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MccAe AOBAHO BAUSIHNE A€ POPMALNM N3TMOA M MOCAEAYIOLLEN TEPMNYECKON OBPABOTKM HO XAPAKTEP N3MEHEHUS MUKPOMEXA-
HUYECKUX CBONCTB U XAPAKTEPUCTUKN TOHKOW CTRYKTYPbI GAKOMOMArHMEBOIO KOMMNO3ULIMOHHOIO Matepmnana AA1-MA2-0 noc-
A€ CBAPKM B3PbIBOM. YCTOHOBAEHO, 4YTO NOcAe TepmoobpaboTtim (f = 300 1 400 °C, 1t = 1 4) KOMMNO3UTA, CBAPEHHOTO B3PbLIBOM U
NMOABEPIHYTOrO 13rnby, GOopPMUPYETCS MHTEPMETAAAUAHAOS MPOCAONKA, OKA3bIBAIOLLAS CYLLECTBEHHOE BAUSHME HO MOBEAEHNE
XAPAKTEPUCTUK TOHKOM CTRYKTYPHbI.

KAtoueBble CAOBA: CBAPKA B3PbIBOM, AAIOMOMATHMEBbIN KOMMO3UT, TEPMOOBPABOTKA, MUKPOTBEPAOCTb, UHTEPMETAAAUABI, AND-
Py3usl, PEHTTEHOCTPYKTYPHbIN GA30BbIN AHAAN3.

The effect of bending deformation and subsequent heat tfreatment on the behavior of micromechanical properties and fine
structure of explosion welded AD1-MA2-0 magnesium-aluminum composite material has been investigated. It is established
that after heat tfreatment (f = 300 and 400 °C, t = 1 h) explosion welded and bent composite material shows formation of an
infermetallic layer, which significantly affects the fine structure characteristics.

Key words: explosion welding, magnesium-aluminum composite, heat treatment microhardness, intermetallic compounds,

diffusion, X-ray phase analysis.

Metonom cBapku B3pbiBoM (CB) MOXHO M3roras-
JINBaTh OMMETAJINYECKNEe WU MHOTOCJIOMHBIE KOMIIO-
3uIMOHHbIe MaTepuabl (KM) pa3iuyHbIX COUeTaHU I
C YJIYUYIIEHHBIMM TPOYHOCTHBIMU, KOPPO3UOHHBIMH,
KApOIPOYHBIMA U APYTUMH CBOMCTBAMM IJISI XMMMU-
YeCKOIo MalllMHOCTPOEHUsI, He(pTera3oBoii, aJlOMUHU-
€BOM, DJIEKTPOTEXHUYECKON M APYyruX OTpacieil mpo-
MBIIIJIEHHOCTU. ANltoMoMarHueBble KM, monydyeHHbIe
CB, npuMeHs10TCS B KaueCTBe MepeXOAHbIX 3JIEMEHTOB
B OTBETCTBEHHBIX KOHCTPYKLUSX [1, 2]. M3roToBieHue
TaKHX 3JICMEHTOB JJIsI 00eCITeUeHU ST 3aJaHHBIX 9KCILIY-
aTallMOHHBIX XapaKTEPUCTUK COCTOUT U3 HECKOJbKUX
TEXHOJIOTMYECKMX OIlepalliii, BKIIOUAIOIINX MPOLeC-
CHI TTACTHYECKOro AedopMupoBaHus (IIpaBKa, rudKa,
1ITaMIOBKa, MpoKaTKa 1 T.[.), a UX paboTa Mo Harpy3-
KO COIpsizKeHa ¢ BOSBHUKHOBEHUEM YIIPYTUX U TJIACTH-
YeCKUX aeopMalinii.

BiausinHue HanpsikeHHO-IedOpMHUPOBAHHOTO CO-
CTOSIHMS TOCJIe U3TMba Ha XapakKTep YIPOYHEHUS CBa-

