYHUX
BUIIPOOYBaHb.

JocnixeHHs (b13UKO-MEXaHIUHUX XapaKTEPUCTHUK BUT'OTOBJIEHUX
BYTJICTIJIACTUKIB 3 MOJM(PIKOBAHUM HAMOBHIOBAYEM 3a INTATHOK TEXHOJOTIEIO
MOKA3aJId TBUIIIEHHS MIITHOCTI MPH 3TUHI Ta 3CYyB1 y MOPIBHSAHHI 3 TPAJAUIIITHIM
koMiio3utoM. CepeJiHi 3HaYeHHsI pyHHIBHOIO HANPYXEHHS MpU 3TUHI Ta 3CyB1 AJs
MOM(IKOBAHOTO BYIJIEIUIACTUKY cTaHOBIATH 1260 MIla #t 50 Mlla, a nans

TpaguiiiiHoro — 936 Mlla 1 34 MIla, BianmoBiIHO.



3anpomoHOoBaHO 1 OOTPYHTOBAaHO  3aCTOCYBaHHS  1H(PAYEPBOHOTO
BUIIPOMIHIOBaHHS NMPU (POPMYBaHHI 1 OTBEPAIHHI KOMIIO3UTY 3 METOI OTPUMAaHHS
BUCOKHMX Ta CTaOUIBHUX XapakTepucTuk. CTBOPEHO OOYMCIIOBAJIBHY MNpPOrpamy
pO3paxyHKy  TEIUIOBHX TIOJNIB Yy  BYIJCIUIACTUKY TNPU  BHUKOPUCTAHHI
1H(paYepBOHOTO BUIPOMIHIOBaHHA. MaremaTuuHy MoOJeNb MOO0yA0BaHO 3
BUKOPUCTAHHAM METOAY KIHIEBHX PI3HUILb, 32 JOMOMOTOIO0 SIKOTO PO3paxOBaHO
CTYIiHb OTBEPAIHHA MaTepiady B Oylb-AKiil Todlll Ta 3a OyAb-SIKUH MPOMIKOK
yacy, 6a3yl04uCh Ha BEJIMYHMHI TETUIOMPOBIIHOCTI KOMITO3HUTA.

BcTaHoBIIeHO, 3 BUKOPHUCTAHHSIM €IEKTPOHHO-MIKPOCKOTIIYHOTO aHAITi3Y, 10
y  BYyIJIEIUIaCTUKAaX,  BUTOTOBJIEHUX  MiJ  BIUIMBOM  1H(ppauepBOHOIO
BUIIPOMIHIOBaHHS 13 00pobisieHoro ByrieneBoro BojokHa YKH/5000 miasmoro B
CEPEIOBHUIII aKPUIIOBOI KHUCIOTH Ta TPATUIIMHOTO ¥ EMOKCHUAHOTO CIOJYyYHOTO,
CIIOCTEPITAEThCS  YIOPSIAKOBAaHA  HAJIMOJIEKYJIIpHA  KJAcTepHA  CTPYKTypa.
BiaMiHHOIO pHCOIO0 KJIACTEPHOI MOJENl € Te, M0 B HIA HE PEriiaMeHTYEThCS
xapaktep Mop¢oJIorii JaHIIOTIB ycepeauHi kiacrtepa. B enmokcuaHoMy mosimepi
KJIACTEep CKJIAa€ThCd 3 HAAMOJICKYJSPHUX YTBOPEHb 1 Mae€ CKIaa4ary
KoH(opmariito. Mopdosoriss JaHIIOTIB Yy KJIacTepl BU3HAYAETHCS XIMIYHOIO
OynoBoro momimepy. Ilim wac ¢pakTorpadiyHOTO IOCHIIKEHHS HABEICHUX
CTPYKTYp CHOCTepiraeThcs (hikcaris BYrjieleBUX BOJOKOH B €MOKCHIHIN MaTpHII,
YUM 1 3a0€3MeuyeThCS BUCOKA a/ire3iiiHa MIIIHICTh B KOMITO3HUTI.

