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A study on Fabrication and Properties of Fe-based Bulk

Amorphous Alloys

Jong-mo Bae

Department of Materials Processing Engineering, Graduate School.

Pukyong National University

Abstract

The aim of this research is to fabricate Fe based Amorphous bulk alloys with
high glass forming ability and to study mechanical properties for the fabricated
alioys. Base metal was Fe-C eutectic alloy. Metalloid (B, P, Si), Transition Metal
(Cr, Mo, Co, Ni) and small amounts of lanthanide (Y) were systematically added
to base metal. It was prepared by the vacuum induction and arc melting process.
1.5mm x 0.02mm ribbons were produced by single roll process. 5 x 15Smm
Bulk Amorphous alloys were produced using Cu-mold suction casting method.
The phases were identified by XRD. Crystallization behaviors were studied by
using DSC and DTA. Micro hardness was measured by using micro vickers
hardness tester. Typical Amorphous halo pattern showed in the produced 5O
FessM015CrisC17BsY2 Amorphous Bulk alloy. In this Bulk Amorphous alloy
systems, the Tg Tx, ATy, and T, was 870K, 932K, 62K, 0.615. The hardness
values were about Hv= 1050 ~ 1100. (500gf, 20sec)
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Fig. 2.2.1.1. Heat capacity curves of the Zr-Ti-Cu-Ni-Be glass, the corresponding

liquid and crystalline solid as a function of temperature
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1974\ Chendl] ¢J3] Pd-Cu-SigtE o)A suction-casting’]S E3l 10° K/s9]
2o Y& £ mmel WRFAFFES Az 1982 Tumbull
o 93] Pd-Ni-P-BE3F oA B,0; EA(fluxing)& ©]&3] & 7Y A
S AAGo 2N MFA FFE& AP
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Cu-Sn, Cu-Zr-Ti-Ni, Nd-Fe-Co-Al, La-Al-Ni, Fe-Co-Zr-Nb-B, Fe-Al-Ga-P-C-B,
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Fig. 2.3.1.1. A comparison of critical cooling rate and reduced glass transition
temperature T,;, for BMG;silicate glasses and conventional metallic

glasses



Table 2.3.1.1. Typical bulk glassy alloy system and calender year

when the alloys were found

Pd-Cu-Si 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, SD 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

_.10_



Table 2.3.1.2 The composition of representative BMG systems, their glass transition
temperature, T,, onset temperature of crystallization, Ty, and onset melting point,Tm,

and glass-forming ability represented by reduced glass transition temperature, T,

454.2

MgsgoNiioNdio 471.7 725.8 0.63
MgésNiz2oNdis 459.3 501.4 743.0 0.62
MgmsNiisNdio 450.0 482.8 717.0 0.63
Mg7oNiisNdis 467.1 494.1 7425 0.63
MgesCuzsY10 4245 484.0 7279 0.58
Zrs12TilasCuiz5NiloBezs 623.0 705.0 932.0 0.67
Zrs625Tis25Cu75Ni10Bez75 622.0 727.0 909.0 0.68
Zr538Ti962Cu..5Ni10Bezs.25 623.0 740.0 911.0 0.68
Zr44TinCuioNioBezs 625.0 739.0 917.0 0.68
Zr3ssTi165Ni9.75Cu15.2sBe2o 630.0 678.0 9210 0.68
Zrs8NbsCu14Ni1zBe1s 656.0 724.0 997.0 0.66
Zrs71TisAlioCuzoNis 676.7 7254 1095.3 0.62
Zr51NbsCut5.4Ni1z6Al0 687 751 1092 0.63
Zr53TisCuieNiioAlis 697 793 1118 0.62
PdaoNisoP20 590.0 671.0 877.3 0.67
Pds15Cu2Siiss 633.0 670.0 1008.8 0.63
Pd40CusoNiioP20 586.0 678.0 744.8 0.79
Cuse0Zr3oTi0 713.0 763.0 1110.0 0.64
CusaZrziTisBeio 720.0 762.0 1090.0 0.66
LassAl25Ni1eCu1o 467.4 547.2 662.1 0.71
LassAl2sNisCu10Cos 465.2 541.8 660.9 0.70
NdeoAlioCuroFezo 485.0 610.0 773.0 0.63
NdeoAlisNieCuioFes 430.0 475.0 709.0 0.61
Ti34Zr11Cu47Nis 698.4 7272 1119.0 0.62
TisoNiz4Cuz20B1Si2Sn3 726.0 800.0 1230.0 0.59
PrssAlizFesoCus 551 626 845 0.65
Feq38Mni972M03.4Z1sNbsBay 863 935 1372 0.63
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F A (eutectic)} HF FHo] o™, T(reduced glass transition temperature)
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3 =7 E 4 o RuEy gl

¥ 241 F 242 & JAYTSEE, Re} reduced glass transition
temperature, T, 13 AT #AE Yepdidth F3¥a 435 23
2ol Hlgato]lE AHEI O ZH Gibbs free energy oS T & Y& ©H
a9 243 & Zz ¢E ¥3d ¥F9 AGE JEMIY. 493y #3
dx EA HBZE FHdsHol & 5L AARNTH A7} Gibbs free
energyx7} 2ol (AG=AHsTAS) P& AH} EL ASE Hlth 13t
9] & AWAYAET ol F JdEHY FL& TS F2 553
iz d8] AFoldAe Zago olHF 984 AP S 1y &
FAE t9sstd FAXE7L F718}T dense random packing®] &-©]5}d]
AHFE Z&Ad)e ¥ /AL AW E S/ 523 #F
oA B HdE gy £ HAAHL=E 13¥ & doh FH=T =
STE A9 Fito] oY¥n AT S JA g

TEFH SES B gA=7] Aold o3 FPR JFeA FFA
Lx7F S71etaL ol& T3 /A3 ARAUAE F7HA ARG 94
B AT =8 F HAZHoE AR A IS A
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Fig. 2.4.1. Relationship between Rc, tma, and Ty for typical amorphous alloys
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Fig.2.4.3. Gibbs free-energy difference between the supercooled liquid and the

crystalline mixture for different glass-forming alloys
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G=H-TS (1)

H = enthalpy of system
= entropy of system

T = temperature

A7t A AFE)Z JlelH Gibbs free energyZt AG < 0 ¢ X7 T
Zaof vt FE5ERFL A 2 FAFRNERE FU4] fle F5
el vlg dgmrt gk oAl T B 4Rt HS A[2 2
F&q4e] JdEZIE FE5£AA vE ok 19 2411 o &59 ot &
3zt Ao AfrAdA Ws AEFE U A A e 2H G
AG7} 3ol AGET AR nedMe ARG AGTE 43 B
Bt} £} ToollXe TYLE AGEHS 71

Tl Z5E JZtE A4 A4 4983 ZddA AT 24 114
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ol7} ZA3e FEFo] Hrh HFAM HAZHE Fa APl BAH
/e Fool EASHA Hu /Adgte] pERI}ol o mAd A b
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Fig.2.4.1.1. Hypothetic Gibbs free energies and corresponding crystal as

a function of temperature

Interfacial free energy

Volum free energy

Fig.2.4.1.2. Gibbs free energy associated with the nucleation of a crystalline

embryo as a function of its radius.

