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A Study on Fabrication and Properties of Fe-based Bulk
Amorphous Alloys.

In Kim

Department of Materials Science and Engineering, Graduate School
Pukyong National University

Abstract

Fesi xMoisMnxCrCisB; (x = 5, 7, 9, 11 at%) alloys were obtained by
melt spun(ribbon) and Suction casting{bulk) method. Their thermal
stability, glass forming ability and mechanical property as well as the
effects of additional element have been investigated.

When 5~11 at% Mn is added to Fess xM015CriCisB7, Trg vlaue are
ranging from 0.606 to high value of 0.615 and A Tx are from 52K to
65K.

The bulk amorphous Fes; x-Mois~Cr7-Mnx-Ci5-B7 alloy rod of 3mm diameter
was fabricated by suction casting.

Hardness measurement show vickers hardness in the range of 1100~
1150y for Fes; x~-Mois—Cr7—Mnx-Ci5-By.

Hy and Yield Strength increased with increase Mn content and the
largest value obtained for the FesMoisCri-Mni-Cis-B7 bulk amorphous
alloy.
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Table 1 Typical bulk glassy alloy system and calender vear when the

alloys were found

Pd-Cu-5i 1974

Pt-Ni-P 1975
Pt-Ni-P 1975
Au-Si-Ge 1975
Pd-Ni-P 1982
Mg-Ln-Cu (Ln = lanthanide metal) 1988
Ln-Al-TM (TM =group transition metal) 1989
Zr=Ti-Al-TM 1990
Ti-Zr-TM 1993
Zr-Ti-Cu-Ni-Be 1993
Nd(Pr)-Al-Fe-Co 1994
Zr—(Nb, Pd)-Al-TM 1995
Cu-Zr-Ni-Ti 1995
Fe-(Nb, Mo)—-(Al, Ga)-(P, C, B, Si, Ge) 1995
Pd-Cu(Fe)-Ni-P 1996
Co-(Al, Ga)-(P, B, Si) 1996
Fe-(Zr, Hf, Nb)-B 1996
Co-Fe-(Zr, Hf, Nb)-B 1996
Ni-(Zr, Hf, Nb)-(Cr, Mo)-B 1996
Ti-Ni—-Cu-Sn 1998
LaAINiCuCo 1998
Ni=(Nb, Cr, Mo)-(P, B) 1999
Zr—based glassy composites 1999
Zr-Nb-Cu-Fe-Be 2000
Fe-Mn-Mo-Cr-C-B 2002
Ni-Nb-(Sn, Ti) 2003
Pr(Nd)-(Cu, Ni-Al 2003
Fe-Mn-Zr-Nb-Mo-B 2003
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Table 2 The composition of representative BMG systems, their glass transition
temperature, T, onset temperature of crystallization, Tx, and onset melting
point, Tm, and glass-forming ability represented by reduced glass transition

temperature, T

Mgal‘\l‘il‘oNdlo i 454.2 4 477.7 BB 725.8 0.63

MgssNi2oNdis 459.3 501.4 743.0 0.62
Mg7sNiisNdio 450.0 482.8 717.0 0.63
Mg7oNi1sNd15 467.1 494.1 742.5 0.63
MgesCuzsY 10 4245 484.0 7279 0.58
Zra12Til38CuizsNiloBez2s 623.0 705.0 932.0 0.67
Zra625Ti8.25Cu75Ni10Be27.5 622.0 727.0 909.0 0.68
Zr4538Ti9.62Cus.75Ni10Be26.25 623.0 740.0 911.0 0.68
Zr44TinCuioNioBezs 625.0 739.0 917.0 0.68
Zr385Ti165N19.75Cu15.25Be20 630.0 678.0 921.0 0.68
Zr4gNbsCu1aNii1zBeis 6256.0 724.0 997.0 0.66
Zr51TisAlioCu20Nis 676.7 725.4 1095.3 0.62
Zrs57NbsCuis.4NiizeAlio 687 751 1092 0.63
Zr53T15Cu1eNioAlis 697 793 1118 0.62
Pd4oNiaoPz20 590.0 671.0 877.3 0.67
Pds1.5Cu2Sii65 633.0 670.0 1008.8 0.63
Pd40Cu30Nii1oP20 586.0 678.0 744.8 0.79
Cu60ZraoTi10 713.0 763.0 1110.0 0.64
CusaZrziTisBeio 720.0 762.0 1090.0 0.66
LassAl2sNiwoCuio 467.4 547.2 662.1 0.71
LassAl2sNisCu10Cos 465.2 541.8 660.9 0.70
NdsoAlioCuioFez 485.0 610.0 773.0 0.63
NdsoAlisNiioCuioFes 430.0 475.0 709.0 0.61
Ti34Zr11CuaNis 698.4 7212 1119.0 0.62
Tis0Ni2aCuz0B1Si2Sn3 726.0 800.0 1230.0 0.59
PrssAlizFe30Cu3 551 626 845 0.65
Fess 58Mnyg 72M03 4Z1raNbsB24 863 935 1372 0.63

_11_
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Fig.9 Gibbs free energy associated with the nucleation of

a crystalline embryo as a function of its radius.

