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MeronoM peakuiiiHoro Mexaniuxoro cruiaiiens (PMC) orpuMano mexanivsi cruaBu Mg + 10 %mac. Me
(Me = Al, Ti, Fe). 3 3acrocyBanHsM TepMoecopOLiiiHoi criekTpockomnii npu TicKy BoaHio 0,1 MITa gocmimkeno
TepMivHy crilikicts MC, kiHeTHKy necop6uii Boguio 3 MC; BU3HaUCHO €Hepriro akTUBalii mpouecy JecopOrii
BOIHIO. BeraHosneno - pomaBanss 10 MQ tineku Al (Ge3 omHouacHoro momaBadHs Ti Ta IHIIMX METasiB) HeE
NPU3BOIUTH [0 3HWKCHHS TEMIEpaTypd IOYaTKy JecopOuii BoxHio 3 rixpunnoi ¢asu MgH, Bincyrhicrs
HO3UTUBHOrO BILIMBY Al Ha TepMiduHY CTiMKicTb IONArae B BiICYTHICTI MEXaHIYHOTO JIEIyBaHHS alTIOMiHiEM
MgH, i3-3a yrBOpeHHs OiJIbII KOHKYPEHTHOCIPOMOXKHOI crionyku AlsMgs.

KirouoBi ciioBa: TepMivHa CTiIHKICTh, TEpMOAECOpOLiitHa CIIEKTPOCKOIIisI, IIMKITIYHA CTIHKICTh, pEaKTHBHUIN

IIOMe€JI, KIHETHKA.

Cmamms nocmynuna 0o pedaxyii 11.09.2012; npuiinama oo opyxy 15.12.2012.

Beryn

He 3Baxarounm Ha BHCOKY BOAHEBY eMHicTh MQH;
(7,6 % Bar.), marHiii Ta WOro CIIaBH ChOTOAHI IIe HE
3HANIIUIN CBOTO HIMPOKOT'0 MPAKTHYHOTO 3aCTOCYBAHHS B
SIKOCTI  aKyMYJIATOPIB BOMHIO dYepe3 Taki CYTTEBI
HEJOJIKH, SK BHCOKI TEeMIIEpaTypd 3BOPOTHBOTO
rizpyeanus (250 - 300°C), noBisnbHa KiHeTHKa abCOpOLi-
JecopOIlii BOAHIO 1 HHU3bKA IMKIIYHA CTIHKICTh. Jls
MOKpalIeHHs: (YHKI[IOHAJbHUX BIIACTUBOCTEH CIUIABIiB
MAarHilo IpOTSATOM OCTAaHHIX pPOKIB (axiBIFIMH SK B
VYkpaini, Tak i 3a ii mexamu(Pocis, Slnonis, Kwurai,
Kanana, Irtamis, Hopseris, ®panmis, CIIA Ta iH.)
BHKOPHCTOBYIOTHCS pi3Hi nunsixu [1]. SIk moka3sye anaimi3
pobiT, mo omyOmikoBaHi B OCTaHHI pOKH, psIy
JIOCITIJTHUKIB BIAJIOCS TOKPAIIUTH KiHETHKY abcopOuii-
JecopOiii BOIHIO CIUIaBaMU Ha OCHOBI MarHiio [2- 7], B
TOM JKe Yac TePMOJMHAMIYHA CTAOUIBHICT, TEMIIEPATypa
PO3KJIany IX TIAPHUIIB BCE INE 3AIUIIAIOTHCS JOCTATHHO
BUCOKUMH JIJIsI TPAKTHYHOTO BUKOPHCTaHHS B SIKOCTI
aKyMyJIATOpPIB BOJHIO IIMX MaTepiaiiB. 3a BHHATKOM
JMEKiTbKOX  mocmimkeHb [8,9], ski  moTpeOyroTh
€KCIIEPUMEHTAJIBHOTO0  MIATBEPIUKCHHS  OTPUMAaHOTO
aBTopaMu e(pQeKTy 3HIDKEHHS TeMIepaTypH pPO3KIamy
rizpuaHoi ¢hazu MgH, npu piBHOBaKHOMY THUCKY BOJHIO
0,1 MTI1a, MIPAKTUIHO BiJICYTHI pobotu
IIJIECIPSIMOBAHOTO  MMOMIYKY  CIIOCOOIB  3HIDKCHHS
EHTaJIBIII YTBOpEHHS cTeXxioMeTpudHoro rigpuny MgH,
1, SIK HACJIIIOK, TEMIIEpaTypH HOro po3Kiany.
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TakuM uuHOM, TpoOIEMa OTPUMAaHHS TiIPUIB
MAarHi€BHX CIUIABiB, IO PO3KJIAJAIOTHCS TMPH HHU3BKHX
TeMIiepaTypax i NpH LBOMY BOJOMIIOTH CHOJTYYEHHSIM
TAaKUX BIIACTUBOCTEH SK BHUCOKa BOJHEBA EMHICTH 1
IUKTIYHA CTIMKICTh TpPU MBUAKIA KIHETUIl COpOIIii-
JIecopOIlil BOJHIO, BCE IIIC 3AJIUIIAETHCS HE BUPIIICHOIO,
a JOCTI/DKEeHHs, HamnpaBiieHi Ha 11 BHpIIIEHHS €
aKTyaJIbHUMHU.