_17_



29 2412 o embryoo] it AfoqAe] wisE vehidY ¥4
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G4 9% Aol Wi @47 2o

AG = 4ar 26 + %Iﬁ T T — (2)

AGy : 31/Y7re) Aol A] Z}o] (per unit area)

0 : 3/97re]l Aldel A (per unit area)

T 799 AAAA BA 4B AfAUAY W= AT 2o

« _ 16n g° B
QAR @A 2o,

AG'E A4 A FHolxm ok 2x¢ sy AGE WYZule} )
ez AG'E £571 o oel Ropzoh
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242 #<Y A4 (Homogeneous Nucleation)

Tumbull & heterogeneity7} ¢743] §lE A3 oA homogeneous Nucleation
of tafjx st AvkHQA FE59] B¢ viscosityZ} FomZ F4lo
o3t AARSE 9] oo FF A el o] AAHA HH 1o
g W& A Recalescence(AM BT NZE Qs Al dztel W& w

A Bt ol g 3 &S A 37 e IS

g dart Aok
AA AREE 2AA nucleid] & (5) A7 goh

&3 94

6n = Iy; Ot

6)

t
n=wf1dt
0

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

I : Nucleation frequency/(volumxtime)

9le] o] waw AAEE nucleid] & Fol7] YsAE
Fola I/} Folo} & FRI W& =rt e st
ol I= (6) 413+ 2ot

I = % exp [ -ba’ B/ Tr (ATr)> ] e
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(6) é'}oﬂ E}—E—-Eﬂ é@ﬁl‘% k7] -?]3“/\']% ViSCOSity7]' 7101:-5‘].“]—]_ i_].)‘\_]_.xiso].;s]' o]
Aokstel s/algtel EEAHo] Aokah

_ v Ad, A8, 7
“="AH. ' °"RT, TR @

M : viscosity

0 : Liquid/Crystal interface tension
Tr : T/Tw

ATr : (T T) T

T3 998 a mFo) e o] AHno] FHI AS,S FHof st
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243 B4 3 A Al (Heterogeneous Nucleation)

EddAo] gle At 24 dFoMe 782 & ok HA A5
t B defect7l EAISI 2o FF= EAEY] WEA B BT d
site7} EA| ). B2 levitationg 3] o= FE9 EAE sMEsAw g
H3 ddAES FA3VIe oHth EdY FAAS Y] oHYE AAHE
nuclei®] 47&E& Ao gt
Turnbulle] 93} A& 9] growth rate: (8) 23 Zth

_ 10"28f AT, .
YT 1Tk ®)
_ a0 o ML Of .

K = 10" R () (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

mEkA AR AFE JA dtn 2FsE AAAT)7] fEiAe A EA
3t nucleid] YEE o] (seede] WEE =9¢) viscosityE I A 3 A

A7 AR GEBES F UE sited] FE ST Tt
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2.4.4 Viscosity$} T2 #A

viscosity7} AT AL @A o]Fo] &R RIde AE HIE
2 4xte] ko) AgHo =z AL-5)B] Viscosity}l reduced glass transition
temperature= T3 e #AE 7HX2E  reduced glass transition
temperature’= 7 ©}3tt},

Viscosity 9} reduced glass transition temperatureZt2] #A 21L& (9) 23 2t}

n < exp [-A/Trg] )]
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2.4.5 High glass forming ability <14}

SR EAHoly EYstAEQl mFo glojA viHE FAHTo FFgFS
2E AAE BEs 29 2451 o YU
AAYZET(R), /Y7 AW R|(0), viscosity(n), reduced glass

N
fr

transition temperature(T;;=Ty/Tm), ASm= F okl Aol A FH(V)), seed
density(p), fraction of accept site(f), AHm-& Z}o}lo} 3t}
et 2o APAge e Yl e Al 7HA AEHA Fsior

o,
+

1) 3714 Eelde Tgshe tRA A=Y
2) FRTHAAE Aole] arizelr} 12% ol
3) F8 FAHALAE Aol A 39 EFE

Had Ry PaNPAGEe 398 WA @ 2@

(5] al
@ u3d g2 NRAFAEYe) 958 olfE Ted 2ol 238k
1) 999 =Y FXE LA wig
2) R Tl N2e AL U7 wigo] =4

3) A 24 dAAEAS 72 A wdo] EA

ARATEEY FAUE F7he 2RRE HEA MBLRFT Wy A
£ AoERHE F44 ¥ 5 Utk
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r
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 .

— r
Increase of solid/liquid Ierease of T Necessity of atomic
interfacial energy &

scale for crystallization

rearrangement on a long range

\

! ! ;

Suppression of Difficult of atomic

rearrangement

nucleation of

Suppression of crystal growth

crystalline phases

Decrease of Tm, Increase of Tg/Tm

Fig.2.4.5.1. 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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25 71418 B2

HAAFEE 2404 BFHe dA, B4, 432 s 22 2

o

gl £A &4 %1 ARl 97 MEe FHFSIE 2a) 54
g3Ho] ZASA Feth mebd WAAFS At WEATE 24

F&3E gad oA HRAFEe] ARFEH HaHE LPEYG 12

e AAA ¥oa B U
HgAFEe] ARAYe B SHAYE A

o A% M@ 2Foz vehted, o] W BAH ANLE 15~2%HE,

il

248 AAEL 0.1% ootk B8R AZSA ga4 axy AssHn
2
3|

kl
o,

ZAL BY, opx AAAR
q

nqo

Bayel AFoA o

g AxuE g R stellA BT At AHstEl 71As
Aoz AZHT ot F, ] 4RV Hod A g3 g3
2x4 §9 A3 A5 digol HHEA G AGoz HFAFE
de Aol FFol7] AL dATe] Bel] EAF YSE BAF 3
ot.

HZARES BAEEG)E dAFeR Fdxgo ARG = o
30% A= H3 Young&(E), A3 BHE@)x ¥ AFS 2. oA
< Bostd 94 ZFo] BigE FeddA H7] g elgn YA
F Atk AE9 Zxe HZF 25~30 A= HWMEY AP ojAF &
BANA d& F e & 299 FLF FE UEa o= HPAYH
$+ 54 ABEA8AN Y

[«)
= B
thie A9y B4 el & 194 S4L M ok

rr
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251 M3A f¥59 AAAT

HAA FFe 259 JteiAle S wet F 7R WEAEE vt
Aedl A T Y-S (Homogeneous flow)S FEPHIL e LT ofA
© 7Y 5 S(Inhomogeneous flow) UEbAT FTARFL B e
Z}zbe] RuldztEo] Wy EAEXHO FUIA WS ot R
o BZAL EARAH|BRE Fx s o5 E]F S dFS 2
A Bt BdY 759 A olgd 7+t o] ot old W
2 &Ho] 7ElAe WEF 45° WFOZ shear bands7} H/AJE O] shear
bandsE we} FHJYFHGol TS FHrt FAG

