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ABSTRACT

MggsCuxnNiy Yi9-Ndy bulk amorphous alloys with x=0,2,4,5,6,and 8 were prepared
by casting directly into a wedge-shaped copper mold method. The glass forming ability
and thermal stability of the alloys were analyzed by X-ray diffraction (XRD) and
differential scanning calorimeter (DSC) analysis respectively. It was shown that Nd
addition could effectively enhance the thermal stability and glass-forming ability (GFA) of
the alloys when x=2,4. The bulk amorphous alloy with the largest thermal stability
exhibited maximum supercooled liquid region AT as 61.5 K when x=2. Though the
supercooled liquid region was the narrowest (AT,=48.5K) when x=5,the alloy had
greatest glass forming ability (Tz=T,/Ti=0.568) and maximum thickness (Tmax=3.8
mn) for BMG formation. With the increase of Nd content (x>5) ,the GFA of the amorphous
alloy decreased .

A welding experiment was performed using Mg —based alloys AM60B as base metal
and bulk MgssCuxNi; Yyp amorphous alloy as interlayer between 420 Cand 540°C. Micro
morphology and elements distribution of the brazed joints were analyzed through
metallographic microscopy, SEM and EDS. The results were as following: a sound
bonded interface was obtained without sheet inclusion, pore and unbonding.
Microstructure were consisted of bulk a—Mg phase and needle compound in the weld
metal, The element Al diffused along the grain boundary of the substrate into welding line.
A little Y diffused into the base metal. A little Mn. Cu segregated and the element Ni
distributed homogeneously and there was no segregation in weld area .

A TLP diffusion and bonding experiment was performed using Mg—based alloys
A791D as base metal and bulk MgesCuz,Ni; YsNds amorphous alloy with 2 m thickness as
interlayer. The minimum temperature guaranteeing TLP diffusion and bonding valid
connecting was 400°C. With the rise of welding temperature, weld width gradually
reduced; Microstructure of weld altered from straight to twists and turns; Weld metal
developed from center to boundary as the shape of dendrite ;Liquid interlayer diffused
along the grain boundary of the substrate into welding line, there was a drastic mutual
diffuses taken place between liquid interlayer and base metal; The microstructure of
welding district remainder mesosphere had a conversion taking place with massive
(500°C)—short rod (520C)—needle (540°C and 560°C);And element Mg had a
degressive changing direction ,Al ascended , Zn didn’t variety ultimately and the other
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element had a little variation also. Temperature had a great impact on the joint strength,

the higher the temperature, the greater its joint strength. At the condition of 560°C and
15min, the shear strength got maximum with 76MPa; Holding time and temperature
effects on the weld seam to the same effect; The appropriate welding time was an
important factor to form an excellent joint; At 520°C, holding the welding temperature
unchanged and increasing pre-pressure holding time, the mechanical properties of the
joints had an obvious improvement; At high temperature improving the pre-pressure there

was little effect on the mechanical properties.

KEY WORDS: Nd; MgsCuyNiz Yo amorphous alloy; glass forming ability ; thermal
stability ; phase boundary diffusion ; TLP diffusion and bonding ;

n
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Fig. L1 Atomic arrangement of crystal and amorphous
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Fig. 1.2 (a) The picture of as-cast Zr-based BMGs in different shapes; (b) miniature gear wheel
that used by superplasiticity machining in subeooling liquid phase
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FIG. 1.3 Optical photo of the alloys Mg—Cu-Ag-Y and Mg—Cu~-Ag-Gd systems
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Table. 1.1  Several main Mg—based bulk metallic glasses

Tg | ™« | Tm | ATx | T ) R} /um

e ® | ® | K (K) (K) s RE% TR
MgesCusY o 433 | 468 | - 35 - FURFBRE b3
MgesCuasY o 425 | 486 | 713 61 060 | HEEEREE ok

Mg sClz s Yy 422 | 496 | 7129 74 0.58 | HEHEREIRFHE o8
MggsCusgsY s 424 | 499 | 429 75 0.58 | WERIRERFEIL oM
MEggsCuasGdyp 406 | 488 | 716 82 0.56 HEREE ok
MgsClinsGiyg 408 | 478 | 681 70 0.54 | HEMREWRFE P8
MesCupsEryg 422 | 480 | 741 58 0.57 | WEERERFE b3k

Mg Niy Yia 452 | 494 | 748 42 0.57 FESEE P38
MgsCuysThyo 414 | 487 | 713 73 0.58 | HARMEEIKRE b5k
MggsCussSmmyo 418 | 470 |° 711 52 0.59 | WAYEEKEE bikE
MgsCuzsDy o 422 | 492 | 735 70 0.57 | WREERFE xf. 3
MggsCuzsHog 417 | 473 | 736 56 0.57 | HHR{ERAREHE Pk
MgesCuysAgieEryg 427 | 465 | 706 38 0.61 | FEREKEE o
MggsCusNiy Y 417 | 476 | M0 59 0.56 | BIRMERIKEE PosE
MgsCugeZnsY g 404 | 456 | 702 52 0.58 | HERMERREE ok
MgssCuzyCosYio 408 | 461 ] 750 53 054 | HEUERKEE Eommig &
MggsCuisAgioYio 428 | 469 | TS 41 0.60 BrEwia i0HE
MgssCitiAgin Yo 428 | 469 | 715 41 0.60 BEE%E $10%
Mg CuyAg; Yy - - - - - HARRERFE bl6H#
MgssCuys sAgg sGdyy - - - - - HRE Rk b5k
MesCiris Y 10AgsPds 437 | 412 | 107 EX] 062 | HURERER D7k
MgesCuys Y pAgsPdy 436 | 468 | 706 32 0.62 KK b12#
MgsCus sNi; sZns-AgsYy, | 426 | 464 | 722 38 0.59 | WHKEKEE Ft
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Fig.1.4 The sketch map of apparatus for making amorphous strips
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Fig.1.5 Schematic illustration of melt injection
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ANFEAR. ERENELHREREBENRSE Mg-Y-Cw), EEEIES RN
WA REAMERES, €2 EBERS Y. BEATEERUEXHRET
2 hkE, ERFCHBRRSEF TREEREREH. BEANFEEFSRET
FEIERA, BHEIXFHE SR KN FEAE L M.