Fig9 ol embryooll Wi AfFelid=e ¥ss detldch. Wzhe A4t
Azte) gl 93 cluster® T3 Ao AAH embryose EA ¢
B Ao iA Hss B3 (embryos] A7) wle] W3te] wE A
FoAA e Al ool ME embryo AW v F7lell 23k Aol
o] F7h

A o3 AFolfRe] Wk (2)2 3 2}
AG = 4ar 20 + -%—rg AGy =eeserrrrrmmemenenanans (2)

AGy /A7) AFol A ZFo] (per unit area)

0 /A 7ke] AHA YA (per unit area)

Ao AR BA g AfoluAe] Wk (343} 2k

_17_



AGT = —F (—F—) -ereerrmimrciccreennaes
G 3 (AGf ) 3)
AAWRAL WA H 2o}
* 20 _____________________________________________
= TAG (4)
AG™E A ouvx] Feolx o= %9 vl sy AGE W29} vld

SEZ AG: 2E7h il wel srelu )

242 #< A AA (Homogeneous Nucleation)

Turnbull heterogeneity 7} &3] ¢le 48X homogeneous
Nucleation®ll thafx #stdot. Lurdl 349 A9 viscosity 7}
gonz Sate] oF AASE =] oy FEAldA st #ol
AAEA HH 1o @& EYEE Qg Recalescence(MEHNZ Q3

Aol Wzel] WejE LA Ao ol d dA FFS A F7] AsiMe

V1 : Volum of supercooled liquid
t : time in which the liquid cooled

I : Nucleation frequency/(volumx*time)

-18_



A9 Ao W HAHEE nucleid £

= £0l7] sl = Liquidd] ¢
)

Al

o
tlo

Zolx 17} ofo}
ol 1= (6) 4% 2t}

Ol

bl e gzt

84

b
i
N

I :-éf exp [ -ba’ B/ Tr (ATr)* ] eoveeeemeeseneneancs (6)
6) Mol w=2H AAsE wr] M viscosity 7} Fokstm Eabz 3
o] Aokstr] ar/Azke] FWHFHo| FAofgch
21/30 NH, A
_ e _ DS -
AH;H RZ:H R

N : viscosity

: Liquid/Crystal interface tension
r: T/ Trn
r: (Tm_T)/ Tm

5} 4 ;e Ak 2ol AHpel Al AS, e Aok #r

243 23 A A (Heterogeneous Nucleation)

=4y,

E & levitationg E3] o=

_19_



=) 19,
1in)
ox
1o
=
o]
g
jmpd
—
o
=4
o
rir
©
i
R
L)
£

RILRET) S 4 — ®

| 1+ K
K = 1010 R(Ag) (_(S.K%) .......................... (8_9)

A : the distance moves in each interfacial jump
f . fraction site of site molecule can be attached

K : thermal conductivity of the liquid

metA 2 A4S AA sz 2AHINE AFAF 7] e E A EA
3l nuclei®] W& Zo]1 (seedd) WEE 9 viscosityE ZA 3ty

27t AR daE s 7 AT site?] FE Foofnt i

2.4.4 Viscosity 9} Trgol 34

Viscosity7} AttE A2 Yzpe] o]lFo] Y&31x] Eilpes AL Stz
2L Fabe] AHEgeE oz 2Lt Viscosity?t reduced glass transition
temperature= W23 22 HAAE 7R EE reduced glass transition
temperature’= 7] o}F3kt},

Viscosity$} reduced glass transition temperature?te] @A AL (9) 4 3}

o

.

N oc exp [FA/Trgl oo 9

_20_



2.45 High glass forming ability <1 A}

SEEHolY G R QoiA HPAFE o
A5 A ahe] Figl0 o SEuRis

;o a/AzE AmE| R (0), viscosity(n), reduced glass

otk
o
uly

td
rin

=
ae

Q

transition temperature(Trg=Tm-Tg), ASm¥ FAoFsl® A4ke] AA(V)),
seed density(p), fraction of accept site(f), AHm-= #}ojok 3t}

glob 2& gt hgsE e Al A BEEA FEeer ok

_21_



Empirical Rules
1) Multicomponent system consisting more than three element
2) Large atomic size ratios above 12%

3) Negative heats of mixing among the elements

\

Formation of amorphous phase with a higher degree of dense random

packed

e '
Necessity of atomic

Increase of solid/liquid

: . Increase of T,
7
interfacial energy rearrangement on a long range

scale for crystallization
‘ ‘ \ ‘ y

Difficult of atomic

Suppression of Suppression of crystal growth

nucleation of rearrangement

crystalline phases

Decrease of Ty, Increase of Tg/Tm

Fig.10 Mechanism for the stabilization of supercooled liquid and the high glass
forming ability for the multicomponent alloys which satisfy

the three empircal rules
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251 MAA 7o AAAS