Sk mokazano B [8-10], MexaHiuHe JeTyBaHHsI
marHio Al paszom 3 Ni ta Ti 3Hmkye Temmeparypy (10
215°C) i mokpamye KiHeTHKY xecopOLii BOZHIO 3
rizpuay Marsito MgH,. Meroro naHoro mociimKeHHsS
OyJI0 BCTAaHOBUTH MOXKJIMBICTH 3HIKEHHS TeMIlepaTypu
Ta TOKPAIICHHS KIHSTHKH JECOpPOIlil BOAHIO 3 TiLAPUIHOL
¢asu MgH, wmexaHiyHOro crmiaBy, 00 OTPUMAaHO
peakTuBHMM momesom cymimi Mg+ 10 % mac. Al,
3aBJIISIKM MEXaHIYHOMY JIEI'YBaHHIO AIIOMIHIEM, a TaKOXK
JMOCTITUTH MexaHi3M MoxJuBoro BiuuBy Al  (sKimo
Takui BIUTUB Mae Miciie) Ha 06’ emHi BractuBocti MgH,
i, B IIEpUIy Yepry, TEPMOJMHAMIYHI. 3 Ii€l0 METOI0 OYII0
OTPUMAHO TiJPUJI MAarHilo METOIOM pEaKTUBHOT'O
MexaHiuHoro crmiaBieHust cymimi Mg+ 10 % mac. Al
(et mMexaniunuii crraB mo3Hauyeno MCL) i nociimkeHo
HOro BOJEHbCOPOLiiHI BIACTHBOCTI, TEPMIUHY CTIHKICTh
1 KiHEeTUKY JiecopOrii BoaHIO. J{J1si MOPIBHAHHSA 1 3 METOIO
onTUMi3amii ckiaxy i yMoB oTpuMaHHi MerogoM PMC
CHHTE30BaHO  TaKOX  MexaHiuHi  cmiaBu  MC2
(Mg + 10 % mac. Ti), MC3 (Mg + 10 %mac. Fe) B Tux
K€ YMOBax peakTHBHOrO rmomeny, 1mo i MCL, i BukoHaHO
aHaJIOTIYHI JIOCHI/DKEHHSI MpOoIecy JaecopOuii BOIHIO.
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BuOip amoMmiHiI0O B SKOCTI JIETYIOYOTO EJIEMEHTY
00YMOBJICHHI TUM, IO IIeH €JIEMEHT, MAaIOYd MEHIIHUH,
HIK y MarHiro, aTOMHUH pajiiyc i €HTaJIbIII0 YTBOPEHHS
#ioro riapuny AlH; B MOpiBHSHHI 3 SHTANBIIE TiAPUIY
MgH,, Moxke CcOpHATH 3MEHIICHHIO OCTaHHBOI (TpH
JIETYBaHHI MarHil0 1 YTBOPEHHI TBEpAOr0 pPO3YHHY

aTIOMiHII0O B Mardii) 1, SK HACTiJOK, 3HWKEHHIO
TeMIepaTypu po3kiamy TimpuaHoi ¢asum - MgH,
OTpUMAaHUX MEXaHIYHUX CIIJIaBiB-KOMITO3HUTIB.

MoxuBicTh YTBOpeHHsT TBepaoro posumny Al B Mg
momenoM B aproni cyminn Mg+ 10 % mac. Al
npoaemoncTpoBana B [11]. CtocoBHO BUOOPY THTaHy Ta
3aiiza CNiJ BIA3HAYUTH, IO IIi MEPeXiTHI MeTaiu
BOJIOAIIOTh KaTaJITHYHUMU BIIACTHBOCTSIMH 1 B TIpOIECi
PEaKTUBHOTO MEXaHIYHOTO CHHTE3Y, BUKOHYIOYH DPOJIb
JIICNIEPTaTopiB,  CYTTEBO  IOKPAIIYIOTh  KIHETHKY
TiIpyBaHHs MarHito.

|. MeTonnka ekcriepuMeHTy

Buxinni TexHiuHi nmopouiku uncrororo 99,98 % Mg,
Al, Ti, Fe manu cepemniii po3mip wacturok 100; 100;
6,7; 10MxM BianosizHo. MexaHIdyHE CIDIABJICHHS
PEaKTUBHAM  IIOMEJIOM cyMillleii  MOpOIIKiB
Mg + 10 %mac. Al (cutae MC1), Mg+ 10 % mac. Ti
(cmmae MC2), Mg+ 10%wmac. Fe (crmmae  MC3)
MIPOBOJMIIN B CEPEMOBHII BOAHIO (THCK BogHIO 1,2 MI1a,
mBUAKicTs obepTanns 450 06./xB., yac nomeny 10 rox.)
B KyiapoBoMy MimHi ¢ipmu “Retch” i3 crameBumu
kyasivu. CITIBBIHOIIEHHS MacH MeETaJeBUX KYIb 10
MacHu 00po0IIOBaHOI cyMilmi mopomikiB ckiagamo 20 @ 1.

