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PaccmoTpeHb! (hbakTophbl, BNUSOLLME Ha U3BMEHEHUE KOHLEeHTpaLuy Bogopoa B MOKOBKaX U3 cpeaHe-
nernpoBaHHbIX CTanen, 1 BbINOMIHEHO pacyYeTHOe MOAENNPOBaHNE KUHETUKN N3MEHEHUS COAEPXKaHUS BO-
Jopoaa npuv pasnuyHbIX BapuaHtax npeaBapuTensHon Tepmudeckor obpaboTku. MNokasaHo, 4To npu Npo-
XoXaeHUN AN y3noHHbIX NPOLLECCOB NPeBpaLLEHNs] ayCTEHNTa B MU30TEPMUYECKMX YCMOBUSAX Ha CTauM
HaKOMNMeHns N B Xxoae HenocpeacTBEHHO U30TEPMUYECKOro OTXura (C ydeToM pocta KoadduumneHTa amud-
dy3unn Bogopoaa B y- U a-pa3ax Ha HECKONBbKO MOPSAKOB) CyLLIECTBYET BO3MOXHOCTb JOCTUXEHMS MaKCU-
ManbHOW MONHOTHI yaaneHus Bogopoaa.

Knouesbie cnosa: cpegHenernpoBaHHble ctanu, Auddy3nsa Bogopoaa, NpoTMBOOKEHHAs TepMu-
yeckast 06paboTka, TepMmyeckue Luknbl, AMPAY3MOHHaAs 3a4ada, pacyeTHoe MoaenvpoBaHme
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MpencraBneHbl pesynbTaTbl OnpeaeneHns MexaHM4eCckmx CBOMCTB U XNagoCTOMKOCTU cpeaHeyrne-
poauCTON cpeaHenernpoBaHHOM BbICOKOMPOYHOW U3HOCOCTONKOM CTanu, peKoMeHayeMomn s U3rotosne-
HWUSI 3NIEMEHTOB AHOYINYOUTENBbHOM TEXHUKN, NMOCNE pPasfnyHbIX PEXMMOB TepMUyeckor oopaboTku. Bbl-
SIBMEHbI 3aKOHOMEPHOCTU N3MEHEHMWS MPOYHOCTHBIX Y NIIACTUYECKMX CBOWCTB B 3aBUCUMOCTM OT Temnepa-
Typbl OTMNycKa. YCTaHOBIEHO, YTO OTNYCK B MHTepBare TeMmnepaTyp 560-580°C obecneunBaeT onTumarnb-
HO€e coYeTaHMe NPOYHOCTHLIX U BA3KOMNNACTUYECKMX CBOWCTB M NO3BOMSET NOBLICUTb XNaA0CTONKOCTb UC-
crnegyemMon ctanm.

Knroyesbie crioga: cpefHeyrnepoancTasi cpeaHenerMpoBaHHasi BbICOKONPOYHasi CTasb, 3akanka u oT-
NycK, MexaHU4eckmne CBOMCTBa, CTPYKTypa, TBEPAOCTb
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NCCNEONOBAHMUE BITUAHUA BblCOKO!JVICI'IEPCHOI?I ®A3bl KAPBMOA TUTAHA
HA ®U3NKO-MEXAHUYECKME CBOUCTBA CIJIABOB AM4,5Ka U AK10M2H
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PaccmoTpeHbl npyMepbl co3aaHns U TepMmnyeckon obpaboTkm KOMMO3ULMOHHbBIX MaTepmnanos Ha oc-
HOBE artoMWHUEBLIX CNITABOB, YNPOYHEHHbIX AMCNEepPCHON da3on kapbuaa TutaHa, obnagarolmx BbICO-
KAMU TBEPAOCTbIO U MOLYMNEM YMNPYrocTW, XOPOLLIEeN CMayMBaemocTbio pacnnaBom. OTMeYeHo, 4YTO B
HacTosiLee BpeMs Hanbonee JOCTYNHbIM U 3¢hdEKTUBHBIM CNOCOBOM UX NOMyYeHUst ABMSIETCA camopac-
NPOCTPaHAILLMIACA BbICOKOTEMMNEPATYPHbIN cuHTe3 (CBC).

lMoka3aHa BO3MOXHOCTb MOMyYEHNsI HOBbIX artoMOMaTPUYHbBIX KOMMO3ULMOHHBIX MaTepuanos Ha OC-
HOBE NPOMbILLMEHHbIX antoMuHneBbix cnnasos AM4,5Ka n AK10M2H nytem ux apmmpoBaHus BbICOKOAUC-
nepcHbiM kapbugom TutaHa (10 mac. %). Apmupytowlas casa obpasoBaHa B pacnnaBax CrfaBoB Mo Tex-
Honorun CBC 13 MCXOAHbIX 3N1EMEHTHBIX KOMMOHEHTOB — MOPOLLKOB TUTaHa U TEXHUYECKoro yrnepoga. Ha
nony4eHHbIX obpasuax bbina nponsseaeHa oLeHka paBHOMEPHOCTU pacrnpeaeneHust kepammyeckon dasbl
no o6beMy MaTpu4HbIX cnnaeoB, koTtopasi coctasuna 0,15 n 0,12 gna obpasuyos AM4,5Kg — 10%TiC u
AK10M2H — 10%TiC cooTBETCTBEHHO, YTO MOXHO OTHECTU K BbICOKOW CTeneHn paBHOMepHocTW. MNpons-
BefeHa oueHka PU3NYECKMX CBOWCTB: MOPUCTOCTU, NITOTHOCTM, 3NEKTPONPOBOLHOCTH, a Takke Koaddu-
LUMeHTa TEPMUYECKOTO JIMHENHOIO pacluMpeHnsi. AHanu3 NonyyYeHHbIX aHHbIX MoKasars, YTo NoJyYeHHbIe
KOMMO3MLMOHHbIE MaTepuanbl 06ragatoT HECKONbKO Gonbluen NIoTHOCTBIO (Ha ~4%), YeM MaTpuyHbie
ChnaBbl, YTO CBSA3AHO C Hannynem Kepammuieckon dasbl, HU3KUMKU 3HaYeHnssMmn nopmctoctu (~1%), bonee
H13kuM TKIIP (Ha ~6%), 4yeM MaTpu4yHbIe CNNaBbl, U HA3KUM YPOBHEM 3I1eKTponpoBoaHocTH (~25% IACS).
MpeacraBneHbl 3HAYEHUSA MEXAHUYECKMX CBOMCTB KOMMO3ULUMOHHbIX MaTepuanos AM4,5Kg — 10%TiC un
AK10M2H — 10%TiC.
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MokasaHo, YTO apMupoBaHMEe kepammyeckon da3on cnocobCTBYET 3HAUMTENBHOMY NPUPOCTY TBEP-
[octn — Ha 15 1 42 HB, a Takke 6onee BbICOKMM 3Ha4YeHUsIM Npegerna TeKy4ecTu npu cxkatmm —Ha 31 mn 17
MIlTa cooTBETCTBEHHO NPW COXPaHEHMN BbICOKOIO YPOBHSI OTHOCUTENBHOW Aedopmaunn. NonydeHHble pe-
3ynbTaTbl CBUOETENLCTBYIOT, YTO pa3paboTaHHble KOMNO3MLUOHHbIE MaTepuaribl MOryT ObITb pEKOMEHAO-
BaHbl K NPUMEHEHUIO AN U34enuin, paboTatoLmMX B YCNOBUAX MOBLILLEHHbLIX TEMMIEPATYP U 3HAYUTENBHOrO
n3Hoca.

Krntoueeble crioea: antoMuHWIA, kapbug TUTaHa, caMopacnpoCTPaHSIIOLWMIACS BbICOKOTEMMEPATYPHbIN
cuntes, AM4,5Kg, AK10M2H
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OCOBEHHOCTHU 'I:EI'IHOBOVI ANCCUNALMN B TEXHONOIMn
TEPMOMEXAHMWYECKOW OBPABOTKU METAITIMYECKUX MATEPUAIIOB

Bb. K. BAPAXTWH, kaHa. TexH. Hayk, . M. AHNCMOB

HNL «KypuatoBckuin uHCTUTYT» — LUHUW KM «[NpomeTen», 191015, Cankr-lNeTepbypr,
LWnanepHas yn., 49. E-mail: mail@crism.ru
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PaccMoTpeHbl pe3ynbTaTthl MNacTUYECKOro CXaTusi cTasnei u CniaBoB pa3HOro XMMUYeCKoro coctaea
npv TemnepaTtypax U CKOPOCTAX NacTuyeckon aecdopmanmm, COOTBETCTBYHOLLNX PacipoCTPaHEeHHbIM pe-
Xnmam TepMmomexanuveckor obpabotku (TMO). BbisiBrieHbl ocobeHHoCTH anarpamm o (g, €, T). Npouecchl
OedopMaLMOHHON akKyMynaumm 1 TENNOBOW AMCCUMNaLMM COMPOBOXOAKTCA CTPYKTYPHbIMU NEPECTPOmn-
KaMu. B 3aBMCMMOCTU OT XMMMWUYECKOrO COCTaBa M PEXUMOB FOpPSIYEro CaTusi CTPYKTYPHbIe NpeBpaLLeHnst
NponCcxXoaaT CamoopraHM30BaHHO C BO3MOXHOCTbIO BO30yxaeHus konebaHuii u obpasoBaHus gedopma-
LNOHHbIX CONMTOHOB AMCCHNaLNN.

Knouesnsle crniosa: ropsidasi nnacTuyeckas Aeopmanus, HeyCToM4YMBOCTM, AMCCUNALIUS MEXaHnYe-
CKOW aHepruu, konebaHus, camoopraHusaumst CTPYKTYp, CONUTOHbI Aedhopmanuu.
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BITUAHUE NPOTOHHOIO OBJTYYEHUSA HA CTPYKTYPY U CBOUCTBA KOMMNO3UTHOW
KEPAMUKU COCTABA YSZ-SiO>-Al;03

[. P. BENIMYKO *, kaHa. cpus.-maT. Hayk, . K. BOJIKOBA', A. B. MATTELIKWMIN ' 2, P. L. UICAEB 2
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MokasaHo BO3OENCTBUE MPOTOHHOFO 06MyYeHMs mMolHocTblo 1-10'7 ea./cm? n aHepruei 2 MaB Ha
CTPYKTYpPY M CBOWCTBa KOMMO3WUTHOW KepaMukn coctaBa ZrO2—SiO2—Al203. YCTaHOBNEHO, YTO Npu Takown
[03e 0bnyyeHnst nsMeHeHns ha3oBOro cocTaBa KepaMyku He NPoMcxXoanT. PacyeTbl C NOMOLLbI0 METOAOB
peHTreHorpadumn nokasanu, 4To obny4yeHne NPOToOHaMM CO34aeT Ha NMOBEPXHOCTM KEPAMUKM CXXMMatoLLmMe
HanpsbkeHus (HanpskeHua 1-ro poaa) BenuunHom ot ~—1 go —2 Ma, npu 3ToM MUKpOHanpsbkeHus (Hanps-
XEeHus 2-ro poaa) NpakTU4eckn oTCyTCTBYOT. AHann3 cHumkoB (COM) NoBepXHOCTU kepaMuKu nocrie 00-
nyyeHusi Nokasasn XxaoTU4Hoe pacnosiokeHme makponop B t—ZrOz-matpuue, Torga kak nopbl B YacTuuax
LMPKOHA pacnosioXeHbl UCKMYNTENBHO MO rpaHuuam BKNoYeHnn. OTMEYEHO CHUXKEHME YPOBHS TBEPOO-
CTW M NNIOTHOCTU B KEpaMuke rnocrne o6paboTkn NpoToHamMu B CBSI3M C 06pasoBaHMeM HOMNbLLOro Konuye-
CTBa nop.