H A a2 229 7teiA e S8 gl F A HEdATS A=
A= T Y55 (Homogeneous flow)S WEI T ©@e Lxox=
5 7Y% S (Inhomogeneous flow) HEIATH #LFF5S vjAd Yo z+

7he) Rulixbge] Wald ¥4 BEEol FUsA WHL Yo Aol

FE SHo] Tt A = Wl 45° WO 2 shear bands7} #A = o] shear
bandsE Wzt SHPFT ALl Bt 7 EA g}

Feol B2 SHo| AW Fr B 7Y §50 LA P

Hol Bie] mEW shear bandsWlol A A-F%-3e) F7te} shehz e o
B AR Wyt Mg AT 9doz AAHAT o] shear bands
o) 4 oAHEZI o8 FHE F Yt 24WE A WG s #
A4 % (free  volume)el ZF7ist7] wiiEodl H]FAe HAUHE wA
Softening @4to] WA viscositys $HFPFA o)A FFHol
DY el A ZastA Boh Ao 3 viscosityd BAE YA oF3
Bdol Yok oj2g =FRAQ HFo| 84 shear bands’t TAEHL
=13 shear bands WHoF AF A erd F A7k Fuztolof] s

A EH Tl ARG, ot SHPFTHALN @A shear bands7t %

3

pattern©. 2 UWENAT} vein patterne E7d AU o

=
A= HEFH O diabatic failuredl] 2a] w37 2o} M7l 3pH o] o},



Vein® &% % crackAAA 9o 2 A33= branch veingo¢] Q=4 o=
crack 4 X e EotAA wjFolgtxm d# A 9}, o]2]3 branch veinE
of EA o3 vAAR 7} AAAFS WA "o} vjAHE gFe A=

2 sl A WAEAE - strain hardening ability7} Aol §17] wjEd

Axgo] wlg ATE}, Zz+e]  shear bands £ AAWMEZL aA
22 ¢  shear bands®te] #}Fol] ZGstmE A2 A%A] WE glo] 3

238 FIHAATE B A2 vAFAe] £24REHS FEHEA] 0~
2% HER ASHI AFHPA = PGS Ao #A#AT 4+ gl uelA
A A~ dHE o] k2 shear bandse] ol o]&3Fkt} u|A A Fo] 7] AA

54 FYAT7] AL BYel AT BA FRY WIS 7] 9

o] @ato]= 3t ek
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o 47 AEYPHAE TESE deep eutectic 24 FH

st vk Fig.113} 12¢ aAdAel g A&S dJehdAdo.

2 APE A% dEE2 Fe(99.9%), Mo(99.98%), Cr(99.9%), Mn(99.9%),
C(99.9%), B(99.9%), P(99.9%) 9o +&& 7H& d&ES AH&sdt. o
g HFEAE Figl3 o Yetldt. Mn & 7t=A2 st &3
Al EeEd] dFE Hastelr] A 2EXALS] Zre 9A ST F

el ok2 R sha B4 ol=&8)(Arc melting) stk A Fola

galze) AYEE Figldol dehigleh Au de) AFEE 10 4oz #
AstgRn AF e WE AAZY FFL AzAG FAW 4R §2
2 97 Aa) ARES 4~53 BARAD. ABS YT W YA Fed

Cu Mold Port® FHsalozt Ao zZrzt $)x|8te] of=zo 935 &4
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Large atoms
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........... &
CS Small atoms

Atomic Size deviated from Fe atom %
®

Atomic Dameter

Fig. 11 Comparing atomic diameters of candidate elements

for bulk amorphous alloys

50

ofb
AW

30 : 1 Ce

Heat of mixing (KJ/mol)

(Y*I'Fe)/l‘pe*loo

Fig. 12 Relationship of [ r-Ty.) /rr. with mixing enthalpy

for different alloys

_27_



[ono
i Alloy Design Heatof g

g Deep eutectic

Diffusivity

Al Mother Alloy

BT 5P
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Characterization (DTA, DSC, XRD)

Thermodynamic aspects

Kinetic aspects

Evaluation of GFA & Mechanical Properties Hardness st

Cormosionfesistant

Fig. 13 Exprimental Procedure
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Fig. 14 Schematic diagram of the arc melting furnace
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Fig. 15 Schematic diagram of Rapid Solidification Processing (RSP)
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Fig. 16 The Cu mold of suction casting equipment

& 3 mm bulk amorphous alloys of cylinder type
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Water
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4 Tungsten Tip

Suction
Direction

Fig. 17 Schematic diagram of Suction cast eguipment



35 *ZE4

351 X-4 3d &4

zyzbol A4S F4$ 39T Suction castingd E3) @ B3 EHAlo ddE
Az} zhzhe] Aol tiste] A A3 v AAs AsS BEE] 9
A} XRD (X-ray diffractionmeter, Rigaku Co)E o|&3le] FA}sladct.