1.3.3 SEESESSENERSERE

1.3.3.1 SEERSSEEHN

ERFSEEUERBIENREMRE, AL MERERERARKEEER,
MEZHZ@MEEHTFRES . BARFKERTFEREH, MXHETHEIELE
TRGATE I, B—AHEAIE; ERHARYUNE, RALERHENEFE. £
FATKRT, RTRTHEHNMANRESASHTBTARE MRS
TEEEEN, NEEOHNEREHLSBANEERATHRFLAMNETES
RIBEH S, XEAH T RFHT BNEMRIESR. XHEFTHENEREHCEMg—Cu
—Lalk RFBEEL.
1.3.3.2 $BERSSTHNFEMEE

REEETEFEZAHATKEETF, BEBIEFHAREFEFLER
EFF(CSROYFIRHMERF(TSRO). ERBTREMERFHEE, FBERRIS
RAEKIER. FRFEESATLERNETER, SHNNEESESMAE, H¥
HEEAAEH, SERENERUBIETHENE KAEEEEES&NNES
BEMLE1.2)., HiEEEMeZn Ces &, RAFENSEFHWEN, AEFERNHT
PgE, MUTAEHREBENER. BARET, EEFHRBERCEMPa,
383K TR K20s/5 R EHELIIOMPa, B AMEF TR+ M3InmiE K F|20nm, XLk
HFBENTFE=EYDETR.

ERESEZRTHEREER SN, BRERABRFRE—WHIHA, FHE
MAZGTHBHENERLFNE, EREMRRBEINREL TEMNERE
. BHFERESHIMEREMNGBEREANERELSHEERTEHBRHE
RREREXTENER. BB TEERAEREATIA—BE —HRT
RAGEERHNEEIFE—WIH, BREEUUEHER, BUREMENEE.
EEREFEEEAMEIE, BASEHMTREGHATE, 2002, SEHAR
1 B A A &S FEMgssCuzoZns YiofE R F MISICHITIB M A B e HI & 1 THRER
HHEEWME. HRRA, WEFREMAFFERZERMESERES, F28
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R XK F H L+ F & # L
S AR R RENBEREN, MUEEE LT, BRESHHERAHER, 2003
%, MiTSEMag#Z&1E, KRBT —FERBRFRI N TSERREALHALEER
S B (MggsCuy sNiz sZnsAgio) 1ooxFex (x=98%13 ), #4815 IR 45 Wi B4 58 51X 2[990MPa,
At BT AT B HE R4 01%: 2004 EHTIB RN XS REHEESHHIEE
EFIk1135MPa, MEIEOTRRE SNSRI A RESE S STARED, Lok
BENR 1 IME L6FTR:

%12 ROSESRHPHNHEEE
Table.1.2 Mechanical preperties of typical Mg—based metallic glasses

AERS Hipmln | AHE | B HL32HE(GypY BXEE
(at.%) 6,/MPa | HE/GPa| HV (XI10°N-mkg™) £76, E
MgnCajgAlzn 670 35 199 37 0.019
MgoeCay sNiy 5 670 40 182 34 0.017
Mggr sCasNiy 5 720 47 176 3.7 0.015
Mg,SrNijs 680 4p 215 3.0 0.017
Mggo Y sNizs 830 46 224 25 0.018
MgisY 10Cus 800 44 205 23 0.018
MgsoYoCusn 820 46 218 2.5 0.018
Mg, YsMmy 550 30 140 23 0.018

# 13 MgesCuy sNizsZnsAgsY10FIMeesCuzeZng YoM BRI MR FTEthal & & 7 R
Table 1.3 Mechanical properties of MggsCu; gNiz sZnsAgsY o and MggsCuzoZngY o bulk metailic
glass and ceramics particulate reinforced composites

AERELY% HifEE | RERE | REEGHNY | BANE | & | g
6/MPa E/GPa | (X\O'N'mkgh) | e~B/E | (%) | (%)
MgsCuzeZngY 764-381 37 0
MgsCunZnsY o+ 10%SiC 970-1042 | — — — | 36| 0
MegsCuzZngY 1o+15%TiB, 1022-1135 | — —_ — | 34 | 09
MgesCur sNiy sZnsAgs Yo 490050 39£2 1.80 0014 10| 0
MgesCuy Niz sZnsAgs Y o+ 10% TiB2 | 99239 474 2.93 0021 |235] 0
MgesCus Nip sZneAgsY 9+20% TiB, | 121216 | 5043 342 0.024 | 238 | 32
MgssCuy sNis sZnAgsY o +30% TiB, | 1336215 | 611 3.59 0022 | 218 | 18
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B1.6 30%MITiB2FRINIE RIS MIBHMeCurNirsZnAgY S EMENERHESER
HES KRB LR R
Fig.1.6 Comparison of the specific fracture strength ri/q of Mg Cu, sNizsZnsAgsY ;s metallic
glass composites with 30% TiB2 particles with representative commercial alioys as well as
Zr-based BMG

