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Di3nKo-TeXHONOrIYHWI IHCTUTYT MeTanie Ta cnnasiB HAH Ykpainu, Kuis

Hocniosxceno ocobnusocmi pozuunenns ma 3ac60€HHs MOOUpIkyiouux ¢az nicamypu Al-
10Mo enexmponHo-npomeresoi eunnagku. I1okazano, o o0epicana nieamypa XapaKxmepu3yemscsl
PDIBHOMIpHUM PO3NO0INIOM MA GUCOKOIO OUCNEPCHICMIO YACMUHOK @IOMIHIOY moniooeny. [lpu
00CIOMHCeHHI NPOYeCy PO3YUHEHHTI2AMYPU 8 YUCIOMY AIOMIHII GU3HAUEHO, W0 4aC MOOUPIKYBAHHSL
posnnagy dinewe 20 xeunun npu memnepamypi 740 + 10 °C npuzeooume 00 Haubiibut NOGHO2O
pyuHysanns euxionux inmepmemanioie Al, Mo, ma Al Mo, ma ymeopenna 6inow Opibnux ma
pienomipro posznooinenux wacmunoxk Al.Mo ma Al Mo posmipamu 0,5-2 mrm. 3i 3meHuteHHM
emicmy Mmoniboeny 36in6uyembcs OUCHepCHiCmy MOOUQIKyiouux ¢az ma pieHomipHicms  ix
po3nooiny. 30invutennss memnepamypu i 4acy GUMPUMKIU He CAPUSLIOMb NOKPAUEeHHIO 3ACEOEHHS
Mooughikamopa.

Odepoicana 6 yMO8ax eleKmpOHHO-NPOMeHe8oi nueapHoi mexnonoeii nieamypa Al-
10Mo eonodie psdom xapaxmepucmuk, aki 00360110mb pozensoamu ii Ak 6wt epexmugHy
Ma eKOHOMIYHO GUZIOHY, NOPIHAHO 3 Gidomumu ananozamu. Lle 3ymoeieno nabazamo 6uuyo0
KoHyenmpayicto moniooeny 6 cknadi moougikamopa (10 % mac.), a makodxc oucnepcricmio ma
pisHomipuum po3nodinom moougixyiouux ¢asz. Hepisnosasicnuii cknad aniominiois, npumamannui
01 Ni2amyp, 00epHCAHUX 6 OAHUX YMOBAX, CHPUSC IX 3HAYHOMY NOOPIOHEHHIO Nicis 68e0eHHs.
6 amominiesi posnaasu. [lpu yoomy 6i06yeacmocs posuunenHs ma smina cmexiomempii ¢paz 6io
Al Mo, ma Al, Mo, oo Al Mo, aki cryeylome yenmpamu Kpucmanisayii ma maiome pozmipu
6nusbro 1 mxm. Ha npuknadi npomucinosozo ausaprozo cunyminy AlSi9Cu3 nokasano nosne ma
ehekmusHe 3aC60EHHL Ni2amypu npomsicom KOpomkozo yacy 5 xe. npu memnepamypi 740 + 10 °C.
Taxi nokaznuxu € Oinbut eKOHOMIYHUMU, NOPIBHAHO 3i CIAHOAPMHUMU NPOMUCT OBUMU Ti2ANTYPaAMU.

Knwwuoei cnosa: nicamypu, Al-Mo, moougbixysanns, antominiesi cnnasu, AISi9Cu3,
pecypcosdepedceHisl.

AJIIOMiHiﬁ Ta CIJIaBU Ha HOTO OCHOBi BiJHOCATbCS /10 PSy HaHOGiIbII
BXKMBAHUX MaTepiasiB CY4acHOCTI, fKi HIUPOKO 3aCTOCOBYIOTbCA B asiarlii,
MAaImHOOYyBaHHi, CYJAHO- Ta NMpUIaf0o0y/lyBaHHI, KOCMiUHill, eHepTeTHYHI Ta
XapyoBiif IPOMUCTIOBOCTI, a TakoX B 6ararbox mMoOytoBux cdepax. Iloegnanns
(isuko-MexaHiYHUX i TEXHOJIOTIUHMX BJIACTMBOCTEH a/IIOMiHiI0 Ta HOro CIJIaBiB,
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a TaKOX MOJKJIMBOCTi e(eKTUBHOI 6araTopazoBoi BTOPUHHOI TepepolGKH,
3YMOBJTIOIOTh 3HAYHWI €KOHOMIUHWI iHTEpeC 0 1hOTO KJacy MaTepiamiB [1, 2].