Aol Ee $Fo] JHAE F2 7Y FFo 2GS
HZo Eiue] @2 shear bandstfoll A 2519 F7le} 383 ¢y
# AEe] Wyl HIAFTY 992 AAHUT o€ shear bandso)
4 Fae 3 FHE F AT 2499 A BFd g3 AHA
F(free volume)o] F7}3}7] W&o vlFAe] AGHE wEtA Softening &
ol AR viscositys SHHFOl siM BEHAW GG Yol
FasHA Bk B 93 viscosityd] TaE YAt olFd #Ho| Q)
o8 old @ ZRAHQ BFo] A shear bands7t LT FAH R
shear bands W59} B EHA] 2 FQH RuFfolo A FHFHFo]
EAZ. o2 SHPFT G oA shear bands7t AHFT|TE =} E
T HWEY AF AFd dgrige 9% =37 Aty RaEg
% Zr-Ti-Cu-Ni-Be@#9] 7% 332 3Fd| shear bandstjo]r o] L7}
Tgoll ol&ttx B E o)

QAo BAFPAL vein patten O = EFAT) vein pattene B7Y A
9y o2 HE st AYPHT HEAHOZ diabatic failuredl] 3] 337}

APHo] A mHelry. Veind] FH F crackB YA Foz AYPshe
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branch veingo] U=6| o= crackB A A EXMFA djFolgtar ¢HA
lch. ©]2l gt branch veinE 9] EAl o3 HIBAZIA7F FAATES WA
goh vAd FEL €89 stolA WIHUAE A$ strain hardening
ability7} A9 §17] W&ol dalgo] ¢ AP} Z47he]  shear bands &
o] 24 H¥FL IAW 259 shear bandsFre] FHof] 2gsuz A
AZA W Qo] #F2=Y FAAFE HAth 204 HHAe &4
FFe AFHFA 02% AEZE ATHT AFHF e "I S A
A8 4 vk "k A2 HP S %L shear bandse] ol o E g},

A ARFY VAH 54 FEA7 AsiMe fEel sEiAE F
oF ZRA WFL W] 93] shear bandsE BIFAFF 9 7|Ao] AAHO
2 EINA FRAoZ A2d WFE ALY shear bandse] WAWFE
AAgezx 7|4 54& F3AE & Atk HIZoe g4HE T3l nl
FA%F 71A nano scale®] AL NEAA 7|AFH EFE FHAT
71 1% A7 ol Az Uth

..l
o o
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3.

oo
ok
it

£ dYdAE Feg F H4% st9 7 949 984 Fd3%) £ 8

G 3499 HH33 &, HA7rd

AF T3 & ddsEd HFE AT FEE A= e

283 38F 1) 3HEA o]Fe] tdA 2) 7 AR 2

=9 EFE 3) FALAETY 12% o) & dA =YY AE aE s

A7) AAYA L =SS deep eutectic FAY FHAA FFS AAGA

t} 29 3.1.19) Fe 9AE 71F0 2 s, A7HE4Y Y9AE zpolg) &
g9 #AE UelAS

tlo
rx
3
o
2
BN
o
o

E A¥E 93 9452 Fe(99.9%), Mo(99.98%), Cr(99.9%), Co(99.9%),
Ni(99.7), C(99.9%), B(99.9%), P(99.9%), Si(99.999), Y(99.9) 9] +& & 7}X&
2SS AHESAT dFFH A¥Eae 29 3.21 o et WA
TE 94E ol83dtd ddte =4S FAFEH7IAA 1F IH(Induction)
33 F, ol& A LEx Ar E97]4A ot & (Arc melting) 3} T}
&3 Al EEEY TS i) Ha 2EA] A Zrd WA &3
31, Aotz AW U AZEE 107 Paz KA 3td, AR/ L W3l A
A7t S AZFAT #LF 2 IS A7 F3l AEE 455
ATk A EE AU @, ¥4A9E FeE Cu mold porte] FHalgz} Aok

dg

l

R

op

rot



o Zzt YA A ot A7 &4E H23 SRt &3 AFe FTHH
3E 02 % o3tz Aojste] HUF HREE Ao ZH}=F sfH. 2
#3229 323 9 IF nFd R ot S2 Y AFEE EASIAT
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40
~~
% I
(=}
§ 20 |- Mg In,
)
é bC Au.
:é' 0 b Cr:Co Nzo Yu
o Ni:
£t B, v Al
E si_ Nbf
w20 - Ti
=}
-
E - PE ;
40 Lt b v v e byl
-45 -30 -15 0 15 30 45
Atomic size ratios for Fe (%)

Fig. 3.1.1. Relationship of | r - rr. | / rr. With mixing enthalpy for different elements
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Alloy Design
|

Mother Alloy

Induction melting furnace

Vacuum arc melting furnace
|

\ '
Ribbon Bulk
RSP single roll type Suction casting equipment
| |
!

Thermal and Mechanical Properties

DSC, DTA, XRD, Micro-Vickers

Fig. 3.2.1. Exprimental Procedure



Air
a———

—

coil

Induction &

] VYacuum
M

Quartz tube

Fig. 3.2.2. Schematic diagram of the vacuum induction melting furnace
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vacuum Ar gas

Cooling water

Fig. 3.2.3. Schematic diagram of vacuum arc melting furnace and button type specimen
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FHE EFEEE ATT VR BT Fo ¥A&EEr Blud weE
(10°~10°K/s) G2 HE 2¥YYS o] &3 ANBES AxsFHTh
g 2712 E4S 2dES FAol F 0608 mme] 7S THAE F
3 Ao FATF F. ¥ 3317 L FEFAZAE o &t uF
3 % 83 ¥, 2gFY $HET o 100C AR L L5444 0.05
MPa¢] o}2& 7k2~qto 2 30 m/se] MEE2 A= 27 200 mme| Cu
Eo £8& EAetd FAZE F 30 m, Fo] o 3 mm?l F&45L HES
Az3FT. F4 TP FL FHAWUFEANE 78 %, EARHE
=E3 E4tole] 713, =F AV, Y ZHZEZ, E9 JAEE, 7tEARE
5ol Utk BARGE LS &80 £ FHY TEA BEAME F UZF o H
AFL B3 AAZAE AU, N9=E9 AL vFTF Y 24
o] ang AZo| YR A& Z$ &8 &L FTHI}Y] oz fERE 3
2717t FRHAEE Q0. &7 & Aol HFL GRFAY JdTFS
HAa3sl7] 98 1.5mm FEE ST 7tEeEE ¥EY 2 ®HEt
32 n#ste Fslgen L B FHE nE2A 37 A3l £ A
RatA drpst Ao

o

34 W3 AW Az

M@ g gl 5 =

ox

o] &< suction casting FH|Z 1
g 34137 2& FAAol 5 mme AT F Cu-molddl] of22 E&7]oA
£ ¥, 8%9< suction 3t B AlEE AXEHAUT suction casting
ASEE 28 3.4.2 o JeERRAT.
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Ar gas pressure

Ar gas
—

—

coil

melt- spun
ribbon,

Induction

Vacuum

¥

‘ Quartz nozzle

Cu roll

Fig. 3.3.1. Schematic diagram of rapid solidification processing (RSP)
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Chanther

Suction
Direction

Fig. 3.4.2. Schematic diagram of suction cast equipment
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35 FREA