1.3.3.3 HEERBSEHNRMHILEE _
BEERSESTFERR. NENERSEMRE, BRERIRITIE=
HATH, XAASNRMYIEELAE T HRBEMN SREHEP, M.S.OngZH
T FAb I R IR R E IF R A Mg Ni B HF FUIM R R, RIE43kALEImin
B G EFENCIERTHNR BN N HERR. EEREFARTELESE
Maes YioCuzs & M HEIT A 0%, BFoid A A BB AR ERER SR PIE3m %
FiMgesY1oCups ERFAAFERFH A ER MmO EERAXI S EABETERT
EpHE A 138INaOH TR T LRERBEEE. SRESSMEAEAFHIIHEL
EWMWATH. HAERRY, LR=MEENELETARELEAR, FEENE
WA R A EMgesYoCus S MELMA BELARRKES, XIEEFRINEEE
R R. FRESESENERERRR, KRAKERERSIXEHFLRAR
RATF£HISRESEE. FRFEEAFMMLERERRE, RBTCAEEE
RIFHERRERE. XSRBERMT Y EHEXRER, NREAKERIFEEEHN
RRBERE. EHANRSGESEZHUMMmEEE, FERRARALAEHRLE
YA TG R A0 2 8 AT 5 & i 5 e e S A B ),
1.3.3.4 SEEESESHESHEARME
REBFEESSTESARBENRTHNHARBRAK, EREEEIHRE
EUFIEERNER, ERERSSERMEFFITONARESIET ANKXME,
Kohno% PHRIE T RA—MEREVMERESE, HMg—NiENIRBEBRIERES,
s ARRET0mA e IR SPUFRT RN A S 4b%1£ BIMgsoNis, i
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TOF K # H + £ £ # X
ERESHERMTRENERE, ERRFOETIHEANITRESSHBRALFRREE,
FEEHRNRRERAREEBIER. FREMgNI-CrESMNEANT S EERE
HERIHENE TRTRSENEREIMERE, EmTHEIAESD. BRT
HEEE. BERASSHENRTSB~6KM TR EAFIR, TWEATRESR
HY SRR NIGE. BELSEREEANARENE, kREFESLLHTIE
AMIBER. s, FAEESERUBEETRESTIRME. ORISR
HEHRKEET.

1.4 FREMMRBENSES

B — B T AT T A P4 T 19t ES0E RN E, 6 B LM
HAREARE ., MERATHRNARUERAE. BT, M. ARTLHRER
B’ BMAFREASRENK. B, ELREEA, SER0ERERTI%
MaEMKE, REERTRSRHEFRIHREN,

RS EERBNWE. k2. HEHee BATATRAMNERS, £
%, G RE. BEHE, QFERSTEN, EYELSTRA Z NN
. REESNFREET ERMRSNRRS TRERARN EXEHE
W, %. B. KNSHEELFAHETRNEEHAT . BEEESAENFR
ETEMg-Co-YETHAMERM ERBEXRN, SEI0EENREAMIFRET £5
MERETHEEESSESER, XS SARTHYTRIES, Eikf
BEIERA S S5 A EAE A H RFFA RE M — 4 SRR RS, R,
BREHERANEEELSSSTARE T REMGEE, BENEREAR
MgEEEASSNABBESR. &R, ALUKRELSESNHENTR
BH AR, A ERAEEAHHERNEXRELRFESNESE, HER
REREEHETE, FRAXHRGH M EXRD)E & EAMTEDSCOM AR
4 T AMgEE KB IER A S S RETH RN BT TRATHHR, HMiTEN
MRS SRENARREENER: HEHENEREERFEASES,
RS L I 5 A AMO0BRIAZO I DE A A S# T T REWR, M—ER
B AREN THEEELURRESRIEST TR, HAXZERE. PEE
BRGSO TE A T EEELNMRAS . TEM. T8ITH. Bk
RS EEEET ESERHEL 2 TN,
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H_E RBAREPMRNE

2.1 EERSRABAENEE

WIRABBELERRRARBHERI A EREBNARAI R ERE SR
HEREFERIILTER—EHERM EF. 2080 ERKUR, BEEHRAIER
SEEMARSRE, AXNEENEBRANEREREENRTT ANEE, 8
HTENTRANEEEARITHARED, HPEHERNE: GreerlRHM B
B4, Tnoue 948 B = £ AW =N, Senkov NI, B T-HRAE (e/a) NI,
B BHF B (equiatomic substitution) ™1, XX FHISIFRRBIEESELER
MR LEF— TSR, B9, MRE —F BRIk e S5RAdE S
SEeNt, MIETREENTEE— MR s RRATET BIRAH &
HAERTHIEEEEE, TECEREHER-LLSREN, B RBEETE
REAR, REXFASHTENERE, HRAREGHEE, REERTSLTHY,
FMRBAZEMHAETAETRBRREES, ZETEENE BN,
RS, hoveWH“RBE" R EZLHTRAFEEREERIRITHETERN,
InouetE R BAX EXIRBER S SEM, HREMEN—F, IR —FHERMEL
BEALH, BHAE—SRE HRTHERRRE.