Tum He MeHmI, JUBapHi aJIOMiHIEBI CIJIaBU 3a3BUYAll MAlOTh HEBUCOKUM
piBeHb MeXaHiYHUX BJjacTuBocTeil. MoaudikyBanHss Ta MiKpoJieryBaHHS
AJMOMIHIEBUX CILJIaBiB, OCOGJMBO JIMBapHUX, € J006pe BiOMUM cTIocO60M
TiIBUIIEHHS iX SKOCTi Ta MeXaHiYHMX BJIACTUBOCTEN 32 PaxXyHOK BILIMBY Ha iX
CTPYKTYpHO-da3oBuii ctan [3-3].

OpuuM 3  TOTeHIiHHO e@eKTUBHUX Ta BOJHOYAC MAaJIOBUBUEHUX
MoupiKaTOPiB JIJId AJOMiIHIEBUX CIaBiB € MoJiiGieH. Bigomo, 1o BiH 31aTeH
3HMIKYBAaTW TOPUCTICTb BUWJIMBKIB, 3MEHIIYBAaTHA IIKiJJUBUN BILUIMB 3aji3a Ta
IiABUANYBaTU MeXaHiuHi BJACTUBOCTI JIEAKUX CILJIABiB IIPU BUCOKUX TeMIlepaTypax.
Ienyiorp pani, mo 0,1-0,3 % mac. Mosi6GeHy MOMKHA BBa)KATU ONTHUMAJbHOIO
KisbKicTIO 111 MosindikyBanHs cunyMiniB Ty AK7 ta AKSM2. [5-7].

OnepskaHHS AKICHUX MOJIiG/IEHOBMiCHUX MOAMMIKATOPIB /1 aTfOMiHi€EBUX
CIIaBiB € JIOCUTDH CKJAJHOIO 3a/lauelo, BPAaXOBYIOUM BUCOKY PeaKIliiiHy 3/IaTHiCTb
i TeMmeparypy IiaBJeHHS MoJibneny. Opnielo 3 Hal6iabil  edeKTUBHUX
TEXHOJIOTiN /11 BUPOOHMIITBA TMOMIOHUX JITaTyp € eJeKTPOHHO-TIPOMeHeBa
rapHicaxkHa TJIaBKa 3 €JeKTPOMarHiTHUM IepeMilllyBaHHAM posiiiaBy. lleit Mmeton
JIO3BOJISIE OJIEPIKYBATU CILIABH AMIOMiHiI0, SKi MOXyTh Mictutu g0 10-15 % Mac.
TYTOIJIABKUX i BUCOKO peaKI[iiHUX KOMIIOHEHTiB, TaKUX 4K THUTaH, ITUPKOHIH,
BaHa/liif, radwHiit, Mosi6JeH i HaBiTh BoJabdpaMm. EdekTuBHicTb TakUX JiraTyp
Moke GyTH HabGaraTo BUIIOIO 3a IMPOMHUCJIOBI aHATIOTU 3aBASKH OiJIbIl BUCOKOMY
BMICTY JIeTyIounX J06aBOK, iX BUCOKil AUCIIEPCHOCTI Ta PiBHOMIPHOMY PO3MOIiTy
B 06’eMi Momudikaropa [8].

[l pocaipKeHHsT 0COOIUBOCTEH 3aCBOEHHS MOIOHUX JITATyp METOIOM
eJIeKTPOHHO-TIPOMEHEBOT BUILIABKU GyJi0 ofiepskaro jairatypy Al-10Mo (10 % mac.
MOJTiG/IEHY ).

Crpykrypa girarypu (puc. 1) [ocuTh OJHOpifHA, 3 PiBHOMipHHUM
postofijioM Api6HUX iHTepMeTasi/liB po3dmipoM 1-20 MkM. JlokamapHU XiMidHUI
aHaJsi3 (a3 mokazas, MO OiAbII TeMHA ATIOMiHiEBA MATPUIIST MiCTUTh Y CBOEMY
ckaaai 6m3bko 0,4-0,5 % Mac. MoJibeHy, a iHTepMeTasli/[Hi YacTOYKU MICTSITh
6/1u3bKO 45 % Mac. MoJiib/leHy, 10 3a CTeXiOMEeTPieio BiJIOBiIAI0Th CIIOJIyKaM
Al,,Mo, Ta Al,_Mo, [9]. ¥YTBOopeHna Takux HepiBHOBa)KHMX, J/IA JaHOTO CKJIALy
JiTaTypu, iHTepMeTaJi/liB BKa3ye Ha iX IOTEHI[iHHY MOXKJWBICTb iHTEHCUBHO
PO3MAATUCS TIiCJIST BBeJIEHHS B PO3ILIAB, 10 3abe3revyBaTuMe GiJbIl MIBUIKE i
edexTrBHE 3acBOEHHS MoudikaTopa.