351 X-4 338 B4

zZyzte] A& 4L H T suction castingS T8 B BAY e
2 Azxste Zztel AHd digtd A EAH vAAS AFS B
9314 XRD (X-ray diffractionmeter, Rigaku Co)& ©]-&3}ed ZAMSIH T
E A¥e XRDEAL Cu EH(Ka, A=1.5405A)S AlL3lgen, &3
otzt AR/E Zhzh 40kV, 30mAe] 2@ o2 AP3tgPrt. XRD AHEHL
EFALe] o ® 200 ~ 80°9] FAMHSHACA 4°/mine] £E9} 0.05 HAE
Fr A 3t AT

r& 2

352 Fsdv|y B

23 Az A 2FS #FEAFY] $3t4, cold vIEHE A
x Z1AFeZ dAutgt o o 4 (H0 93ml + HNO; 5ml + HF 2ml) ©
2 o A3t JAv A S AR 2FE FEIATH

r"l
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3.6.1 A|ZAFAIE G 4

o vAA 4T FAAAE ALy A 2984 A8E 47 A
sted Zt A4 gt T8 T.& A|&FAIEZHEA 7| (Differential Scanning
Calorimetry, DSC : Perkin Elmer DSC Phyis 1)& ©]&3}d 100C ~ 700C 2]
2= FHEHT EY AHS dAge] T HEE A =21,
HA AHE 9dS e A M & A4Y AlRE oF 10mg ~ 15mg
= AFOZ HHFIA Cupand] B2 H, T2 EAE HY &7 £
Y3 A 7|FAREEE ALO; ETE AMEsidTh AgE FAAvA

7] dtolA 0.67 Kis2l 9AHE S £=2 71EsHT HFA AR
3 e QEA AFY £ &% webd #Haln, B4 peak 9
o= $XE 7IFLE v WEHME EEARE, E AFdAE ¢d
ghgo] A|ZEE YX)(on se)E 7IELE FHZ} 2T E SHIAC

R
o

A

of

H
o

i
o2l

rfo

A

Ir

3.6.2 A xGEA

AzAHe] AANLE(liquidus temperature, T) = 1A (solidus
temperature, T)E =34 3}7] 98l T2F G2 600T ~ 1300T e 25H 9]
of| 1 DTA(Differential Thermal Analysis, DTA : Perkin Elmer DSC 7)& ©|&
st HEY AHe A A2 H3 AEL 9Hs Ze EHlEkAT
Ztzke]l A 8E o Somg B AFE ALO: =7HY el ¥E FH FAx
7] BellA 033 K59 52 £=2 T T8 242 34380
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3.7 7144 574 #7}

371 vl A& A% AY

9 AL g2 v]A7dE 7]|(Mastsuzawa Microhardness Tester, MXT-a7)%
o] g3te] 7}FHE WIAAUE 500gfd] 3FE FHA, FAAILE 20secE
3l S AT B HIAHE D YRoA RIZ JdHAHE F
Asn Ax AP AAsPY 2 159 o]} FA31d, A1

& Hage AT Yo A= gE e
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4. 4944 R nF

B A7 E 943 8P d 452 712 Febased HIZA FFS 7
3l7] Y3l, A8 A HAL (empirical rule) 7| E O F 3} atomic size, heat
of mixing, deep eutectic point, atomic diffusion, viscosity, density < 17
e FFALE A9sATh C B §F% & vES dLEL Fedt %
1% We BHIe] EASH, Feol W AR WAH @R)E 075 o]
&to] g 7HARE, viZE 4TS Eolad EA3AY Aol I
metr] Fe—C §3& 7[££ 22 Fe—Rich #2904 B, P, Si 59 W54 €
AES WM F, O3 FAERAHEE FAHLE Cr, Mo, Co, Ni 59 Holedx
¢t A% YE Fest X& FHrlstd WBd FAT9 ¥stE dFsdth
o]Fo] B Ao HrE ZAL BEF AA%@Et%)E FAFHo)

41 v A A JAHF5

A BA%e AAWAEE Reol ol BAE & AAT o & o
gHoz AAR AL P 357 iy WEe) &g A vE 2
g Ba) pAAoz WA Y5 BAUT HEHQ WFE B4
2 HASE AME FHHLE T, % FABOILE T, A2 Uehie
AR FYS AT Ty, S8 He fIPolexel v By 29~
Hol £E TyT/Tgtel itk & ATME olsh Ze AXE Fa 13
A F45S WARYT o= AR A9t ZARAD, WFAIYFo]
S48 B3 AP TLahe 062 o ATE 40K o402 Lol itk
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42 Fe-C-Si-B A ¥+

WA Fed] 42 70%2 Fi, Bl Sig 3 Hrlsled APL APy
. BFEE(C, Si, ByS 30%E 2AH3 AL o] o] FAHH gt #
GEAL, FFEA HFE Fol7] A CY 4 3%E 1FSAY

HE 421 o FenCiSixBarxAl HIZ A FF9 T, Ty, ATy, Tm 2 TpE FE
&t Hokrh.

Table 4.2.1. Alloy compositions and characteris of Fe;C;SixBar.x system

(unit : K)
Composition T, T, ATy T, T,
Fe,, C, Si, B,, 7651 | 789.6 | 245 | 14744 | 0.518
Fe., C, Si. B,, 786.7 | 793.7 7 1464.7 | 0.537
Fe., C, Sig B,y 759.3 789.9 30.6 1467.9 0.517
Fe., C, Si;, B, 727.0 771.8 44.8 1436.2 0.506

o] &7 AllMe BY ¥& Foli, Sig FE 592FF ATx 742
HolAle BFS Holu, olAL T,2x9 st&e] B& ZAolth Tee A
HEH o2 0.54 olstel W& FS Yehla 7] i WEE B3 F59
Az VeAe Fustn Addt. I 4212 FenCiSiBoAl HIA A
e DSCHAE vEhdth. Bl S7hste] @2} T, R Tue =oHAAL 3)
oy, ddHez T F<sFel A7 Wi ATe #asta glow,
FenCsSioBry WA el HAQ 45KS vehin loh. 29 4.22%
FenCsSixByxAl BIZ A &9 DTAFAH S Yepdth BEo] 17%0 A 24%=E
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7ol mel §FY SIS ASIHE AT UYHT YA, AwEe
2 olF g& §4€ 7D Q7) MEA Mg 23 GFY AZE o
& R0z 4zgoh
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Fig 4.2.2. DTA Curves of Fe;C3SixBa7.x system

T & 0.67 K/s
Fe C, Sk, B,
9 | Fen G Sis By,
g v
% Fexq C; Sig Byp
=}
ﬁ Feq C; Siyp By,
600 700 800 900
Temperature(K)
Fig 4.2.1 DSC Curves of Fe;C3;SixBa7.x system
0.33 K/s
T-
Fe C, Si; By,
T Fey C; Sis By, P
lg
§ Fe C; Sig By
S I+ )
=
1100 1200 1300 1400 1500
Temperature(K)



7] &E9 FeE CoZ YH X33} FernxCoxCsSioBirAl HIA A &
9] Ty, Ty, ATy, T B T2 FE 3t E 4.220] e