2.1.1 A Inouef) =HF WM

H&MnoueF NEH AL TGS & RA MR TR S (GFAF T L ¥ A8
KATFFES, Rl THRIRFERESHN=ZLLREN: OH=/LLEATH
REMEATLROIELATEMNRETRTHERBRRKTI2%), ABE&K. . M
XRQOTEATHMBEERIELNAME. FEXZLMUMELEFRNEER
BEEA BRI ABRHEXAT, F AR~ SEEERFEEARANFREEREH
R, KFrph: ORTEREFHAS: OFEFNRRETEN: OFEHER
Sl KESaE. BT && A RHORKBHE RN KEE, Takeuchi%itH
T3SIH=RERESLEREE N FRANBEAB ARSI (So/w), H#—
R E T noueHEN. oueE N HBES, KB ERATHERERALIEEN
A&R, WM. AlE. Fe¥. ZrE. LoX. TiE. Cult%.
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 F X F R £ F £ #® X

# ZETAE R, T RET AT
12%BRF R ENAGRRS R

L

AR EETFREMSERTE

4L

R ARTER FHEOR S EREFGEA,
WA TRETATENE R

4L

| BFEHES |
ERES B ke SRR,
[iTe TyRREE RrH5E
1%} HEEF®

Jb db dl

S EROE BRETaE sl P
TR R& 3 E

4L

SERBRZRE ALTRETREEN

2.1 InoueE 42 #F & S- Beal T sl e ropL A
Fig.2.1 Mechanism of high glass forming ability of alloys which satisfy the Inoue rule

2.1.2 ZEEFH{E (equiatomic substitution)

EETTFESEEHRF TR, BEEE— 47T, AERAREAT
ERSSHRBR AN GNRIIERE. EMERE. FEMAESR), EAMTTES
FNMEATMZAAENBEERREINNZED, ZRELEF M THENBME
A

Cantor RKimZM2 1 T AT MR AT ENRFNEERREONFES
TERESSHRI A FTERFRTERE, DNBEXBENESERIHER, AEF
£ 2 AR 8 £ NE 762 8 T (equiatomic) BUE 1% R F(near equiatomic) AR &£
hf R, Fl, UZEESEESSHEUMANMTETET. Zr. Hf. NbER
FHRZMT, ABEEHETEN. Cu. AgZRFEMACuHINI, BEMH
(TizsZrs3HEss)so(NisoCuso)20Alo e & BT A AH K ATx#15124°C. HATH R REIF R
FHREEREESRTHONA.

2.1.3 S&RA%E

FRLATKREZGESEOMARESFRREMME—Lo—Tm (Ln—#H1&/&, Tm
— SR S&RFHEN. BigrtMg—Ce—Ni. Mg—Ni—La. Mg—Ni—Y5Mg
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—Cu— YRR KA, MeesCuzsYo B E B BT ABXATx (=Tx-Tg , xR
HTRE, ToABHEETRE)NEXNEBEERES(GFA), HEETHHRESR
£, MR, EMg—Cu—Y=Zma&MEM LR EAMg—Cu—Y—AgliTA &M
Mg—Cu—Y—Ag—PdATEE, AgRPARFRECUTHE—FREMg—Cu—Y&&
RUKHEERED, €501 BHASHHARREINERM T TL2EE, EF
HAEARZAAZEERNRBEAARRBFESEREHESENERREZ —
U8, DestefiHIFRHEM, &&MATHEMM—F, TIRRERREKIORF. K
5b, EEPEBEATZAMNAETRKHAREMAIMNEETRE S THALKNES
ZHHERN. EREENR, FMg-Cu-Ag-YAIMg-Cu-Ag-Pd-Y&ERH, Cu-Ag
ZRREEKIEAS AR AT E. SchwarzZ PN, ATEMBA RS TEHEN
EEMTELE, ARTRESENEBRSED.

HEAECIRARZREFEFRTH Mg es Curs NiYyo (x=1, 2, 3, 4, 5)
MAFSRE SRR, SRRY: ONSIBRCUN & LM BBR RN REHH
BXEWEKR. LOBENITHIBACulT KT EABAHR (Sx=10F, ATxBIFET
1%£4330K). HRAKZHNIHIBRCuM 28 TERMRIEN (Hx=30, Tigdl&
0.5892), AINiEAEMCu, BRUMBEEEMHBBENRES S SHBBVREETH.
OB EMBGER RGN, HBEETRET), SUFFHEE(TONELERIEER
BTy EmEs AEs), RHEEIGERE SN HBETREUIATHAEN
R, @FERAEERESSNEHERES SHTERETHBEENEERTFER,
BB REAMER T, HIBANBEE R @EMgsCus. Ni,Yio (x=1,
2, 3) BGEGZEET, UBERANMEET HHER B MgsCunNisY 038 & K 3H
FERe I BoR, SUTghAEB IS R—H. KIEA nouef1 = £ £ 58750 Cantor
EKimBRHNERTERER LRIRARER ST, ARB30HUMgesCunNizYiod
SRR NER, BT LE:

1. HTFMg65Cu22Ni3Y108-& A R YHiE &, B EHEXRERES
EREMERAE, TRERFHEFEARERSSEHREFERFELEE N —
MBEFEREEE. ZRRATHRENSEREENE S EREEFHYLE. &
IR B R A 7T 5 & BIMEesCunNis Yio—Ndy (x=0, 2, 4, 5, 6, 8) 3E
REAENRARESESSRRERNES.

2. BREEELRFASEHEREHEFERBTERENSE, BEBWE
BEABAER KBRS N IMBE RS S EMABIERME. A CHH B
B A2 RAEEE S SETRES S, RAREELNER (B2.2) 3¥AM60B
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oA K H L+ F A #R X
FAZOIDHERE SHAT T REMN, N—eRENFMEN TRIEERELES,

HSHRERMBBEHTHR, FALEEME. SREENERIITHTES
BEELMHRAR., TRINT AT A BB EE LA AR,

E12 SASERTER
Fig.2.2 The sketch of welding experiment

2.1.4 REEHBRRETHER

SR RFFERNHEERIRTTEEE AMg (99.95%). Cu (99.97%) Ni
(99.95%). Y (99.95%). Nd (99.95%), AM60BRIAZIIDHFEAE.