2 A% XRDEAL Cu eA(Ka, M=154054)2 Abgstdon 747
I HAire 27 40kV, 30mae] U2 At XRD ~2HEHE A%
FARel Mo R 20°~80°9] FAMM YA 4°/min®l & E¢ 0.057

w

b
o
Jo

352 AAAN R @42

AR vAd Fe FAs] Askel A AvG 2L B
BAET BAANE Yot 2212 4B 9GS @7 AADR & Aa

vl (electrolytic jet thinning)$t ©]2% 3 (ijon milling) & E3t] A|HE £
stk dalduls Al g-2(900mD ¢}t perchloric (HCIO4 100ml)-& A

HE APRSIIL o]2H e o2 AW HWIte ZHg 4~10°2 ®ig)
AlZIAAM Autstdt 7 A 200kv(A=0.02508A) ZH A AT H &
<8 +8l" AlHY g F79 SADP (Selected Area diffraction

pattern)®} BF image (Bright Field image)& it}
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353 FAAA AvA @2

TAE A @vld e ThEAge 10kvE sen AW 3% o2 3

a2e 1R EFE do2 44 F A4S BRI

36. ¢

Al
A

e

36.1 ARFADGE ¥4

dee HAdd 4% FUAAE Aatslr) g 4
st 2t Z=AA digk Teok TE AlxFAEZHEA 7] (Differential
Scanning Calorimetry, DSC : Perkin Elmer DSC Phyis 1)& ©] €3t 10
0CT~700Ce 2= olA ZA5ATE S EE AlHE dddoe] 2 Hu s

uR
ol g

B Az 23 ABe gwe 2 oA hE T 4ze] ARE 9 10

A mze on QAE Fo R sl witdE deA A FHog
2 AT E o]l AZEE A (on set)E 7lFow AAS L5
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362 NAAE4

Az AH HAAAM L (liquidus temperature, Tr) = A2 % (solidus
temperature, T)E 437 9t 29 =<2l 600TC~1300C e =54
A4 DTA(Differential Thermal Analysis, DTA : Perkin Elmer DSC 7)&
o] getAt. YEF AP FA A2 Ea AEe dEg e FH| )
Rk Ao ARE O S0mg AR st ALOz =7t ¥
2897 sl 033 K/s9 8 52 Tod TE 27 F43tdth
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=

3.7 71AH 54 A7}
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B dFdMe AT vdE FE 271 918 empirical rules 7R o=
3l Atomic size, Heat of mixing, Deep eutectic point, Atomic Diffusion,
viscosity, densitys & 3l 3YA A FFHAE AT

A4 394 =4 Fe-Mo-(CB)Al &5 Fe-Rich 2A4IM #4824+ %
& F o] FFxAe Cr, Mn 59 Heoldait P, Si, Al, Sns 9] Wa5Hd

& 5 A7teel MAAYYTY MRS BASAC olF B ¥

HAAEAd FoldLe GAMZLEE Reoll 9ste] 7t B F AAW ol&
ol2x oz AAZ AU AY FA7] o] "WEel A8 VA &
AAE T HFASE BHAFAY RolHE HUIET HEAHA 9 EHY
4 FolAS HUse AR AARTGRE Tx, o frEfdol2x Tg A=
UelE #iztadd g ATx(Tx-Tg), 38 o FelHol&x=e Hdl
Trg(Tg/Tm)kel Aok olst e AxE T3 “v|Ad IA4T7
Ak A= AR doe EANAT BFAFAY Tl £ FEe B

Trgdte 062 o)A ATxE 40K ooz 48 x Qloh

m{o
o
N
)
ols
o

o\[‘

_35_



4.2 Fego- x~Moi5-Cx AlojA] &4 Fd & 43 54

C. B3 22 vhad A5 Fedd oF 17at%ol M 62 $99H0] &4
st Feoko] abib7An] (/R)% 0750189 #tg 7FAE=R uAdd FA4%
= =olvd mdHd Aolsr FAHEY meq £ ddgeMde Fe(,

Mo-C, Fe-Mo A HXEE edte] Moo &% 15at%=E 1435t Fest C

O

melting ¥ FEETYUE o83 HARNBL Azste] CHP Wate) e
AAFF Fe-Mo-C o GA5HE 2ASAT M3 4GSl e =

4g AL Table 3 o 397 39 243 24 SHS thehich

Table 3 Chemical compositions and characteristics of Feg. x-Mo15-Cx

T, T, AT, Tnm Tr
FegoMo15Cs — — — _
FesMoi1sCio — — — —
FenoMoisCis — 863 — 1403 -
FeesMo15C20 — 868 — 1425 —