Table 4.2.2. Alloy compositions and characteris of Fen.xCoxC3SiioB17 system

(unit : K)
Composition T T ATy T T

m rg

Fe,, Co, C,SijyB,, | 7540 | 7909 | 369 | 14405 | 0.523

Feg Co C,Siy By, | 7121 | 7895 | 77.4 | 14313 | 0.497
Feg, Co,C,SigB, | 7291 | 7795 | 504 | 1431.5 | 0.509

Feg, Co, C, SiygB), | 754.6 | 802.0 | 474 | 14248 | 0.530

5%Cooll A ATviz TSI 77K9 ¥2 &S UEhZ JAT, Te Co
E A7l ARG 238 Fasta dSS & 5 Atk dERY vRgA
H3 g9 Te 058 ol FdS s BE o] aAldA vAZA d=
e Aze I3 oEE Aoz BAHT 1Y 4238 FenxCouCsSinBiA
Hgd a9 DSCHAS yetdth CoFol F7Heel ot vZd &9
T,e Adate] 5%CoollA HAXQ 712 KE vepd &, oA A5sta 9l
< ¢ F do TR o] FFACAAN Z2AS AL 28AZ dotn
NS ¢ 4 Atk 2 4.24E FerCoxCiSioBiyAl WA A {39 DTAZ

AS Yehdt. CoFol F7Hg wet 59 3L Adsie S
™, o] 249 FFAE FHRA F29 Fsolge A& I

flo

U
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Exothermic

Feg; Co, C; Siyg Bys

Feg Co,C, Siyy By,
Feg Coyy C; Siyg By
1 i N 1 2
600 700 800 900
Temperature(K)

Fig 4.2.3. DSC Curves of FesxCoxCsSigB17 system

T
.\0.33 K/s
T Feg; Co; C, Siyp By,
4 | Fegs CosC; Siyg By,
=
g
= | Feg Co,C; Siyg By
°
" —
B | Feg Coyy C; Sipg By
1100 1200 1300 1400 1500
Temperature(K)

Fig 4.2.4. DTA Curves of Fe;xCoxCsSijoB17 system
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4.3 Fe-Ni-C-Si-B-P A 7

FeZ 67~70%, Nit 5%2 1As3 ¥gE F C+Si+BE 13~20% & X
o, §4 ZsE ZHOZ PE 10~12%2 H71e MY 2FS&
sttt BFEE(C, Si, B, P)9] o] 25% A 30%7} HEE ¥ AL, o] &
Ao FaEAel FA JMda #dE7] wiEoth. ¥ 4312 Fe-Ni-C
-Si-B-PA HIAA 29 T, T, ATy, Tm 2L TS Alste] Jebd Zolt).

&

Table 4.3.1. Alloy compositions and characteris of Fe-Ni-C-Si-B-P system

(unit : K)
Composition T T ATy T T

m rg

Fe, Ni;C,SicB,P,, | 7432 | 782.4 | 392 | 1302.8 | 0.570

Feg, Ni;C, Si;B, P,y | 737.5 | 7752 | 37.7 | 13042 | 0.565
Fe, Ni;C,Si;B,P,, | 7293 | 7386 | 93 | 1301.8 | 0.560

Fe,, Ni,C,SicB,P,, | 7387 | 7711 | 32.4 | 1300.8 | 0.568

o]He P7} HIIEA @2 }EAS nudRY, PE HUE | ¥F
9] o] 100K o|A s&stRar, T, =3 0569014 057 A== 433 &
7HHE & 5 Atk 53] FenNisCsSisBPio HIFA 39 ATx B Tee 2
Z+ 39K, 0.572 vl & g A3 Atk 2 4313 4.3.29] Fe-Ni-
C-Si-B-PAl H1AA 379 DSCFAn DTA FAE& etk o 34
9] T} Ti= o] A9 FenCsSixBrrxAl &30l vla] 283 w2 FA¢s we

o 3 438 =AM tiFE 130K A= ¢S vz o
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Exothermic

T4 L 0.67K/s

Feqy Nis C; Sis B, Py ’__—‘\f_—
¥

Feg; Nis C, Sis By Py * !

Fe Nis C; Sis Bs P,

Feg; Nis C; Sis By Pyy

600 700 800 900
Temperature(K)

Exothermic ——

Fig 4.3.1. DSC Curves of Fe-Ni-C-Si-B-P system

0.33 K/s

Fep Nig C; Sk B, Py .

Feg, Nig C; Si B,y Py

Fex Nis C; Sis By Py

Feg; Nis C, Sis Bg Py,

1 L £ e L

900 1000 1100 1200 1300

Temperature(K)

Fig 4.3.2. DTA Curves of Fe-Ni-C-Si-B-P system
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Z71= A Ni, C, Si, P9 &S 1Q3stal, B ¢S AF WHIAIA Fe
ot A& H7Pstth R 4.3.29)] FerNisCSisBlPr HIBHE a9 T, T,
ATy, Tm R TE B2 dt] Yl A

Table 4.3.2. Alloy compositions and characteris of Fe;7.xNi3C3SisBxP;; system

(unit: K)

Composition T T, AT, T, T,

Fe,, Ni;C,Si;B,P, | 7175 | 7355 | 18 | 13169 | 0.545

Feg, Ni, C,Si;ByP, | 7492 | 771.6 | 22.4 | 13154 | 0.570

Fe,, Ni,C,Si;B,P,, | 7556 | 7853 | 297 |1307.7 | 0.578

Beo] o] 5%lA 10%E F7tstell e}t Ty, Ty, ATx R Tpe FWHILL
lem, a9 §3L Adsta ASS & F Uth 53] FeaNizCsSisBuPr
3 gEe Tee 05782, W&l HiAd ¥3 30| 7= 0589
ol 747ke golth ol FeAdl HIZAE ¥3 Fgo] AXH7| 943 =46
Aod Jdda B9 § Aok 17 4332 Fer.NisCiSisBP12 BI1ZA 37
9] DSCEFAE Yehd Aolth. BFo] 5%AA 10%2 F7gel wat v 2
e Ty 717 Kol 756 K2 F%33 e, T,& 736 KolA 785 K
2 A les & 7 Aok WA ATE 18 KoM 39 K2 718t
At wtdAo]l 1Y 4349 DTAZAL B, BFo] ZF7igd w2t §39
§HL 1317 KollA 1308 K2 & A3ty Yot dHHOZ T,= 0.545
oA 0.578% EolA}
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-— Exothermic

T V’ 0.67 K/s

Fe, Ni, C, Sis B; P

Feg Ni; C; Sis Bg Py,

Feg; Niy C; Sig Byg Py

600 700 800 900

Temperature(K)

Fig 4.3.3. DSC Curves of Fe;7xNi;Cs;SisBxPi; system

033 K/s

Fe, N, C, Sig By P,
T Feg Ni; C; Sis By Pyy
=
i
2 | Fegr Ni; C; Sis By Py,
2
"
&=

900 1000 1100 1200 1300

Temperature(K)

Fig 4.3.4. DTA Curves of Fe7;.xNisC3SisBxPi> system
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4.4 Fe-(Ni)-Cr-C-P-(Si) Al &5