FE S BEREEHEE SRR ERS S SR ERBEPNANTIZRENE
B

, , ERE, &
FrEAERE || BRI o siEES
; B BE AP P R
ER BEAS
v
DSC 4Hf e XRD 4347 — BE
v
BRI | BELBRM

2.2 REGERTIERE

2.2.1 BMREATEBF

EMBEETHFEPYSU- LR —ESRGERGEERE. OERNEUEE
. PSR R, ABERER. EERE. SHKBERRE. EOREN
PHEZGSRIAR. FUREEEHEPOEREEFESE: OBRREZE
5.0x10°Pa; (Q)BIMABLHIEBER<100g; Q) FHBNBEFNBGEERE<SKe,
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BREEFL1600C, HEOKW: HUBZEGERS~10g, FHEELEER 600~
1600°C, REHEEZELTHE]; )MERINEIKW, MEI0KHz, (6)EE4sME
REREMATHEE00~1600C, EHEFTH.

BTLEEES. H (6488C, 1107C) B, FEHEHREZAIPHE
%, ARRFENAZRENEINFEEEEGHTHESSOHBET A, BEAT
fEEE: FERETHRINPERKSIE, SHRRRINTT U EE KA,
FOREUENLTE, AHAESRAEENBRELSE, HRESRHEERHR
WRMESE. FERSERXRAERREINGEE, TSP NENSINSERRE, &7
LMEARPAM, BAMMEFEEE, UBRL. S—B318, R Eie
I, EEREFSYS, ENNRENRT, RERAEL, BHEFHRITK
ErEEE.

2.2.2 AFIHEEL

BEEMEHEENELIFRIFABRBEPRET, HEBIKW, HFHTRER
R, REBFESSPEHREERN. ATHREME EZSRE, HASE (7
FEES) BEESEAESHRYE, HRABEHRE.

Fig.2.3 The sketch of preparing amorphous alloys
2.2.3 X—SHEITHAN

Fi HAEZ2D/MAX RARIX-H & ATH T IUXRD)A R & & & T MR,
RBYH KRS, A BEARBY, HBIEEKA=1.5405, BE40KY, Hf60mA,
HH#5K0.02°, F75 H(26)TGH20°~80°,

2.2.4 ERDIK
YL IO E B EH i M A B HEF R A B £ 7 INetzsch DSC404 B2 R33H
B BT, BdRBADSCHATURRERSEN—RFIZH. EHABREN
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FERAEN: RHRAMgEERSEHDSCHLE, HEHEREENRBERTRE
Tg. SAUFFHEETX. HUABERTmEEREETL

HIEREDNT: MABSKNARSZLSAYRESEESERE, EHE
HRTERTHHAEBERZISAHSSERANEEEZR, ITERRETH
ik, MAED LT ARERFHEREER. BHIRRENEESHEY
ZHEFTTAIEREARNRE THRNAT A, SEFGEER. B, "L, FH,
REERMRRN, URERENL. Bk, E. FREIGARE. URASARPSE,
B A40cc/min, MHAEE %20K/min.

2.25 HPEEgE

- RRFAAHNRERENETR, GREERHMBEN. RIS
BEEAM. MHFRRHAEARENH, HEHIKW. ZRELHEERCEER
B (TCW-32BRF)) . EREMFARRERME, REEEHTRE. RETET
BEASeEFREPEERRER, LEEN—ENESN, BIEHERTFANESR
BEXHASEIN A RN AER. AEES S5 SEMEEEENIIET
AR, RASMRTEESRIFKE.

AES
B24 WMEFEZPEEHGRSSRETEE
Fig2.4 The sketch of welding experiment using Mg—based alloy as base metal

with amorphous interlayer
2.2.6 AHRE

RH#EE T EMBECEMEFNBHAREETREFMRABR ZKET, BILIEF
R FRERN ST EA EREERREAHEN. BTRFRERSREHRN T
BoRBFRAGHANEROGE. ALARNEFR——XN, B, AREHHE
SREEFRBRREERARAMYARR. AFBTH—EIRESBRLHRE
HETHREXS &, WRSTHIFEXSLE, ST LUEMRBTENE S
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T oF K F R4+ F AE & X
EREHHE, TUSBERBIERTETFAER -~ HFULNERTREE, X
RAERHRETFERGRAMRTERAERR S ELRIHNENITA.
FEBHFRELRRTEN T REIS%EREHBRERTET12s® ., AKX
MY, FEATHTRERERT. EEERTERS EHTH.

2.2.7 HERBQHE

LR REEE RERME. BTN, FE. S FRF CBEEN0.1me).
Wi, BEREREE.

2.3 ARREERTEEWHETE

AR XHERS SHERARFAEHRR. AR RAH R S
BE, RERKAERERARBRSPHTENEREHEE, ABRKRNAKTSE,
BEEFRVHITHE. ABEESEHEGELETFEEYIREZ, BEER
BRSSP RERES . AADRITEBERAR, ROBREZBATH, HANE
REREREGE, SRR, 8588E, EEXTHESREBIMPPHT.
BEFHFRELETEAN, HESEL0x10"Pa, RAZFSAEEZE0.05M Pa,
FE400~S00A B4 F T AFES0~90s, HEES SR SHHaNE, SMPHEEE
(#9208) REBERR, FREFANHBIREGLEE. RAEADKTES L%
g, UZEBRREOTRTFENORELE, FRORESERRE, BERR.
AMpti ik LR ERE T, REER.

