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OIIHKA MOKJUBOCTI 3AIMCHEHHS JESKHUX
METAJIYPITMHUX ITPOLECIB (INTABKA, CHHTE3 CILJIABIB,
MAWKA) ¥ CEPEJIOBHUIII, HABJIMKEHOMY JIO ATMOC®EPH
HA IVIAHETI MAPC

Jlns mepeBipkM MOXIIMBOCTI peanizamii AeSKNX MeTaTyprifHMX NpOLEciB Yy CepemoBHILI,
HaOMIDKeHOMY 10 atMocdepu Ha IuiaHeri Mapc, MpoBEICHO AOCTIAM IO IUIABJICHHIO Py
METalliB Ta CHHTE3y CIUIaBiB, 110 MIMPOKO BUKOPHUCTOBYIOThC ¥ Metanyprii (Cu, Ag, Sn, Pb, Ni,
Cu—Ag), i BUBYECHO 3MOYYBAHHS MiAKIAIO0K i3 CTaii, HIKEIIO Ta KepaMikd cpibioM, Miiio Ta
npumnosiMd B arMocdepi CO,, momiGHi#t 10 Mapciancbkoi. OTpuMaHi 3JIMBKM MeTaliB/CIUIaBiB
BHCOKOI SIKOCTi 1 JaHi IO 3MOYYBAaHHIO CBiJUaTh NP0 IPUHIUIIOBY MOXKJIMBICTH 3iH{CHEHHS
3a3HauCHUX MPOIIECiB Ha IuaneTi Mapc.

Knrwwuoei cnosa. memanypeis, niasienHs, cuHmes Memanié ma Cniaeie, naikd, 3MOYYEaHHs,
Mmapciancoka ammocgepa.

Bcemyn

JlocnipkeHHs KaniJIsipHOi OBEAIHKH piinH — (GOPMHU MOBEPXOHb Ta MEHICKIB,
3MOYYBaHHS Ta PO3TIKAHHS NMPH KOHTAKTi 3 TBEPJMMH TOBEPXHSIMHU 32 YMOB
3MIHHOI TpaBiTaIlii 9u i1 BIJICYTHOCTI € B&KJIWBHM EJIEMEHTOM pPO3pOOJICHHS
KOCMIYHUX TEXHOJIOTIH (JMTTS CIUIaBiB, NaiKW, 3BaploBaHHA). Y psai
TIONIEPEIHIX POOIT HAMH BUBYABCS BIUIMB SK 3HIDKEHOI, TaK 1 MiABUIICHOI CHIN
TSOKIHHS Ha KPAaoOBHMA KyT 3MOUYYBaHHS 1 OYJI0 BCTAHOBJICHO HOTO HE3AJICXKHICTh
Bil cuu TsDKiHHS [1—4].

VY nmaniii poGoTi mOCTaBIeHO 3aAady EKCHEPHUMEHTAalbHO, Yy 3B’SI3KYy 3
MiIBHUINCHHSIM B OCTaHHI POKH aKTyaJdbHOCTI JOCTIIKeHb IUTaHeTH Mapc,
OLIHUTH MOXKJIMBICTH TPOBEICHHS IESIKHX METalypriifHUX IMpoIeciB (IUIaBKH,
CHHTE3Y CIUIaBiB) B aTMOcdepi, HaOJIMKEeHil 10 MapCiaHCHKOI.

BpaxoByroun mepcrekTuBy Bxke B HaibOmmkunx pokax (2020—2030poxwu)
3MICHEHHS IMOJBOTY aCTPOHABTIB Ha IuiaHety Mapce (mpoekt “Mars one” i
HACTYIHI aKTHBHI JOCII/UKEHHS B LOMY HAmpsMKy) 1 BXe BIIOMHI CKIIax
arMocdepu i€l maanetr (ocHoBa — Byriekucauii ra3 CO,, Tabnuirs), cepen
0araTb0X NMHTaHb Ta MPOOJIEM, y TOMY UYHCII MaTepiaJIoO3HABUOTO XapakTepy,
MOXXKe OyTH pO3TJISHYTe I TUTAHHSA IIOJI0 MOXJIMBOCTI 3IHCHIOBATH JESKi
METaypriiiHi MPOLECH BiAKPUTOro THUIy (TOOTO JHIIE TepMiuHE HarpiBaHHS
obnmagHaHHS —  KOHIICHTPOBAaHE  COHSYHE  BHIIPOMIHIOBAHHS,  IIedi
SIEKTPOOIIOPY).