Kntoueeble crioga: HaHOMOPOLLIKM, ANOKCUA, LIMPKOHNSA, KOMNO3WUTHAs Kepamuka, LIMPKOH, MOTOK NPOTo-
HOB, 0GMnyYeHune, CTPYKTypa
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CWHTE3 U CTPYKTYPA COEOUHEHUNA FOMOJIOr'MYECKOI'O PAOA TinOzn-1,
NONYYEHHbLIX BOCCTAHOBJIEHUEM B BOAOPOAHOU CPEAE

A. H. XPYCTAIJIEB, JI1. A. APEAHAC

®re0Y BO «MUP3A — Poccunckuin TexHonornyeckuin yHusepcutet», 119454, Mockea,
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WccnepoBaH oOWMH M3 Marou3yyYeHHbIX METOOOB CUHTE3a COeOMHEHWA FOMOJIOrMYeckoro psiga
TinOz2n-1, NONy4Y€HHbIX BOCCTAHOBIIEHNEM B BogopoaHon cpefe. Cepusi 06pasuos (n = 2—8) 6bina nonyyeHa
13 MCxoaHbIX nopoLwkoB TiO2 paznuyHon xummnyeckomn YmctoTbl (99,0-99,99 %) c mogudmkaumen pyTmnom
B LUMPOKOM AManasoHe TemnepaTtyp v Npyu pasHOM BPEMEHW BOCCTAHOBMNEHWA B cpefe Bogopoaa. YcTa-
HOBJEHO BMMSIHWUE YUCTOTbI UCXOAHbIX 0Opa3L0B, TEMNEPATYpPbl U BPEMEHWN BOCCTAHOBIEHMWS HA CTPYKTYPY
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NoslydeHHbIX coeanHEHUN. [okasaHbl pa3nmyuns B KPUCTaNSIMYEeCKon CTPYKTYpe COeANHEHNI roMoSiornye-
ckoro psiga TinOzn-1, a Takke B- n A-nonumopdHbix Mogndmkauun TisOs. OBocHOBaH Nnoaxod k nogdopy
TemnepaTypbl 1 BpeMEHM BocCTaHOBMEeHUS nopowkoB TiO2 AN nony4eHuss KOHKpeTHoW ¢hasbl B coegnHe-
HusAX romorornyeckoro psga TinOzn-1.

Knoyesnbie criosa: romonormdeckunn pag, TinOzn-1, BOCCTaHOBNEHNE B cpefe Bogopoaa, meton PuT-
Benbaa, metoa Jle benna, nonumopdHble moandukauum, gassl MarHenu
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WCCNEOQOBAHUE CTPYKTYPHbIX U MEXAHUYECKUX CBOUCTB KOMMNO3ULIMOHHOM
KEPAMUKW CUCTEMbI AIMgB14—TiB:

0. A. TKAYEB, W. A. XKYKOB, a-p TexH. Hayk, B. . BAIIMXOB, M. B. TPUTOPbEB, kaHg. TEXH. HayK

OIrAQY BO «HauunoHanbHbIM uccnegoBaTenbckuin TOMCKUIA rocyaapCTBEHHbIN YyHUBepceuteT», 634050,
r. Tomck, np. JlennHa, a. 36. E-mail: d.tkachev11@gmail.com
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Kepamuka AIMgB14 n3BecTHa kak matepuarn, XapakTepusyoLmMincsa NoBbILEHHOW TBEPAOCTbIO B CO-
YyeTaHUU C HU3KNUM KOIPDULMEHTOM TpeHUA. KOMNO3NLMOHHBIE CTPYKTYPbl HA OCHOBE AAHHOW KepaMukn
MoryT obnagaTtb ewe 6onee BbICOKMMW MPOYHOCTHBIMM XapakTepuctukamu. B HacToswen paboTe ncene-
[0BaHbl CTPYKTYPHO-ha30Bbl€ COCTOSIHUS U (PU3NKO-MEXaHNYECKME CBONCTBA KOMMO3NLMOHHOW KEpaMUKM
cuctembl AIMgB14—TiB2 ¢ BapbupyembiM cogepxaHmeM TiB2, Nony4YeHHON NyTem ropsiiero npeccoBaHus
NCXOOHOW LUINXTbl HA8 OCHOBE MpeABapuUTENIbHO CMHTE3MPOBAaHHbBIX METOAOM CaMOpacnpoCTpaHALLErocs
BbICOKOTEMMNEPATYPHOro cMHTe3a kepamudeckux nopotkos AIMgB14 u TiB2. YcTaHoBneHo, 4To nonyyae-
Mble MaTepuanbl XapakTepusyoTCs KOMMNO3ULNOHHOW CTPYKTYPOW, NpeAcTaBneHHon BkntoveHuamu TiBz,
pacnpegeneHHsiMn B maTtpuue AlIMgB14. ®asoBbin cocTaB nofnyvyaemblx KOMMNO3UTOB aHanoruveH gaso-
BOMY COCTaBY UCXOAHOM LUUXThbI, Npy 3ToM dopmupyeTtca oT 5 Ao 9 mac. % wnuHensHon dasel MgAl2O4.
MukpoTBepaocTb komno3utoB AIMgB14—TiB2 coctaBngaet go 19,9 Mla (tBepaoctb kepamukn AlMgB14, no-
Nny4yeHHOWN aHanorn4HbIM MetoaoMm, 6e3 nobasok coctasnseT 7 [Tla). NMpeaen NpoYHOCTU NpU TpexToyeu-
HOM n3rnbe KOMMO3NLNOHHBIX MaTepuanoB cuctembl AIMgB14—TiB2 coctaBnsieT 309 Mla.

Kntoyesnbie criosa: KOMNO3ULMOHHas kepamuka, cuctema AlMgB14—TiB2, cTpykTypHO-haszoBoe cocTo-
sHUe, PU3NKO-MEXaHNYECKNE CBOWNCTBA
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WCCNEOOBAHUE NMOKPbITUA CUCTEMbI Ni-Ti—(SiC, WC, B4C), HAHECEHHbIX
HA NMOBEPXHOCTb NNACTUH N3 TUTAHOBOI'O CINJ1ABA NMPU COBMECTHOM
UCNOJNb30BAHUU METOOB XI'AH U TASEPHOW OBPABOTKMU

0. A. TEPALLEHKOB, g-p texH. Hayk, A. M. MAKAPOB, kaHa. TexH. Hayk, E. 0. TEPALLEHKOBA,
P. 1O. BbICTPOB, E. H. BAPKOBCKAA, . B. MYXAMEO3AHOBA, E. A. NMOINOBA, B. H. KITMMOB
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PaccmaTprBaeTcsi TEXHOMNOMMS HaHECEHWUs] KOMMO3ULMOHHBLIX WUHTEPMETanMAHbIX MOKPLITUA Cu-
ctembl Ni—Ti, apmupoBaHHbIX kapbuaamm Ha ocHoBe nopolwkos (SiC, WC, B4C), Ha noBepxHOCTb NNacTuH
M3 TUTAHOBOIO CMfaBa Npu nocrnegoBatesibHOM Mcnonb3oBaHun Metoga XIIOH n nasepHoi o6paboTku.
OnpepeneHbl TEXHONOIMYeckne napaMmeTpbl NpoLecca fasepHo-TepMmnyeckon obpaboTtkum, obecneydnBato-
LLien nony4yeHne KOMMNo3nLUMOHHbIX NokpbITuii cuctembl Ni-Ti—(SiC, WC, B4C) Bbicokon TBEpAOCTMW.

Knroyesnie croesa: MHTEPMETanngHble NoOKpPbITUA, J1a3epHO-TepMn4ecKkas o6pa60TKa, nopoLlUKOoBbIE
MaTepuarnbl, CTPYKTypa, CcBOWCTBa
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MpoBeneHo nccnegoBaHme NOKpbITUIA cuctemMbl Ni—W, nermpoBaHHbIX MONMOAEHOM U kKOBanbLTOM, No-
NyYeHHbIX METOOOM 3MEKTPOOCaXKAEHUS. ViccrneqoBaHo BNNSIHUE KOHLEHTPAaLMW CONen nermpyoLLero ane-
MEHTa B 9MEKTPONMTE Ha XMMNYECKMIA COCTaB MOKPbITUIA NPY pasnnyHbIX peXxrMMax cMHTesa. Bce nonydeH-
Hble MOKPbITUS NPEeACTaBMASOT COO0M HAHOKPUCTANNMYECKUI UNU aMopdHbIA TBEPAbIA pacTBOP BOJSb-
dppama, monmnbaeHa nnu kobaneTa B HUKene ¢ 'LUK kpuctannuueckon peweTtkon. [NpoBeaeHHbIE NONSpU-
3aUMOHHbBIE N3MEPEHMS MO3BOSTUIIN YCTAaHOBUTL, YTO Hanboree CTONKMM K kKoppo3um B 3,5%-HOM pacTeBope
NaCl asnsetca nokpbeiTve, cogepxawiee 35%W n 8%Mo.

Knroyeenie criosa: ANEKTPOXMUNYECKME NMOKpPbITUA, JlIermpoBaHune MOnMOAeHOM n KobanbTom, KOppoO-
3MOHHasi CTOMKOCTb
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MprBegeHO onucaHue CTPYKTYPHO-(pa30oBOro COCTOSIHUSA KOMMO3ULMOHHbIX MaTtepuanoB TiHfso,
AlHfso, TiAlsgHf2, nonyyeHHbIX ruapuaHon TexHornornen. NocTpoeHa TpexkoMNoHeHTHas hasoBasd aua-
rpamma ans Ti—Al-Hf npu Temnepatype 1150°C. MporHo3 cTpyKTypHOro coctosiHust cnnasoB TiAlsgHf2 npo-
M3BOAMMNN HA OCHOBE 3TanoOHHbIX peleTok (kog USPEX ¢ nHtepdericom VASP), pononHuMTensHoO npose-
OEeHbl KBaHTOBO-XMMu4eckne pacyetbl aHeprum TiAlsgHf2 B koge CASTEP. lNMokasaHo, 4to B obpasue
cnnasa TiAlsgHf2 goMmuHMpylOT TBepable pacTBoOpbl, B COCTaBe KOTOPbIX npeobriagaloT OCHOBHbIE ane-
MeHTbI Al1o — TigAl2s — Tis. ATombl Hf MoryT 6b1Tb BHeapeHbl B Mexaoyanusa [-0.257 0.042 0.2545] (St—Hf-
27), [0.0053 —-0.0120 —0.0765] (St-Hf-143), [0.5 0.5 0.5] (St—Hf). BHegpeHue racdHUs B ykasaHHbIe y3nbl
peLLeTOK He HapyLlaeT cTabunuaupyrowmnn acdpgekt B cuctemax TiAlsgHf2. MokasaHo, UTO MakcumarnbHoe
3Ha4eHune mukpoTBepaocTy (4,9 'Ma) nonyyeHo npu ucnbiTaHnm obpasua TiHfso (ona cpaBHeHWs: ons cu-
ctembl TiAlso— 1,2 Ma, gnst cuctemsl TiAlagHf2— 2,2 TT1a).