PEHHOTO B3PHIBOM aJIIOMOMarHMeBOI0 KOMIIO3UTa
AJI1—MA2-0 usyyeHo B pabote [3]. YcTaHOBJIIEHO, YTO
pacnpeneneHue nedopmaliiii B ero ciosix rmocijie usrubda
uMeeT caenylomuii Bua: B A1 geiicTBYIOT TOJbKO pac-
TSITHBAIOIINE HAIpSIKeHMsI, a B MA2-0, gepe3 KOTOPBIiA
IIPOXOOUT HEUTpalibHasA JIMHHS, 00pasyloTcs CXXHMa-
omue HanpsxkeHus. [locnoiiHble nedopMalvu Mmpe-
MMYIIEeCTBEHHO JIOKAJIN30BaHbI B 00JaCTU IIPOTSKEH-
HOCTbhIO ~20 MM BOJIM3U MecTa MIPUJTIOXKEHU S HArPY3KHU,
a XxapakKTep COOTBETCTBYIOIIUX KPMBBIX MPaKTUUYECKU
CUMMETPHYEH OTHOCHUTEIBHO MakcuMyMma aedopMa-
uuu. Haubosbllive 3HauyeHUs1 cTeneHU Aedopmauuu
BHEIIHUX cJIoeB adioMuHusI AJll 1 MarHUEeBOTO cIljilaBa
MA2-0 coctaBunu 12 u 14 % cOOTBETCTBEHHO.

B nmanHOIT paboTe MpeacTaBiICHBI pe3yIbTaThl MUK-
DPOCTPYKTYPHBIX HCCJIEIOBAaHUI, MUKPOTBEPIOCTH,
PEHTTeHOCTPYKTYPHOTO aHaIn3a 00pa3IioB KOMIIO3UTA
AJI1—MA?2-0 nocne u3ruba v rnocaeayouei TepMooo-
padorku (TO).
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MATEPUAADBI U METOAUKA DKCNEPUMEHTA

CBapKy B3pbIBOM W U3TM0 OCYIIECTBIISIIN IO METO-
IuKaMm, onucaHHbIM B padote [3], a TO npoBoauiau B
neur CHOJI-1.6.2.51/11-13 nipu ¢ = 300 u 400 °C u Bpe-
MEHU BBIIEPXKU T = | 4.

PacnpeneneHue MUKPOTBEPAOCTHM B IONEPEUYHOM
ceueHun KM omnpenensiaiym B 3aBUCMMOCTU OT yaajie-
HUSI TPaHUIIBl pas3fena ¢ nmomMoinbio npubopa [MTMT-3
npu Harpyske 0,2 H. MeTannorpaduueckue ucciieao-
BaHMSI MUKPOCTPYKTYPHI BBHITIOJIHSIIA Ha MUKPOCKOIIE
Olympus BX-61 ipu yBennueHusx ot 50* mo 500%.

PeHTreHOBCKYI0 ChEMKY NPOBOIMJIM Ha YHUBEP-
canbHOM nudpakTomerpe JIpoH-3 B XapakKTepUCTHU-
4yecKOM K, -U3JIy4eHUU MEIHOr0 aHOIa C HUKEJIEBBIM
¢bunabTpoM. s oueHKU (a3oBOro cocraBa 00pa3LoB U
YIIUPEHUS PEHTI€HOBCKUX JIMHUM BbIpE3aJUCh y4acT-
KM C MaKCUMAaJbHOM CTEeMeHbIo AedopManny mpu u3-
ru6e. IJs1 aToro odpasibl MNOCIOMHO CTpaBAMBaIUd B
50 %-nom pactBope HCI (nns Al) u 4 %-HoM pacTBOpeE
HNO; (a1t Mg) B aTunosom cnupre. PeHTreHorpam-
MBI TIOJly4YaJu B UHTepBaJie yrjios 20 = 30+100° npu
CKOpPOCTHU ABMKeHHUs cuetyuka 1,0 rpamx/mMuH, a qua-
TpaMMHOI IeHThl — 720 MM/4 C 1IIarOM OTMETKH YTJIOB
1,0°. Unentudukauuio ¢a3 OCyUIECTBASIAU C TOMO-
mbio mporpammbl Crystallographica Ha 0a3e HaHHBIX
Powder Diffraction File-2 (The International Center for
Diffraction Data).

Hdns onpenesieHUs (GU3MUYECKOTO YIIUMPEHUS PEHT-
TEHOBCKUX JIMHUY TPOBOIUIIU CHEMKY mpoduieit nuc-
pakiuoHHbIX JuHUE (200) u (400) amomuuus, (100) u
(200) maraus nocie CB, usru6a u TO. a5 pazaeneHust
0011IeTO YIIMpPEeHNS Ha (U3NMISCKOE U TeOMETPUIECKOE,
a TaK>Ke JUIST pacyeTa OTHOCUTEIbHOMU AeopMaIinm pe-
IIETKM M 00JIacTeil KOrepeHTHOI'0 pacCesIHUS MCIOJIb-
30BaJIM METO[I aTiITpoKcuManuu [4].