Wnerses Opo CHHTE3, THTTS METAICBUX CIUIABIB, HasHHA—3' €HAHHS METa-
miB i Take immre. ITorpeba B Takux mporecax (MOHTaKHO-PEMOHTHI pobOTH Ta
iH.) mpu JOBroTpHBajiili KOJOHI3aIlii IUIAHETH HAIEBHO MOYXKE BHHHKHYTH.

" M. . I'puropeHko — KaHAUIAT XIMIYHUX HAYK, CTAPLIMA HAYKOBHUH CHiBPOOITHUK, [HCTUTYT
mpobnem  Matepiamo3naBctBa iM.  I. M. @panmesmua HAH  Vkpainm, Kuis;
€. II. YepHiroBueB — HaykoBuii criBpoOiTHHK 1€l ik ycranoBu; 0. B. Haiiniu — akamemik
HAH VYkpaiuu, Z0KTOp TeXHIYHUX HAYK, Mpodecop, 3aBiAyI0unii BiIIiIoM Li€l ) YCTaHOBH.
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Atmocdepa Mapcey [5]

Martian atmosphere [5]

T'a3 CO, Aszor Aprom Kucenp Bomsna Oxcup Tuck: 0,7—
napa azory 0,9 KIla,

(0,007—

Bwmict, % 95,72 2,7 1,6 0,2 0,03 0,01 0,009atm)

Cran noBepxHi Metany y cepenoBuii CO, uepe3 KOpO3iliHi MPOIECH € TaKOX
BXJIMBUM (PaKTOPOM.

EKcnepumeHmaJlbna uacmuna

TeopeTuuHo 3 TOYKH 30py TEPMOIMHAMIKH TOJIOBHMM KPHUTEPiEM B3aeMOIil
METaJIy 3 OKCHJIOM BYTJICIIO € XiMiYHA CIIOPiIHEHICTh METally J0 KHCHIO Yy
IIOPIBHSIHHI 31 CIIOPIHEHICTIO 1O KHCHIO CAMOTO BYTJICIIO , IO BUMIPIOETHCS
3MiHor0 notenuiany ['i66ca AG,. Ha puc. 1 300paskeHo TemmepaTypHy 3ajiex-
Hicte AG psgy metaniB Bif BMicTy KHCHIO [6]. 3 BHKOpUCTaHHSM TaKoro
MiAXOAY MOXIHNBO BHOpaTH MeTanu (CriaBm), missakux cepemosuiie CO,
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Fig. 1. A plot of &G vers. temperature for some metals [6]

*
3a3HaunuMoO oApasy, mo CIIOYaTKy BHUBYaJIUM METAJIH, KOTpi HE B3a€MOZ[iIOTI) 3 Byrjeuem (He

YTBOPIOIOTH CTaOIBbHUX KapOigiB, HE PO3UYMHSIIOTH MPAKTHYHO BYIJIENb). BunpoOysamu Miip,
¢pibI10, 0JI0BO, CBUHEIIb TA iH.
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3aXWIA€ TOBEPXHIO PO3IUIABIB Bill OKMCHEHHs. Lli MeTanm MaroTh XiMiduHY
CTHOPiTHEHICTh A0 KHCHIO, CYTTEBO MEHINY HIK BYIJIelb. Y TBOPEHHS OKCHIB
metanis Cu, Ag, Sh, Pb, Nkapakrepusyerbcs Menmor eneprito ['i66ca, Hix
mis okcumy Byremio (puc. 1, BepxXHS YacTHHA), i BOHH MOXYTh OYTH
BUIUIABJICHI Oe3 okucHeHHsA. HaBmaku, Taki MeTanu, sk, Hanpukman, Mg, Al,
OKHCHIOIOTBECSI B CEPEIOBUILI BYTJIEKUCIIOTO Ta3y, 10 YCKIAAHIOE X BUILIABKY.

[ mpoBesieHHS WX MOCTiAIB HaMHU pOo3po0JICHO Ta CTBOPEHO BaKyyMHO-
ra3oBy amaparypy, oOJamHaHy 3aco0amMu ISl BiOKadkKd Ta HAITyCKy
BYIJIEKHCIIOro Ta3y (puc. 2), Ta BAKOHAHO Ha3eMHI SKCIIEPUMEHTH 3 BHILIABKH 1
JIUTTS Mifi i cuHTe3y Aeskux 1i cruasis (30kpema, Cu—Ag (72%) mrmocdepi,
KOTpa MOJENIOE “MapciaHChKi” YMOBH ).