ATHFERREEMPTRY, HHEMAFARRN. A THREERMEEES
R, StiRaE (THERA) BEEREAESHSE, HANTEHRE. X8
Bl R NS EEIS SRR R BRE, FEF00CHRPTHRT. BESBHEREN
760°C, HAEIFHAMgITHE—E THIRES, BEGEFNT RS &Y PHEM
RE, BREREAMRFEHTERHEE L, AMg—FRI&EE~-MgBE, XL
BRESAIRS, BiLPRAEEREA, BARIHYINEEE&. AR MEGHLE
PEERARN AL LANER, RILNEERNNSWY%. BHRENES, 8
BI60CHEE— I ESR, BHBRETRILT, iR RENYS, E760CHE
BRI 5 T PR R iR,
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2.4 MBIRTEBRHRSEIFTEE

EEeRRRARENE 24 FrfREFTET. ZRTERANMATHEE
FRASENBEENZ RIS BIBOHERT 575 82 7 f9HE 78 0E R AT Lt
BRI S, ERORFELCREGIHMZ AMERT HEE EEERANEH
FERRSTERENRA ST BT a6 a0 R, AT mEH 5 mE K R E &
i, WAOHEADAFERETR: FEELUAERESZROIET BERAER
AN S, HEMEERTHEENERSGIRE, 15 RBEEREN MR E
BRETIE, ZTEMNKARSBASRRTFEIRNERE, UERTEEN
FEAL IR B M >R A R R A MR RAFE). HELEFEEED S T B
H R R P E S M RN AR BEE, RiETREESHT
8oy BAREB T BREE)S. B TER M THEFEOBAET: METFME
FTEF . '

S eRARE N ERSmPEEER, SRUE/MTHRKL15mX]15mX20m
FEER, s 2m BRI BUR GRS T EE ERANDRIAR Z IR R X
HATHRE (LE22).

AR BHAEAPIEE TERE TREHER. MRFEAFIRESS,
FHOEMAME, BEERAATHIFBERRN. B EERNROEDLE. £
EHEESTRRUTERRNTB TS, FoeROANEEE, IHE-FEEAF
REFEAE, T HREEREN, FNERRRITRRE R BSEHAR
THEPAE, MTRETHERNTREER, REFUEFNEMRERRE, X
i,

AR FERHE T ERTCW—32BREMITH, REHEEEEN LN AESER
EROVELHITHE, REFEEEEIS CminZh. HEEAREBOCELAT#
BETEMRRG AR, MR EEAE A 2min, BRERAK
SREENR. FAZEFRERICEANAWRES, F2EMRERE LTS
At t2C, ERRETU—EMEARE—BRNA, REFAFNKEZAZER.
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B=E NdWMgesCuy,Ni;Y o dERES &K
B R#BE et

Mg—Cu—YRERSERBMNRAERAEBEARIKEEERZ—, KES
BAETUERENADNEET, BAdKE. EFEFERBEARTHIESER.
BER, FATKRESHEBRZIANATZER, ATHEAREERESE, A
NHEBNFHENLEFARIFEFIGER L. GEFVRBASREFTERR
T BIMgesCuys. Ni, Y10(x =1,2,3,4, IR ELETEREE S, & R EHMgssCunNisYio
REBRARMIERTEHEES AT E R EN 7 5T AN MgesCupNis Yo & &
FRFRRNABBERENER. B3 AREREREEHEMg—Cu—Ni—Y~
Nd& & HERERER .

& 3.1 Mg—Cu—Ni—Y—Nd XRERESE
Fig.3.1 Imagesof Mg—Cu—Ni—Y—~Nd bulk amorphous alloys

MR AA R 858 R 1 ] % BMgesCunNis Yio—Nd, (x=0, 2, 4, 5, 6, 8) #&
HEBREBRMUNEE, BFRNERGAE. RESRARHLETHHENESS
—BERURFE—FREY. B3 bRARKENERE S, T H N T20RA
FRESLFFONEHRI—BEEE REB).

3.1 XSHEGTS A

13,2 MgssCunNisYio-Ndy (x=0, 2, 4. 5, 6, 8) SEARRTHESER A
LHBMREMOXATHXRD)E, HEL, N TARME, HEEENT2.5me, H
DEPRTXATH LR TE20=37° ML E A — M KESR e, WHEMSSENN, REE

X4 AHEANFERESEELAHT, RERSERS—MIERASEH. BEE
REEEMEM, BAMgsCupNizYi-Nd, (x=0, 2, 4, 5, 6, 8) &A%
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d (B ¥3mm, 32mm, 3.8m, 44mm, 4 1mmFi3 2mitRBHIXATE e RIBEEF
ARMEREL, EEIEXRDA#E IRIESAHZ S0iE rT R 2] H LB 4 1 2 0 AT
g, ZEREMT, ERERAMENIAE. ARMgHRARMALEI.2).