Knroueeble crosa: KOMMNO3MLMOHHbIE MaTepuarsl, rmapuaHas TeXHoNorus, radHuin, rmapua racdHms,
rMapva TUTaHa, antoMUHUIR, CTPYKTYPHO-(ha3oBoe COCTOsIHME
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ViccnenoBaH CTpYKTYpHO-(ha30BbIi COCTaB KOMMO3ULMOHHbIX MaTepuanoB TiZrso, AlZrso, TiAlsgZrz, no-
NyYEHHbIX C UCNOMb30BaHNEM IMOPUOHON TexHonorun. MNocTpoeHa MoaernbHas TPEXKOMMOHEHTHasa ¢a3o-
Bas Anarpamma ans Ti—Al-Zr npu Temnepatype 1150°C. IMporHo3 CTPyKTYpHOro COCTOSIHUS CraBoB
TiAlseZr2 npoBeAeH Ha OCHOBe 3TanoHHbIX peweTok (kog USPEX ¢ nHtepdencom VASP), KBaHTOBO-XMMU-
yeckne pacyeTbl aHeprun TiAlsgZr: — B koge CASTEP. B TiAlseZr2 OMUHUPYIOT TBEPAbLIE PAcTBOpPbLI, B CO-
cTaBe KOTopbIX NpeobrnagatoT ocHoBHbIE aneMeHTbl Alio—TigAl2s —Tis. ATOMbI Zr MOryT 6bITb BHEAPEHDI B
mexaoysnua [-0.257 0.042 0.2545] (St—Zr-27), [0.0053 —0.0120 —0.0765] (St—Zr—143), [-0.3251 —0.3983
0.4880] (St—Zr-75). BHeapeHve Zr B ykasaHHble y3Nbl pelleToK He HapylalwT ctabunusmpyowero ad-
dekta B cuctemax TiAlseZr2. Bce atanoHHble peweTkn ctabunbHble. B cnnase TiAlseZr2 ocHOBHbIMM ha-
3amu genatoTca AloTioZr, AlsTisZr, Bknagbl KOTOPbIX B TEOPETUYECKYI0 MHTEHCMBHOCTb paBHbl 78,57 u
21,43%. B obpasue AlZrso ccpopmupoBanuce dasbl ZrAl, Zr2Als, ZrAlz.

Krrouessle criosa: KOMMNO3ULIMOHHBLIE MaTepuans, TMapuaHas TEXHONOMMS, LMPKOHWIA, rmapua LIMpKo-
HUSA, TMAPUA TUTaHa, antoMUHIUIA, CTPYKTYPHO-(Da3oBoe COCTOSHME
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YPABHEHWE TMBCOHA - 3LLBU AN COTOBbIX MATEPUAITIOB HA OCHOBE
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MpeacrtaBneHbl 3KCNepuMeHTanbHble AaHHble O (PU3MKO-MEXaHNUYECKMX CBOMCTBAX COTOBbLIX MaTepu-
arnoB C reoMeTpuen Tpwxabl NepUoaNYECKNX NOBEPXHOCTEN MUHUManbHOW aHeprum (TMMNM3). YctaHos-
NEHO, YTO 3aBMCMMOCTb NPOYHOCTY U MoAyNns KOHra oT OTHOCUTENBLHON MNAOTHOCTM MaTepuaroB C reomeT-
puen TIIMM3 ¢ goCcTaTOYHO BbICOKOW TOYHOCTBI COOTBETCTBYET YpaBHeHUO nbcoHa — Owobn. Takme ma-
Tepuarnbl NPEBOCXOAAT KNaccuyeckne COTOBblE MO MEXaHWYECKMM CBOMCTBaM M obnagarT BbICOKOW U30-
Tponnen mexaHn4ecKknx CBOMUCTB.

Knrouesnbie crioga: cOTOBblE MaTepuarbl, TPVXObl NEpUOANYECKNE NOBEPXHOCTU MUHUMAITLHON 3HEp-
v, ypaBHeHune mbcoHa—3Lwbu, MmexaHn4yeckue cBOMCTBa
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VMccnenoBaHbl hmsmyeckne cBomcTBa (TENSO- U TEMNEPATYPONPOBOAHOCT) TEPMOMHTEPKENCOB Ha
OCHOBE MOpPOLUKOOOpa3HoOro HUTpuaa 6opa ¢ rekcaroHarnbHon kpuctannuyeckon pewetkon (h-BN) n megu
C Kybu4deckom kpuctannuyeckon pewwetkon (Cu), npegHasHaYeHHbIX ANs OXNaXAEHUS 3NEKTPOHHON KOM-
NMOHEHTHON 0a3bl MUKPO- U HAHOSNEKTPOHUKN. Puanyeckne CBONCTBA TEPMOUHTEpPENCoB onpeaensinm
dnaw-metogom. OnncaHa NepcnekTMBHOCTb MPUMEHEHMS B KayecTBe TepMouHTepdpenca cnpeccoBaH-
HOro MOpPOLLKa rekcaroHanbHOro HUTpuga 6opa 6e3 ncnonb3oBaHMs CBA3YHOLEro KOMNoHeHTa. lNMpousse-
OEHO CpaBHEHUe ¢ PU3N4EeCKMMU CBOMCTBaMU ApPYrux TEPMOUHTEP(ENCOB, NOMYYUBLUUX LLUIMPOKOE pac-
NnpocTpaHeHUe B HACTOsILLLEE BPEMSI.

Knroyeenbie croesa: TepMOVIHTep(*)EIZC, rekcaroHanbHbIn HUTPpUA 6opa, MeOb, oXnaxneHune nHterpanb-
HbIX MUKPOCXEM
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Ouoncug aenseTcs ogHUM U3 KITHOYEBBLIX KOMMOHEHTOB B COCTaBe CTPOUTENbHbBIX MaTepuarioB pas-
JNIMYHOTO Ha3HaYeHUs1 U MOXKET UCMONb30BaTbLCA B KAYECTBE HAMOMNHUTENSA AN SNOKCUOHbLIX KOMMNO3ULIWIA.
Mockonbky pa3paboTka MeCTOpPOXAEHUN AaHHOro KanbUMAMarHMeBOro cummnkaTa cBsidaHa ¢ 6onbLUMMuK
Tpypos3aTtpatamu, Hanbonee paumoHanbHbIM NPEACTABASETCS UCNOMNb30BaTh CUHTE3UPOBAHHbIN Anoncug
Ha OCHOBe 307kl pUCOBOM LWenyxu 1 gonomuta. lNpoBeaeHo cpaBHeHWe ha3oBOro COCTaBa U CBOMCTB CUH-
Te3npoBaHHOIo Amnorncuaa ¢ ANonNcMaoBbIM KOHLEHTpaToOM, AoObiBaeMbiM B Npupoae. YCTaHOBIEHO, YTO
CUHTE3NPOBAHHbLIN KanbUMAMarHMeBbI CUNMKaT COOQEPXKUT Ha NOpsAoK Gonbluee KonnmydecTeso Auoncuaa,
umeeT B 3 pa3a MeHbLUMI 00beM NOp M NOYTK B 5 pa3 MEHbLUNA CpegHUI pa3Mep YacTul, No CpaBHEHUIO
C NpUPOAHLIM MUHepanom. OHM CYLLEeCTBEHHO OTIMYAOTCA M MO ha3oBOMY U rpaHyNoOMeTPUYECKOMY CO-
cTaBam, 1 No nopuctocTu. Kak npmpogHbIi, Tak U CUHTETUYECKNIA AMONcuacoaepallme HanoHUTENN no-
BblLIAOT TBEPAOCTb, NBHOCOCTOMKOCTbL U XKM3HECMOCOOHOCTb 3MOKCUAHBLIX KoMMo3uuuin. bonee addekTme-
HbIM ON51 3NOKCUAOHbLIX MaTepunarnoB C TOUKM 3pPEHUST SKCMIyaTaLMOHHbIX XapakTepPUCTUK ABMSIETCA HaMnon-
HWUTENb, CUHTE3MPOBAHHbIA HA OCHOBE 30J1bl PUCOBOW LLENYXN.

Knirouesbie crioga: anokcuaHble KOMMNo3nLUun, asoBbI COCTaB, MOPUCTOCTb, TBEPAOCTb, UBHOCOCTON-
KOCTb, XXM3HECNOCOBHOCTL, NMPUPOAHLIN U CUHTETUYECKUIA OUONCUACOAEPKALLME HAMNONMHUTENN
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B yactu 1 HacToswen paboTbl pacCMOTPEHbI OCHOBHbIE (DU3NKO-MEeXxaHU4eckue NpoLecchbl, MPOUCXo-
AdLne nNpu pacTskeHun LMnmHapuyeckmx obpasuoB B gnanasoHe TemnepaTyp XpynKkoro paspyLleHus, 1
npegcrasneHa npoueaypa, No3BonsLwWwas onucaTb BMSHME NacTuieckon geopmannm Ha Kputnyeckoe
HanpsXeHue Xpynkoro pa3pyLleHnst B BEPOATHOCTHOM NocTaHoBKe. [peactaBneHbl OCHOBHbIE MONOXEHMWS
mogenwu lNpomeTen, onuckiBaloLLEN XPYNKoe pa3pyLlleHne B BEPOSTHOCTHOM NOCTAHOBKE, a Takke aKkcne-
pYMeHTanbHble U pacyeTHble MeToAbl. ViccrnegoBaHusa npoBedeHbl AN KOPMYCHON peakTOpHOW cTanu
15X2HM®A B TepMUYECKM OXPYNYEHHOM COCTOSIHUM U ANS HU3KonermposaHHown ctann CT.3 B UCXOOHOM
COCTOSIHMK, KOTOpasi paccMaTpuBaeTCcs Kak MOAENbHbIN MaTepuarn, No3BonsLLnNiA n3yyatb Xpynkoe pas-
pyLeHue npu nnactudeckon gedopmavmun 0o 50%.