3MiHy po3Mipy dYacTHHOK mopomkiB MC micis
JIECATUT OAMHHOI O PMC OLIIHIOBAJIH LUISIXOM
BUMIpPIOBAaHHS TIMTOMOI TOBEPXHI MOPOILIKIB METOJOM
BET. Iloxubka BuMipioBaHb He mepepumryBaiga 10 %.
Penrrenocgazopuit aHaJi3 3pasKiB OTPUMAaHUX
MexaHiyHux cmwiaBis MC1, MC2, MC3 BHKOHYBaJIU Ha
aBTOMATUYHOMY KOMI' IOTEPH30BAaHOMY JH(paKTOMETpi
tuty JJPOH-3M. [udpaxrorpamu orpumyBanmu B
MiJHOMY BUTIPOMIHIOBaHHI 3 rpaditoBumM
MOHOXpPOMAaTOpOM  Ha  JIU(paroBaHux  MPOMEHSIX.
3'HiomMKy npo¢inro AupakiiiHUX JiHIH BUKOHYBAIU 110
TouKaM 3 KpokoM ckanyBauns 0,1° i yacom BUTpHUMKH B
KOXHi# Touwi criektpy Bix 10 no 20 c.

BonenbcopOriiiiHi BIaCTHBOCTI, TEPMIUHY CTIHKICTh
1 KIHETHKY TIpOIIeCy JecOopOIlii BOAHIO 3 TiApuaHoi (haszu
MgH, orpumannx MC1, MC2, MC3 pociipKyBaiu
MeToIoM TepMmoecopOuiiiHoi crekrpockomii (TJC) Ha
aBTOMAaTUYHIN  KOMII I0Tepi30BaHill  yCTaHOBII, sKa
JIO3BOJISIE OTPUMYBATH KPUBI 1 CIIEKTPH TEpMOJIECcOpOILii
BOJIHIO i3 TiApHUAY BOJIIOMOMETPUYHO-1300apHUHIM
MeTo0oM, TOOTO BUMIpIOBaTH 00’ €M JecopOoBaHOTO
BOJIHIO 13 3pa3Ky, IO HarpiBaeTbcs 13 3a/1aHOI0
IIBUIIKICTIO B CEPEIOBUILI BOIHIO IPH HOTO MOCTIHHOMY
THUCKYy. YCTaHOBKa TaKOX [O3BOJISIE HE  TUIBKH
OTpUMYBAaTH 1300apu JecOpOIlii-pecopOIlil BOMHIO MpPH
PI3HUX MOCTIHHMX THCKax BOJHIO B peakTopi Bix 0,1 mo
1,0MIla, ane ¥ NpPOBOIUTH TiJApyBaHHS-IETiIPyBaHHS
3pas3kiB mpu THCKax BoaHIo qo 6 MIla i Temneparypax
Bia KiMHaTHOT 10 1200 °C.

[1. Pe3yJbTaTu ekcrepuMMeHTy Ta ixX
00roBOpeHHs

AHati3 npuBencHUX Ha puc. 1,a,0,B peHTTeHIBCHKHUX
mudpakuiiHUX CIEKTpiB, OTpUMaHMUX Bix 3paszkiB MC1,
MC2, MC3 BiANoBiaHO, IO3BOJSE 3pOOMTH BHCHOBOK,
10 B pe3yJIbTaTi PEaKTUBHOI'0 MEXaHIUYHOTO CIUIABJICHHS
OTPUMAHO KOMITO3UTH, B CKJIJi SKUX BHSBJICHO HOBI
KpuctamiuHi (a3, AKi He BXOAWIH M0 CKIAAy BUXITHOI
cymimi mopomkiB. Tax, Ha auppakUifHOMY CIEKTpi
MC1 (puc. 1,a) B obmacti mozgiiiHoro kyta Bperra 36,95
IpaJycCiB 3apeecTpOBaHO TUPpaKIidHUE pediekc 31
100 % iHTEHCHBHICTIO, SIKUMl HAJCKUTH IHTEPMETAIITY
cknany MgAls. ¥V Bumagky MC2, niopsin 3 04iKyBaHUM

TiIpUAOM MAarHil0 yTBOPHBCS TiApHI TUTaHy 1
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Puc. 1,a. /Iudpakrorpama Bij 3pa3zka MexaHiqHOTO
crutay MCL.
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Puc. 1,6. Iudpakrorpama Bijg 3pa3ka MeXaHIYHOTO
crtay MC2.
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Puc. 1,B. ludpakrorpama Bix 3pa3ka MeXaHIYHOTO
ctaBy MC3.
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kpucramiuna  ¢aza  TiFe  (puc.1,6).  Amnami3
muppaktorpamu Bin 3pasky MC3 (puc. 1,8) nmpuBoauTh
JI0 BHCHOBKY IIpOo Horo Oarato)a3HiCTh, OCKIJIBKH Ha
nmudpaxrorpami BusiBiieHO pediexcu Bin crionyk MgH,,
MgFeHs, MgO, mo yrBOopwiaucs ImmiJ Yac IOMENy B
atmoctepi  BomHro  cymimi Mg+ 10 % mac. Fe.
Jubpaxkiiini minii Beix ¢as (e crocyersest MC1, MC2,
MC3) nOMITHO PO3IIMPEHi, II0 € HACITIAKOM CYTTEBOT'O
MEXaHIYHOTrO JUCHepryBaHHs miJ 4ac cuHre3y. Cuifg
BIIMITUTH — B YMOBaX MEXaHOCHHTE3y Wil THUCKOM
BOJHIO MaKCHMallbHa KiUIbKICTh TigpuaHoi ¢aszu MgH,
YTBOPIOEThCS TPHU JOJaBaHHI 10 MarHito Ti Ta Fe
omu3pko 91 1 88 % BigmOBIAHO, B TOW 4Yac, SK IpH
nmonaBansi Al yrBoproetbes Tibku 6ist 30 % rigpuaHoi
¢dazu MgH,.