Fig.18% Fes sMoisCx (x= 5, 10, 15 20) @& 9 DSC FAeoltt
Fes xMoisCx (x= 5, 10) &aolA= omst FEIA(Fxg4sddor o)
AE= FeEdoe 2IYA(EASHE #EEA EeA L Feso sMoisCx
(x= 10, 19¥TY 4+ 2483 ddel St TE Peak?t #FEHJ S

1} o3t & <E Peak(onset)

i
o
s
_O‘L
B
i
2
o
~
>

rir

2}z 863K 868K
2 Col FeFo] 15~20% S7HEel wet dssith
Fig.19%= Fey MoisCx (x= 5, 10, 15, 20) 3w DTA=xMo|t
Feso xMoisCx (x= 5, 10) F5F2A4 M= Tm < 1200C
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F2 ATxX(Tx-Tg)7t =2 AFg5Eo] govt A Trg (Tg/Tm)7t 2ot

Aue vAd 4% A5/ @ & Qo 2 ARh ATxsH: 0B

2
F Ave Bavt Hu Aok gEgA 2 AFeME AT Trgs 2o &
A n Trgel oS $32 71 298 TPk o159 F549 =

at%z JEpon G54 @A s AUeEE ARSI

4.3 Wb

I

Q29 Az Be WP IS

Mo®}t #& ETM(Early Transition Meta) @A ¢ Feol #-& LTM(Late
Transition Meta) @ 4olA4 ETM-B, LTM-B Pair7te Eg¢4dL& -(1~19)
KJ/mol ¢ W& 7FXx Axur7o] 008200 nm=z ZO =2 Fe 9ol

pgEo) A7 48 wn olE Fa uAY FAEL =Y A

it
)
¢
o
=
o
o
ot
ol
o
-l?i
BN

3% ¢ 15% =% 1A T u|AA HAFY

6
el Festtin dulR WEse 24 2~23%F neste C, BE A

A=
t}. Table 49 FegsMois(CiBy)2e (X=5, 10, 15, 20at% Y=2, 7, 12, 17at%)<]
ZA43 7+ e Tg, Tx, ATx, Tm ¥ TgE A st et
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Table 4 Chemical compositions and characteristics of Fegz—~Mois—(Cx—By)a

Tg Tk ATy Tm Trg
FessMo15CsBiz 823 898 75 1401 0.587
FegsMo015C1oBi2 798 863 65 1388 0574
FegsMo15C15B7 851 391 40 1408 0.604
FeszMo15C20B2 776 823 47 1403 0.553

Fig.20-> FessMo1s(CxBy)2 (Cx= 5, 10, 15, 20)(By= 2, 7, 12, 17) &&& &9
DSC /o]t

RE A Fjde]l @437 @Y peakell 23 AA3}AAo] FEE
FessMois(CsBy)z (x= 5, 10, 15, 20) Fa2dlA CY 3ol Fr7hgd o
2 FEl ol 2= (Tg)d AAILE(Tx)E EdE5H oz Astedt Trgdk
A Al 055314 0.6047t%) 2 Zo 7 Witstu YSS #AHI 5 g}

A A=Al Be ol Fedtol A6 7M7e4E AAIF2=(ToE
8I8K=E 71 =4 Yeldy §H(Tm)2 1401K2 713 @A dA =
C-rich £749 A% Co &&o| Feotol TH LHTFE FEHo=
(Tg)e 81KE 718 =A et o] wiEol FesMoisCisBr & 24 o
A 7HE & Trgarel S E A

FessMo15CooB2 &9 Trg7b 055322 $& A& Be| 3dtako] ujunF zto}
SdaAd & S MAA kg Ao AlsH

Fig.21= FessMois(CiByle Ea 8l DTA 4o|th

FessMo1sCsBry &85 AL s BE Fe 2A4dA olF Hart #z=EA.

©d Ak depA e oY L THARAAA dolun e £
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AT B o] 12~17at% dwl Tmel 1401K, 1388K=Z A FA ==
H ol& F3)A Brich 24%s°l 3AFRAYA 08 2HASLT ¢ + ¢
ok SHA Tmol wobAE Zel 3] Tgol 4sFHol ooz Trgitd
A @dth Co F#Fo] Fe-C HEHXEde) ¥4 ddo 717ty de et
A b B3-S B Co F#Fo] 20% U Tmeo] 1403K2 B8]
S BAEAT TgAA wA A5 Trgahel 055302 wA| 34
HAS.  FessMoisCisBr 59 29 Tme & Ao Hs) vz =3

W Tme] Z7FEe vl Tgel Z7H7F 2B Trg7b 06049 =& ke 1}

it

T

Tlo
Ol
rlr

oo

2

Ehi2lth. Fig22e] Aol we 4974 @39 Tg, Tx, TrgE Aste] o
EFRQITE 49 A4 060149 Tgrl dAEEz HAAGA S0 9=

