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Fig. 1 Schematic diagram of copper mold casting method
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Fig. 3 Equipment diagram of spray casting-suction casting
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Fig. 4 Schematic diagram of high pressure casting method



F

Vol.68 No.10 2019

sH [y ——
{EE Founory TGRS

FiENR R 2B RS AN SR —CENDNEHET,
BENZ IR /D R E I 48 5 e RN E S thFE, E LS
SRAFFEESHRIEIRA . RESEAEBIIH
TErUEMNEE, RBAZHEHIFE—RIFAFER
19 (Fe,,B,Nb, ) 100.Er, (¥=3.0. 4.0, 4.5, 5.0. 6.0,
7.0) WRIEREE . HARFEXNZEMZ =T LK
ZiFREaERANIERFEMEED, EFERHS mmiY
(Fer,BuNb, ) oErHURIERE T RIFAINGREMHFIR
BRI SREE . BESAPIRBZSEHsEEm
793 mm x 3 mmAYFe,,Co,Cr,;M0,,C,:B,Y, &%, 75
CoBFENIFENHKERAKIERSEF, WZEE
AOMY EE R BRI R M BRI T 7 3RALE

2 MEXEEE

MRARZRRENEFE, BIERHKRET—
ERRES, BY—ERREMESLTZ, &
HEESHEENRFKERZaE™. HYSRETE
EANBIFEM AT CRERX A A BEEBEEF(TH
B, MRE—EENTRENER TaRENS
mE, NMEASHEENRAIFREE. HREE
EERGREREEAENELZ LERATR, BER
EEEEFIERAIFREE—RIEGEAVARRIAEE
AERKS, MHREETLITHRIX—IRE, T
ST EEEEIARRTAEE . RAERREREREE
BIERENRIEHI—ESE, EEBLFNA
EE—EER, MARAETUERT . I2RISE
BETRE, HEH#H RN AT EREaE™,
BRBGEEER: AFRERTE. FEELSMRT
= BRERSNREIE. BIERZIE. MARELEIEM
MEEEB TR EE,

21 RAERRERFE
RAEBERTEZREMAETETEHTNREA
o, FRIERNARETSREX A TREENSATEE
t, XIWRIEN—ENEDE, HRDIRIREG IR
HIEREE™. BREXMBALFE—ETE, BY
IR AREE—ENER, HAFTEEARENAT,
BRARYRRTUEET, REERIFRHREERS
m4EE, LURSAESSESREF~EIRRTE%, mA
HESRENIZSHFEZORLEHTE—LHR. B
G, REEREAMICRABI SRR, SEM
FHERSERE —ERE, BIESRNFMEER
Z., LIEAPRAR S XEEEREATESHESR
E"\erSZ.SCUN.QN ilél.(i'A\IZLO_TiS$I:I ( Fe40N i40Pl4BG ) 95.5Ga4.55| EEEE'
aEmR, FEETEFRENREFESE. DTk
W, ZEERENHEEBII9%, MESREDS N

500HIkEIFREE, HRHMERES100%H%EIFES
EE

2.2 REBLGERAZE

FKERBSRTEERIEREN T ERTESRNE
BT, BEFEAREESE. FBIRARSEHIRE
FREcEARE. BESHMNS, MEXGZAIIF
RIABENRBER, BB ENENIERES
BRFEZIEHENS =, BRAREARINRIEREERE X
FIBHIRIFIEREE . Sort I AR AT X R INH
BHEBMNRWHIEE, BE7H9 mm, EE7I0.3 mm
HIFe;,Al, 1,GaggPs .CsB.Si, T IAIFRE T . THFFEA,
ZFRETEBMENTHITRE, SIERHARELL,
FIENIFRGENEMEEES, XEEEFEIESR
MARESESREPTEATENCFEERERURDE
RIS .

2.3 BREESERE

B EREMTENEREIFRESNRIEZIF
BMARERSHENDT, HRRUEELETS, H
WRREX ATRIBE, XHERNRTZRERK,
MmEEEREX BB EIFRN AT REESRE
52, NMEBSEFATIFRNRKESMEEZRIIR
TIEREE. WHERRTIREERX A TE/NIFEREH
RABZEARKIERES SRR, TLUETRRIERX
ATE/NIAFER AR HI E P IRIFIFGRE 2 . Drozdz DF
NFVEEFRTT GPa. IBE520 CHSMH FREAIZS
iR HiFeg; oC42B,Si; Mg 6Py ,.CU, 1 So KIRIFREE
BEMNHEIEEHVEIAL 400; HEESEEH—SETS
B, ZIEREaSNER L REDMKRREE,
R TR TREWER, EEHVIESEL 862, LuW
FENPEEN 5.5 GPafIE T, XFe,SisB,IERD
RALHZ3 min, HIEHEEIAIEICEERI7.8%, BRI
RENISRE 108 THIRAIFR SN AKRE = .