Juns 3'scyBaHHS BIUIMBY BHTPUMKH Ha MOBITpI
MeXaHIYHHUX CIUIAaBIB MiCHs 1X CHHTE3Yy Ha TEMIepaTypy
PO3KJIany Ta KIHETUKY AecopOlii BOMHIO 3 TX TiApUIHUX
¢az MgH, orpumanu peHTreHiBChbKUI aupakuiiHui
cnektp Big 3pa3ky MCIL, sxuii micias HOro CHHTE3Y
nepeOyBaB Ha moBiTpi Ha mpots3i 30 xi6 (puc. 2,a). Sk
BUJIHO 3 IpUBEEHOI qudpakTorpaMu, BKazaHa BUTPUMKa
3pasky MC1 npuBesa 10 YTBOPESHHS MOMITHOI KiJIBKOCTI
rigpokcuanoi ¢asu Mg(OH),, sika Moke 00yMOBIIOBATH
MJBUIIEHHST TEpPMIYHOI CTIHKOCTI Ta TeMIlepaTypu
poskiany TimpuaHoi ¢asu MgH,. Moxkna 3poOuTH
BHCHOBOK, III0 JOJaBaHHs aJIOMIHIIO J0 Marbimo ciabo
BIUIMBAE Ha MpOLECH, IO BigOyBalOThCS Ha MOBEPXHI
rizpuaHoi (a3, 1 NpakTHYHO HE CTPUMYE BKa3zaHHH
MPOLIEC MiJBUIIEHHS TEPMIYHOI CTIHKOCTI MEXaHI4HOTO
CIUIaBy NpH 0arato4acoBiii BATPUMII Ha MOBITPI.

[cHyBaHHS  BIUIMBY  LUKIIYHOTO  TiJpyBaHHs-
nerizpyBanHs Ha QazoBuii ckinag MCL mepeBipsutn Ha
3pa3Ky, SKui OyJlo NpOriipoBaHO B 7/-My LHUKII.
Hudpaxrorpama Bia mporo 3pasky (puc. 2,0) BKasye, 1o
B pe3ynpTaTi Iepmux [ UMKIB  JeriIpyBaHHs-
rizpyBanHs 3MiHu azoBoro ckiaagy MCL npakTuuHO He
BiOyBA€ThCSI 1 cCHoOCTepiraloThesi TiK caMi  (a3oBi
ckiazioBi, mo i y Bunagky MC1 3pasy x Iicisi CHHTE3Y,
T00TO 10 TIoYaTKy IuKnyBanas —Mg, MgH,, Mg,Als.

[300apa necopOuii Boauto i3 3pasky MCL1 npu
MepIIoMy HOro HarpiBaHHI NpHBereHa Ha puc. 3. Maca
3pasky ckmagana 0,151, a MIBHAKICTH HarpiBaHHS
2 rpag/xB. Tuck Boasio B peakropi 0,1 MITa. Sk BumHO 3
npuBeneHoi Ha puc. 4 kpuBoi 1, iHTEHCHBHE BHAIJICHHS
BOMHIO 3 TimpuaHoi ¢asu MgH, 1pOro MexaHiuHOTO
CIIaBy MOYMHAETHCS npH Temmepatypi 360 °C. s
TOPIBHSHHSA Ha pHC. 4 TPHBEICHO TaKOX KpUBY 2
necopOuii BomHio 3 TigpuaHoi dasm MgH,, sky
OTpPUMAJIH TUM e MeToaoM peakTuBHOro PMC B Tomy x
KyJIbOBOMY MJIMHI 1 B TUX € yMOBax IOMENY Ha MPOTsI3i
SromuH. 3 HaBeleHOI KPHBOI BHIHO, IO TeMIeparypa
MOYaTKy BUWAUJICHHS BOAHIO B IbOMY BHIIAIKY TEX
cknagae 360°C, ame dopma kpuBoi 2 iHma, OiIbLI
yCKJIagHeHa 1 CBIQUUTh TNPO  OUIbII  CKJIaJHHH
(mBOMiKOBHMIA) XapakKTep TepMOACCOPOIIHHOTO CHEKTPY
uiei rigpumHoi dasu MgH,. IlpoBeneHe mnopiBHSIHHS
BKa3ye Ha Te, 10 JgofaBaHHsA 1m0 MarHiro 10 % Barosux
alfoMiHII0O TpH 3acrocyBaHHi Meroxy PMC  mis
orpuMmanHsl rigpugHoi ¢asu MgH, He mnpuBeno a0
3HW)KEHHS TEMIIEpaTypH IoYaTKy AecopOii 3 Hei BoxHIo
NpY TIepIIOMY HarpiBaHHI 3pasky micisi cuHTre3y. Lle
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Puc. 2,a. JIudpaxrorpama BiZ 3pa3Ky MeXaHIYHOTO
craBy MC1, sixuii micist cuHTe3y OyB BUTpUMAaHUIA
Ha noBiTpi Ha nipots3i 30 6.
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Puc. 2,6. udpaxrorpama Bif 3pa3Ky MeXaHIYHOTO
craBy MC1 micnst #oro rijpyBaHHs B 7-My LHKJII.
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Puc. 3. [300apa mepmioi micias cUHTE3y aecopOmii
BOJHIO 3 TigpuaHoi pasu MgH, mexaHiuHOro crutaBy
MC1 — xpuBa 1; i300apa mnepumioi ICis CHHTE3Y
nmecopOIii BomHIO 3 TrigpumHoi ¢asu MgH,, 1o
oTprMaHa TUM ke MeroroM PMC, ane Oe3 mobaBKu
aTIOMIHIIO — KpHBa 2.