MeTan TUIaBWIM Yy KaMepi BaKyyMHOI YCTaHOBKH. 3pa3Kd METaliB
po3TamoByBany y rpaditoBoMy THINII abo THIII i3 okcuay amowmisio. [Ticns
BizKauky BHCOKOro Bakyymy ~(3—5)-10° Ila kamepy Ta CHCTEMy HAIYCKY
“mpoMuBanu” BYTJIEKHCIMM ra3oM Ta 3HOBY BigkauyBaiu. lloTiM y kamepy
HaIyCKaJld ByIJIeKHCIMH ra3 g0 mnorpidbHoro Tucky 0,01—0,001 Mlla
(KOHTpOJIb THCKY 3iiCHIOBaBCSA 3a JOMOMOTOI0 MaHOMETPa) i MPOBOIIIH
HarpiBaHHs Ta IUIABKY/CHHTE3 cruiaBiB. KOHTpOIIOBaNIM MpoIiec MIaBJICHHS 3a
JIOTIOMOTOI0 BifieokaMepu. Y Takui cmoci® Oynu OTpUMaHi 3MBKH OCSIKHX
metanis/cimasie (Cu. Ag, Pb, Cu—Ag, Cu—NiBucokoi AKOCTi 3 YHCTOO
6mucKy9oro mosepxuero (puc. 3).

Takox JOCHiKYBaIl 3MOYYBaHHS MiAKIAI0K 13 CTalli, HIKEIII0 Ta KepaMiKu
(SnQ,) npumnoem I[ICP-72, cpidromTa Mimmo (puc. 4—-6).
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Puc. 2. Cxema BakyyMHOI yCTAaHOBKHU JJis TUTABJICHH:/CHHTE3y MeTanmiB: 1 —
BiJleokamepa; 2 — BaKyyMHa Kamepa; 3 — MaHOMeTp; 4 — KOHJIeHCOop; 5 —
OCBIT/IIOBaJIbHA Jlamila; 6 — ekpaH;, 7 — HarpiBay, 8 — crojuk; 9 —
migKIaaka (THrels) 3 Kpariero MeTany

Fig. 2. Vacuum apparatus diagram for metals/alloys melting/synthesis. 1 —
video camera; 2 — vacuum chamber; 3 — pressure gauge; 4 — condenser; 5 —
illuminating lamp; 6 — shield; 7 — heater; 8 — table; 9 — support (crucible)

with a drop of metal
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Puc. 3.3nuBKkM MeTaniB/cIuiaBiB, BUILIABICHI/CHHTE30BaHi B aTMocdepi
CO,, HnabmmwkeHiii mo Mapciancekoi (Tck y kamepi — ~0,01—
0,001MITIa): a — Cu frurens i3 Al,Os, maca — 40Ta 151); 6 — crias
Cu—Ag (72%) paditosuii Turemns, maca 12 1)

Fig. 3. Metal/alloy ingots melted/synthesized in a ,C&mosphere
similar to that of Mars (chamber pressure 0,01—0,001 MPPa)—
Cu (AlLOs crucible, weight 40 and 15 gj;— Cu—Ag (72%) (graphite

crucible, 12 g)
6 8

Puc. 4. 3MouyBaHHs MiAKIaIKH i3 Hikearo cpibiom B armocdepi CO, (0,01—
0,001 MIIa): a — 960 °C, mouarok miasinenus; 6 — 980°C, 6 = 37°% ¢ —
1010 C, 6=3%

Fig. 4. Wetting of a Ni support by Ag in a g&mosphere (0,01—0.001 MPa):
a — 960°C, onset of melting; 6~ 980 T, 6=37; 6— 1010 T, 0 = 34°

a 6 8

Puc. 5. 3mouyBanns miaknaaku i3 crani 45 npunoem [ICP-72 B atmMocdepi
CO, (0,01—0,001MIIa): @ — 820°C, 8 = 95; 6 — 850°C, 6 =105F ¢ —
930 €, 6=105°

Fig. 5. Wetting of a steel 45 support by a PSR-72 solder in zatdsphere
(0,01—0.001 MPa)a — 820°C, 8 = 959 6 — 850°C, 6 =105; ¢ — 930°C,
0 =105
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Puc. 6. 3mouyBanns cram 45 B atmocdepi CO,: 1 — IICP-72, T = 850 °C,
0 = 105; 2 — cpibmo, T = 1100°C, 6 = 1109 y Bakyymi: 3 — TICP-72,
T =800°C, 6=11% 4 —cpibmo, T'=1000°C, O =77%5 —kepamika SNQ
B atMochepi CO, mimmo, 7= 1100 T, 6 = 112°