Otpumani pe3ynbTaTH J00pe Y3rOJKYIOThCS 3 JaHUMH 1H(PpadepBOHOI
CIIEKTPOCKOTIi. Bcranosneno, oo  MiJ  BIUIUBOM  1H(QPAYEpPBOHOTO
BUNPOMIHIOBaHHS BiJIOYBAa€ThCS IEpeMiHA MpOLeCY TMOTJWHAHHS MaTepiaay B
KOHTaKTl «HAMOBHIOBAY-CIIOIYYHE» PI3HUMH (DYHKLIOHAIBHUMHU TPYyNaMHu, SIK Y
BUMAJKYy 3aCTOCYBaHHsS HAamoOBHIOBa4ya, OOPOOJEHOIro IIa3MOK B CEPEIOBHIIII
akpuioBoi kuciotu ByrieneBoro BonokHa YKH/5000 Tta tpamumiiinoro. [lani
1H(pavepBOHOI CIIEKTPOCKOIIIT MMOKa3aJIH, 110 3MIHHU SKICHOTO CKJIaay MaTepiairy He
crioctepiraeTbes. Lle miarBepkye, mo iHQpadepBOHE BUIIPOMIHIOBAHHS 3MIHIOE
MEXaHI3M 3IIMBaHHSI MAaKpPOMOJEKYJ 3a PAaxXyHOK CTBOPEHHS KJIACTEPHOI

CTPYKTYpH Ta CYMIIIEHHS TIPOIIECIB HArpiBaHHS 1 OTBEPIIHHS, IPU SKOMY



BUIIPOMIHIOBaHHS CHOPUMMAETHCS O€3MOCepeHhO0 MAaKpPOMOJIEKYyJIaMH, a HE 3a
pPaxyHOK SIBUIIIa KOHBEKIII].

MetonoM paepuBatorpadiqHOro aHajizy IOKa3aHo, IO TeMIlepaTypa
JNECTPYKIIi MaTepialy Ha OCHOBI O0OpOOJIEHOTO BOJIOKHA ¥ OTBEPALIOTO
1H(payepBOHUM BUMNpPOMIHIOBaHHAM ckianae 790 °C, a tpaguuiiinoro — 750 °C.
OTtpumani JaHl MiATBEPIKYIOTh OUIBII BUCOKY TEPMOCTIHKICTh MOAM(IKOBAHOTO
BYTJICTUIACTUKY, BUTOTOBJICHOTO 13 BUKOPUCTAHHSIM 1H()padyepBOHOTO HArpiBaHHS B
nporieci GopMyBaHHS KOMITO3UTA 1 TTOJIIMepH3aIlii.

OuniHeHO  MIIHICHI ~ XapaKTEpUCTUKH  MIKPOIUIACTUKIB ~ HA  OCHOBI
HaIMoOBHIOBaYa, OOPOOJEHOIro IUJIa3MOI0 B CEPEIOBHINI AKPUIOBOI KHUCIIOTH, Ta
TpaJMIIIITHOTO, BUTOTOBJICHUX 3 BHUKOPUCTAHHAM 1H(PpauyepBOHOrO HarpiBaHHA. Y
pe3yabpTaTi MPOBEAECHUX BUIPOOYBaHb BCTAHOBJICHO, II0 PYHHIBHE HAMNPYXEHHS
OpyU  PO3TATaHHI  3pa3KiB  MIKPOIUIACTUKY, OTPUMAHUX 32  JIOMOMOTOIO
1H(payepBOHOTO BUIPOMIHIOBAHHS 3 OOpPOOJICHOTO IUIa3MOI0 HAIMOBHIOBadYa B
CEpEeOBUII aKpUJIOBOI KUCJIOTH BUIIE, HIK y BUXIAHOTO, 1 cTaHOBUTH 2750 MIla
ta 2488 MIla, BimmoBimHo. lleli pe3ynbraT TakoX IMIATBEPKYE 301IBIICHHS
KUIBKOCTI ~ XapakTepHUX (YHKIIOHAIBHUX TPyl Yy TOBEPXHEBOMY IIapi
HAITOBHIOBAYA.