Knrouesble crioga: BEPOATHOCTb XPYNKOro paspyLUueHus, nokasnbHbli NoAxod, pacnpocTpaHeHne MUK-
POTPELLMHbI, BIMSHUE NnacTu4eckon gedopmasmm
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B yactn 2 HacTodwen paboTbl NpeacTaBneHbl pe3ynbTaTbl UCMbITAHUIA HA OAHOOCHOE PacTshKeHWNe
rnagknx UMnuHapuyeckux obpasuoB 13 KopnycHowm peaktopHon ctanm 15X2HM®A B Tepmuyeckn oxpyn-
YEHHOM COCTOSHMU M HU3KoNernpoBaHHow ctanu CT. 3 B UICXOAHOM COCTOSIHMW. BbinonHeH aHanva nosepx-
HOCTM pas3pyLUeHNsi UCMbITaHHbIX 0Opa3LoB MeTo4amMU PacTPOBOW ANEKTPOHHOW MUKpOckonuu. BeposT-
HOCTb XPYNKOro paspylleHus paccyuTbiBanacb ¢ noMmoulblo lNpomeTten-moaenu, npeactaBneHHon B Ya-
cTn 1 HacTosiwen paboThl. YCTaHOBIEHO, YTO BNUsIHUE NnacTMyeckon gedopmanmm Ha BEpOSTHOCTb pac-
NPOCTPaAHEHUS MUKPOTPELLMH BbI3BAHO ABYMS (pakTopamu: yBerMYEeHUEM KPUTUYECKOro HanpsiKeHus
XPYMKOro paspylleHus us-za popmMupoBaHns HOBbLIX GapbepoB A5 PacnpoOCTPaHSAOLWENCa MUKPOTpe-
LUMHbI BCMEACTBME nriacTuyeckon aedopmaummn u cHukeHnem paboyero obbema m3-3a popMmpoBaHns
LLIENKM NpW pacTs>KeHUM rNagkoro LmnuHapuyeckoro obpasua. lNMpeanoxeH yHuduumMpoBaHHbIn Habop na-
pamMeTpoB, KOTOPbIN MOXET ObITb UCMONB30BaH AN y4eTa BNUSHUA nnacTuyeckon gecopmauum Ha Bepo-
ATHOCTb PacnpOCTPaHEHNSA MUKPOTPELLMH CKoNa ANs KOPMYCHOW PeaKTOPHONM cTanu 1 Ans HW3KONernpo-
BaHHOW HU3KONPOYHOW CTanw.

Knroyeesnbie criosa: BEPOATHOCTb XPYMKOro paspyLUeHUs, NoKarnbHbIW NOAX0A, pacnpoCTpaHEHNE MUK-
pPOTPELUUHbI, BIUSHUE NiacTu4eckon gedopmauuu
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BIUAHUE NAHTAHA, LEPUA, NPASEOAUMA HA KOPPO3UOHHO-3NNEKTPOXUMUYECKOE
NOBEAEHUE ANNIOMUHUEBOI'O MPOBOAHUKOBOIO CINJIABA AITi0.1
B CPELE 3JIEKTPOJIUTA NaCl

N. H. TAHUEB', g-p xum. Hayk, A. x. AMUPOB', . X. I>)KAVINOEB', kaHa. TeXH. Hayk,
®. L. 3S0OKNPOB?, kaHa. TexH. Hayk, K. T. AMOH3O/[A, O-p TexH. Hayk

"MHCTUTYT xumun um. B. U. Hukntuna HAH Tagxukuctana, 734063, r. Aywan6e, yn. AiiHn, 299/2,
Pecnybnuka TagxukmuctaH. E-mail: ganievisatullo48@mail.ru

STamKMKCcKMIN TexHudecknin yHnBepcuteT um. M. C. Ocumun, Pecny6nvka TagkukucraH,
734042, r. lywaH6e, npocnekT akagemukoB Pamxabosbix, 10

MocTtynuna B pegakuuto 20.02.2024
Mocne popaboTtkm 11.04.2024
MpuHaTa k nybnukaumm 11.04.2024

MpuBeneHbl pesynbTaThl UCCNeAoBaHUs BRuMsHUA A00aBOK MaHTaHa, uepuss W npaseoguma
(0—1,0 mac. %) kak MoandurKaTopOB CTPYKTYPbl HA aHOAHOE NOBeAeHNe antoMUHUEBOrO NPOBOAHNKOBOIO
cnnaea AlTi0.1 B cpene anektponuta NaCl. iccneposaHusa npoBeaeHbl NOTEHLMOCTAaTUYECKMM CNOCOBOM
CO CKOpPOCTbIO pa3BepTkM noTeHumana 2 mB/c. YcTaHOBNEHO, YTO C TEYEHMEM BPEMEHW NOTEHUMAnN CBO-
©04HOM KOPPO3UN CMMAaBOB CMELLAETCS B MOMOXUTENbHY CTOPOHY M C POCTOM KOHLEeHTpauum moandm-
KaTopa (naHTaHa, uepwusi, npaseogmma) B artoMMHMEBOM MPOBOAHUKOBOM ChniiaBe npuobpeTaeT Nonoxu-
TenbHoe 3HayeHue. [lobaBka naHTaHa K antoMuHMeBoMy npoBogHukoBomy crnay AlTi0.1 Ha 12-23%,
uepus Ha 20—-30% v npaseoguma Ha 25-35% MNOBbILIAKT €ro KOPPO3MOHHY CTOMKOCTb. OTMEYEHO NOBbI-
LLIEHNEe CKOPOCTU KOPPO3nUn CMaBoB Npu yBenunyeHum koHueHTpauum NaCl B pacTBope HE3aBUCUMO OT MX
coctaBa. PocT koHueHTpauun xnopua-uoHa B anektponute NaCl NpMBOANT K CHKEHWUIO MOTEHLManoB
cB0OOAHON KOPPO3MK, penaccmBaLmn U NMMTTUHIOOOPa30BaHUIO CMaBOB.

Knroyesnbie crnosa: antomuHmeBbin cnnae AlTi0.1, naHTaH, uepui, Nnpaseocanm, NOTEHLMOCTaTUYECKUNI
MeTOo[, KOPPO3MOHHO-3NTEKTPOXMMUYECKOE NOBEAEHME, CTALMOHAPHbBIN NOTEHUMar, NoTeHumMan Kopposum,
CckopocCTb koppo3uu, anektponut NaCl

DOI: 10.22349/1994-6716-2024-119-3-187-195

© 2024
HUL «KypuyaTtoBckuit nHcTUTYT» — LLHUAU KM «MpomeTein»
http://www.crism-prometey.ru

Hay4Ho-TexHUYeCcKuit XXypHan
«Bonpocbl maTepuanoBegeHUs»



http://www.crism-prometey.ru/
mailto:ganiev48@mail.ru

JIUTEPATYPA

1. MatepnanosegeHnue / b. H. Apsamacos, B. . Makaposa, I'. . MyxuH n gp. — M.: i3g-8o MI'TY
um. H. 3. baymaHna, 2003. — 648 c.

2. CemeHoB A. . AHTUDPUKLNOHHBIE MaTepuarbl: ONbIT NPUMEHEHNST U NepcnekTusbl // TpeHve u
CMaska B MalUMHax n mexaHuamax. — 2007. — Ne 12. — C. 21-36.

3. CHutoBckui HO. 1. BninsiHue coctaBa NernpyoLwmx 3rIiEMEHTOB Ha (PU3NKO-MEXaHNYECKNE CBON-
cTBa antoMuHus // BecTHuk KOropckoro rocygapcTeeHHoro yHusepcuteta. — 2022. — Ne 4(67). — C. 68—76.
https://doi.org/10.18822/byusu20220468-76

4. KopotkoBa H. O., benos H. A., ABkceHTbeBa H. H, AkceHoB A. A. BninaHne nobaBku Kanbuus Ha
has3oBbIN cOCTaB M (PU3NKO-MEXaHU4eckne cBowWcTBa npoBogHukoBoro cnnaesa Al-0,5%Fe-0,2%Si-
0,2%Zr-0,1%Sc // dusmka metannoB u meTtannosegeHue. — 2020. — Ne 121(1). — C. 105-112.
https://doi.org/10.31857/S001532302001009X

5. benos H. A., Ana6buH A. H., MNMpoxopoe A. 0. BnnsiHme gob6aBku LMPKOHMST HA MPOYHOCTb U 3rekK-
TpOCONPOTUBMEHME XONOAHOKATaHbIX antoMUHUEBBLIX NCTOB // A3BecTus By30B. LiBeTHas metannyprus. —
2009. — Ne(4). — C. 42-47.

6. Duan Yu., Xu G. F., Zhou L., Xiao D. Achieving high superplasticity of a traditional thermal-me-
chanical processed non-superplastic Al-Zn—Mg alloy sheet by low Sc additions // Journal of Alloys and
Compounds. — 2015. — N 638. — P. 364—373. https://doi.org/10.1016/j.jallcom.2015.03.090

7. Belov N. A., Alabin A. N., Teleulova A. R. Comparative analysis of alloying additives as applied to
the production of heat-resistant aluminum-base wire // Metal Science and Heat Treatment. — 2012. — N 9.
— P. 455-459. https://doi.org/10.1007/s11041-012-9415-5

8. benbin . V. AntoMnHMeBble cnnaebl AN TOKONPOBOAALLMX XUIT kabenbHbIX n3genui // Kabenu n
npoeoga. — 2012. — Ne 1. — C. 8-15.

9. Chao R. Z., Guan X. H., Guan R. G., Tie D., Lian C., Wang X. Effect of Zr and Sc on mechanical
properties and electrical conductivities of Al wires // Transactions of Nonferrous Metals Society of China. —
2014. — N 24. — P. 3164-3169. https://doi.org/10.1016/S1003-6326(14)63456-7

10. Hasapos L., Poccu C., Bucon I1., Messato J1., Kannuapu W., Mannes V. BnuaHne nobaeku pea-
KO3eMerbHbIX 3fIeMEHTOB Ha cBoncTBa cnnaeoB Al-Li // duauka metannos n metannosegeHuve. — 2019. —
T.120, Ne 4. — C. 433-441.

11. lMpombiwneHHble antoMuHueBble cnnaebl / M. B. AnbTmaH 1 ap. — M.: Metannyprusa, 1984. —
528 c.

12. Benbin O. N. AntoMUHKUEBLIE CMaBbl A1 TOKONPOBOASALLMX XU kabenbHbix nagenui // Kabenu
n npoeoga. — 2012. — Ne 1. — C. 8-15.

13. ChaoR. Z,, Guan X. H., Guan R. G, Tie D., Lian C., Wang X. Effect of Zr and Sc on mechanical
properties and electrical conductivities of Al wires // Transactions of Nonferrous Metals Society of China. —
2014. - N 24. - P. 3164-3169.

14. Fallah V., Langelier B., Ofori-Opoku N., Raeisinia B., Provatas N., Esmaeili S. Cluster evolution
mechanisms during aging in Al-Mg-Si alloys // Acta Materialia. — 2016. — N 103. — P. 290-300.

15. OywoHoa B. A., TpanesHukos A. B., JleoHos A. A., KopeHesa E. A. MognduuuposaHme nuTenHbIx
antoMuHMeBbIX crnnasoB (063op) // Tpyasl BUAM. — 2023. — Ne 4(122) . — C. 14-26.

16. puropbera U. O., pecBsHHMKoB A. ®., Xpamora A. B., MuxanuwuvH WU. O. BriusiHne aHnoHoB
Ha 3NeKTPOXMMMNYECKOE NOBEAEHME antOMUHUS B pacTBopax conen // BeCTHUK TEXHONOrM4eckoro yHuBep-
cuteta. —2018. — Ne 21(7) . — C. 46-50.

17. ¥Ymaposa T. M., lNaHues . H. Koppo3nsa gBONHLIX antOMUHUEBBIX CMfaBOB B HEUTParbHbIX Cpe-
pax. — Qywan6e: JoHuw, 2017. — 258 c.

18. Hukonbcknin K. K. 3awwuta ot koppo3uu metannunyeckmx kabenen. — M.: Ceasb, 1970. — 170 c.

19. ®peimaH J1. U., Makapos B. A., BpbikcnH W. E. TNoTeHumocTaTu4deckne MeToabl B KOPPO3NOHHbIX
nccrnegoBaHUsX U anekTpoxmmmudeckon sawute. — J1.: Xumus, 1972, — 238 c.