Ao Andt,
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0.33K/s
FegpMoy;Cs
" Fe,;:Mo,.Cy,
g
g ‘Tx
g | FenMoy)sCys
=)
| ,
FegMo,:Cy
" '] Py (1 2 1 1
600 700 800 900 1000
Temperature{K)

Fig. 18 DSC curves of melt-spun Fes xMois Cx alloys

0.33K/s
— ]
FegoM0,5C5
o | FersM015Co
E ‘T m
g Fe,Mo0,5;C,)5
=
P Tm
FegsMo,:C)
3 1 " 1 2 1 A
1100 1200 1300 1400 1500

Temperature(K)

Fig. 19 DTA curves of melt-spun Fes xMois Cx alloys
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033K/s
T
¥ - ‘Tx
FegMo,:C5By,
g
2 FegMo,;CBy,
o
5| Feaa™M01sCy5By
Je
I FemMolsCan;f\ / U
lFeTl)NIolSCIS
1 3 M 1 i
600 700 800 S00 1000

Temperature (K)

Fig.20 DSC curves of melt-spun Fex x~Mois-Cx-B, alloys

0.33K/s
Tm
¥
Fe;3Mo0,5,C:B,y;
m
E Fez3Mo,5Cy By, \
=]
Q
m
= | FegyMo,;C,5By
| m
Feg3Vio5Cy B,
ﬁ Tm
;] "

|| FeMoysCys ‘

1100 1200 1300 1400 1500
Temperature(K)

Fig.21 DTA curves of melt-spun Feg x-Mois—Cx-B, alloys
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= \ /
800 |
750 .
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0.60 | \
3 | / \
% 058 \’
o
B0 056
- ¢
0.54
s 10 15 2

C(at%)

Fig.22 The change of Tg, Tx and Trg for the melt-spun
Fego x~Mois-Cx-By alloys
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Fe-Mo ElZ=olA Mo 5~20at%¥ wf HwZH Y31 Y& eutectic
o o] MoZxAl W
sto] mE d¥54Y ¥WIE #ESAY. F°] Datad EURE s}
HHstd C 7 B ¥ A7 15 7 at%® 1AL Fest MoE MZ A
#3tH Mool &S 5 10, 15 20 at%e] o2 F7/HAA HES Ax3
F Mo#7b#d wWE Fenx-Mox-Cis-Bris9 &4 EAS ##sAh
Table5 o Fer x-Mox Ci5-Br (x=5, 10, 15, 20at%) &= =A3} z+ &
9 Tx, Trg ATx, Tm ¥ TgE Azste] Yerdct

B'Tt
o

o
Y
2
ok
2
=
i)
>
(e
>
e i)
2
X
rir
o,
o2
19
2

Table 5 Chemical compositions and characteristics of Fers-x—~Mox-Ci3-B7

Te Tx ATy Tm T
FersMosCisBy 751 790 39 1386 0.541
FessMo010C15B7 813 848 35 1380 0.589
FeszMo35C15B7 851 891 40 1408 0.604
FessMo20C15B7 — 895 — 1364 —

Fig.232 Fen x-Mox-Ci5-Br =229 DSC F4doltt. 1 §HUAS
Mo¢l &o] ZF7hgtel] whel Tx9 Tg7b F7FAA % Mo20at% AL
Txi 89K= 7Hd =A #FHJAoU  Tgrh wWEshA #2=A
ol& ZFa olFFANM Moo HHEXAHL 15at%YS Lyt
FessMoisCisB7 24l A Tget ATx7} z+7b 851K, 40K2 FHEA o] 7h4

O . &
$52ES o 5 Ao

=

o
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0.33K/s

Fe,;Mo,C B,
ﬂg‘VTx

Fe,Mo, ,C B,
‘VTx

Exothermic
-
[1)-]

Fe Mo, ;C\B,;

Fe,Mo,,C B,

A 1 1 L 1 | A
600 700 800 900 1000

Temperature(K)

Fig.23 DSC curves of melt-spun Fer; x-Mox-Cis-B7 alloys

0.33K/s
T
|4
Fe,;Mo.C,.B,
2
E Fe,Mo,,C,sB,
£
s
- B
Feg;Mo,;C B,
Fey;Mo,,C B,
n [ ) | I | n
600 700 800 900 1000

Temperature(K)

Fig 24 DSC curves of melt-spun Fez x-Mox~-Cis—B7 alloys
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700 L—* ' ' -

0.60

Tm/Tg

0.6} /

Trg

054 @

Mo(at%)

Fig.25 The change of Tg, Tx and Trg for the melt-spun

Fer-x—Mox-Cis—B7 alloys
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Fig.24& Fen x-Mow x Ci5- Br §52E9 DTA FHoltt. FessMoxCisBr
gtFol A Tmeol HAXNE FZHAT MoZt 10at% ol H7F HAAS o)
peak®] ¥zldato] BEE AT FesMosCisBr Fa oA &30 7HE =2
1408KE 7} =R g1 Z71o] wls] Tge AsFel 22 Trg

a +rEde 4 F Atk Fig2sel

Fers x-Mox-Ci5-B; & 59 Tg, Tx, TrgE A&l st Yeli At

= FHazd 0604=

45 Cr A7te] 4%

gol| A} P& dataE ulEo R 49A T Crs Fesd AFsy Crs 77
5, 10, 15, 20 at%e <oz F7HAA gEE Ax & Fa9 2473 54