PE3YABTATbI U UX OBCY XAEHUE

XapaKTepHBIM JIJIST OOJIBITMHCTBA CBAPEHHBIX B3PhI-
BOM KOMITO3UTOB SIBJISIETCSI BOJTHOBOM ITPOdUJIb TpaHM-
bl COCNMHEHUS, aMIJINTYa U IIIar KOTOPOT'O 3aBUCST
OT MapaMeTpoB B3pbIBHOrO HarpyxeHus [1]. Ha puc. 1
npeacTaBjeHa MUKPOCTPYKTYpa M3y4aeMOI'o KOMIIO-
3uta AJ1—MA2-0 nocie CB 1 n3ruba. M3 ero gaHHbIX
BUHO, YTO B TIOCJIEAHEM cJiydae BOJHOBOW NpOoduIib
TpaHUIIBI COCIMHEHUS MpeTepleBacT CYIIEeCTBEHHbBIE
W3MEHEHMS II0 CpaBHEHUIO C cocTosiHMeM Tocie CB:
aMIUIUTYya BOJIH yMEHbIIIajach, a JUIMHA yBEIUYMBA-
Jlach 10 Mepe pocTa cTerneHu nedopmanuu (cM. puc. 1,

Puc. 1. MUKPOCTPYKTYpPbI KOMITO3UIIMOHHOIO MaTepuaa
A1-MA2-0

a — nocie CB (x100); 6 — nocae uzruoda (x200)

a u 6). B pabote [3] nokaszaHo, 4yTo aedopMaliuu Mpu
u3rube 1o 5—7 % MpUBOIST K pa3yMpOYHEHHUIO COCTaB-
JISIOIIMX KOMIIO3UTa B oKoJioloBHO# 30He (OILI3) Ha
pacctogHuu 100 MKM OT 30HBI COCAUHEHUS, MTPUYEM
9TOT 2 beKT 6osiee IPKO BHIPaXeH B alOMUHUM (H)) =
= 700900 MIIa). B pacTIHYTBIX U CXaTBIX OT 7 IO
14 % oGnacTsix HaOMomaeTcst ynpouHeHue ciioeB KM.
IMocne TO mukporsepaocts B O3 yBenuuuBaeT-
csl BCJIEICTBUE 00pa3oBaHMsI MHTEPMETAJIUIHOM TIPO-
clIoiiku (puc. 2), a Mpy yaaJeHU U OT I'paHU LBl COeINHE-
HUST — OHa yMeHblnaetcs. Jlnddysus ocymecTBasieTcs
MMPEeMMYIIEeCTBEHHO 13 MarHus B aJlfoMuHui. TonmmHa
I PY3MOHHOM MPOCIONKUA TePMOOOPaOdOTAHHOTO 00-
pasiia mociie U3ruda MpakKTUIeCKH NACHTUIHA TAKOBOMU
nocyie CB npu toit ke TO u coctapasgetr 100 mxm. Ipu
Harpese 10 300 °C B TeueHHe | 4 IPOMCXOAUT CHUXKE-
HUe MUKPOTBEPAOCTH B CI0OSIX amioMuHus 10 400 MIla
u Maraus g0 600 MIla. IloBeilieHre TeMIIepaTyphl 10
400 °C mpakTu4yeckKu He BIMSET Ha TBEPAOCTh 000MX
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Puc. 2. MuKpocTpyKTypBl KOMITO3UIIMOHHOTO MaTepuraa
AI1-MA2-0 ocne CB (a) n usruba ()
u nocaenyromieit TO npu =400 °C, T =114 (x500)

cioeB. OrmeTuM, uto B OII3 adoMUHUS TBEPAOCTH
mpesbimaet 2000 MITa.

TlocnoliHblii peHTreHo(a30BbIli aHAJNM3 MoKa3all,
yto 1nocie CB u nmocnenyloiiero n3ruba odpaszoBaHus
WHTEPMETANINAOB HEe TPOUCXOAUT. TepMooOpaboTKa