nobpe 30iraeThes 3 pesyabrarom [12].

Sxmo mopiBHATH KpHuBY necop6buii 1 Ha puc. 3 3
OTPUMAaHUMH B THX JX€ yMOBAaxX KpPUBHMH JecOpOIil
BOJHIO 3 MexaHiyHux cmiasis MC2 t1a MCS3,
NpUBEACHUMH Ha pHUC.4, TO MOXKHa MOMITUTH 1X
BiIIMIHHICTh $IK 3a (DOPMOIO, TaKk i 3a TEMIIEPaTyporo
nouatky gecopOuiii Bommio, ska ckmagae 340°C y
Bumaaky MC2 i1 288 °c y Bumaaky MC3. Crin
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Puc. 4. 1300apu mnepmioi miciust cuHTE3y aecopOii
BOJIHIO 3 TiapuanHoi ¢pa3u MgH, MexaHIYHHMX CILIaBiB
MC1, MC2, MC3 - kpugi 1,2,3 BiamoBiaHo.
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Puc. 5. [306apa mecopOiii BOmHIO 3 TiApUIHOI (a3u
B-MgH,, o yrBopuiacs micist IepUIOro TiApyBaHHS
MC1.

BIIMITHTH, IIO MiCIsA CHUHTe3y Bci BKazani MC maiwm
KOHTAKT 3 MOBITPSM. 3 aHaJII3y OTPUMAHUX 1 IPUBEACHUX
Ha puc.4 KpUBHX TEpLIOl MiCIs CHHTE3Y JecopOuil
BOJHIO BHJHO, IIO B PE3YNIbTAaTi PEaKTUBHOTO IIOMETY
cymimi Mg+ 10% mac. Al wa mporszsi 10 romuu
BIAETLCS OCATTH BOAHEBOI eMHocTi 2,5 % Mmac., ToOTO
3HAYHO MEHINOI BEJIMYMHY, HI)K Y BUNAJIKy PEAKTUBHOTO
nomeny (Tex Ha nporasi 10 rox) cymimr Mg + 10 % mac.
Ti (6,76 % mac.) abo Mg + 10 % mac. Fe (6,34 % mac.).
[Ticnst oTpuMaHHs KpUBOI TepiIoi AecopOIii BOAHIO
3 3pazky MC1 octaHHill 3 peakTopy HE BUHMaBCs, IpU
temnepatypi 450 °C HamyckaBcst B peakTop BOACHB 10
Tucky 3 MIla i mpu OXOJIO/PKEHHI 3pa3Ky pa3oM 3 Miudro
3MIMCHIOBAJIOCH HOro TepIle TiApyBaHHA. [300apy
nmecopOIii BomHIO 3 TigpumHoi dasu B-MgH,, mo
yTBOpHJIACsS MiciIst BKa3aHOro repuioro rigpyBanas MCL,
HaBeACHO Ha puc. 5. 3 HaBeleHOI KPUBOI BHIHO, IO
TeMmIiepaTypa II04aTKy JecopOuii BOAHIO B LOMY
BHIIAAKy jopiBHioe Gmmspko 315°C. Ils Temmeparypa
BIKE 3HAYHO HIDKYA 32 Temnepatypy 360 °C, BisHaueny B
norepeHHOMY JIOCIi/pKeHH] JecopOuii BomHio 3 MC1
micnst oro CHUHTE3y i KOHTaKTy 3 IOBITpPSM, ajie BOHA
3aJMIIMIACH PIBHOIO TEeMIeparypi IMo4aTky JecopOrii
BoaHIO 3 orpuManoi PMC rigpuanoi dasu B-MgH, (6e3
nonaBanns Al), sika micias cuHTe3y Oyna JeriapoBaHa
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Puc. 6. HopmanizoBani i 3BEJICH] B OJIHY
TeMmIepaTypHy mmkany kpuBi 1,2,3 TepMmiuHOI
necopOuii  BopHIO 3 TigpumHoi  dasm  MgH;