2.4 BYERAZE

JBIE R iR 2 S KR ES 1B KRS P A RO BR AT IR SR B8
SEMETIERMARL, ENRZBERERSEMAZMAE
BRIk, ATIRIFROBREE, ABRSHAEERT, B
REALF 2 RIRAO RS IZ s M AL < (B~ £ R R,
(EREERFTIRETNRE, SERNFREREFS
REBN, HBHUEREMNL0S5 pm, XEXYTH
REHAEEMESR/), MBRATNBRITERE
TS, XTI ZERARY “ReE" RERBERR
RN R, BA, 1ZANHIBERT B LEE AR
BETHIENER QAR I IBMER RSN,



20194 5510HA/%68%

WRIRSIERESHHNETE, BT NEXNREH
REGHITEN, FTOEERESHARBEZEHIEELE
B, BIERTEEARBEEIREREE. (EREHKX
(AJIX100 GPa) . AWK/, FZRUFEMNS,
BHFBRIEFRAREAENEN, REFEDATKLIARES
N®E, BaERtE, £rrRERE. WEsHRS,
RS AP B S AR ST EREBICEE
98.7%MY, E1298.8 mmAYFey,Cr,Nb,Si,B,ARIERE
%, ZasFERIFEESENNERTES RIF
A MERE .

2.5 WMEBEBFREE

WEEEBEFIRE L (SPS) MNRIEBEEE-IE
MKRERRERTIIN—EEDIERM K, HAE
KT ENEE FERE AN, SIWEE
b, MBTEMNLIE, FSIEEREEREE.
ZRE AN R 2R B AR R B R
Kikess, HeeSRSA . BISiZG A LBREHE
En. 'ES. BUYHTFMRE st ErRAIERM
#h, FLHEBER FREEER A —MRERISAIR
HRIEREEHIE A E. Shen B L AR ABizA %4
FBHER20 mm. EENS MBS RIREERE
AJFeesCo,0GasP,C.B,ARIFRE R, ZABRITEIX
FIPICEEM9.7% . KFEEALRBiZSEHIE S
Fes;C0o5Nd;Dy By KHRIEREE, MBEEIXETH
REAAIAR/N, SRR RIT TR . RIFIESE
AP FBSPSH A& HR T 14 mmx 6 mmx 2 mm
AIFe,AlSn, (PSIBC ) , JUAIERE TN T, Fllid
Tz MeE, Rz FEEEREFNNERM
MR ESIOHESE . RIEMNMNIE . BREFOFE
MRTFIORE TR FEIZAERKNIEFREEE M AR
RFHOMNARIS . FXESEAFBIZEREREDIE
ERE NMEIERGEMARGIEMR T P20 mm x 7 mm
A9FesZr:SiBIRAIERNAK R EE, BITHHT 71zt
MERVRREN . AFRE . DRI IERE . M
REM, ZAFONNZERY, BEERGREN
e, WENDEHE R NES . &E7T
JWR£EIE7179500 MPa, JR45RE /1863.15 KRR T,
HE BRI IERIKREES S S S EMERERN -

3 HEXRIE
GEWAERFRRAERASIHNETE, B

s A /.*'\ '- ‘i
IS5 Founory |17 Be]

> Bk

FLAR R S R R A L S
=
st
=+
++

VA .

N i
E5 BIEREEREE
Fig. 5 Schematic diagram of the explosive forming device

BENYE, BEFETREENBRML. HRFSE
MKHEERLREAFRFEBRLIE, BARAERS
BIR, MEERFRTEMAENERRS, AL, #I&
MEERIBEYEIR. BEE-REE. BIEEREE
MeEEE Lt ErFeRIFREEN, BEESSBRE
—EEDFHT, BIA LIS EERARTRIRIE
FREE. SREKEEEL, BRIXRAHRESE
FlEFeERFIFRGSNETRD, Hep, 1BEMT
BRARTUABEEE SRR ENDUREGEZE)
REEMER, ERZIBEIERRNEN, FE—EN
AHERR, EtHEEE—LHRR. HBEFBEFR
ERARBERTEMEIETIZ, ATHERENES,
HBRHEE, BAA—REI=MNEIEIZ.

MHRNEARSEFSEIZEREMEX, miikiee
AEAMES AN B XRAIEE LR THE T
HHERARZERRMIE . FL, HFFeRERIAIF
REEHEIZEREAE T WEF IR KR
HRBRIXE . FeERAIFEEEHIFIE T ZER
B&Z, MUEEBENE THEEFeERFIFREE S
EHEMRARBIRN— T EZRR. B, 0B
HRAEM L, FREFOFeERFIFREEHET
2. ®RE, BEEFRALUEYERMEERNER, N
ML FeRERAIFR S S T WA F=LAR KRR
WA, REREDHAR—ITE,



OV —
{EE Founory 113G 5T Vol.68 No.10 2019
SEH:

[1] YANG W, LIU H, FAN X, et al. Enhanced glass forming ability of Fe-based amorphous alloys with minor Cu addition [J]. Journal of
Non-Crystalline Solids, 2015, 419: 65-68.