-
o N
3 §
~ )
'a 2 Som {05 b
g 3

&
H] ¢
a} +
~ 3

N

20 ™
28, deg
x=2

Intensity, a. u
Iotensity, a v

Intensity, a.u
Intensity, o u

™ " n » L

= [ ] 50 @
20, deg 28, deg
1=6 1=8
E32 WA MgeCuyNisYi Nd, (x=0, 2, 4, 5, 6, 8) &&
AR R 8% SRR E ALK XRDE

Fig.3.2 XRD patterns taken from the cross-sectional surface and surface of as-cast samples with
different sizes for the MggsCunysNis Yio-.Nd, (x=0, 2, 4, 5, 6, 8) alloys
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Fig. 3.3 The maximum thickness (Tmax) for BMG formation versus composition for a series of
Mg“Cll;zNi;Yw-,Nd, (X=0’ 2, 4, 5, 6, 8) alloys
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MEEZ: 20 K/min

r'C
Bl3.4 MgeCunNisYio-,Nd, (x=0, 2, 4, 5, 6, 8) HEFEEEKDSCHR
Fig.3.4 DSC traces of MggsCugNi3Yio-,Nd, (x=0, 2, 4, 5, 6, 8) BMGs at
heating rate of 20 K/min
#3.1 DSCHHTHAZ MIMgesCupNisYyg-Nd, (x=0, 2, 4, 5, 6, 8)
SRHEHANT, Tu' ATy T To T RER(MAEE0 Kmin)
Table3.1 DataofT; Ty » ATy, Ty, Ty, Tr obtained with DSC measurements for the
MggsCuyNisY o-,Nd, (x=0, 2, 4, 5, 6, 8) metallic glasses with a heating rate of 20 K/min

Ndcontent | T, | Ty |ATx| Ta | Ti |ATa=Ta—T; | AT=T~T, Ty
x@% | K | K | K] K | K K K T/Ta | T/T,
0 4319 [ 489.5 | 57.6 | 7482 | 7817 3163 3498 | 0577 | 0.551
2 418.9 | 480.4 | 615 | 705.1 | 7487 286.2 3298 | 0.594 | 0.560
4 418.0 | 4779 | 599 [ 705.0 | 7379 287 3199 | 0.593 | 0.567
5 4152 } 463.7 | 485 | 7054 | 730.7 290.2 3155 | 0.589 | 0.568
6 418.4 | 468.8 | 504 | 706.3 | 7477 287.9 3293 | 0593 | 0.560
8 4155 [ 4734 | 579 | 1182 | 7653 3027 3498 | 0579 | 0.543
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RELTSENEGRIBFEERANETEHNZNL, SRBEEATENHS SR
#iaEt, SeRATRIFERERESN.

#32 BATTROERRHE

Tab. 3.2 Basic properties of compositional elements

SenE Mg Cu Ni Y Nd
BEFE2 (om) 0172 | 0.157 | 0.162 | 0227 | 0.264
e FH 2 182 | 152 3 3
K8 1.31 1.9 1.91 1.22 1.14
Mg—Cu | Mg—Ni | Mg—Y | Mg—Nd | Cu—Ni
BAR (mob) | * N 5 *
Cu—Y | Cu—Nd| Ni—Y | Ni—Nd [ Y—Nd
22 22 -31 -30 0

MEHERRE, FREFECR—FLRES, BZANNEEEAFTRENARE,
E—EHEHT, E2BHAESTE. mE3MR, ERSRAESNER, LAR
R—EMRZAG, #RRAREFERB EHMBENRGTAEERILELABRETR
MREFHEE, Bit, FREERETRES, EE—ENFHTIIURERFE.

@ c .

¢

¢ T
B3e FEEMRBETHGELRER

Fig.3.6 Schematics of energy from amorphous to crystalline phases

KBS RENERR—AZNELR, THEMEREIERSHEFLY
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Tab.4.1 Basic properties of Mg;sCu;;Niy Y compositional elements

element Mg Cu Ni Y
atomic radif (nm) 0.160 0.128 0.125 0.182
electro negativity 1.31 19 1.91 1.22

heat of mixing | Mg—Cu | Mg—Ni | Mg—Y [ Cu—Ni | Cu—Y | Ni—Y
(kJ/mol) 4 3 4 -6 +4 22 31
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Tab.5.2 Atom fractions of every element at characteristic point of joint bonded

6.6 (540°C, 15min. ¥, 0.3MPa) &l6.7 (560C, 15min. =¥, 0.3MPa)

Mg | Al | Zn | Cu | Ni Y | Nd {Mg| Al  Zn | Cu y Ni | Y Nd
At% | At% | At% | At% | At% | At% | At% | At% | A% | A% | At% | At% | At% | Ath

663 (234077 (3.79 0771277 | 192|384 | 4471031 12911192322 1.83

46513571062 |625]1162 5961 3.5 [40.5(31.91094|9.811 61 [2.71| 8.07

3941409026 64 | 365|484 455|407 412019 | 450 1235|425 6381

alolw]-lm e s

63.1 12837093 )1.02(287|225156|684]227|063| 08 j036]|251]| 1.1
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Fig5.7 Microstructure and alloy elements EDX analyses of joint bonded at 560°C, for 15min by
air quenching(0.3MPa )
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Fig.5.9 Relationships between temperature and element content
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Fig.5.10 Micro morphology of brazed joint for different bonding time at 560°C
(5/10/15/25min. air—cooling, 0.3MPa)
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9. S20CE&HT, ELMHEURBRRNENEKTEHAH, £ 25min &£
BT[] E B BB IR 63MPa, {HE AREM BT 15min B, EXATEH
FET R 7 S60CHEZRBAMT, BLMHELRBRIEREKERERKH
Wah, FERR 15 SR EIERKE 76MPa, REBH AR —FEKE 25 S48,
I RITREE 71MPa, SEMFEMNAIZERBERELNERZRR;