[lna mepeBipku Takoi TinoTe3u 3/iliCHEHO BBeJeHHS Pi3HOI KiJbKOCTi
o/lep;KaHoOl JIiraTypu y posiljiaB ajioMiHiio 1pu Temnepatypi 740 = 10 °C, gka
€ CTaH/JIApPTHOIO TeMIlepaTypolo IJIaBJAeHHS 6araTboX JIMBAPHUX AJIOMiHi€BUX
craBiB. CriaBu 3 BMicToM MogtiGeny 5 ta 1 % Mac. IJIaBUIM a ajayHIOBUX
TUIJIAX B Iedi onopy. 3pasku BurpuMyBasuca 10, 20 i 30 xB Big MoMeHTY
BBEJICHHS JIiTaTypH, IIiCJg YOro MeTas 3ajJuBajv B MiJHUN KOKijab. CTpyKTypH
o/lepXKaHNX 3pa3KiB MMOKa3aHO Ha PUCYHKax 2 i 3.

Mertasorpadiga 3pas3kiB Ta JOKaJbHHUI XiMiYHUN aHaJi3 CTPYKTYpPHO-
(hazoBUX [iJSTHOK TIOKA3ylOTh, IO [JISI CILIABY 3 5 % Mac. Mo TpUBAJicCTb
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Puc. 1. MikpocTpykTtypa niratypu Al-10Mo enekTpoHHO-NPOMEHEBOI BUMMaBKM.

BUTPUMKM B DiJIKOMY CTaHi BILIMBa€ Ha pyiiHyBanusa intepmeranifis Al,,Mo,
ta Al_Mo, GesnocepennimM unnoM. Burpumka mporsarom 10 XB € HejocTaTHBOIO,
PO 110 CBi{UUTH 30epesKeHHs] BUXiAHUX MOAU]IKYIOUM YaCTOK PO3MipOM MOHAJL
20 wMrMm. B TOil ke yac, 3aB/JsIKM PYHHYBAHHIO Ta YAaCTKOBOMY PpO3UYMHEHHi
BUXiHUX (a3 MOYMHAETHCA yTBOPEeHHsA yacTMHOK Al.Mo posmipom 2-4 MKM Ta
Al ,Mo posmipom 6m3bko 1 MKM. 3 HiBUIIEHHAM 4acy BUTPHMKH PO3ILIABY /0
20 xB i 6impme dasu Al,,Mo. ta Al Mo, 3HMKaI0Tb, a KiJbKicTb iHTepMeTali/IiB
Al ,Mo, ki MOXyTb CJIyryBaTH 3apojIKaMu KpucTasisaiii npu moaudikyBanHi
CILIABiB, MOCTIHO 3pPOCTAE.

[lns cnnaBy 3 1 % mac. Mo crioctepiraeTbesi 3HAUHO MeHIe CKYITYeHb
MO(IKYIOUNX YAaCTHHOK. Bijblla KiJbKicTh po3unHHuKa (QJIIOMiHiI0), OYeBU/HO
BILIMBA€E SK IpUCKOpIolounii pakTop /s MBHUAKOI nepebGy/0BU iHTepMeTasli/liB
Ta iX piBHOMipHOro posnoainy. [Ipu Butpumiii nporsrom 10 xB. crioctepiraioTbes
samumikn das Al,Mo posmipom 2-4 mrm. OjHOYACHO 3 UM CIOCTEPIra€Thes
3HauYHa Kiabkicthb intepmeranigis Al ,Mo posmipom 0,5-1,0 mkm. IX KinrbkicTb
Ta PiBHOMipHICTb PO3MNOAIIY 3pocTae 3i 36iJbIIEHHSIM Yacy BUTPUMKH PO3ILJIABY.
Ili yacTMHKM MOKHA TIOMITUTHU SK BCEpPeWHi 3epeH, 10 CBiJYUTh MPO iX pPOJib B
SKOCTi TIeHTPiB KpUcTamizallii, Tak i B MiKpoo6acTax 36arayeHnx 3aJ1i30M.