[21 =kiF, BBHS, J&BH, 5. Fes,,CoiNb,Mo;NisB,,Cr, 2 HTTRIMFR S S AIASFFIIMEIERE V). #5&, 2018, 67 (10) : 918-921.

[3] SURYANARAYANA C, INOUE A. Iron-based bulk metallic glasses [J]. International Materials Reviews, 2013, 58 (3) : 131-166.

[4] GAOY L, SHENJ, SUNJF, etal. Crystallization behavior of ZrAINiCu bulk metallic glass with wide supercooled liquid region [J].
Materials Letters, 2003, 57 (13-14) : 1894-1898.

[6] KFE, BFER, ML WMESUHRASHIERAIERIH [ EHRALE, 2005, 30 (10) : 22-27.

[6] TAKAGI M, KAWAMURA Y, SAKA H, et al. Effect of preparation technique and atmosphere on the mechanical properties of bulk
amorphous alloy compacts [J]. Materials Science & Engineering A, 1991, 133 (21) : 301-306.

[7] LUZP, LIUCT, PORTER W D . Role of yttrium in glass formation of Fe-based bulk metallic glasses [J]. Applied Physics Letters,
2003, 83 (13) : 2581-2583.

[8] F&k, FHE, TR, & —MeREHREFREE [J] 515, 2007, 56 (6) : 578-580.

[91 YANG C L, SHENG G, Chen G Y, et al. Preparation of a bulk Feg;B,; Soft magnetic alloy by undercooling and copper-mold casting
methods [J]. Journal of Magnetism and Magnetic Materials, 2013, 346: 44-47.

[10] YAO K F, ZHANG C Q. Fe-based bulk metallic glass with high plasticity [J]. Applied Physics Letters, 2007, 90 (6) : 061901-061901-
3.

[11] SK4E. HIEHERSRUHEIFRSES S IHERERIFE [D]. 3758 FiEK%, 2015.

[12] INOUE A, NAKAMURA T, SUHITE T, et al. Bulk La-Al-TM ( TM=Transition-metal ) amorphous-alloy with high-tensible strength
produced by a high-pressure die-casting method [J]. Mater. Trans., 1993, 34 (4) . 351-358.

[13] HOSKO J, JANOTOVA I, SVEC P, et al. Preparation of thin ribbon and bulk glassy alloys in CoFeBSiNb ( Ga ) using planar flow
casting and suction casting methods [J]. Journal of Non-crystalline Solids, 2012, 358 ( S12-13) : 1545-1549.

[14] AMIYA K, NISHIYAMA N, INOUE A, et al. Mechanical strength and thermal stability of Ti-based amorphous alloys with large glass-
forming ability [J]. Materials Science & Engineering A, 1994, 179-180 (94) : 692-696.

[15] ZEREE, WFRYE, TEMR, & MolITHENRIER B EFes,,.CroSia3BssPs /Cro Al Mo, JBIRIEAEAISFZIE [J]. F5i&, 2010 (2) : 145-
148.

[16] B, HTE, EibHK, & Fe-Co-Zr-W-BHRKIFRSEPIREMAIAS [J]. #5&, 2006 (9) : 898-900.

[17] BRERZ, KD, BEE. SiBFEEXIFeCoCrMoY CBIRIAIFRESEFIIZEILRIZND [J]. #RHALIESHR, 2016 (7) + 6-11.

[18] &M, RS, FTAR, F KRKEIFRPIRAMITLITOME D). $51&, 2013, 62 (6) : 491-495.

[19] INOUE A, NISHIYAMA N, KIM S G, et al. Fabrication and mechanical properties of Mg-Zn-La amorphous alloys containing nanoscale
hcp-Mg Particles [J]. Materisls Transactions, JIM, 1992, 33 (4) : 360-365.

[20] Bk, 75, SKiBUE, %5 Fe-B-Nb-ErfURIFRESRIEABEN RS EMIAR ] 85625, 2013, 12 (4) : 257-279.

[21] BRE, BFIL, T35, & B FIANYFEIFRaSERERIT NN )] £ERAIE, 2009, 34 (2) : 10-13.

[22] SILVAA, LOZANOJA, MACHADO R, etal. Study of soft magnetic iron cobalt based alloys processed by powder injection molding [J].
Journal of Magnetism and Magnetic Matetials, 2008, 320 (14 ) : 393-396.

