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W B RETWREEDKAFEEEENETERY 5 mm § FegoCr.0Si3.5Ba.sPo.sCrz.1Moz.0Alz.0 RFEHES
&. #f DSC, DTA #1 XRD XiZE@ 54 EMRBRIEHITTHA. HEWERERE T, . dBBHE ATx(=Tx - T;) .
MBI RRE Tg(= Te/Th) MEMERENBE v(= Tu/(Tz + ) 4510 784 K, 27 K, 0.601 1 0.388. #dfHie
SR RATBS AN EL BEFE o-Fe 4, W5 FeaC, FeoP, FeB, Fe:B BT . EHEBIIRERIZESMNR
|y 3870 MPa, Young’s #itt) 177 GPa, #¥EA R 2.1%, M#EEER 0.29%.
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ABSTRACT A new Fe-based bulk metallic glass FeggC7.0Si3 5B4.8Pg ¢Cra.1Mog gAls g with maxi-
mum diameter of 5 mm was successfully prepared by copper mold casting technique using industrial
raw materials. The thermal stability and crystallization behavior were investigated by differential scan-
ning calorimetry (DSC), differential thermal analysis (DTA) and X-ray diffraction (XRD). The results
showed that the glass transition temperature Ty, supercooled liquid region ATy (ATy = Ty — Tg),
reduced glass transition temperature Tig(Tye = Tg/7Ti) and glass—forming ability parameter y(y =
T./(T, + T1)) were measured to be 784 K, 27 K, 0.601, 0.388, respectively. The double-stage crystal-
lization process of the amorphous alloy is due to the first precipitation of single a~Fe phase followed by
the precipitation of FesC, FesP, FeB and FesB phases simultaneously. The bulk glassy alloy exhibits
very high fracture strength of about 3870 MPa, Young’s modulus (E) of 177 GPa, elastic strain (e.)
of 2.1% and plastic strain (e;) of 0.29%.

KEY WORDS Fe-based bulk metallic glass, glass—forming ability, crystallization behavior, com-

pression property
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FHR
e B 38 0 2005-10-09
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FNERTALL, ERERAKSFEREE SRR & HE
iR KERA 12 mm, i FeygCrisMo1gEraCys-
Be M (Fesq.3Cri0Moy13.8Mny;1.2Ci5.8Bs.9)e85Y1.5. 1B
RILEFHOSEERDS &SR & R
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BATRE R A, ERAEZETHEHKERGEZEEER
Wi B0 RIEERFEEIN R RS, A
XF RSN ESAERAELRE 4 mmll
AXKEMEERSY 5 mm HWEELRERZESSE
FegoCr.0Si3.5B4.8Po.6Cra 1Moz oAl o (R4 %,
TH) (e, &RIRNESERE.
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1 X8FE

TG & A FegoCr.0Si3.5B4.8P9.6Crz.1 Moz 0Alz o,
WTobdsk, FeP &4, Si (99.95%), B(99.5%),
Cr(99%), Mo(95%), Al(95%) , ¥4 A AL &
&, FIRBIPEEREE &5, NEF R RER R
HMERF 5 mm | K 50 mm AyEIEERE. LEETAA L
A%, Fe-P &mib¥miam®E 1 xR B X §4
fiigt (XRD, CuK,) WERG RSN, 95T
#. Al Perkin-Elmer DSC7 Z#EHAH7X (DSC) BF
REGAORTREE. H DTA-S1600 Z#H 4347 (DTA)
2 AT HAHZRIR AL, B MTS ArebBe vliksT =R 4E
A B, MAERSEN 1.0x107 s7L

F® 1 TRFAATWESRY Fe-P &8N

Table 1 The chemical compositions of pig iron and Fe-P

alloy used in the experiments

(mass fraction, %)

Material C Si P A% Cu

Pig iron 4.58 1.37 0.11 - -

Fe-P 0.015 0.25 28.08 0.21 0.11

2 IRERSiTe
2.1 Zfuis et

& 1 Fi7n A FeggCr.0Si35B4.8Pg 6Cra 1Moz 0Al2 o
FEERSHN 5 M 6 mm RFEAFEH XRD B H
Ewul L, 5 mm N BBAIERSEW, KHAHE
K fafEAE; 1M 6 mm R f T @AY RRI%, fEdE ARk
EHHET a-Fe, FesC, FesP, FeB, Fe,B Si4b#H, M
6 mm RXFE(LEH IS AERAE.

A2 AEE&EERA 4 5 mm BIREES A SNSUER
Fr W, #REELE, EASEEE ERilENER
REIFF M ENR.