20. Ganiev I. N., Rakhmatulloeva G. M., Zokirovc F. Sh., Eshov B. B. The effect of sodium additives
on the anodic behavior of AITi0.1 aluminum conductor alloy in a medium of NaCl electrolyte // Protection of

© 2024
HUL «KypuyaTtoBckuit nHcTUTYT» — LLHUAU KM «MpomeTein»
http://www.crism-prometey.ru

Hay4Ho-TexHUYeCcKuit XXypHan
«Bonpocbl maTepuanoBegeHUs»



http://www.crism-prometey.ru/
https://www.elibrary.ru/author_items.asp?refid=548867745&fam=%D0%90%D1%80%D0%B7%D0%B0%D0%BC%D0%B0%D1%81%D0%BE%D0%B2&init=%D0%91+%D0%9D
https://www.elibrary.ru/author_items.asp?refid=548867745&fam=%D0%9C%D0%B0%D0%BA%D0%B0%D1%80%D0%BE%D0%B2%D0%B0&init=%D0%92+%D0%98
https://www.elibrary.ru/author_items.asp?refid=548867745&fam=%D0%9C%D1%83%D1%85%D0%B8%D0%BD&init=%D0%93+%D0%93
https://www.elibrary.ru/item.asp?id=9907531
https://www.elibrary.ru/contents.asp?id=33195873&selid=9907531
https://doi.org/10.18822/byusu20220468-76
https://doi.org/10.31857/S001532302001009%D0%A5
https://www.researchgate.net/journal/Journal-of-Alloys-and-Compounds-0925-8388?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Journal-of-Alloys-and-Compounds-0925-8388?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1016/j.jallcom.2015.03.090
https://doi.org/10.1007/s11041-012-9415-5
https://doi.org/10.1016/S1003-6326(14)63456-7

Metals and Physical Chemistry of Surfaces. - 2023. - N 59(4). - P. 451-455,
https://doi.org/10.1134/S2070205123700727

21. TaHueB W. H., ®ansynnoes P. [x., 3okupor ®. L. BnusHue kanbLma Ha aHOQHOE NoBefeHue
anomMuHneBsoro nposogHukosoro cnnasa AlTi0.1 B cpene anektponuta NaCl // U3sectua CIM6IrTA (TY). —
2021. — Ne 58 (84). — C. 33-37, https://doi.org/10.36807/1998-9849-2021-58-84-33-37

22. TaHueB W. H., 3okupos ®. L., Amunpos A. [x. BnuaHue naHtaHa Ha aHogHOe noBefeHue anto-
MUHUeBOro nposogHunkoBoro cnnaea AlTi0.1 B cpene anektponuta NaCl // BectHuk MHUMY. — 2023. —
Ne 3. — C. 66-78. hitps://doi.org/10.15593/2224-9400/2023.3.05

23. Metpun O. A. JkBMBaNEHT anekTpoxummdeckuii // Kpatkas xumudeckas aHuuknoneausi. T.5 /
Moa pea. W. N. KHyHsaHU. — M.: CoB. aHuuknoneaus. — C. 979.

YOK 669.295:620.197

BIUAHUE MUKPOOOBABOK PYTEHUA HA CTPYKTYPY U KOPPO3UOHHYIO CTOMKOCTb
TUTAHOBbIX a- U MCEBOO-a-CMNINABOB

B. M. IEOHOB, a-p TexH. Hayk, 0. 0. MATIMHKUHA, kaHg. TexH. Hayk,
0. A. CTABULIKUIA, kaHa. TexH. Hayk, M. . MANALLEB, O. H. MAPMEHOBA, 0. M. MAPKOBA

HUL, «KypuaTtoBckuin nHCTUTYT» — « UHUW KM «[MpomeTeii». E-mail: mail@crism.ru

Moctynuna B pegakuuio 28.03.2024
Mocne popaboTku 27.05.2024
MpuHaTa k nyénukaumm 29.05.2024

BbinonHeHbl aNeKTpOXMMUYECKME UCCIeAoBaHMsA MeTanna NokoBOK M3 TUTAHOBbLIX O- W NceBao-a-
CNaBOB MPOMBILLMIEHHbIX COCTAaBOB U C A0OGaBKoW pyTeHusi. [TocTpoeHbl CpaBHUTENbHbIE 3aBUCUMOCTU
MMOTHOCTW TOKa OT BPEMEHM MpK Pas3nMyHbIX NOTEHUManax B npouecce aHodHou nonsipusauun B 3,5%-
Hom pacteope NaCl ans nccnegyemblx TUTAHOBLIX CMMaBOB, HA OCHOBaHUM KOTOPbIX MOMYyYeHbl NOTEHLMNO-
cTaTuyeckue nonsipysauunoHHble Kpueble. OnpeneneH Tak HasblBaeMbllid «noTeHuman npobosi» okcuaHou
MNIEeHKN NPy aHOAHON NoNsSpU3aLny TUTaHOBbIX CMIaBOB Pa3fiMYHbIX COCTAaBOB 1 NPOBeAEHbI CTPYKTYPHbIE
nccnegoBaHus.

Knroyesbie criosa: TUTAHOBbIE CMaBbl, PYTEHUIA, NONSAPU3aLns, NOKOBKK, MOTeHuman npobos
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O6ocHoBaHue 6e30NacHOCTM CYXOro XpaHeHusi TpebyeT HaOeXHOro NMPOrHO3MPOBaHUA MexaHuye-
CKUX XapaKTepUCTMK 000NoYeK TBIMOB B 3aBUCUMOCTM OT CTPYKTYPHbIX M3BMEHEHMI HA BCceX aTanax obpa-
LeHUs ¢ saepHbIM Tonnmeom. B HacTosiwen paboTe npoBedeHO MccnenoBaHWe CTPYKTYpbl rTMapuaoB B
06ny4eHHbIX obonoykax TBanoe u3 cnnaea 3110 B pa3nMyHbIX COCTOSIHUAX, B TOM YMCe Nocne ucnbiTa-
HUWA, UMUTUPYIOLLIMX YCITOBUSI CYXOro XpaHeHusi. C NoMoLLblo NporpaMMHOro Koaa BbisiBNeHbl kKoadduum-
€HTbl, HaUMy4LMM 06pPa3oM KOPpPENUPYIOLLIME C MEXAHUYECKMMM XapaKTepUCTUKaMN.

KnioyeBble crnoBa: 06OMOYKM TENnoBbIAENAOWMX 3NIEMEHTOB, crnasbl LUMpkoHusa, 3110, rmapuasbi
LIMPKOHUS, MeXaHUYeCKMe CBOCTBA, Cyx0oe XpaHeHne
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Abstract—The paper considers factors influencing the change in hydrogen concentration in forgings made
of medium-alloy steels. The computational modeling of the kinetics of changes in the hydrogen content
under various variants of preliminary heat treatment is performed. It is shown that it is possible to achieve
maximum completeness of hydrogen removal during diffusion processes of austenite transformation under
isothermal conditions at the accumulation stage and during direct isothermal annealing (taking into account
the increase in the diffusion coefficient of hydrogen in the y- and a-phases by several orders of magnitude).
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Abstract—The paper studies heat treatment effects on the mechanical properties and cold resistance of
medium-carbon, medium-alloyed high-strength cold-resistant steels. Kind of changes in strength and plas-
tic properties depending on the tempering temperature have been revealed. It has been established, that
tempering in the temperature range 560-580°C provides an optimal combination of strength and plastic
properties and makes it possible to increase the cold resistance of the steel.
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Abstract—Dispersion-strengthened composite materials belong to the group of promising structural mate-
rials characterized by a diverse combination of properties. The work presents examples of the creation and
heat treatment of composite materials based on aluminum alloys, strengthened by a dispersed phase of
titanium carbide, and characterized by high hardness, elastic modulus and good wettability by the melt. The
most accessible, inexpensive and effective way to obtain them is self-propagating high-temperature syn-
thesis (SHS).

The work shows the possibility of obtaining new aluminum matrix composite materials based on in-
dustrial aluminum alloys AM4.5Kd and AK10M2N by reinforcing them with 10 wt.% highly dispersed tita-
nium carbide or AM4.5Kd-5.95 vol.% TiC and AK10M2N-5.78 vol.% TiC. The reinforcing phase is formed
in alloy melts using the technology of SHS from the initial elemental components—titanium powder and
carbon black. Using the obtained samples, an assessment was made of the uniformity of the ceramic phase
distribution over the volume of the matrix alloys, which amounted to 0.15 and 0.12 for the samples
AM4.5Kd-10%TiC and AK10M2N-10%TiC, respectively, which constitutes a high degree of uniformity.

An assessment was made of physical properties such as porosity, density, electrical conductivity, as
well as the coefficient of thermal linear expansion. Analysis of the data allows us to say that the final com-
posite materials AM4.5Kd—10%TiC and AK10M2N-10%TiC have a slightly higher density (1~4%) than the
matrix alloys, due to the presence of a ceramic phase, low porosity values (~1%), lower TCLE (|~6%) than
matrix alloys and low electrical conductivity (~25% IACS). This article also presents data on the values of
the mechanical properties of composite materials AM4.5Kd—10%TiC and AK10M2N—-10%TiC. It has been
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shown that reinforcement with a ceramic phase contributes to a significant increase in hardness by 15 and
42 HB, as well as higher values of the compressive yield strength by 31 and 17 MPa, respectively, while
maintaining a high level of relative deformation. The results obtained allow us to conclude that the devel-
oped composite materials can be recommended for products used under conditions of elevated tempera-
tures and significant wear.

Keywords: aluminum, titanium carbide, self-propagating high-temperature synthesis, AM4.5Kd,
AK10M2N
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Abstract—The results of plastic compression of steels and alloys of different chemical compositions at
temperatures and rates of plastic deformation corresponding to common thermomechanical treatment
(TMT) regimes are considered. The features of the diagrams o (g, €, T) are revealed. The processes of
strain accumulation and thermal dissipation are accompanied by structural rearrangements. Depending on
the chemical composition and hot compression modes, structural transformations occur self-organized,
with the possibility of excitation of oscillations and the formation of dissipative solitons.

Keywords: hot plastic deformation, instabilities, dissipation of mechanical energy, oscillations, self-
organization of structures, deformation solitons
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Abstract—The effect of proton irradiation with a power of 1-10"7 units/cm? and an energy of 2 MeV on the
structure and properties of composite ceramics of the composition ZrO2>—SiO2—Al203 is shown. It has been
established that at this irradiation dose, the phase composition of the ceramic does not change. Calcula-
tions using X-ray diffraction methods have shown that proton irradiation creates compressive stresses
(stresses of the 1st kind) ranging from ~—1 to —2 GPa on the surface of field ceramics, while microstresses
(stresses of the 2nd kind) are practically absent. Analysis of SEM images of the ceramic surface after
irradiation showed a chaotic arrangement of macropores in the —ZrO2 matrix, while pores in zircon particles
are located exclusively along the boundaries of inclusions. A decrease in the level of hardness and density
in ceramics after proton treatment was noted due to the formation of a large number of pores.