S #AFE Bt Fe-Mo Crit HHEE 183t Mod #¥3FS 10%=
et

Table 6 < Fess x Mow-Crx-Cis B &5 243 24 =9 Tx, Trg,
ATx, Tm % TgE Azste] YetAH

Table 6 Chemical compositions and characteristics of Feg x~Moiw—Crx—Ci5—Br

Te Tx AT, Tn Tre
FegsMo10CrsCisB7 832 877 45 1408 0.990
FessMo10Cri0CisB7 | 838 882 44 1423 0.588
FessMo1oCrisCisB7 | 848 901 53 1398 0.606
FessMo1oCrz0CisB7 | 853 918 65 1473 0.579

Fig.262 Fes x-Mow-Crx-Cis-Br(X=5, 10, 15, 20 at%) @3e&e DSC
Aotk Cre) Faol Z7hdel wat Tgeh Tx/h 37H¢e @2 ¢ F
AN ATxE 44K-65Ke] H oA A=At
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Fig.27< Fess x- Mo1w-Cryo x-Ci5 B §5822] DTA =AMolu},

Fess-MoiwCris-Ci5- By 852 A3 e gFAA peakd EAME

#HE T AAG 494 el niE] §Hel A SIS S 4 ¢ AN
=

Fess-Moio-Cri5-Ci5-B7 &304 & 8ol 1398K & Hlu ¥ g
o] T

2 [

I o]E Tl olFe A TAREA
Trg#t-& 0588-0.606 Aol 2 vl A A=A},
Fess-Moi-Cri5-Ci5-B7 &5 ol A Trg%kol 060622 HluH F& flolnz
HAdg 5o 4T o8 FAHAAG

Fig.29° Fess x-MowCrn x-C15-B7 &3¢ Tg, Tx, TrgE A#st9q yEl
WaAth o5 A BAd FAsel $ o2 E TAAEATY 44
WA EHAa #AZE Moy Cry Fey BY C

ETM-B, LTM-Bzte] @AM &9 EFLe 7HAe BFS Rolr
Fe-Cr, Cr-Moztell A&n-&aA7 o zZ+d=t7ke] 294 pair system
o] EA| gt

ol T nFH srRH FEEAH SFHolA RY FARTrY dxpnF
HA2#A 7 Random3 2L =L ZEE £ol3lA sl Viscosity?} 7138}
NE Ao FAHIAY. 98 FHolA BH 2ol 5T 2
o2 HAEITEHAAN & FAYLAZFY] mixingo] ZE O] Free
elemente] 2HA¥o] A H 1 Thdst 29 A pair system? A ABA O )
el bt 1 kol AAHUS Aot AbEE

Fig.28 & Fess x-Moiw-Crx-Ci5-B7 =242 Suction casting o ¢l&] A=

2 473mm BAAL] X-4 HARNLY Aspolth RE FFANA 9
AAT
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0.33K/s
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E FeggMo,,Cr)C,:B,
&
"
" [FesyMo4,CrysCysB,
FegMo,iCryCysB,
T
g ‘Tx
FegMo,,C)sB, \
i 1 i 1 3 2
600 700 800 900 1000
Temperature(K)

Fig. 26 DSC curves of melt-spun Fegs x~Moio-Crx-Ci5-B7 alloys

0.33K/s
Tm
¥
FegMo,CrsCysB,
’;Tm
g | FesgMo, CryCy5By
&
£
A Fe3Mo0,,Cry;CyisB, \
Tm
1 y
FegMo0,,CryyC,cB, U} [
FesaMowclsB'r \ /
1 i
1100 1200 1 300 1400 1500

Temperature(K)

Fig. 27 DTA curves of melt-spun Fes; x~Moio—Crx-Cis-B7 alloys
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Fig. 28 X-ray diffractions patterns of as cast rod

Fess x~Moi1o-Crx—Ci5-B7 systems with a diameter of 3mm
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Fig.29 The change of Tg, Tx and Trg for the melt-spun
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Table 79 Fess~x-Mois—Crs—Ci15-B7-Px (X= 2, 4, 6, 8 at%) ¥ =43
7} el Tx, Trg, ATx, Tm 2 TgE Asted yepiich

Table7 Chemical compositions and characteristics of Fess~x-Mo15~Crs-Cis~B7-Px

Tg Tx AT, Tm Trg
FessMoi15CrsCisB7P2 843 913 70 1398 0.603
FessMo015CrsCi15B7P4 348 915 67 1396 0.607
FessMo015CrsCi15B7Ps 854 918 64 1415 0.608
FesoMo15CrsCisB7Ps 833 923 90 1402 0.594