npu ¢t = 300 °C npuBOIUT K POPMUPOBAHUIO UHTEPME-
tajanuga Al;Mg, Bo3iie caMoii 30HbI COEIMHEHU S, a TIPU
400 °C mporcXoauT yBeJINUeHNEe 00JIaCTH B3aMMOICIHC-
TBUSI KOMITOHEHTOB Ha paccTOSSHUU d = 100 MKM OT 30HBI
COeMHEHMS B TNIyOb alIOMUHUS ¢ 0Opa3oBaHueM (da3:
TBEPAOro pacTBopa Ha ocHoBe Al, Al;Mg, n Al;,Mg;,.
CrnenyeT OTMETUTb HE3HAYUTEIbHOE WU3MEHEHUE WUX
KOJMYECTBEHHOr0 COOTHOIIEHUS TpU HPUOIUKEHUU
K 30HE COeAMHEHUS. AHAJIOTUYHBIN (Da30BbIil cocTaB
onpenesieTcs Npyu BakyyMHoOI 1uddy3MOHHOI CBapKe
BOJIM3Y TPaHUIIBI COCMUHEHUS aJIOMMHUS C MarHUEM
[5]. PocT muddy3noHHON MPOCTOUKH TTOCe M3TH0a 1
TO, Tak ke Kak nocje CB u TO, nmpoucxoauT nmpeumy-
1IECTBEHHO B CTOPOHY Al, a BMarHuii oHa MpakTUYeCKU
He uier [6].

O060061IeHHBbIE pe3yJbTaThl U3yUYeHUsT (Pa30BOr0O CO-
ctaBa Iu¢pGYy3MOHHON TTPOCIONKHU B KoMImo3ute A1—
MAZ2-0, momBeprHyTOM HM3THOYy M Tociaenymoomieii TO,
MPUBEACHBI B TAOIULIE.

B pab6orte [3] ycTaHOBJIEHO, YTO pacnpeacnacHue Gpusn-
Yyeckux ymmpenuit muHuii () kommnoneHtoB KM AJl1—
MAZ2-0 nocie cBapku U MocJieayoliero u3ruda koppe-
JIUPYeT ¢ U3BMEHEHUEM MUKPOTBepAocTU. Tak, Ipu cTe-
neHsx gedopmaunu 10 5 % BenuauHbl Brggcan, Baoo(al
¥ Bioo(Me)s B200(Mg) YMEHBIIAIOTCS, UTO CBA3aHO C MPO-
TeKaHUEeM IMCJIOKAallMOHHBIX peakKIMil M YaCTUYHOU
AaHHUTUJISILMEN AucIoKauui. boabmiuit rpagueHT
3HaueHuit Habaonaetcs B O3 AJl1. Ynpyras agedop-
Malus peleTku cHuxaercs Ha 20 %, pa3zMmep 6JIOKOB
Mo3anKu yBeamdmBaeTcs ¢ 750 mo 910 A. ToBblmenune
crenieHu nedopMmanuu a0 14 % mpuUBOOUT K pocTy P,
T.€. pacTeT IJIOTHOCTh AUCTIOKAIMI1, IPOUCXOIUT pa3-
BUTHE OJIOYHOU CTPYKTYPHI (pa3Mep O0JIOKOB MO3aMKU

®a3oBblii cocTas no ToJmuHe 11U ¢y3MOHHOI MPOCIOHKN KOMIO3UIMOHHOro MaTtepuaia AJI1-MA2-0

nocJie CBAPKH B3PbIBOM, H3rH0Aa M TEPMUYECKOiT 00padOTKH

TO 300°C, 14 TO 400 °C, 14
Mecro
T PaccTosiHIE OT TPaHUIIBI DasopLlii cocTan PaccTosiHKE OT TPaHUIIBI DasoBsiit COCTAB
COETMHEHNST, MKM COEMHEHMST, MKM
270 Al 400 Al
Co cTopOoHBI 140 Al 100 Al, Al;Mg,, Al;,Mg;;
ALl 60 Al, Al;Mg, 50 Al, Al;Mg,
20 Al, Al;Mg, 20 ALAL;Mg,
coez?y?::}[m 0 Al, Mg, AlsMg, 0 Mg, Al;Mg,
20 Mg 20 Mg
Co cTOpOHBI 50 Mg 50 Mg
MA2-0 170 Mg 150 Mg
400 Mg 400 Mg
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B, mpan
AJll i MA2-0 a

114

9 -

BZOO(AI) 7 :
5 -

] BZOO(Mg)
s B40()(Al)