Cre Feol AEnEA o, w54 Co} Po 3188 A7 Y8 1
kS 10~16% 2 A3t H71etATh CE Fed.6C wt% B FZL ALL3
of wah, 483t FFAAYd FHHEFTE Fo17] Y3 6%E 1F}HoH,
PE Fe-P B3 AEToA 16.9%7F 71 H& THAHYS F1dd 16%
et
E 44100 FewsxCraoxCePisAl BIZA FF Ty, Ty, ATy, T 2 TS 3
23t T}

Table 4.4.1. Alloy compositions and characteristics of Fes-x)Cri10+x)CeP1s System

(unit : K)
Composition T, T, AT, T, T,
FegCriCoPos 762.3 806.5 4.2 1281.2 0594
Feg Cr,C.P 768.7 807.9 39.2 12779 | 0.601
Fey,Cr, ,CP 786.5 813.6 271 12983 | 0.605
Feg,CrCoPyg 793.3 823.6 30.3 1311.1 0.605

of & AN Tpe HAHOE 0594004 0613 F=9 2 @42 Y
Bial glem, Crol H7beo]l F7hell weh Tt 0594004 14%Cr=
o] 061302 FUg F ZAadn Atk HHAHY AT Crife] 10%0 4
16%2 F 71l whe} 44KolA 30KZ ZA3ta &S & 4 Uk o] &
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FAE 059 o] FL T.atS Yeh oermz, uAd H3 J59
Az 715 v #AGFY. I8 4418 FeesxCramxCePisAl B A E
&59] DSCHAS Yetdth Cro ggo] 50E5F T, 3 Txe ¥oHA|AL
AAT, Take] sl vl Yoz Txo| Fso] Aoernz AT Fe
AR o2 ZAd o} FenCriolCePis FaolA AT 7HF =& #9l
44K-S Yelz Y. I8 4425 FeesxCraoxCePicAl BIAZA J=9
DTAZE Yehdth Crel o] 7185 §Xo] deste 42 1ol
i AAR 12%Y W §FFHo] /Mg Rerng IR AY 2FHT A
E #3894 o] g2 Avrger §3o] R, Tuatol 222 HIAA
k)

agxkze Az7F 5 Aew wudHg.

_51_



<«~— Exothermic

Exothermic —»

T, T, 0.67K/s
FegCrigCqPis i
FeﬁcruCﬁP 16 +
FegCry14CePis ' 1
FegCri6CePs f\
A 1 ’ i
600 700 800 900
Temperature(K)
Fig 4.4.1. DSC curves of Fes.x)Crao+x)CsP1s system
lT‘ 0.33K/s
FegCrigCePis
Fegs Cry,CsPys
FesCr14CePis
- ’
a2 Cri6CeP1s
1000 1100 1200 1300 1400
Temperature(K)

Fig 4.4.2. DTA curves of Fees-x)Crao+x)yCsPis system
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¥ 4419 AP HolHE 7|xsld E 442 oAM= P FFL 14~20%
7+ A WHBIAI A FeroxCrioCePasx) BIA A FFS AXdA 7 §3F9 Te T
ATy, Tm B T, & B3t JYERAIAH

Table 4.4.2. Alloy compositions and characteristics of Fewo.x)CrioCsP4+x) system

(unit : K)
Composition T, T, ATy T, T,
Fe,,Cry,CeP,, 7547 | 782.9 | 282 | 12803 | 0.589
FegCri,CePys 7623 | 8065 | 442 | 12812 | 0.594
Feg Cry,CoPs 7727 | 789.4 | 167 | 12879 | 0.599
Feg,Cry,CePy 751.4 | 7831 | 317 | 12903 | 0.582

AAH O E Tugh-d 0.58~0.60 F=E UERN T, PS] o] F713 ] et
T ZW3I 18%P oA HohAQU 0595 YeEbd F 20%P &5 ol A
= 058282 7Asta ok WA ATE 16%P FEolA Hxel 4K
el F A3t ok wEiA o] fbF Alo A FeeCrioCsPisdao] 7+
S5 AE E5E M AR FFEY I¥ 4439 DSC FHo=s
HE & & A%l P7E 14% A 18%=E F7Hge] met Tge &% Fsd
215k 20%P2] A= 2318 A, Tie 16%Po A Hhz|Qd 807KS
Eld & peo] o] Zrdle wa} 783Ke.E AEEti Uttt 218 444F
FeqoxCriiCePusxy FFS DTAFAE Uehd el Po] o] 14%00A

20%2 Z7}3to] wha}l T, 1280KolA] 1200KE ZF As8S & & Uth
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-— Exothermic

Tg '&Tx 0.67K/s

FexqCrypCsPy

FegCripCePys

FegCrigCeP s

FegCripCePa

600 700 800 900

Temperature(K)

Fig 4.4.3. DSC curves of Fewo.xyCrioCePa4+x) system

Exothermic —

0.33 K/s
T

FenCripCePu4

FegCrinCaPys

o
FegCrypCeP'ss

Feg,CrygCePy

900 1000 1100 1200 1300
Temperature(K)

Fig 4.4.4. DTA curves of Fewo.x)CrioCsPi4+x) system
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E 442004 7]1F0] HE FewCrioCePis TEA4 FeE Ni2 48 &3}
o] Feesx)NixCrioCeP1s Al BIHATT ] Ty Ty, ATy, Tm 2 TE 3
E 4439 U

Table. 4.4.3. Alloy compositions and characteristics of Fes-x)NixCrioCsPis system

(unit : K)

Composition T T ATy T, T,

Feg Ni,Cr,(CPy, | 7573 | 7884 | 311 | 12825 | 0.590

Feg,Ni,Cr,,C;P,; | 761.4 | 785.4 14 | 12779 | 0.595

Feg,NigCri)CsP)s | 7444 | 7817 | 373 | 12611 | 0.590

FeyNigCr,CcPyc | 7445 | 7813 | 368 | 12547 | 0.593

FeuNi CrCePs | 7421 | 7773 | 352 | 1257.3 | 0.590

Nig] o] 2%olA 10%E F715d mat T,e °F 0590 Ao A3
#e Jehn AT AT 4%NigFoA HAx9 14KS Vel &
6%Ni FFAME 30KZ2 ZFstn Utk 28 4455 FersxyNixCrioCePis 7l
gee DSC F4e Ued AR Niol §§Fe] F7iged & T8 Te
Ao 2 Aeete AFS Uehdth 18 4.4.62 FersxyNixCrioCePis Al 2]
DTA F4d22 Ni¢ giZFol 2% A 10%Z F73ol whe}t T 1283K0
A 1255K2 JASIA Aststm Aok 2y Test Tx G4 2o] YopAm
ReBZ, Nig] Hrlo] & vZA FAZ5 F42 7|6ty ojdga A7
#r}.
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«~—— Exothermic

Exothermic ——»

Tg Ix 0.67K/s
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Fig 4.4.5. DSC curves of Fes-x)NixCrioCePi6s
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Flg 4.4.6. DTA curves of Fe(sg.x)NixCrloCGPm
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¥ 4.4.4% FesCrioCePis oA FeE SiZ2 A4 &3ty el i)
Fews.nCrioCePieSix Al A Siko] 2%l A 8%E F71§ol wal Tee 0.599
A 0.607+A F7tsla 9o, AT, E3 22Ko|lA 42KE Z718ta o o}
Zhx Sio] Hrbe o] A HAA FATE A THAIE dE8S

st glokn weEn.