Keywords: nanopowders, zirconium dioxide, composite ceramics, zircon, proton flow, irradiation,
structure

DOI: 10.22349/1994-6716-2024-119-3-46-56

REFERENCES

1. Dmitrievsky, A.A., Zhigacheva, D.G., Efremova, N.Yu., et al., Diagnostika predela prochnosti na
rastyazhenie ATZ-keramiki s razlichnym soderzhaniem SiO2 metodom brazilskogo testa, Fizika tverdogo
tela, 2022, V. 64, No 8, pp. 1018-1021.

2. Leonov, A.A., Abdulmenova, E.V., Kalashnikov, M.P., Li Czin, Vliyanie nanovolokon Al2O3 na up-
lotnenie, fazovy sostav i fiziko-mekhanicheskie svoistva kompozitov na osnove ZrO2, poluchennykh svo-
bodnym vakuumnym spekaniem [The effect of Al2Os nanofibers on the sealing, phase composition and
physico-mechanical properties of ZrO2-based composites obtained by free vacuum sintering], Voprosy Ma-
terialovedeniya, 2020, No 4 (104), pp.132-143.

3. Ziganshin, |.R., Porozova, S.E., Trapeznikov, Yu.F., Poluchenie poristogo materiala na osnove
nanodispersnogo poroshka ZrO2 — 5 mol.%SeO2 [Obtaining a porous material based on nanodisperse pow-
der ZrOz2 — 5 mol.%CeOz], Voprosy Materialovedeniya, 2010, No 4 (64), pp.79-84.

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/

4. Dmitrievsky, A.A., Zhigachev, A.O., Zhigacheva, D.G., Rodaev, V.V., Vliyanie dioksida kremniya
na stabilnost fazovogo sostava i mekhanicheskie svoistva keramiki na osnove dioksida tsirkoniya, up-
rochnennoi oksidom alyuminiya [The effect of silicon dioxide on the stability of the phase composition and
mechanical properties of ceramics based on zirconium dioxide, reinforced with aluminum oxide], Zhurnal
tekhnicheskoi fiziki, 2020, V. 90, No 12, pp. 2108-2117.

5. Khaskhoussi, A., Calabrese, L., Currd, M., et al., Effect of the Compositions on the Biocompatibility
of New Alumina—Zirconia—Titania Dental Ceramic Composites, Materials, 2020, No 13, pp. 122586.

6. Chaika, E.V., Akimov, G.Ya., Timchenko, I.M., Osobennosti ispolzovaniya kholodnogo izostatich-
eskogo pressovaniya v tekhnologii konstruktsionnoi keramiki iz ultradispersnykh oksidnykh poroshkov
[Features of the use of cold isostatic pressing in the technology of structural ceramics made of ultrafine
oxide powders], Ogneupory i tekhnicheskaya keramika, 2006, No 8, pp. 27-32.

7. Glazunov, F.l., Volkova, G.K., Konstantinova, T.E., et al., Fazovaya stabilnost keramiki na osnove
nanoporoshkov ZrOz2 — 3 mol.% Y203, kompaktirovannykh v usloviyakh vysokogo gidrostaticheskogo
davleniya [Phase stability of ceramics based on ZrO2 — 3 mol.% Y203 nanopowders compacted under high
hydrostatic pressurel, Fizika i tekhnika vysokikh davieny, 2014, V. 24, No 3—4, pp.100-110.

8. Konstantinova, T.E., Danilenko, I.A., Gorban, O.A., Effekty vliyaniya vysokikh davleny v nanora-
zmernykh poroshkovykh sistemakh na osnove dioksida tsirkoniya [Effects of high pressure in nanoscale
powder systems based on zirconium dioxide], Fizika i tekhnika vysokikh davieny, 2014, V. 24, No 2, pp.
67-85.

9. Juntavee, N., Attashu, S., Effect of sintering process on color parameters of nano-sized yttria par-
tially stabilized tetragonal monolithic zirconia, J Clin Exp Dent., 2018, No 10 (8), pp. 794—804.

10. Takahashi, N., Suda, A., Hachisuka I., et al., Sulfur durability of NOX storage and reduction cat-
alyst with supports of TiO2, ZrO2 and ZrO>-TiO2 mixed oxides, Applied Catalysis B: Environmental, 2007,
V.72, No 1-2, pp. 187-195.

11. Dmitrievsky, A.A., Zhigacheva, D.G., Mekhanicheskie svoistva kompozitsionnoi keramiki ZrO;
(CaO) — AlL,Os s razlichnym soderzhaniem korunda [Mechanical properties of composite ceramics ZrO:
(Ca0) — Al203 with different corundum content], 60th International Scientific Conference “Current Problems
of Strength”, Vitebsky gosudarstvenny tekhnologichesky universitet, pp. 120-122.

12. Dey, S., Drazin, JW., Wang, Y., et al., Radiation tolerance of nanocrystalline ceramics: insights
from Yttria Stabilized Zirconia, Sci. Rep., 2015, No 6, P. 7746.

13. Pu, G,, Zou, J., Lin, L., et al., Effects of He ion irradiation on the microstructures and mechanical
properties of t' phase yttria-stabilized zirconia ceramics, Journal of Alloys and Compounds, 2019, V. 771,
pp. 777-783.

14. Wang, H., Ren, F., Tang J., et al., Enhanced radiation tolerance of YSZ/Al20s multilayered
nanofilms with pre-existing nanovoids, Acta Materialia, 2018, V. 144, pp. 691-699.

15. Ohtaki, K.K., Patel, M.K., Crespillo, M.L., et al., Improved high temperature radiation damage
tolerance in a three-phase ceramic with heterointerfaces, Sci Rep., 2018, No 8 (1), p. 13993.

16. Belichko, D., Konstantinova, T., Volkova G., et al., Effects of YSZ-ceramics doping with silica and
alumina on its structure and properties, Materials Chemistry and Physics., 2022, V. 287, No 1, Art. 126237.

17. Belichko, D.R., Volkova, G.K., Konstantinova, T.E., Maletsky, A.V., Effekt legi-rovaniya keramiki
na osnove dioksida tsirkoniya oksidami alyuminiya i kremniya [The effect of alloying ceramics based on
zirconium dioxide with aluminum and silicon oxides], FTVD, 2023, V. 33, No 2, pp. 1-10.

18. Gusev, A.l., Nanomaterialy, nanostruktury, nanotekhnologii [Nanomaterials, nanostructures, nan-
otechnologies], Moscow: Fizmatlit, 2005.

19. Vasiliev, D.M., Difraktsionnye metody issledovaniya struktur [Diffraction methods for studying
structures], Moscow: SPbGTU, 1998.

20. Oksengendler, B.L., Ashirmetov, A.H., Iskandarova, F.A., et al., Vzaimodeistvie radiatsionnogo
izlucheniya s ierarkhicheskimi strukturami [Interaction of radiation with hierarchical structures], Poverkh-
nost, rentgenovskie, sinkhrotronnye i neitronnye issledovaniya, 2023, No 1, pp. 37—49.

UDC 621.762.242:661.882

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/

SYNTHESIS AND STRUCTURE OF COMPOUNDS OF THE HOMOLOGICAL SERIES TinO2n1
OBTAINED BY REDUCTION IN A HYDROGEN ENVIRONMENT

AN. KHRUSTALEV, L.A. ARBANAS

“MIREA — Russian Technological University”, 78, bld 4, Vernadsky Ave, 119454 Moscow,
Russian Federation. E-mail: rector@mirea.ru

Received March 18, 2024
Revised June 18, 2024
Accepted July 1, 2024

Abstract—The paper considers one of the insufficiently explored methods for the synthesis of compounds
of the homologous series TinO2n-1, in particular the method of hydrogen reduction. A series of samples
(n = 2-8) were obtained from initial TiO2 powders of various chemical purities (99.0-99.99%) with modifi-
cation with rutile in a wide range of temperatures and reduction times in a hydrogen environment. The
influence of the purity of the initial samples, temperature and recovery time on the structure of the resulting
compounds was established. Differences in the crystal structure of compounds of the homologous series
TinO2n-1, as well as 3- and A-polymorphic modifications of TisOs, are shown. An approach to selecting the
temperature and time of reduction of TiO2 powders to obtain a specific phase in compounds of the homol-
ogous series TinO2n-1 is substantiated.

Keywords: homologous series TinOzn-1, reduction in hydrogen, Rietveld method, Le Bail method,
polymorphs, Magneli phases
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Abstract—AIMgB14 ceramics is known as a material characterized by increased hardness in combination
with a low friction coefficient. Composite structures based on this ceramics have even higher strength char-
acteristics. In the present work, we investigate the structural-phase states and physicomechanical proper-
ties of composite ceramics of the AIMgB+4—TiB2 system with a variable TiB2 content, obtained by hot press-
ing the initial batch based on AIMgB14 and TiB2 ceramic powders preliminarily synthesized by the method
of self-propagating high-temperature synthesis. It was found that the resulting materials are characterized
by a composite structure represented by TiB2 inclusions distributed in the AIMgB14 matrix. The phase com-
position of the resulting composites is similar to the phase composition of the initial batch, with 5 to 9 wt. %
of the MgAIl204 spinel phase being formed. The microhardness of AIMgB+4+—TiB2 composites is up to
19.9 GPa (the hardness of AIMgB14 ceramics obtained by a similar method without additives is 7 GPa). The
three-point bending strength of AIMgB14+—TiB2 composite materials is 309 MPa.

© 2024
NRC “Kurchatov Institute” — CRISM “Prometey”
http://www.crism-prometey.ru

Scientific and Technical Journal
“Voprosy Materialovedeniya”



http://www.crism-prometey.ru/
https://doi.org/10.1039/C5NJ01870F
https://doi.org/10.1016/j.apsusc.2021.152178
https://doi.org/10.1016/S1003-6326(21)65731-X
https://doi.org/10.1039/D1TC01331A
https://doi.org/10.1021/ja810130h
https://doi.org/10.1002/anie.200804429
https://doi.org/10.1103/PhysRevB.90.035213

Keywords: composite ceramics, AIMgB14—TiB2 system, structural-phase state, physical and mechani-
cal properties

DOI: 10.22349/1994-6716-2024-119-3-72-83

ACKNOWLEDGMENTS

The studies were carried out using the equipment of the Tomsk Regional Center for Collective Use of
the National Research Tomsk State University. Grant of the Ministry of Science and Higher Education of
the Russian Federation No 075-15-2021-693 (No 13.TsKP.21.0012). The studies using X-ray diffraction
methods were carried out with the support of the Tomsk State University Development Program (Priority
2030).

The study was supported by the grant of the Russian Science Foundation No 19-79-10042,
https://rsctf.ru/project/22-79-41025/

REFERENCES

1. Cook, B.A,, et al., A new class of ultra-hard materials based on AIMgB14, Scr. Mater. Elsevier BV,
2000, V. 42, No 6, pp. 597-602.

2. Chen, J. et al., Tribological study on a novel wear-resistant AIMgB14-Si composite, Ceram. Int.,
2017, V. 43, No 15, pp. 12362-12371.

3. Jiang, J., Synthesis and mechanical properties of AIMgB1s+—Al composite, J. Alloys Compd.
Elsevier, 2020. V. 818, p. 152910.

4. Yumei, Z., et al.,, Synthesis and characterization of AIMgB1s hot pressed under different
environments, Sci. Sintering. National Library of Serbia, 2017, V. 49, No 3, pp. 311-317.

5. Nikitin, P.Y., et al., AIMgB1s+-TiB2 composite materials obtained by self-propagating high-
temperature synthesis and spark plasma sintering, Ceram. Int., 2020., V. 46, No 14, pp. 22733-22737.