Bu3HnaueHO OCHOBHI XapaKTEPUCTUKU BYTJEIIACTUKY — MIIHICTh TP 3THHI
Ta 3CyBi. AHami3 OTPUMaHUX pE3yJbTaTIB MOKa3aB, 110 BEJIMYMHA CEPEIHBOIO
pYHHIBHOTO  HAmpyX€HHs MpU 3TUHI  MOAMU(]IKOBAHOTO  BYIJICIUIACTHUKY,
BUTOTOBJICHOTO 3 BUKOPUCTAHHSM 1H(PAuepBOHOTO BUIPOMIHIOBAHHS, CTAHOBUTH
1408 Mlla, a tpagumiiinoro — 1174 Mlla. Ilig 4ac 3cyBy, cepelHe 3HAYEHHS
pyiHiBHOTO HampyxeHHs — 52 MIla qis monugikoBanoro kommno3uty i 43 Mlla —
o1 TpaguuiiiHoro. OTke, BCTaHOBJIEHO TiaBHUINEHHS a0 20 % MiHOCTI
BYTJICTIJIACTHUKY.

Ha ocHOBI mpoBeNeHMX JOCHIIKEHb BCTAHOBIICHO, IO OOpPOOJICHHS
ByrierieBoro BosiokHa YKH/5000 mmasmoro B cepelloBHINI aKpPUIOBOI KHCJIOTH
IPU3BOAUTH A0 301TbIICHHS MOKA3HUKIB MIITHOCTI BYTJICIUIACTUKY, & 3aCTOCYBAaHHS

1H(paYepBOHOTO HArpiBaHHs J03BOJISE€ JOJATKOBOIO MIJBUIIUTH XaPAKTEPUCTUKH



MaTtepiany npu iHTeHCUDIKaIlli TEXHOJIOTIYHOTO MPOIIECY BUTOTOBIIEHHS BUPOOIB 1
3HIDKCHHI €HEPTOEMHOCTI.

[IpakTuuyny peanizaiilo pe3yJabTaTiB JOCHIIKEHHS OTPUMAaHO B PAKETHO-
KOCMIUHIM Ta HaTOBIM ramy3sax mpu (GopMmyBaHHI CHIOBOI OOOJIOHKH KOPITYCY
Oaka miadparmoBoro (mareHT Ykpainu Ha kopucHy mozenb Ne 138264. Crnocib
BUTOTOBJICHHS JIETKMX TMaJUBHUX OakiB BHUCOKOTO THCKY 3 KOMIO3UIIHHUX
MaTepialiB) Ta BUTOTOBJICHHI €JIeMeHTIB HadTompoBoniB 1 Oannaxis. [lokazaHo,
[0 3aCTOCYBaHHSI BYIJICTUIACTUKY Ha OCHOBI ByrjereBoro BosiokHa YKH/5000,
00pO0JICHOTO TIa3MOI0 B CEPENIOBUINI aKPUJIOBOI KHUCJIOTH, Ta EMOKCHUIHOTO
cnojiyauHoro Huntsman mijiBuIiye MillHICHI XapaKTepUCTUKH Oaka JiadparMoBoro
Ta TpyO HaTOBOTO COPTAMEHTY MPHU 3MEHIIICHH] Yacy BUTOTOBJICHHS B 5 — 6 pas.

Vhepuie 3anporoHOBAHO TEXHOJIOTIIO PEMOHTY Ha(TOmpoBOJIB  3a
JIOTIOMOTOI0  BYIVICIUIACTUKOBOIO OaHJaXa, SKUH € NaKeToM 3 MONEepeaHbO
MIArOTOBJIEHOro ByrieneBoro BosokHa YKH/5000, oGpoGneHoro ImiasmMom B
CEpEeIOBHILI aKPHUIIOBOI KHCIOTH, TPOCOYEHOTO CHOMYyYHUM (MaTeHT YKpaiHu Ha
kopucHy wmojnenb Ne 141543. Cnoci® BHUTOTOBJICHHS CHJIOBHUX €JIEMCHTIB 3
KOMITO3UILIMHUX MaTepiamiB). [lomimepusanito ByIJIEIJIACTUKOBOrO OaHaxa
3apOIIOHOBAHO MPOBOJIUTH O€3MocepeHh0 Ha MICIl MOPHUBY HA(TOIMPOBOAY 3a
JIOTIOMOTOI0  pO3pOOJIEHOTO TMPUCTPOIO0 1H(GPAYEPBOHOTO BUIPOMIHIOBAHHS, IO
JO3BOJIMJIO  3HAYHO CKOPOTUTH 4Yac Ha JIKBIJAI[I0 TOPUBY Ta PEMOHT
TpyOOTIPOBOSTY.