Table. 4.4.4. Alloy compositions and characteristics of FesCrioCeP16Six system

(unit : K)
Composition T T ATy T, T,
FegCrCoPSi, | 773.6 | 7960 | 22.4 | 1309.6 | 0.59
Fe, Cr CoPSi, | 786.9 | 8242 | 373 | 13232 | 0.594

Fe,CroCeP,Sic | 7951 | 8356 | 405 | 1333.5 | 0.596

Feg,Cr,oCePSi; | 800.4 | 8421 | 41.7 | 1333.4 | 0.600

Y 447 FersnCrioCePisSix A9 DSCFH-E yebdith sio] o] =
7he o Tt T FRH2E2 F7hsta o, T,9 Asd Hla Tx
9 Aol B =7l g ATx HA] HAHez FUEHIL AT Feo
CrioCsPisSis FaollA 42K 718 & @& 7HXth I8 448 o] §=
A¢] DTAFAE Yetd Zoltt SiF7tel osix AAFHCZE T2 A3
I QAR To] Aol HIs] Two s =7 F7] fEd Tak2 Fd
3t Aot
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Exothermic

—

Exothermic

Te, 0.67K/s
FegCrinCeP 1Sk
Fe gy CrypCeP1s8iy
FegCrinCeP 155
FegqCripCoP 1555
600 7I00 8100 9;)0 1000

Temperature(K)

Fig 4.4.7. DSC curves of Fes-CrioCeP16Six

FegsCrygCeP155h,

Feg CripCoP155%

Feg CrypCeP 15515 /\
FegCripCoP15Sig
1000 1100 1200 1300 1400
Temperature(K)

Fig 4.4.8. DTA curves of Fe(s.CrioCeP16Six
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4.5 Fe-Mo-Cr-B-Si A & &

FE 4.5.18 FeesoMosCriBarxSiqox Al BIZA 59 T, Tr, ATy, T 2
T,E A3t Yebd Zolth

Table 4.5.1. Alloy compositions and characteristics of Fe-Mo-Cr-B-Si system

(unit : K)

Composition T T AT, T, T,
FeiMo,B,Si;, 780.4 847 66.6 1380 0.565

Fe, MoB,Si,, | 7753 | 840 647 | 1379 | 0.562
Fe,,Mo,Cr,B,Si; | 857 893 36 1433 | 0.598

o] FFANAM Tee 0.56 ©]/dS Jeha Uk 4997 Fe-Mo-B-Si 3+
o] A$ AT.E 64K o|A9 e HAAW T,E 0.56 JL 2 HAuixg o
A FHHAT. MoF 4%=E 133 B ¥ vF HSAA FH7HEA
A wdl He Hste FEHA Fdvh Fe-Mo-B-Si 497 gl FeE
oo CrZ A8F Z5 T8 Tt 438 AssAAT, T8 deol Tx
deFERY A7) fEd AT RobAln Utk Twd] Z¢ diF-E9 H
AF ¥3a7r 1373K A5 AL 188 B o, 7 Bt} 2L 2590 1433K
E UeT IAY, AdAHL 2 Tt & 857KE Uehl 7] W&
T 0.600 7H7bE 0.5988 UEM AT wekA of #5& Twol HE %2
7Ago] YA T7} 0.600] ZHs] Jomz Ha vFARFY A=x 7Hs

o

v}
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Aol Eogx AZHET Y 45.19] Fe-Mo-Cr-B-SiAl v|H A 59 DSC
FAEe Yelich 494 #1F A FF Fe-Mo-B-Si¢] 7§ ATxe= 67K 73
=2 vud §e ¥zt dH Pl FAEHUT a2y Tee 0.5652 H
WA ZFe s A2 Utk HHAC| FeE 4%Cro 2 X33k 5974 ulAA
5 Fe-Mo-Cr-B-Si¢] A$¢ AjFoez 5L 2xox 23S & 5 3
ot 283 T dsFd vls) T FsFol 2A ez, gzt g
dode FA Jehde & 4 Ik 28 T,9 ASE, Ferth dxpuiAn)
7} 2 Mo$%} Cro] backborn structureE £90|&tA 3tx, 1 Alo]d] HEZ&<l
B9} Si7l nE&H W FH FRE FAsIA, 2 A7 Aol AA L7
2 F713S Aoz APt IY 4525 Fe-Mo-B-SiAl HIFA 59
DTAZ XS vepd Roltt. 494 vIZAFF Fe-Mo-B-Sie 34 7I7h%
ZAYE & F YT, Teo] 1380KS HZF B2 255 Yeda Utk

vl 5974 3¢ Fe-Mo-Cr-B-Si9] A9 T.o] 1433KE wj$ 22 2%
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Fig 4.5.2. DTA curves of Fe-Mo-Cr-B-Si system
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4.6 Fe-Mo-Cr-C-B-Y A ¥=

MAA 4e D7) AT 714 Dastel 93 WAL Ackdthe
AR Ao AT, Fesl A4NAE 7|Z 02 Mok Felth 23, Cst B
So WIS A2EL Feste] AW BIER)7E 075018e] ghe HATh

) -

ri\g

B3 o] ¥kg

pr

Y2EL o 17%F2oA W2 3HFF0] EAstER 9
£ 949 Arte uAd 45 woled AFHY Aol F3EG #
Zt4 Fe-C, Mo-C, Fe-Mo9] Al & m&3dled, Mool &F& 15%2 1A 3}
I Fedt CE AMZ X883t T 4.6.1 9 FegsyMoisCAl HIAA gF9 T,
T ATy, Tn R T8 A7 st YEASAT

Table 4.6.1. Alloy compositions and characteristics of FegsxMo;sC, system

(Unit: K)
Composition T, T, AT, T, T,
Feg,Mo),C, — — _“ — —
Fe,;Mo,.C, — — — — —
Fe,,Mo,.C,, — 860 — 1398 —
Fe,Mo, .Co — 868 — 1420 —

29 4618 FessoMoisC:Al BIFA g9 DSC F4& dehliud.
2%, 7% CE H713 FIFoMe oug ddoly FIIar HHsA X%
9L, 12%,17% CE #71g §aolA 2As @84S vehlie ¢¢ d=a
7} AU T zH2 860K} 868KZ Co] ko] 12~17%2 F7}gHol
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e} AF St 219 4.6.2F FegsogMoisCiAl 89 DTA THE Y
Bl AAFHoZ 1390K o3 mig =& §3E& JYedL, Co T
o] 12%9lA] 1398K, 17%° A 1420KS Uel=2 C9 #HrlsFo] 12~17%

A o), o] FFEPL T AAATE & 4 Atk
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-— Exothermic
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v
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Fig 4.6.1. DSC curves of Fegs.yMo1sCx system
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2 i
E Fe,;Mo,5Cy,
53
z |
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3 asMostyy
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Fig 4.6.2. DTA curves of Fegs.gMo15Cy system
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Mo, Fes} e Hol2& Pad U3 B £FIL ~(1~19)KI/mol <
M2 71A ], B YAEAL 0.0820mE ZH OB E BE Feo| mgHo o
A Bae o, MAd B45S 59 & U2 Ao wEnh oo Fe
A HBd P4 felsithn SR wEE 24 2-23%F 1S