[l1g 1o1aTKOBOI OLIHKY BILIMBY TeMIepaTypH i yacy BUTPUMKH JIETOBAHOTO
QJIOMiHII0 MOJTIG/IEHOM TTPOBEIEHO eKCIIEPUMEHT 3 BUTPUMKOIO PO3ILJIABIB Pi3HOTO
CKJIQJly TpOTsAroM roauuu npu Bumiiii Ha 50 °C temmeparypi (puc. 4).

[locain mokasas, 1o 36iJbIIEHHS Yacy i TeMIepaTypu BUTPUMKU He
CYTTEBO BIUMBaE Ha ciiaB Al-5Mo Ta He NMPU3BOAWTH /IO MOBHOTO PO3TALY i
PiBHOMIPHOTO PO3IO/iIY aJOMiHiHKUX YacTOK B HboMmy (puc. 4). [liag cruiaBy
Al-1Mo cnocrepiraerbes piBHOMipHUIT posnoziia Bkoyenb Al Mo Ta ofHouacHa
npucytHicTh 6iabumx 3a posmipamu (2-10 Mxm) ¢das Al.Mo. Taka xapruna €
OuiKyBaHOIO Ta BifmoBi/lae da3oBiii giarpami crany jganoi cucremu [9]. TomoBHUM
pe3yJbTaToM B JAaHOMY BUIIQJIKY € Te, 10 BUKOPHUCTAHHS JHTaTyp, sIKi MiCTATb
amoMiniu 3 BMicToM Moni6ieny Bume, Hix y Al Mo, npusBoautb /0 ixX Gimbir
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Puc. 2. Ctpyktypa cnnay Al-5Mo ogepxaHi nicnsa nnaesneHHs 740110 °C Ta Butpumku: a — 10 xB, 6 — 20 xB,
B — 30 xB.
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Puc. 3. Ctpyktypu cnnasy Al-1Mo ogepxaHi nicna nnaeneHHs 740 £ 10 °C Ta sutpumkmu: a — 10 xB, 6 — 20 xB,
B — 30 xB.

MOBHOTO Ta eeKTUBHOIO BUKOPHCTAHHS 3aB/SKUA MOKJIMBOCTI pO3INaaTUCS Ta
nepe6yIoBYBaTUCS y GiTbIII TEPMOIMHAMIUHO BiJOBi/IHI Pi3HOBUIU, 30KpeMa —
Al ,Mo.

[l BU3HAUEHHS TPOMUCJIOBOI JIOIITbHOCTI BUKOPUCTAHHS 3aITPOIIOHOBAHOT
Jiratypu, jpocaiuan ii 3acBoeHHA 1iJ| 4ac MoJAuQiKyBaHHS JUBAPHOTO CILIABY
AlSi9Cu3. Mopudikatop [JoJaBaju [0 PO3IJIABYy 3 PO3PAXYHKY BMICTy B
HbOMY MoOJiGeHy 6au3bko 0,15 % Mac. Ta MPOBOAMJIM TOAAJBIITY BUTPUMKY 32
temniepatypu 740 += 10 °C nporgrom 5 xB. [locaifzkyBanu CTPyKTypy CILIaBy Ta
po3nojiia enemMeHTiB 3a MetosioM EDX-mapping.

[locnipkeHHs TIOKa3ay, MO0 3aCBOEHHS JITAaTypH BifI0YyBA€TbHCS MIBUIKO
Ta MOBHOIO MipOI0, a PO3MO/ia MOJiGAeHY € PiBHOMipHUM. 3HAUHA WOTO YaCTWHA
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Puc. 4. NuTi 3paskn cnnaeiB Al-5Mo (a) Ta Al-1Mo (6) oaepxaHi nicna nnaeneHHs Ta Butpumky npu 790 £ 10°C
npotsrom 60 xB.
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Puc. 5. CTpykTypa (a) Ta po3nogin ximiyHux enemeHTis (6) moagudikosaHoro niratypoto Al-10Mo cnnasy AISi9Cu3.