PesynbTaTu aumcepTamiiHUX AOCIIPKEHb BMOPOBAKEHI Ha JlepkaBHOMY
nignpuemMcTtBl  «KoHctpykTtopecbke Owopo  «lliBmenne» im. M.K. Surens
(AKT BOpOBaIXKECHHS).

[Ipy BHKOpHCTAHHI HAYKOBUX Ta NPAKTUYHUX PE3YyJbTATIB JOCHIIKEHHS
BJIACTUBOCTEH JOCTITHUX 3pa3KiB HA(PTOMPOBOMAIB B YMOBaxX EKCIUTyaTarii B
IBano-®dpaHKIBCHKOMY HalllOHAJLHOMY YHiBepcuTeTi HapTu Ta raszy (AKT mpo
BUKOPUCTAaHHS HayYKOBUX Ta MPAKTUYHUX PE3YJIbTATIB AOCITIIKECHHS)

Pesynbpratu nucepTauniiHUX AOCTIIKEHb BUKOPUCTOBYIOTH B OCBITHBOMY

MpoIleCl NP MPOBECHHI JICKIIHHUX, MPAKTUYHUX 1 JJaOOpPaTOPHUX 3aHSTh, SIKI



BUKJIAIAIOTh BIJAMOBITHO JO HAaBYAJBLHUX MpPOrpaM AUCIUILUTH Ha Kadeapi
TEXHOJOT1l BUPOOHMIITBA  (DI3UKO-TEXHIYHOTO  (akynbTeTy JIHIMPOBCHKOTO
HalllOHAJIBHOTO YHIBepcuTeTy iMeH1 Onecst ['onuapa (AKT peanizaiiii).

KiarouoBi ciaoBa: momiMepHUI KOMITO3MINIMHUI MaTepian, BYIJICIICBE
BOJIOKHO, MATpPHWIIsl, HAaMOTYBaHHsS, OTBEPAiIHHS, TOHKOCTIHHUN BYTJICIUIACTHK,
miasMma, 1H(QpadyepBOHE  BUIPOMIHIOBAHHS,  €JIIEKTPOHHO-MIKPOCKOIIIYHUM,
iHppauepBOHa CIEKTPOCKOIIsI, PEHTIeHIBCbKa (DOTOEIEKTPOHHA CHEKTPOCKOIIis,

paMaHiBChKa CIIEKTPOCKOIIA, JepuBaTorpadiyHui aHai3, MIITHICTb.

SUMMARY

Romenska O.P. Carbon plastics for thin-walled rocketry-space structures. —
Qualifying scientific work as manuscript.

Dissertation for the Doctor of Philosophy degree on a specialty 132 —
Materials science. — Oles Honchar Dnipro National University; Yuzhnoye State
Design Office, Dnipro, 2021.

The dissertation is devoted to the solution of an important scientific and
technical task - improvement of available methods of initial materials processing at
creation of new carbon plastics with YKH/5000 carbon fiber with the increased
durability characteristics for the use during manufacturing of modern thin-walled
rocketry-space structures.

For the first time to increase the strength and stable characteristics of
rocketry-space products made of carbon plastic, the effect of modification of the
filler and infrared radiation during the formation and curing of the material was
studied. This is the technology of treatment of traditional YKH/5000 carbon fiber
with plasma of dielectric barrier discharge, where air is used as plasma-forming
gas, was studied and presented. For gas activation, treatment with the addition of
chemical precursors - acrylic acid or allylamine is proposed to create in the surface
layer of the filler functional groups: hydroxyl, carboxyl, carbonyl and others

responsible for the ability of the material to crosslink with an epoxy matrix.