MexXaHIYHUX cIuiaBiB Bigmosimno MC1, MC2, MC3
micns X mepmioro TiApYBaHHSA, a TaKOX IICHs
nepiroro rigpyBanas MC 0e3 m00aBKU aJIIOMIHIIO —
KpuBa 4.
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Puc. 7,a. Kinernuni xpuBi zgecopOuii BOAHIO 3

rigpuanoi ¢asu B-MgH, MCL(Mg + 10 % mac. Al) B
yMOBax IIOCTIHHOTO THCKY BOIHIO B peakTopi
0,1 MIla i npu Temmepatypax 300, 330 Ta 400 °C.
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Puc. 7,6. Kinernuni xpuBi zgecopOuii BoaHIO 3
rizpuaHoi gazu B- MgH, mexaniunux cruiaBie MC1,
MC2 ta MC3 ipu 300 °Ci tucky BomHio 0,1 MITa.

(mpu TepIIOMy HArpiBaHHI) i 3HOBY MPOTiIPOBaHa B THX
xe ymoBax, mo i MC1. ToOTo o4iKyBaHOTO 3HHXKEHHS
TemnepaTypu necopOrii BomHto 3 B-MgH, 3a paxyHOk
MEXaHIYHOTO JIETYBaHHS aJIOMiHIEM He BiAOymocs.
Takuii BUCHOBOK 3po0JIeHO 3 TMOpPIBHAHHA KpuBoi 1 3



Mexaniusi cutasu Mg-Me (Me = Al, Ti, Fe): nociipkeHHs ...
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Puc. 8,a. Kpusi tepmoaecop6uii Boguto 3 MC1, 1o
OTpUMaHi TpU HIBHAKOCTI HarpiBaHHS 3pasky 3 i
10 rpan/xs.(kpuBa 1 Ta 2 BiANOBiIHO).
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Puc. 8,6. Criextpu TepmomecopOitii Bogauo 3 MC1,
0 OTPUMaHi NpU NIBHJKOCTI HArpiBaHHS 3pasky 3 i
10 rpan/xB. (kpuBa 1 Ta 2 BiAMOBIAHO).

KpHBOIO 4 Ha puc. 6, 3 SKOro MOXKHa TaKOX ITOOAYUTH,
IO BHWIIE33a3HA4YeHa TeMIlepaTypa JaecopOuii BOIHIO
(315°C) 3 MC1 BusBIS€ThCS BHIIOI 33 TEMIIEPATYPY
nouatky gecopbuii Bommio 3 MC2 (305°C) Ta
MC3(308 °C) micis ix mepuIoro rifpyBaHHS B THX Ke
yMoBax, 1o i MC1.

JlocmiikeHHsT KIHETUKH TIPOIIeCy AecopOIlii BOMTHIO 3
MC mnpoBoawIM TIpH TOCTIHHOMY THCKY BOJHIO B
peaktopi 0,1 Mma i mpu temneparypax 300, 330 Tta
400°C. JlocmimkeHo KiHeTHKy necopOuii BOZHIO 3
rigpuanoi ¢pasu B-MgH, MCL1 micns #oro rixpyBaHHsS
(450 °C, tuck BomHio B peakropi 3 MIla, 0XOIOMKEHHS
3pasky 3 miuuro). KiHeTnuHi KpuBi gecopOIiiii HaBeIeHO
Ha pwuc. 7,a. SIK BUOHO 3 HaBENCHUX KPHUBUX, NpPHU
temmeparypi 300°C  BumizeHHSs BOZHIO 3 YACOM
BimOyBaeThest jmocuth moBinpHO (3,1 % BaroBux 3a
175 xB.) i kiHeTnKa JecopOilii BOIHIO HE € NIBUAKON B
TOPIBHSHHI 3 TaKOK Yy BHIAJKy MEXaHIYHHUX CIUIaBIiB
MC2 ta MCS3, kpuBi nmecopOIii BOAHIO 3 SKHX MpH
temneparypi 300 °C npuseneso Ha puc. 7,6. MeHue Hix
3a 50 XBWIMH, SK L€ BUAHO 3 puUC. 5,0, JecopOyeThes
BECh BOJICHB, sAKuil MicTB MC2 micns ¥oro mepmioro
rigpysannst (2,8 % Barosux), i Bcboro 3a 16 xsunuH 6ins
3 % BaroBux BoaHto 3anuirae MC3. BigMiueHa cyrreBa
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pizHuns y mBuakocti agecop6mii BomHio 3 MCLl B
nopiBusaHHI 3 MC2 Ta MC3 He € HecnoAiBaHO, SKIIO
BpaxyBaTu TOW BifoMHH (haKT, 110 aJFOMiHIN HE BOJIOJIE
TaKUM  CHWIBHUM  KaTaJiTHYHUM  e(eKkToM 1o
BIHOIICHHIO 10 peKOMOIHAII BONHIO Ha ITOBEPXHI
TIAPUIY MarHifo, SKUM BOJIOMIIOTh IMEPEXiJHI MeTaju
THTaH Ta 3ani30. [pu temmepatypi 400 °C, sk BuaHO 3
puc. 7,a, necopOuist Bcboro BoxHIo ckiaaae 3,37 % Bar. 3
MC1 i BinOyBaeThes 3a 15 xBuinH.