. ° a-Fe
0

Intensity, a.u.
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26, deg
Bl 1 FegoCr.08i3.5B4.8Pg.6Cra.1Mo20Al2 g EREEE
% 5 f1 6 mm WREFKHA XRD B
Fig.1 XRD patterns for suction cast bulk specimens of

FegoC7.0513.5B4.8Pg.6Cra.1Mog gAlg o alloy rods
with 5 and 6 mm in diameter

B 3 HEZ 5 M 6 mm AR DSC &R (I
WF K 40 K/min). HTHEFHE, B 3 FHLHTH
S&BRAAH AWM DSC M. TLEL, FEH
DSC M&# a7 2 Mipug, K\ HRLTR
HE A BAA. i AH ERLEN, 5 mm iRl
T4 WAL, T 6 mm RERXALTH 50% HIER
M. 5 mm HEROBEAETRE T, . SaFHEE T
SR RAER AT, 50% 784, 811 #1 27 K.

FIF DTA WL T B4 5 mm P&F M RMRZERE (0
A Y 20 K/min). g1 4 #5 DTA #ign]4, WAL
HREEY 1304 K. {1 FI B4R BB ALGE 1 HI4E, "TLIE
BN FERAEERE Te(= To/T) X 0.601, BB
RSB v(= To/(Ty + T)) % 0.388. Lu % [12:135] 34

Bl 2 WERHER %8  FesoCr.0Si3.5B4.8Po.6Cr2.1-
Moz.oAl2.0 FEMEEEHREN 4 1 5 mm BEREERA
SR 5 '

Fig.2 Appearances of FeggCr.0Siz.5B4.8P9.6Cra.1Mo2.0-
Als.o rods with diameters of 4 and 5 mm prepared
by copper mold suctjon casting
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Fig.8 DSC curves of as—cast amorphous rods with diam-
eters of 5 and 6 mm at a heating rate of 40 K/min.
The data of melt—spun ribbon is also shown for

comparison
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Fig.4 DTA scan curves for the as—cast amourphous rod

with diameter of 5 mm at a heating rate of 20

K/min
HERERKIEREGEMREAEAHBENES, —K
Tg 1 v BEHRHKTF 0.6 f1 0.36. ACLEREKH, H
AT, X FHEREBBENIUEREGE, XTF AT §
BRI T, HMMHREha LRy 18
REER 5 mm #RMESRUTIAESEM Fe-P &
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Moy H A Ty M v EHEEBEREESCTEE
B8, R ITUESM R RE SRR KA B FOT A a8
A SHETEM Cr, Mo, Al HIHRIMAMARKRFR
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B REILERE, FHRLAIEFREBR Y B
BEMEME, MES TERIR, 15 TR miEr
MEREH. AN EXRPHERIADNEFERRHLER
LR C, B XEHBERMAEIEMBLR. Hlw, T
Fegq.8C7.0513.5B9.0P9.6Cra 1Moy 0Alz o, BKH LM
AEERRA 1 mm; i FerosCr.0Si3.5B3.0Po.6Cr2.1-
Moz oAbz, BRHIZFERABERERSA 3 mm. &
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REf SR E AR (B AEEFRAZSE) , N
SR TR R, BE T ERBEREES. -
ANATEEMIRE S Al MR TRZ RERIIMHEEIER A
*, Al ZGS5RER/EM Al- BERFE X, AlCs,
AlP, AlBj 2, XFHIR T3 A48 = L 5 R ABAIIE A B 1R £,
XEAIEREH PSR R Al- RERRTFXT, A
TR AL B Fe— 248 IR X M T8 AL S I 3,
M T EE R, ATBESR T BB iR . H bk
A SHPFFR WA B RE 1M Acr g R
JARSEEE AR (Tl A 8%) #I&RRTHsREERE
SEETIRER.

2.2 RUITANR
B 5 MER 5 mm #HE 4 HARMMEET

#) DSC ghigk. I\Fr[RAEH, WMENRERAHK,
Te, T, Tp1, Tpe FIERA B, BEWENN T
. 4 Kissinger A7 (15:16]

In(8/T?) = ~E/RT + C (1)

X, B HMPER, T HFRMBERTFIERR
B, RASHEE, B ARWUMER, C HHEE FA
Tp1 M1 Tpo, In(B/T?) 3t 1/T fEEAIBEI—FKEL, W
& 6 fin. B ELHIREAUSE £ i To M T
BRIMBIERES BN (356+£6.1) F1 (47815.0) kJ/mol.
B Tpr 1 Tpr BEIMFRMHEEHERTHELEER
- R RAEREEMMIER, IRWSIHRANERS
EFEERHRIREE.

Heat flow, a.u.
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B 5 HS5mm BEGERRMAEETH DSC MLk
Fig.5 DSC curves for the as—cast rods with the diameter

of 5 mm at different heating rates
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Fig.6 Kissinger plots of the tested bulk amorphous alloy
obtained from Fig.5
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Fig.7 XRD patterns of the amorphous ribbons with the

same composition as bulk alloy

(a) heated to 823 K (b) heated to 873 K
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Fig.8 Compressive stress—strain curve of the test bulk

amorphous alloy with diameter of 1 mm

SRAE oy . Young's il E 45k 3870 MPa, 3710 MPa,
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