[23] TAGHVAEI AH, STOICA M, MAZALEYRAT F, et al. Microstructure and magnetic properties of soft magnetic composites based on
silicon resin coated Co40Fe22Ta8B30 glassy powders [J]. Intermetallics, 2013, 43 (12) : 1-7.

[24] BEE, B&H, MRE, S HRASHSAIIERESSHRHER ] 78538, 2010, 24 (1) : 93-97.

[25] BUI Q H, PHAM X T. Modeling of microstructure effects on the mechanical behavior of ultrafine-grained nickels processed by hot isostatic
pessing [J]. International Journal of Mechanical Sciences, 2011, 53 (10) : 812-826.

[26] LI F, ZHANG T, GUAN S, et al. A novel dual-amorphous-phased bulk metallic glass with soft magnetic properties [J]. Materials
Letters, 2005, 59 (11) : 1453-1457.

[27] SORT J, ILE D C, ZHILYAEV A P, et al. Cold-consolidation of ball-milled Fe-based amorphous ribbons by high pressure torsion [J].
Scripta Materialia, 2004, 50 (9) . 1221-1225.

[28] DROZDZ D, LATUCHJ, KULIK T. Bulk amorphous cast iron with amall boron addition produced by powder compaction at high pressure
[J]. Journal of Alloys Compounds, 2005, 395: 59-65.

[29] LU W, YAN B, TANG R J. Bulk metglas, finemet and nanoperm soft magnetic alloys prepared by ultra-high-pressure consolidation [J].
Journal of Alloys Compounds, 2006, 425: 406-410.

[30] WANG B, XIE F, WANG B, et al. Microstructure and properties of the Ti/Al,O,/NiCr composites fabricated by explosive compaction/
cladding [J]. Materials Science and Engineering: C, 2015, 50: 324-33L1.

[31] MAMALIS A G, VOTTEA I N, MANOLAKOS D E. On the modelling of the compaction mechanism of shock compacted powders [J].
Journal of Materials Processing Technology, 2001, 108 (2) : 165-178.

[32] FARINHA AR, MENDES R, BARANDA J, et al. Behavior of explosive compacted/consolidated of nanometric copper powders [J].



sl = ‘Et
20194 S10HH/E68% LIS EAST Founory

Journal of Alloys and Compounds, 2009, 483 (1-2) : 0-238.

[33] £=18, KBz, X%, & FERIIZREEFFESHRNBIEEIRENF MR J]. HEEMHS5IE, 2009, 38
(s1) : 48-51.

[34] LIJ, LU M, AlY, etal. Synthesis of bulk amorphous alloy from Fe-base powders by explosive consolidation [J]. Metals - Open Access
Metallurgy Journal, 2018, 8 (9) . 727.

[35] KIMTS, LEEJK, KIMHJ, etal. Consolidation of Cus,NizZr,,Ti,s bulk amorphous alloy powders [J]. Materials Science and Engineering
A, 2005, 402: 228-233.

[36] JIW, FUZY, WANG W M, et al. Mechanical alloying synthesis and spark plasma sintering consolidation of CoCrFeNiAl high-entropy
alloy [J]. Journal of Alloys and Compounds, 2014, 589: 61-66.

[37] SHEN B L, INOUEA, KIMURAH, etal. Bulk glassy soft-magnetic cores produced by spark plasma sintering FesCo,,GasP,,C,B, glassy
powder [J]. Materials Science and Engineering A, 2004, 375-377: 666-670.

[38] 5KiF, SKXE, SKfB, & MESEFRERMIERFIFRNSNGIER ERHMAEZ [J]. Theesskt, 2007, 38 (2) . 238-242.

[39] FREE, A/ MBS E TR AHIEFeT4A14SN2 (PSIBC ) 205AIER A SN T [J]. RGBSR, 2014, 35 (6) : 44—

48.
[40] e, FB, £FHE, £ WBEEEFIREHIEFe75Zr3Si13BIR MM [I]. FEEESEFIR (&R ) , 2014 (3) . 712-
717.

An Overview on Preparation Technologies of Fe-Based Bulk Amorphous
Alloys

LI Jian—bin', LI Hong-wei®, MA Lin®, TAO Cong’, LI Ning'
(1. Army Engineering University, Nanjing210007, Jiangsu, China; 2. Air Force Logistics University, Xuzhou221000, Jiangsu,
China; 3. 72855 Troops of PLA, Qingdao 266500, Shandong, China)

Abstract:

Fe-based bulk amorphous alloys have attracted wide attention of researchers due to their excellent
performance and cost advantages. However, poor forming ability and capability hinders their use in a number
of engineering applications. This paper makes an overview on the preparation technologies of Fe-based bulk
amorphous alloys, and the characteristics, principles, advantages and disadvantages of various preparation
processes for Fe-based bulk amorphous alloys are included. It is expected to provide some guidance for the
preparation of Fe-based bulk amorphous alloys.
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