10. S20CHREAHFTHIMES, MELNEMRORFEAENER: S8%
BREA S40CHI S60CH, REBEMENFRANRS, HENELEEERHIE
. EEREBEAG TEENERFERIUENNDZHRRRRI BT KAKED.
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EXEFANIT R R 7 RN EMessCunNLY o & EFPHYTE, FERESIMgs—
CupNisYio-Ndy (x=0, 2, 4, 5, 6, 8) BEAESHKR, MAXHKTH (XRD) &
ETNEREHBEOSCOSMEN EHAT HMTEN S BXMeesCunNi Yiofd R EKH
BREEARAREENER; FIRFERFENZOmERRRARSTRESES
SHEFREGTRETAMB/AZIIDES S, RAXXEHE. AHHE. & T
MR T EEELRS. TEFEITY. BkRRERE. TZ288X8L4E4
FA RS, FHmTEHR:

1. RABRMAREREDE I R I & MeesCunNisYo-Nd (x=0, 2, 4, 5, 6
8) ZESLARHVFESERE, YHLEMANBRY, S&HhRERNE.
RN RN BEER: BENITEMEN, S4NERABRTH TR, TELR
AL EI . Bx=50, S&dWHAKAT,MFEZR/ME (48.5K), HILH&
ERFRBHIERBRES (T,=TyT1=0568), ER&ERMIEAERFH38m,
&S RUBERABEIERERIESERENN: LosH, S&WIERBARNT
ST &, B3R B E MIMesCunNLNG Y, A €, HEREARFEEDRE
MggsCunNi; Yo & &I AR EEHRY, AN BRYRBRE A SMNESER
fe ;s

2. Ho2n, FRESMHER RS RCERNFEERKL, HEExHHE
K, BoRBUHARNBHEE: T/T.HESESVRENRERBOMERE,
HATyTRBT/ TR EX AU KRBT RET ATFHRBIERNERET. €88
Wi et SRR RE NI FEREREE, KA—edeBAH R H b,

3. FIRHEHTRMesCupNis Yl RS S SEFHERARER. EAA
0.2MPa, {HE10minZ&F FREENAMBASARRELESEE, EREFR. K
. B RESSEERE, BE%EES~40umZ 6. F5EHICRHa—Mgtifl
EH TREEKMPROALSER: 500CHM20CEFTETMgREREAZHT
BILR, E540CHATAEGRPEET BHRER: TRAUGANEREERSR
BERFREIELED, YIEABIIMTEREX., LBY HEIEAEP, MntE
HOEHMMWE, Cu. NITEBRERBRETOIHELYS, REDENCUTERE
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4. FIRHZHRR MeesCupNisYsNds JEREFESEFEBEEERTRE.
FES. RENEEGTREN AZIID H&4&: WE AZOID 4 EH TLP 7 #UE
BETRLZESEN: MHEE 400C. KA 0.5MPa, REME] 15min, MEHGTFF
BEREAZ BEERREROYT L&

5. BEREENAR BE4EEELSED, BEAHTELTAOMEAFR,
HiE B EMECR AN AEEEK, BATFER BTN R R NS
B BSTHSEMZEFEERINTELY BITA; ES0CEEARERTE
—EEENRETEEABFELLUEAR. ERAMI2ZSmES. FETEH
Mg. O. AlHRLRIZ;

6. - BRBEREAEMAT ENE. FEELRGHEENR. SEEFIME.
BRI UM BT TLPY BUE R L BT EAT, 400°C &M T BB B L st
BATLPEEZMBNZRME AT BN R, 480CH, PEEEX FLTHAARE,
o8] B AL SE AU B R D4R

7. BEZEENFAEBREAXBREENALARETHRRK (500C) —EER
(520C) —~4PIR (540CHIS60C) HELRE: HERES®, BARTEFHEFLH
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K BBERENHENER, ZBERAARNTHARFRERRAFENELETHE
BEF B HELE AT AEE R,

8. BEHE, BLBEAKX: LEEEFGES20CHE, BLBENHENHEAR
EHTET R, ES60C. {RIE15Sminftf B LBEXFIRKETOMPa; KiRRHIRE
FIE IR H560°C;

9. WEBRAELN HE R RGN MAERTAR: S S60CHEER
BERME TR, Bk ¥ (RN MM ERHRAN S, EFE 15 54
RFEIA R KME 76MPa, REMEHE—BEKE 25 SH0, FPEERTERE
71MPa, AEMRENEHREELEERELNEERSR,;

10. HBEEAS20CH, RERENBAENEGTHNES, HELH%EH
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REE. GAEEtERRNEESREER—RAN A& I NER AR
MR BAEfEES, SREELRFSENMEREMRANRALR, Z—RAEFRRE
FIZEIM Rl eRE Mg—Ni—Cr S&NEARMEETNHIRENE R
TRSENREREMBAGRA, W THEET. BETHEEE. BERES
EHARAT523~673K M T ERFMA, TIERTTREL ISR RRGEE,
MELHREFRESKFAXSHA, FREESSOHIBANOENR. HH
RgEEFRUFEEFRESDERME. FIXHHETHEAERAES.

TEMMPREAREEERRESNFNNARL. HEMERCHRER
FesMITHM R, BTEEEGSATEELER, EFaseNERAAKE
RESWIEE, CERIAETRENMATR.

REGERMNFEFRSSSHIT T ZHHA, FERBTRANER, |
ERAETHEMENEEHAN B, LREERAPEFHE HEABFRR.

FREBRBT —ENBRMIRRIIE, EEZHE., REFHEERRN
Ew, EE-STHERATHR HHREEFERSEEE TLP V¥ BERTHESS
MERREBER. RERE., BEED. REHEEE., TESHEE, ELERN
BREEFESSEEREMBRE P HRRSFERR EEGR/DEBEITEN.
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