6. Nikitin, P.Y., Matveev, A.E., Zhukov, |.A., Energy-effective AIMgB14 production by self-propagating
high-temperature synthesis (SHS) using the chemical furnace as a source of heat energy, Ceram. Int.
Elsevier BV, 2021, V. 47, No 15, pp. 21698-21704.

7. Nikitin, P.Y., et al., Phase content, structural and thermodynamic properties of AIMgB14, obtained
by SHS using the chemical furnace, Proceedings of the International Conference “Physical
Mesomechanics. Materials with Multilevel Hierarchical Structure and Intelligent Manufacturing
Technology”, AIP Publishing, 2022.

8. Nikitin, P., et al., On the structure and properties of AIMgB14—TiB2 composites obtained from SHS
powders by spark plasma sintering, Materials (Basel). MDPI AG, 2021, V. 14, No 19, p. 5521.

9. Zhou, Y.M., et al., Effect of Y203 addition on microstructure and mechanical properties of spark
plasma sintered AIMgB14 and AIMgB14-TiBz, Ceram. Int. Elsevier BV, 2018, V. 44, No 7, pp. 8591-8598.

10. Matkovich, V.1., Economy, J., Structure of MgAIB14 and a brief critique of structural relationships
in higher borides, Acta Crystallogr. B. International Union of Crystallography (IUCr), 1970, V. 26, No 5,
pp. 616-621.

11. Higdon, C., et al., Friction and wear mechanisms in AIMgB14—TiB2 nanocoatings, Wear, 2011,
V.271,No 9, pp. 2111-2115.

12. Cook, B.A,, et al., Analysis of wear mechanisms in low-friction AIMgB14—TiB2 coatings, Surf. Coat.
Technol., 2010, V. 205, No 7, pp. 2296—-2301.

13. Qu, J., et al., Tribological Characteristics of AIMgB14 and Nanocomposite AlIMgB14—TiB2
Superhard Coatings, STLE/ASME 2008 International Joint Tribology Conference, ASMEDC, 2008.

14. Zhou, Y.M., et al., A study on ultra-hard AIMgB14 modified by TiB2 and NisAl, Mater. Sci. For.
Trans Tech Publications, Ltd., 2016, V. 848, pp. 607—-612.

15. Ahmed, A., et al.,, Mechanical properties and scratch test studies of new ultra-hard AIMgB14
modified by TiB2, Tribol. Int., 2006, V. 39, No 2, pp. 129-137.

16. Tkachev, D., et al., Structure and flexural strength of the hot-pressed AIMgB14 ceramic, Phys. Scr.
IOP Publishing, 2023, V. 98, No 2, p. 025703.

17. Zhukov, LA, et al., The use of intermetallic AlkMgy powder to obtain AIMgB14-based materials,
Mater. Today Commun. Elsevier BV, 2020, V. 22, No 100848, p. 100848.

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
https://rscf.ru/project/22-79-41025/

18. Tkachev, D., Nikitin, P., Zhukov, ., Vorozhtsov, A., Marchenko, E., Verkhoshansky, Y.,
Belchikov, I., Structure and flexural strength of the hot-pressed AIMgB14 ceramic, Physica Scripta, 2023,
V. 98, No 2, pp. 025703. URL: https://doi.org/10.1088/1402-4896/acaeea

UDC 621.793.7:621.9.048.7

STUDY OF COATINGS OF THE Ni-Ti—(SiC, WC, B4C) SYSTEM APPLIED TO THE SURFACE
OF TITANIUM ALLOY PLATES USING COLD GAS DYNAMIC SPRAYING AND LASER
PROCESSING

D.A. GERASHCHENKOV, Dr Sc. (Eng), A.M. MAKAROV, Cand Sc. (Eng), E.Yu. GERASHCHENKOVA,
R.Yu. BYSTROV, E.N.BARKOVSKAJA, L.V. MUKHAMEDZYANOVA, E.A.POPOVA, V.N.KLIMOV

NRC “Kurchatov Institute” — CRISM “Prometey”, 49 Shpalernaya St, 191015 St Petersburg,
Russian Federation. E-mail: mail@crism.ru

Received March 27, 2024
Revised April 10, 2024
Accepted April 12, 2024

Abstract— The technology of applying composite intermetallic coatings of the Ni—Ti system reinforced with
carbides based on powders (SiC, WC, B4C) on the surface of titanium alloy plates with the sequential use
of the CGDN method and laser processing is considered. The technological parameters of the laser-thermal
processing, ensuring the production of composite coatings of the Ni—Ti—(SiC, WC, B4C) system of high
hardness, are determined.
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Abstract—The paper studies coatings of the Ni-W system alloyed with molybdenum and cobalt obtained
by electrodeposition. The effect of the concentration of salts of the alloying element in the electrolyte on the
chemical composition of the coatings was studied under various synthesis conditions. All the obtained coat-
ings are nanocrystalline or amorphous solid solutions of tungsten, molybdenum or cobalt in nickel with a
FCC crystal lattice. Polarization measurements made it possible to establish that the most resistant to cor-
rosion in a 3.5% NaCl solution is a coating containing 35% W and 8% Mo.
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Abstract—The paper describes the structural and phase composition of TiHfso, AlHfso0, TiAlsagHf2 composite
materials obtained by the “hydride” technology. A three-component phase diagram for Ti-Al-Hf at 1150°C
is constructed. The structural state of TiAlsgHf2 alloys was predicted based on reference lattices found in
the USPEX code with the VASP interface; quantum-chemical calculations of the TiAlssHf2 energy were
additionally performed in the CASTEP code. It is shown that solid solutions dominate in the TiAlsgHf2 alloy
sample, in which the main elements dominate: Alio — TigAl2s — Tis. Hf atoms can be introduced into the
interstitial sites [-0.257 0.042 0.2545] (St-Hf-27), [0.0053 -0.0120 -0.0765] (St-Hf-143), [0.5 0.5 0.5] (St-Hf).
The introduction of hafnium into the specified lattice sites does not violate the stabilizing effect in the
TiAlsgHf2 systems. It is shown that the maximum microhardness value (4.9 GPa) was obtained when testing
the TiHfso sample (for comparison: for the TiAlso system — 1.2 GPa, for the TiAlsgHf2 system — 2.2 GPa).
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Abstract—The structural and phase composition of TiZrso, AlZrso, TiAlseZr2 composite materials obtained
by the hydride technology was investigated. A model three-component phase diagram was constructed for
Ti—Al-Zr at a temperature of 1150°C. The structural state of TiAlsoZr2 alloys was predicted based on refer-
ence lattices (USPEX code with VASP interface), quantum-chemical calculations of the energy of TiAlsoZr2
were carried out in the CASTEP code. Solid solutions dominate in TiAlseZr2, in the composition of which the
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main elements are predominant: Alio—TioAl2s—Tis. Zr atoms can be introduced into the interstitial sites [—
0.257 0.042 0.2545] (St—Zr-27), [0.0053-0.0120-0.0765] (St-Zr—143), [-0.3251-0.3983 0.4880] (St-Zr-
75). The introduction of Zr into the specified lattice sites does not violate the stabilizing effect in the TiAlsgZr2
systems. All reference lattices are stable. In the TiAlsgZr2 alloy, the main phases are Al1oTioZr, Al2sTisZr, the
contributions of which to the theoretical intensity are 78.57 and 21.43%. In the AlZrso sample, the phases
ZrAl, Zr2Als, ZrAlo.

Keywords: hydride technology, zirconium, zirconium hydride, titanium hydride, aluminum
DOI: 10.22349/1994-6716-2024-119-3-112-121
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Abstract—The paper presents experimental data on the physical and mechanical properties of cellular
materials with the geometry of triply periodic minimal surfaces (TPMS). It has been established that the
dependence of the strength and Young’s modulus on the relative density of materials with the TPMS ge-
ometry corresponds to the Gibson — Ashby equation with a fairly high accuracy. Such materials are superior
in mechanical properties to classical cellular materials and have high isotropy of mechanical properties.
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Abstract—The physical properties (thermal and thermal diffusivity) of thermal interfaces based on pow-
dered boron nitride with a hexagonal crystal lattice (h-BN) and copper with a cubic crystal lattice (Cu) for
cooling the electronic component base of micro- and nanoelectronics are studied. The physical properties
are determined by the flash method. The prospects of using pressed hexagonal boron nitride powder as a
thermal interface without using a binder are described. A comparison with the physical properties of other
thermal interfaces that are widely used at present is made.

Keywords: thermal interface, hexagonal boron nitride, copper, integrated circuit cooling
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Abstract—Diopside is one of the key components in various construction materials and can also be used
as a filler for epoxy compositions. However, due to the complexity and labor intensity of developing domes-
tic deposits of this calcium magnesium silicate, it is rational to synthesize diopside based on rice husk ash
and dolomite and compare its phase composition and properties with diopside concentrate mined in nature.

It has been established that the synthesized calcium-magnesium silicate, compared to the natural
mineral, contains 10 times more diopside, has a 3 times smaller pore volume and an almost 5 times smaller
average particle size, i.e. they differ significantly in both phase and granulometric composition, as well as
in porosity.

At the same time, both natural and synthetic diopside-containing fillers increase the hardness, wear

resistance and viability of epoxy compositions. A filler synthesized on the basis of rice husk ash is more
effective in terms of increasing the performance characteristics of epoxy materials.

Keywords: epoxy compositions, phase composition, porosity, hardness, wear resistance, viability, nat-
ural and synthetic diopside-containing fillers
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Abstract—The first part considers the main physical and mechanical processes occurring under tension
of round bars. The procedure is presented that allows one to describe the plastic strain effect on the critical
brittle fracture stress in probabilistic statement. The main statements of Prometey model for prediction of
fracture stress are also presented. The investigations are carried out for two materials: 2Cr—Ni—Mo-V steel
used for WWER-1000 RPV in the thermally-embrittled state and low-alloyed low-strength steel of St3 grade
taken as model material ruptured by cleavage up to plastic strain up to 50%.

Keywords: brittle fracture probability, local approach, microcrack propagation, plastic strain effect
DOI: 10.22349/1994-6716-2024-119-3-153-168

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/
https://www.sciencedirect.com/science/article/abs/pii/S0921883121000595#!
https://www.sciencedirect.com/science/article/abs/pii/S0921883121000595#!
https://www.sciencedirect.com/science/article/abs/pii/S0921883121000595#!
https://pubmed.ncbi.nlm.nih.gov/?term=Liou%20TH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Liou%20TH%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7961793/
mailto:mail@crism.ru

REFERENCES

1. Pisarenko, G.S., Krasowsky, A.J., Analysis of kinetics of quasibrittle fracture of crystalline materials,
Mechanical Behaviour of Materials. Proc. Int. Conf. Mech. Behav. Mater., Kyoto, 1972, V. 1, pp. 421-432.

2. Ritchie, R.O., Knott, J.F., Rice, J.R., On the relation between critical tensile stress and fracture
toughness in mild steel, J. Mech. Phys. Solids, 1973, V. 21, pp. 395-410.

3. Beremin, F.M., A local criterion for cleavage fracture of a nuclear pressure vessel steel, Metall
Trans A, 1983, V. 14, pp. 2277-2287.