Fig. 302 Fess x~Moi5-Crs-Ci5-B7-Px &5 ¢ DSC F4olty. Tge P9
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o 4 peake] ¥ @ate] BRI Tme 1398K 1415K) HelolH 5
$ A% glo] BU&HoE WaSA PHFl 8% W Adsm
2E FRANA 0602 ¥ wEH EE Trggtel #2HAT Pl
6at% & W ol 4I5KZ 4 ERA e Tgol F7hE w8 Tmel 3
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HAdso] ¢4 Aog FAHE o Suction casting® F3 3mmESAHE
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3 AZzFA 3mm FAAAHY X-A HEHLE AFyo|th BE
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ol A ¢8-S 4dUY. Fig.339 Fes-x-Mois-Crs-Cis-Bi-Px &3¢ Tg,
Tx, TrgE Agste] YeR AT

ol ¥g Flog FARATPY FFol T/ met A AA
=

0.33K/s
T
pge v
Fe, Mo, Cr,C,.B.P,
LA
P Fe,Mo, Cr.C B.P,
£
g Jg X
=]
& | Fes;Mo,,Cr C,B,P¢
T T
P b
Fe,Mo,.Cr.C,.B,P,
1 1 L 1 L 1 1
600 700 800 900 1000
Temperature(K)

Fig. 30 DSC curves of melt-spun Fess—x-Mois-Crs—Cis—-B7-Px alloys
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Fig. 31 DTA curves of melt-spun Fess—x-Mois-Crs-Cis~B7-Px alloys
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Fig. 32 X-ray diffractions patterns of the as cast rod

Fess x~Mo15—-Crs-Ci5-B7~Px system with a diameter of 3mm
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Fig.33 The change of Tg, Tx and Trg for the melt-spun
Fess x~Mois-Crs—Ci5-B7-Px alloys
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Table 89 Fes x-Mnx-Mois—Cr7 Ci5-B7 (X5, 7, 9, 11 at%) &< =43
% el Tx, Trg, ATx, Tm 2 Tg® Aelste] denigieh

Table 8 Chemical compositions and characteristics of Fesi xMoisMnxCr:CisB7

T, | Tx | ATy | Tw | Tu

FesiM01sMnsCr7CisB7 861 913 52 1398 0.615
FesMo1sMn7CrCisB7 353 910 o7 1390 0.613
FesM01sMnsCrsCisB7 848 908 60 1388 0.610
FesMo1sMn1iCrCisBr 340 905 65 1385 0.606

Fig. 34& Fes; x Mni1-x-Mois-Cr7-Cis-B7 @589 DSC F4do|th. X &
grFA A o] Fpeak7t BEREHAJY. Tgot Txe Mn & F7bd upzt
astyE AE8E B ATx 52K-66K2] MHlolA A=A
Fig. 352 Fes; x-Mnx-Moj5-Cr;-Cis-Br @& 829 DTA FHdolt. B
ol A ol F peak 7} TAHATL § Aol 1398K ool A FAdHo U+
S BT ¢ UAn Mn 9 FFo] 1lat% du M F& o] #AH
Z38) Mno] o|&EA2 §¥(Tm)ZAsto] a4 o=w Z&3=
AL & F AU BE FFAA 0610 ZHsE =S Trg7t #2HU
=

gol A S48 v F4FL T gonz WaAz
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Fig. 34 DSC curves of melt-spun Fes; x-Mnx-Moi5-Cr-Cis-B7  alloys
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Fig. 35 DTA curves of melt-spun Fes; x~Mnx-Mois~Cr7-Ci5-B7  alloy
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Fig. 36 X-ray diffractions patterns of the as cast rod

Fes x~Mnx-Mois—Cr7-Ci5-B7  system with a diameter of 3mm
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Fig.37 The change of Tg, Tx and Trg for the melt-spun

Fesi x-Mnx-Mois-Cr7-Ci5-B7 alloys
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Fig. 38 Appearance of as—cast rod 3mm diameter of

F651 —Mns—M015—Cr7—C 15‘B7

Fig. 39 SEM micrograph for cross-sectioned area of

as casted rod 3mm diameter of Fes-Mns-Mois-Cri-Ci5-Br
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Fig. 40 optical macrograph of as-cast rod 3mm diameter of

Fesi-Mns-Mois—Cr7-Cis—Br

Fig. 41 Fractograph of as-cast rod 3mm diameter of

Fes;1-Mns—-Mois-Cr7-Ci5-B7
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Hardness

5% 7% 9% 11%
composition of Mn

Fig. 42 Micro-vickers hardness of Fesi-x~Mnx—Mois~Cr5-Ci5-By

alloys of 3mm bulk specimen
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Fig. 43 Relationship between Hv & Younng's Modulus
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