Fig. 6. Wetting of a steel 45 in a g@tmosphereCO,: 1 — PSR-72,
T= 850°C, 6 =10592 —silver,7=1100°C, 6 =1109in avacuum: 3 —
PSR-72,T = 800°C, 0 =11% 4 — silver,7 = 1000°C, 0 =77%5— SnQ
ceramics in a COatmosphere by copper,=1100 C, 6= 112

BuBueHHs noBeAiHKH po3IiaBieHoro Merany y razoBomy CO,-cepenoBui
Mae KW HaykoBe (i3MKO-XiMiuHE 3HA4YCHHS, a 3aKOHOMIpPHOCTI B3aemomii 3
MOBEPXHEIO TBEPAOTO METaly BaKJIMBI JUIA TPAKTUKH — 3 TOYKH 30Dy
mporieciB kopo3ii merany. 1li po3poOku MOXKYyTh OyTH MEPCHCKTUBHUMM IS
PO3BHUTKY KOCMi4HOI MeTamyprii. PoboTn B LpOMYy HampsMKy IUIaHYEThCS
MPOJIOBXKHTH.

Bucnoexu

MeTonoM TIaBKK y CepeloBHIII, HAOIMKEHOMY A0 MapciaHCBKOI aTMocdepu
(~96% CQ), orpumano 3muBKH aeskux Metaiis/ciiasis (Cu, Ag, Pb, Cu—AQ)
BHCOKOi SKOCTi. TakoX MPOBEIEHO MOCIIKEHHS 3MOYYBaHHS MiAKIAAO0K i3
cram, Hikemro Ta kepamiku (SnNQ) mpumoem IICP-72, cpibiom Tta Mmimuto.
OtpumaHi JaHi CBiIYaTh MPO MOMKIUBICTH 3HIMCHEHHS PsLy METAIypridHHX
mporieciB (BUIUIaBKa METaJliB, CIUIABiB, Mailika) Ha miaHeTi Mapc. MoKIHBO,
o0 y TMOJANbLIOMY KOJO BHKOPHUCTOBYBAaHHX METaJiB Ta CIUIaBiB Oyne
po3IIMpeHe, HAPUKIIa[, 32 paXyHOK 3aCTOCYBaHHS T'eTepiB.

PE3IOME. [Ina mpoBepkd  BO3MOXKHOCTH  pealu3alid  HEKOTOPBIX
METaJUTyprHIecKUX TIPOLIECCOB B cpelie, NMpHONMMKEeHHOW K arMocdepe Ha
ianeTe Mapc, TpoBeIeHbl HCCIEOBAaHKS MO IUIABICHHIO psAAa METAJUIOB U
CHHTE3y CIUIaBOB, KOTOpBIE MIMPOKO HMcHoib3ytorcs B Metamnryprun (Cu, Ag,
Sn, Pb, Ni, CuU—AQ)u n3yueHa cMaunBaeMOCTh ITOJIOKEK U3 CTAJIH, HUKEIS 1
KepaMUKH cepeOpoM, Meapio W mnpumosmMud B armochepe CO,, momoOHOI
MapcuaHcKoi. [lodydeHHbIe CIMTKH METaIOB/CILIABOB BBICOKOTO KauecTBa U
JaHHBIE [0 CMAa4YMBAa€MOCTH CBHJETENBCTBYIOT O  MPHHIUIHAAIBHON
BO3MOKHOCTH OCYIIECTBIICHHSI YKa3aHHBIX MTPOIECCOB Ha MTaHeTe Mapc.

Knwueswvie cnoea. mematypeus, nidaeienHue, Cunmes memaniios U Cniaeoe,
I’lalZKCZ, cmavuearnue, MapcuanHcKas amMocqbepa.
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Grigorenko M., Chernigovtsev E., Naidich Yu.

Assessment of a possibility to carry out some metallurgical
processes (melting, synthesis of alloys, brazing) in the atmosphere
similar tothat of Mars

To check a possibility of realization of some metallurgical processes (melting,
synthesis of alloys, brazing) in the atmosphere similar to that of Mars, some
experiments on melting and synthesis were carried out for a number of metals
and alloys widely used in metallurgy (Cu, Ag, Sn, Pb, Ni, Cu—Ag), and
wettting of steel, nickel and ceramic supports by silver, copper and solders in
the atmosphere &0, was studied. Good quality metal/alloys ingots and also
wettability data obtained may serve as an evidence of a possibility to realize in
principle some metallurgical technologies in the atmosphere of Mars.

Keywords. metallurgy, melting, synthesis of metals and alloys, brazing, wetting,
martian atmosphere.
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