4. Mudry, F., A local approach to cleavage fracture, Nuclear Engineering and Design, 1987, V. 105,
pp. 65-76.

5. Margolin, B.Z., Shvetsova, V.A., Local criterion for cleavage fracture: structural and mechanical
approach, J Phys. IV, 1996, V. 6, No C6, pp. 225-234.

6. Margolin, B.Z., Shvetsova, V.A., Karzov, G.P., Brittle fracture of nuclear pressure vessel steels. I.
Local criterion for cleavage fracture, Int. J. Pres. Ves. & Piping, 1997, V. 72, pp. 73-87.

7. Lefevre, W., Barbier, G., Masson, R., Rousselier, G., A modified Beremin model to simulate the
warm pre-stress effect, Nuclear Eng. and Design, 2002, V. 216, pp. 27-42.

8. Bordet, S.R., Karstensen, A.D., Knowles, D.M., Wiesner, C.S., A new statistical local criterion for
cleavage fracture in steel, Eng.Fract.Mech., 2005, V. 72, pp. 435-474.

9. Pineau, A., Development of the local approach to fracture over the past 25 years: theory and ap-
plications, Carpinteri, A., Mai, Y-W., Ritchie, R. (Eds.), Honour and Plenary Lectures Presented at the 11th
International Conference on Fracture (ICF11), Springer, 2006, pp. 139-166.

10. Tanguy, B., Bouchet, C., Bordet, S.R., Besson, J., Pineau, A., Toward a better understanding of
a cleavage in RPV-steels: Local mechanical conditions and evaluation of a nucleation enriched Weibull
model and of the Beremin model over large temperature range, EUROMECH-MECAMAT: 9th European
Mechanics of Materials Conference Local Approach to Fracture, Besson, J., Moinerau, D., Steglich, D.
(Eds.), Mines, 2006, pp. 129-134.

11. Meshkov, Yu.Ya., Fizicheskie osnovy razrusheniya stalnykh konstruktsy [The physical basis of
the destruction of steel structures], Kiev: Naukova Dumka, 1981.

12. Di Fant, M., Carius, H., Carollo, G., Cleizergues, O., Le Cog, V., Mudry, F., Local approach to
brittle fracture: Discussion on the effects of temperature and strain on the critical cleavage stress, 2nd
Griffiths Conf. on Mechanisms of Fracture and their Structural Significance, Sheffield, 13—15 Sept., 1995.

13. Margolin, B.Z., Fomenko, V.N., Gulenko, A.G., Kostylev, V.., Shvetsova, V.A., Dalneishee razvi-
tie modeli Prometej i metoda Unified Curve. Chast 1. Razvitie modeli Prometey [Further development of
the Prometey model and the Unified Curve method. Part 1. Development of the Prometey model], Voprosy
Materialovedeniya, 2016, No 4 (88), pp. 120-150.

14. Ludwik, R., Elemente der technologischen Mechanik, Berlin, 1909.

15. loffe, A.F., Kirpicheva, M,V., Levitskaya, M.A., Deformatsiya i prochnost kristallov [Deformation
and strength of crystals], Zhurn. Russk. fiz.-khim. obshchestva, chast fiz., 1924, V. 56, pp. 489-504.

16. Davydenkov, N.N., Dinamicheskie ispytaniya materialov [Dynamic testing of materials], Moscow:
ONTI, 1936.

17. Fridman, Ya.B., Mekhanicheskie svoistva metallov [Mechanical properties of metals], Moscow:
Oborongiz, 1952.

18. Knott, J.F., Fundamentals of Fracture Mechanics, London: Butterworths, 1973.

19. Hahn, G.T., Averbach, B.L., Owen, W.S., Cohen, M., Initiation of cleavage microcracks in poly-
crystalline iron and steel. Fracture, Averbach, B.L., et al. (Eds.), MIT Press Cambridge, MA, Wiley, New
York, 1959, pp. 91-116.

20. Kopelman, L.A., Soprotivlyaemost svarnykh uzlov khrupkomu razrusheniyu [Resistance of
welded joints to brittle fracture], Leningrad: Mashinostroenie, 1978.

21. Margolin, B.Z., Fomenko, V.N., Shvetsova, V.A., Yurchenko, E.V., Radiatsionnoe i termicheskoe
okhrupchivanie korpusnykh reaktornykh stalei: svyaz mekhanizmov okhrupchivaniya i razrusheniya s kha-
rakteristikami zarozhdeniya i rasprostraneniya mikrotreshchin. Ch. 1: Strategiya, programma i metody ek-
sperimentalnykh i raschetnykh issledovany [Radiation and thermal embrittlement of reactor vessel steels:

©2024 . Scientific and Technical Journal
NRC “Kurchatov Institute” — CRISM “Prometey” “\/oprosy Materialovedeniya”

http://www.crism-prometey.ru



http://www.crism-prometey.ru/

the relationship of embrittlement and fracture mechanisms with the characteristics of the origin and propa-
gation of microcracks. Part 1: Strategy, program and methods of experimental and computational research],
Voprosy Materialovedeniya, 2024, No 1 (117), pp.173—-194.

22. Margolin, B.Z., Fomenko, V.N., Shvetsova, V.A., Yurchenko, E.V., Radiatsionnoe i termicheskoe
okhrupchivanie korpusnykh reaktornykh stalei: svyaz mekhanizmov okhrupchivaniya i razrusheniya s kha-
rakteristikami zarozhdeniya i rasprostraneniya mikrotreshchin. Ch. 2. Kharakteristiki prochnosti i plastich-
nosti [Radiation and thermal embrittlement of reactor vessel steels: the relationship of embrittlement and
fracture mechanisms with the characteristics of the origin and propagation of microcracks. Part 2. Strength
and ductility characteristics], Voprosy Materialovedeniya, 2024, No 1 (117), pp. 195-209.

23. Margolin, B.Z., Fomenko, V.N., Shvetsova, V.A., Yurchenko, E.V., Radiatsionnoe i termicheskoe
okhrupchivanie korpusnykh reaktornykh stalei: svyaz mekhanizmov okhrupchivaniya i razrusheniya s kha-
rakteristikami zarozhdeniya i rasprostraneniya mikrotreshchin. Ch. 3. Modelirovanie khrupkogo
razrusheniya i analiz svyazi kharakteristik zarozhdeniya i rasprostraneniya mikrotreshchin s mekhanizmami
okhrupchivaniya [Radiation and thermal embrittlement of reactor vessel steels: the relationship of embrit-
tlement and fracture mechanisms with the characteristics of the origin and propagation of microcracks.
Part 3. Modeling of brittle fracture and analysis of the relationship between the characteristics of the origin
and propagation of microcracks with embrittlement mechanisms], Voprosy Materialovedeniya, 2024, No 2
(118), pp. 166—186

24. Parrot, A., Dahl, A., Forget, P, Marini, B., Evaluation of fracture toughness from instrumented
Charpy impact tests for a reactor pressure vessel steel using local approach to fracture, Besson, J., Moin-
erau, D., Steglich, D. (Eds.), EUROMECH-MECAMAT 2006: local approach to fracture, Mines, 2006,
pp. 291-296.

25. Rybin, V.V., Bolshie plasticheskie deformatsii i razrushenie metallov [Large plastic deformations
and destruction of metals], Moscow: Metallurgiya, 1986.

26. Karzov, G.P., Margolin, B.Z., Shvetsova, V.A., Fiziko-mekhanicheskoe modelirovanie protsessov
razrusheniya [Physical and mechanical modeling of fracture processes], St Petersburg: Politekhnika, 1993.

27. Margolin, B.Z., Shvetsova, V.A., Gulenko, A.G., Kostylev, V.l., Application of a new cleavage
fracture criterion for fracture toughness prediction for RPV steels, Fatigue Fract. Engng. Mater. Struct.,
2006, No 29 (9), pp. 697-713.

28. Weibull, W.A., A statistical theory of the strength of materials, Roy Swed Inst Eng Res., 1939,
V. 151, pp. 5-45.

UDC 621.039.531:539.422.22

PLASTIC STRAIN EFFECT ON CLEAVAGE MICROCRACKS PROPAGATION IN PROBABALISTIC
STATEMENT. Part 2. Research results

B.Z. MARGOLIN, Dr Sc. (Eng),V.N. FOMENKO, Cand Sc. (Eng),
V.A. SHVETSOVA, Cand Sc. (Phys-math), F.L. SHISHKOV, E.V. YURCHENKO, Cand Sc. (Eng)

NRC “Kurchatov Institute” — CRISM “Prometey”, 49 Shpalernaya St, 191015 St Petersburg,
Russian Federation. E-mail: mail@crism.ru

Received February 21, 2024
Revised April 16, 2024
Accepted April 22, 2024

Abstract—The second part of the paper presents the results of uniaxial tension testing of smooth round
bars of 2Cr—Ni-Mo-V steel in the thermally-embrittled state and St3 steel in the initial state. SEM exami-
nation of the fracture surfaces is carried out. The brittle fracture probability is calculated using the Prometey
model presented in the first part of this article. It has been found that the plastic strain effect on the mi-
crocrack propagation probability is caused by two reasons: (1) the critical brittle fracture stress increase
due to formation of new barriers for microcrack under plastic deformation, and (2) the working volume
decrease due to the neck formation in tensile round bar. A unified set of parameters has been proposed to
take into account the plastic strain effect on cleavage microcracks propagation probability for WWER-1000
RPV steel and low-alloyed low-strength steel.
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Abstract—The article presents the results of studying the effect of lanthanum, cerium and praseodymium
additives (0-1.0 wt.%) as structure modifiers on the anodic behavior of the aluminum conductive alloy
AITi0.1 in the NaCl electrolyte medium. The studies were carried out using the potentiostatic method with
a potential scan rate of 2 mV/s. It was found that over time, the free corrosion potential of the alloys shifts
to the positive side and acquires a positive value with an increase in the modifier concentration (lanthanum,
cerium, praseodymium) in the aluminum conductive alloy. The addition of lanthanum to the aluminum con-
ductive alloy AITi0.1 by 12—23%, cerium by 20-30% and praseodymium by 25-35% increases its corrosion
resistance. An increase in the corrosion rate of the alloys with an increase in the NaCl concentration in the
solution, regardless of their composition, was noted. An increase in the concentration of chloride ion in the
NaCl electrolyte leads to a decrease in the potentials of free corrosion, repassivation and pitting of alloys.
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Abstract—The paper examines electrochemical studies of forgings made of a, pseudo-a titanium alloys of
industrial compositions and with the addition of ruthenium. Comparative dependences of the current density
on time were constructed at various potentials in 3.5% NaCl for titanium alloys of industrial composition
and with the addition of ruthenium. The breakdown potential of the titanium alloys under study was deter-
mined. Microstructural studies of titanium alloys of various compositions were carried out after determining
the breakdown potential.
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Abstract—Safety assurance of spent nuclear fuel dry storage requires reliable prediction of mechanical
properties of fuel element cladding depending on structural changes at all stages of nuclear fuel handling.
In this work investigations of hydrides structure in irradiated fuel element cladding made of E110 alloy have
been conducted in irradiated state as well as after tests simulating dry storage conditions. Using the pro-
gram code, the coefficients that best correlate with mechanical properties have been found.

Keywords: fuel element cladding, zirconium alloys, E110, zirconium hydrides, mechanical properties,
dry storage.
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