A versatile study using electron microscopic analysis, infrared, X-ray
photoelectron and Raman spectroscopy (combination light scattering) as well as
the determination of the epoxy matrix wetting angles of the surface layer of
YKH/5000 carbon fibers, both traditional and plasma-treated in acrylic acid or
allylamine was performed. It is established that during plasma treatment a
qualitatively new relief structure of the carbon fibers surface layer is formed.
The results of infrared and X-ray photoelectron spectroscopy allowed to estimate
the content of functional groups in the surface layer the carbon, alkoxy, carbonyl
and carboxyl.

It is shown that the traditional fiber on the surface has a small number of
carbonyl groups, and plasma-treated in acrylic acid has up to 16 %. It is established
that the plasma treatment increases the number of carbonyl groups and serves to
increase the adhesive strength at the "filler-matrix™ boundary.

The adhesion strength in the "filler-binder" contact was investigated by
Raman spectroscopy (combination light scattering). To evaluate the activity of the
surface layer of the filler, the ratio of the intensities of the bands is proposed D
and G (ID/IG). These data correlate with the results of determining the wetting
angle, the value of which for the traditional YKH/5000 carbon fiber is — 28 deg,
and plasma-treated in acrylic acid - 23 deg, allylamine - 26 deg.

An experimental study was performed and the expediency of using plasma
treatment to activate the surface layer of carbon fibers and the deposition of active
functional groups responsible for the adhesive strength of carbon fiber was shown.
It is established that plasma treatment in acrylic acid can be used as a new method
of processing fillers to obtain high strength characteristics of the structure.

The structure of carbon plastic samples was investigated by electron
microscopic analysis. The presence of a denser structure in the composite is
shown, where the filler is treated with plasma in acrylic acid. The nature of carbon
fiber fracture was also determined. The results of fractographic analysis showed
that after the destruction of the material with a modified filler there is a partial

tearing of single fibers from the binder, and most of the fracture surface has a



uniform fracture character, indicating satisfactory adhesion of the phase separation
surface.

Infrared spectroscopy was used to evaluate the composition of functional
groups at the "finishing-binder" carbon fiber boundary. There is a decrease in the
intensity of the absorption bands of carbon fiber based on carbon fiber YKH/5000,
treated with plasma in acrylic acid compared to traditional, this predicts an increase
in strength at the "finite-binder" in the modified composite.

In the paper, on the basis of derivatographic analysis it is established that the
temperature of destruction of carbon plastic based on YKH/5000 carbon fiber,
treated with plasma in acrylic acid is 750 °C, and traditional — 721 °C. These data
confirm the higher heat resistance of carbon plastic based on the treated fiber. The
research results are consistent with the strength characteristics of the carbon
plastic. Statistical processing of the results of the destructive stress determination
during tension confirmed the results of mechanical tests.

Studies of physical and mechanical characteristics of manufactured carbon
plastics with a modified filler by standard technology have shown an increase in
flexural and shear strength compared to traditional composite. The average values
of the destructive stress during bending and shear for modified carbon fiber are
1260 MPa and 50 MPa, respectively, and for traditional - 936 MPa and 34 MPa,
respectively.

The use of infrared radiation during the formation and curing of the
composite in order to obtain high and stable characteristics is proposed. A
computational program for calculating thermal fields in carbon fiber using infrared
radiation has been created. The mathematical model is based on the finite
difference method, which made it possible to calculate the degree of hardening of
the material at any point and for any period of time, based on the thermal
conductivity of the composite.

It was found that in carbon plastics made under the influence of infrared
radiation from treated carbon fiber YKH/5000 plasma in acrylic acid and

traditional, according to electron microscopic analysis, there is an ordered



supramolecular structure - a cluster model. A distinctive feature of the cluster
model is that it does not regulate the nature of the morphology of chains within the
cluster. In epoxy polymer, the cluster consists of supramolecular formations and
has a folded conformation. The nature of the morphology of the chains in the
cluster is determined by the chemical structure of the polymer. During the
fractographic study of these structures, there is a fixation of carbon fibers in the
epoxy matrix, which provides high adhesive strength in the composite.