3HAXOJNUTBCS Y CKJIL 3amizoBMicHuX a3 cucremu Al-Si-Fe-Mn. B crpyxrypi
CILJIaBY HA OCHOBi aJIOMiHiI0 MOJi6/IeH MPUCYTHI# y BUTJISA] alOMiHi/liB po3MipoM
MeHIie 1 MKM.

TakuM YWHOM, BCTAaHOBJEHO, IO OJlepsKaHa B yMOBaX €JIEKTPOHHO-
npoMeHneBoi  JmBapHOi  Texuosorii miratypa Al-10Mo  Bosomie  psiom
XapaKTepUCTUK, $Ki JO3BOJSIOTh PO3TasaaTu ii gk O6iabin  edeKTuBHY Ta
€KOHOMIYHO BUTiJIHYy, MOPIiBHSHO 3 BiJloMUMHU aHaJjoramu. Ile 3yMOBJeHO BUIIOIO
KOHI[eHTpallielo MoJibaeny B ckaagi momudikaropa (10 % mac.), a Takox

54 HaykoBo-TexHiunnii sxypHan "Meraso3HaBcTBO Ta 06po6ka MeTauiB" 32021



MnaBneHHs i KpucTanisadis

JIUCIIEPCHICTIO Ta PiBHOMipHUM po3mofijoM Moaudikyounx ¢as. HepiBHoBakHMIT
CKJIQ/l AJIOMiHi/liB, NpUTaMaHHUN [JIs1 JiraTyp, OJep>XKaHUuX B JaHUX YMOBaXx,
cupusie iX 3HAYHOMY MO/IPiGHEHHIO TicJs BBe/leHHS B po3smias. llpum mpomy
Bi/I0yBaeThcsl PO3UMHEHHS Ta 3MiHa crexiomerpii das Bix Al,, Mo, ta Al Mo,
1o Al ,Mo, axi ciyryioTb HeHTpaMu KpucTasisalii Ta MaioTb po3Mipu 6IM3bKO
1 mxm. Ha npukmnani npomucioBoro juBapaoro cuayminy AlSi9Cu3 nokasano
noBHe Ta edeKTUBHE 3aCBOEHHS JITATypH IMPOTITOM KOPOTKOTO 4Yacy d XB IIpH
temreparypi 740 = 10 °C. Taki nmokasHuku € GiJbII €KOHOMIYHO /IOTiJTbHUM.
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Opnepskano 05.08.21
M. M. Voron, M. A. Fon Pruss

Features of Al-10Mo electron-beam produced master-alloy assimilation in
liquid aluminum and AISi9Cu3 alloy

Summary

The work is devoted to the Al-10Mo electron-beam prepared master-alloy
modifying phases dissolution and assimilation features determination. It is shown that
the obtained master-alloy is characterized by uniform distribution and high dispersion of
molybdenum aluminide particles. When studying the process of dissolving the master-
alloy in pure aluminum, it was determined that the time of modification of the melt
more than 20 minutes at a temperature of 740 = 10 ° Cleads to the most complete
destruction of the original intermetallics Al22Mo5 and Al17Mo4 and the formation of
smaller and evenly distributed particles AISMo and Al12Mo with dimensions about
2 um. As the molybdenum content decreases, the dispersion of the modifying phases and
the uniformity of their distribution increase. Increasing the temperature and exposure
time do not improve the assimilation of the modifier.

The Al-10Mo master-alloy, obtained in the conditions of electron-beam casting
technology, has a number of characteristics that allow to consider it as more efficient
and cost-effective, compared to known analogues. This is due to the much higher
concentration of molybdenum in the modifier (10 % wt.), as well as fine dispersion
and uniform distribution of the modifying phases. The nonequilibrium composition
of aluminides inherent in the ligatures obtained under these conditions contributes
to their significant grinding and refining after addition into aluminum melts. The
stoichiometry of the phases from Al22Mo5 and Al17Mo4 changes to Al12Mo, which
serve as crystallization centers and have a size of about 1 um, dissolves and changes. The
example of industrial casting alloy AlSi9Cu3 shows complete and effective assimilation
of the master-alloy in a short time of 5 minutes at a temperature of 740 = 10 ° C. Such
indicators are more economic, in comparison with standard industrial ones, for which
both higher temperature of melt preparing ant longer lifetime in liquid state after
modification are necessary.

Keywords: master-alloys, Al-Mo, modifications, aluminum alloys, AlSi9Cu3,
resource saving.
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