T
3000 2404 1808 1212 616 20 584 1148 1712 2276 d, MKM

B, Mpan
AT 5. MA2-0 o
8 d
_ B200(A1) ~/2_ N BwO(Mg)
400(a) o Brotve) o

T T T T T T T T
3000 2404 1808 1212 616 20 584 1148 1712 2276 d, MKM

Puc. 3. 3aBucuMocCTb 3HaYECHUI (PU3NYECKUX YITUPEHU
OT PACCTOSIHYSI 10 30HBI COSAMHEHUS TTOCIIe U3rnba
nuTOnpu t=300°C,t=14(a) n400 °C, 14 (6)

jpocturaer 680 A), 4TO, B CBOIO O4Yepedb, MPUBOAUT K
BO3HMKHOBEHUIO BBICOKOTO YPOBHS YIIPYroi aedop-
manuu pemretku. Kpome toro, B OII3 (mo 200 MKM)
ToBeIeHUe B-TUHUM HOCUT CIOXHBIM XapakTep, KOTO-
pBIii CBSI3aH C ONPEACIICHHON NePECTPOMKOM aTOMHBIX
CIIOEB.

Harpes KM, noasepruyTtoro uzruody, no 300 °C npu-
BOIUT K 00pa3oBaHUIO IU((HY3MOHHON MPOCIONKHU B
AJll, cocTosmieil U3 TBEPIOTO pacTBopa Ha ocHOBe Al
U uHTepMeTaJIuaHbIX (a3. Ha puc. 3 mpencraBieHbl
pe3yabTaThl pEHTTE€HOCTPYKTYPHBIX UCCIEIOBAaHUMN Xa-
PaKTEPUCTUK TOHKOU CTPYKTYPHIL. Y3 ero maHHBIX BUI-
HO, YTO Ha paccTossHUU 10 100 MKM OT 30HBI COeAMHE-
HUS MPOUCXOAIT MCKaKEHUS pelIeTKU aJIOMUHUS U,
KaK CJIEJCTBUE, PE3KOE yBeaueHUE Bygo a1y 10 13 Mpa.
B mMaruuun dusuyeckoe ymmupenue Byop(ng) HECKOTBKO
MOBBIIIEHO Ha pacCTOSSHUM 10 20—25 MKM OT 30HHBI CO-
eOUHEHMUsI, a IpHA d > 25 MKM OHO COOTBETCTBYET PaBHO-
BECHOMY COCTOSTHU1IO (CM. puC. 3, 6).

IIpu TO 400 °C ob6pasyetcsa nuddy3ruoHHas Mpo-
cioiika mupuHoit 20—30 MKM, cocTosIias U3 OTHUX

WHTEPMETAJIITNIOB, CTPYKTYPHBbIE MCKaXXeHUS B aio-
MUHHUHA U MarHUU MOJTHOCTBIO PeIaKCUPYIOT, YTO CKa-
3bIBAE€TCS HA YMEHbIIEHHU (PU3UYECKOrO YIUMPEHUS
PEHTTeHOBCKWX JJMHUM Ha BCEM ITPOTSIKEHUU OT 30HBI
COEIVHEHU S, IIPM 3TOM MUKPOHAIPSKEHUST TOCTUTA-
0T MUHUMAJIbHBIX 3HAYCHU C YBEIMUCHUEM pa3MepOB
6.10KOB Mo3auKu 10 1500 A.

BbIBOADI

1. TepmooOpaboTKa aJllOMOMarHUEeBOrO0 KOMITO3UTA
mocie CB 1 nu3rn6a npuBoguT K 00pa3oBaHMIO TP DY-
3UOHHOM pocoliku BA1, TolMHA KOTOPO 3aBUCUT
OT TeMIlepaTypHO-BpeMeHHBIX MapamMeTpoB. [Ipopuns
1 dy3nOHHON TIPOCIOWKH ITOBTOPSET BOJIHOBO IIPO-
¢uIb 30HBI COEIMHEHUS MTOCe U3ruoa.

2. B xone repmoo6paborku nipu ¢t = 400 °C B TeueHue
1 4 06pa3yIoTCsI TBEPABIA pacTBOP HAa OCHOBE Al, a Tak-
xe ¢dasbl Al;Mg, u Alj,Mg,; na pacctogsHuu 100 MKM oT
30HBI COENMHEHUS B TJIyOb aJIIOMUHMS, & CTPYKTYPHBIC
UcKaxeHns B Al 1 Mg IOTHOCTBIO PEIaKCUPYIOT, YTO
CKa3bIBAaeTCsl Ha YMEHbIIEHU U (PU3NYECKOTO YILIUPEHU S
PEHTTeHOBCKMX JUHUM Ha BCEM IPOTSIKEHUU OT 30HBI
MHTEPMETAJINIOB.
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