The obtained results are in good agreement with the data of infrared
spectroscopy. It was found that under the influence of infrared radiation there is a
change in the absorption process by different functional groups in the contact zone
"filler-binder", as in the case of the filler treated with plasma in acrylic acid carbon
fiber YKH/5000 and traditional. Infrared spectroscopy data showed that no change
in the qualitative composition of the material was observed. This confirms that
infrared radiation changes the mechanism of crosslinking of macromolecules by
creating a cluster structure and combining the processes of heating and curing, in
which the radiation is perceived directly by macromolecules, and not by the
phenomenon of convection.

The method of derivatographic analysis shows that the temperature of
destruction of the material on the basis of the treated fiber and hardened by
infrared radiation 1s 790 °© C, and traditional - 750 © C. The obtained data confirm
the higher heat resistance of the modified carbon fiber made using infrared heating,
both during composite formation and during polymerization.

The strength characteristics of microplastics based on the filler treated with
plasma in acrylic acid and traditional, made using infrared heating. As a result of
the tests, it was found that the destructive stress during stretching of microplastic
samples obtained by infrared radiation from plasma-treated acrylic acid filler is
higher than the original and is 2750 MPa and 2488 MPa, respectively. This result
also confirms the increase in the characteristic functional groups in the surface
layer of the filler.



The main characteristics of carbon fiber are determined - bending and shear
strength. Analysis of the obtained strength characteristics showed that the value of
the average destructive stress in the bending of modified carbon fiber, made using
infrared radiation, is 1408 MPa, and traditional - 1174 MPa. During the shear, the
average value of the destructive stress is 52 MPa for the modified composite and
43 MPa for the traditional one. Therefore, an increase of up to 20% in the strength
of carbon fiber has been established.

Based on the research, it is established that the treatment of carbon fiber
YKH/5000 with plasma in acrylic acid leads to an increase in the strength of
carbon fiber, and the use of infrared heating can further improve the characteristics
of the material while intensifying the manufacturing process and reducing energy
consumption.

The practical implementation of the study results was obtained during
application in the rocketry-space and oil industries, namely during the formation of
the pressure shell of the diaphragm tank (Ukrainian patent for utility model
#138264. A manufacturing method of light fuel tanks of high pressure from
composite materials) and the manufacture of oil pipelines elements and bandages.
It is shown that the use of carbon plastic based on YKH/5000carbon fiber treated
with plasma in acrylic acid and Huntsman epoxy binder increases the strength
characteristics of the diaphragm tank, and the use of polymerization technology
under the exposure of infrared radiation reduces its manufacturing time
by 5-6 times. Experimental studies of carbon plastic oil pipelines in operating
simulation conditions have confirmed the effectiveness of the use of new carbon
plastics for the manufacture of oil pipes with a diameter of 30 mm.

For the first time, the technology of repairing oil pipelines using carbon
plastic bandage, which is a package with pre-prepared YKH/5000 carbon fiber,
treated with plasma in acrylic acid impregnated with a binder was proposed
(Ukrainian patent for utility model Ne 141543. A manufacturing method of load-
bearing elements from composite materials). The polymerization of the carbon

plastic bandage is proposed to be carried out directly at the point of rupture of the



pipeline using an infrared radiation device, which significantly reduced the time to
eliminate the rupture and repair the pipeline.

The results of dissertation research are used during lectures, practical and
laboratory classes, which are taught in accordance with the syllabus of the
following disciplines: "New technologies in aircraft and rocketry”, "Topical
problems of development of aerospace production technologies™ for bachelors,
masters and post graduate students in the specialties as 134.Aviation and Rocket
and Space technology, 132. Materials Science at the Production Technology
Department of the Faculty of Physics and Technology of Oles Honchar Dnipro
National University.

Keywords: polymer composite material, carbon fiber, matrix, winding,
curing, thin-walled carbon plastic, plasma, infrared radiation, electron
microstructural, infrared spectroscopy, X-ray photoelectron spectroscopy, Raman

spectroscopy, derivatographic analysis, strength.
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