3 Merolw po3paxyHKy €Heprii akTHBamii Ipouecy
nmecopOIrii BomHIO 3a ¢opmynoro KicciHmkepa KpuBi
TepMmozecopO1ii Bognto 3 MC1 micng #oro rigpyBaHHs B
1-my ta 7-My mukiax Oynu OTpUMaHi NMPU MIBUAKOCTI
HarpiBanHs 3pa3ky MC1 BignosinHo 3 ta 10 rpagycis 3a
xpwuHy. 1li kpuBi mecop6uii (kpusi li 2 BiamosimHo)
Tpe/icTaBiieHi Ha puc. 8,a, a ix crekTpu TepMojecopOmii
(Tob6TO MOXiAHI MO TeMIepaTypi Bix KpUBHX JecopOrii) —
Ha puc. 8,06. BukopucroBylouM  BKa3aHi  KpHBI
TepmonecopOItii BogHto 3 MC1 oTpumanu 3HAYCHHS
eHeprii akTuBamii mpouecy aecopOuii BogHo 3 MC1
piBae 196 xJIx/mMonb. 1le 3HaueHHs eHeprii akTHBAIii
JecopOuii BogHIO 3 TiapumHoi ¢asu B - MgH, npu tucky
BogHi0 B peaktopi 0,1 MIla mpakTtuuHO cmiBmajgae i3
sHaveHHsaM 191 x/[x/monb, orpumanum B [13] mns
rigpuny MgH, (6e3 kaTamiTHyHHMX 100aBOK, SKi
3aCTOCOBYIOTh JUISI TIOKPAIICHHS KIiHETHKU JIecopOrrii
BOJHIO) 1 ONW3BKE [0 OTPUMAHOTO HAMHU paHilie
snavenns 180 k/Ix/Monb I eHeprii akTUBaIlii TPOLECY
nmecopOIrii BogHIO 3 rigpumHoi ¢asu [ - MgH,, mo
orpumana PMC. OtpumaHi 3HaYCHHS SHEPrii akTHBaIii
196 xJ/[)x/Mop BKa3ylOTh Ha Te, LIO JOJABAHHA JIO
maruiro 10 % mac. Al (6e3 omHOYacHOro JOJaBAHHS
TaKOXX THTAHY Ta 3aii3a) HE MPHUBENO 0 MMOKpAICHHS
KIHeTHKHU JiecopOIrii BogHiO 3 rigpumnoi dasu MgH,
MEXaHIYHHUX CIUIaBiB, SIK [I€ OYIKYBaJIOCh BUXOISIYH 3
[11], i amtomiHiii He BUCTYNMB B pONi MPOTEKTOpa i He
3aXHMCTHB TMOBEPXHIO TiZPHIY MarHifo BiJl KUCHEBHX Ta
imMX  3a0pyAHeHb,  SKi  MOXYTb  CTPHUMYBaTh
pekoMmOiHamit0 BOmHIO. ke TOSCHEHHS MOXKHA JaTh
TOMY CHOCTEpEXeHOMY (hakTy, IO JONABAHHS aJIIOMIHIIO
JI0 MarHilo He CIPUYMHWIO 3HW)KEHHS TEMIIEpaTypH Ta
MOKpAIICHHS KiHCTHUKH AecopOIli BOMHIO 3 TiAPHUIHOI
¢asu MgH,? Ilo3uTHBHOrO BIUIMBY aJIOMIHIIO Ha
TEMIIEpaTypy Ta KIHETHKY IIpolecy JecopOuii BOIHIO 3
rizpuaHoi ¢gaszum MgH, nificHo MoxxHa Oyno O4iKyBaTH,
SIKIIO TIPUITYCTHTH, 11O ITpu yTBopeHHi MgH, B mporeci
PEaKTUBHOTO MOMEITY BiOYJIeThCsl MEXaHIuHE JIeTyBaHHsI
aJIOMIHIEM TIAPUAY MarHiro, TOOTO BiAOymeThCA IiX
JIEFO0 KYJb 1 JIOKAJIBHOI'O HArpiBy pO3YMHEHHS aJIIOMIHIif0
B MarHil 3 YTBOPEHHSIM TBEPJOr0 PO3YMHY 1 HACTYyITHE
ripyBaHHS ocTaHHbOro. He 3amepedye Takomy
NpUMYNICHHIO 1 Jgiarpama crany Mg-—Al, 3 skoi
BHILUIMBAa€ MOXKJIMBICTh PO3YMHEHHS B MarHii mo 12,6 %
Bar. ayoMiHil0. 3 Jpyroro OOKy, iCHYE BipOTiJHICTh
TOro, MI0 B IIPOIECi PEaKTHBHOIO IOMENy CyMilri
Mg + 10 % mac. Al MOXyTh YTBOpPHUTHCSH, SK BiJIOMO,
TaKoX 1 pi3Hi crmoiyku amominito 3 Maruiem (AlzMQp,
AlMg, AlzMg,, AlLMgs) Ta ix rmigpuam (1 1e
crocrepiraioce B [2]). Came Taka MOXKIMBICTH 1
pearnidyBasiach B HAIIOMY BHUMAJKy MEXaHOXIMiYHOTO
cuTesy MC1 1 mnpu  HacTymHOMY HUKITIYHOMY
rizpyBanHi. [IpoBenenuit HaMmu peHTreHO(Aa30BHIA aHAaII3
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3pa3KiB MEXaHIYHOTO CIUIABY IIICIISi CHHTE3Y 1 OCOOJIHMBO
michst  JeKUIPKOX LHWKIIB  TiAPYBaHHS-AETiIpYBaHHS
MOKa3aB MPHUCYTHICTh TIOMITHOI KijbKocTi hazu AlzMgs.
IIporiec ytBOpeHHs Iri€l (a3u, B SAKIA 30CEpEIKCHUIMA
Maike BeCh aJIOMIHIM, IO JoxaBaBCid IO MarHilo,
CTBOPHUB KOHKYpEHIII0 Tpoiecy yTrBopenHs (mimx dvac
PCAaKTHBHOTO IOMENy) TBEPAOr0 PO3YMHY B MarHii
IIOMIHIO, YAM YHEMOXJIMBUB IIO3UTUBHHUN BIUTUB
OCTaHHBOTO $IK Ha OO0 €MHI, TaKk 1 Ha IOBEPXHEBI
BiacTuBoCTi Tinpuanoi Gaszu MgH,, 1 3 miel npuuuHN He
BiOy/OCST OYIKYBaHOrO 3HIKEHHS 11 TemIepaTypu
poskiamy mpu piBHOBakHOMY THCKYy 0,1 MIla (To6TO
SHIDKCHHS 11 TEpMOTUHAMIYHOI CTaOLIBHOCTI 3aBISAKH
3HIDKCHHIO CHTANBIII1 YTBOPEHHS).

BucHoBku
TakuM 4YMHOM  MOXHA  3pOOMTH  BHCHOBKH:
JMOMABaHHA JO MarHilo TUTbkH  amroMidio  (6e3

OJIHOYACHOTO JofaBaHHsA Ti Ta IHIIMX MeETaliB) He

MPU3BOJNTL JIO TOKPAIICHHSA BOICHBCOPOIIMHUX 1
KIHETHYHUX XapaKTEPUCTUK MEXaHIYHOrO CIUIaBy 1
SHIDKCHHS TEMIIepaTypu IO0YaTKy JecopOIlii BOIHIO 3
Woro rigpugHoi ¢dasu MgH,. 3’sicoBaHo npUUUHY
BIICYTHOCTI TIO3UTHBHOI'O BIUIMBY AQJIOMIHIIO, sKa
MOJISITa€ B TOMY, IO B TPOIIECi CHMHTe3y MeromoM PMC
MPAaKTUYHO HE BiAOYBAa€ThCS YTBOPEHHSA TBEPIOTO
posunny Al B MQ i, fK HacmigoK, O4YiKyBaHOTO
MEXaHIYHOTO JICTYBaHHSA aJIOMIiHIEM TiApumHOi (aszu
MgH; i3-3a yTBopeHHs OLIBII KOHKYPEHTHOCIIPOMOKHOL
cronyku AlsM@,, B sKiii 30CepeKeHO Maibke BeCh
aJIFOMIHIH, 1110 10JaBaBCsl.

€Epwoga O.I'. - crapmii HAyKOBUH CHIBPOOITHUK,
KaH/IW/IaT TEXHIYHUX HAYK;
Hoobposonscokun B./]. — crapimmii HayKOBUI

CHiBPOOITHHK, KaHAUAAT (Di3MKO-MaTEMaTUYHUX HaYK;
Cononin FO.M. — noxrop (i3UKO-MaTeMaTHYHUX HAYK,
unieH-kopecnonaeHT HAHY.
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O.G. Ershova, V.D. Dobrovolsky, Y u.M. Solonin

M echanical Alloys Mg-Me (Me=Al, Ti, Fe): Study Hydr ogen Sor ption
Properties, Thermal Stability and Kinetics of Hydrogen Desor ption

Ingtitute for Problems of Materials Science NAS of Ukraine, Krzhyzhanovsky 3, Kiev 03142, Ukraine

Mechanical alloys Mg + 10% wt. Me (Me = Al, Ti, Fe) have been derived by the
reactive mechanical alloying (RMA) method. Thermal stability of mechanical alloys
and kinetic of hydrogen desorption from the alloys have been studied employing
thermodesorption at hydrogen pressure of 0.1 MPa. Activation energy of process of

hydrogen desorption has been determined.

It has been established that Al addition to Mg (without addition of Ti and other
metals) does not cause decreasing temperature of the beginning of hydrogen
desorption from the MgH, hydride phase. Absence of positive influence of Al upon
thermal stability is explained by the discontinuity of mechanical alloying of MgH, by
Al as aresult of formation of more competitive AlsMg, compound.