Ccst BE ME A% H715t9rh X 4.6.29] FesMois(C:B)» Al B A 33
o Ty, Ts, ATy, T B T E A5t e ATH

Table 4.6.2. Alloy compositions and characteristics of FegsMoi5(CxBy)2z system

(Unit: K)
Composition T, T, AT, T, T,
Fe,Mo,C,B,, 776 823 47 1403 0.553
Fes,Mo,.C.B ¢ 798 863 65 1388 0.574
Fey,Mo,.C,,By, 823 898 75 1401 0.587
Fey, Mo, C, B 851 891 40 1408 0.604

B9 Fo] 20%A 10%=2 FEI, Co o] 2o vlHE =0
ATx9 %& 47~75 2 Z718le AFS RFoy, B7l 5% o o 23]
40K2 A2t ole T dsFol TWESFHFED A7) sojd A o
Fold, oo w&t FFE3] F7eE T,o kel B 5% 0.6042 w9 =
Al YEFRTE FesMoisCisBs Al HIZA F52 49A A 060132 TS
ez uAA 83 AZx JhsAdo] v Eoa #AgET. O¥ 4632
FessMois (CxBy)n Al WA 59 DSC FHo 2, g ZANA F3o]
47 e peakol]l o3t AR} Podo] AFHJY. Co FFo] F7MEF

T



2 T9 Tie S718te A3EES JeElla, Bol 10% HJZIEAE 9 AT
75KZ2 H31E YER . I8 4.6.4% FesMois (CiBy)z Al BIZE &5 9

ol FFZAZAAM Bz Y-S %32 Yot Mgbased B3 WA
g3 59 o2 FF AdAR olgF #do] FF HuHe AW o)
< F 7HA9 v AZe] A EA5H7] Wielztn FRET o] 7
A §H& A= 1400K =R}

—
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Fig 4.6.3. DSC curves of Fes;Mo;5(CBy)a system
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Fig 4.6.4. DTA curves of FessMo;5(C<By)2 system
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Fe-Mo o] ¥4 Aelx oA Mor} 5~20%% of, Bl & F3 WL eutectic
lineo] EAjg} webr UH AFEARE EUE 3o, HHsE Ce BY
XL 77} 17%, 5%= 1R8I, Fed MoE A2 23 H718t Fews.oMox
Ci7Bs Al H1A A &2 T, Ty, ATy, Tu 2 TE FE3td E 4.6.30] Jeh
At

Table 4.6.3. Alloy compositions and characteristics of Feps)MoxCi7Bs system

(Unit: K)
Composition T, T, AT, T, T,
Fe,;Mo,C,,B; 751 790 39 1386 0.541
Fe,Mo,,C,.Bg 813 848 35 1380 0.589
Feg Mo, ,C,-Bg 851 891 40 1408 0.604
Fe,Mo,,C, B — 895 — 1364 —

ot Bk Mo 20%9] AT Ty7b BEEZA] FolA Teitg vlndg 4 ¢l
Atk 1Y 4.6.55 FeroMoxCi/Bs Al BB A 59 DSC Fdoth. 12 §3 ¢
221 Mo8} H7bo] S71gtel whe) Teo Tt S71ske B 3¥Fe B AL, Mo 20%
FEoA Tue 895KZE 7HE -2 g-& ettt 28y T/t B &eiA &3
HA 3k7] W& o] &7 Al Moo HHE2AHL 15%2 wddt. 1§
4.6.6- FewsyMoyC17Bs 7 14 A g3 9] DTA 24 0]t} Mo 20% A ¢4
o] 7 ¥k o m, Mo} 10% ©]3 H7t H RS W Ao} E8]ddo] ottt
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Fig 4.6.5. DSC curves of Fe(3.9MoxC;i7Bs system
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Fig 4.6.6. DTA curves of FeprsxyMoxCi7Bs system
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A7) A8 AHREL vlE O Z Fe-Mo, Mo-Cr, Cr-Fe t9] AU TS 18
3le], MoE 10%ZE 11783}, FersMoiCi7Bs 494 v A 5o Cr& Feot
X & H718 FeeoMowCrCi7Bs Al HIAZ @59 T, Ty, ATy, Tn ¥ ToE
F 4649 At Yehl A

Table 4.6.4. Alloy compositions and characteristics of Fes-«yM010Cr,C17Bs system

(Unit: K)
Composition T, T, AT_ T, T,
Feg,Mo,,Cr.C B, 830 877 45 1408 | 0.589
Fe,Mo,Cr,,C,B, | 838 882 44 1423 | o0.588
Fe,,Mo,,Cr.C;,B, | 848 901 53 1440 | o.588
Fe,Mo,,Cr,,C,B. | 853 918 65 1473 | 0579

Cre) H7hgol 5-20%2 FHEFE ATE £F 35T o} T,e

Rt 2 ot Zashs BFE Hola o ole T,o d<sFel vis) &3
o] FEZo] 7] YRo|th o FFAY AT, Cro] 20% F7IHAS o

65KZ 7H3 =3, T.E 0589 oA =T Uty 2¥ 4.6.79)
Fes.oM010CrCi7Bs A W1 A A 33 9] DSC 54d-& Yeh Lot Cre A 7Fe] ]
g A T, @ T7} Z7hst 9en, oo ute} AT, QA Z74sHe A&S Ho)
I At 39 4682 o] 9] DTA F4& vehd Aolth Crol F7hFel ot
g ez $hol A AL BAG o FFAIANE
FessMo1oCrisCi7 Bs W18 A §g-& A& ZE &F 0] 2% peakE HEM I 21
2, A8 g Bty sttt B ETh
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+—— Exothermic
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Fig 4.6.7. DSC curves of Fews xyM010CrxC17Bs system
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Fig 4.6.8. DTA curves of FesoMo10CrCi7Bs system
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d71 AEAAANA g2 7P A FessMo1oCrisCir Bs B 2 3t
Foll, AF7A AP & AdHE 3183t Mo A7MEFE 15%E F7HA A
T3 A 63T YAE, Athste] AAAE DI} vl 2ol B84E S FE A
EEMAEE AASE Tl 3, YA 0] 0.181nm=E v F YE A3
o 2% HA7FstYTE o}#] ® 4.6.50] Fe-MoisCrisCi7Bs-YA BIA A &F 9 T,
Ty, ATy, Tm B2 T E B3t el A

Table 4.6.5. Alloy compositions and characteristics of Fe-Mo;sCrisCi7Bs-Y system

(Unit: K)
Composition T, T, AT, T, T,
Fe,gMo,Cr C,B; 851 902 51 1410 | o0.603
Fe, Mo, Cr.C.B.Y,| 870 | 932 62 1414 | o0.615

Mo7t 10%° 4 15%Z FA7tge] F7Hed met AT #3he & Aol
7F Atk @] T,o) A9E 0588004 0.60302 A F7HdE & F
At ol To WslEtes §39 gl S AZd dde] Utk 7]
o] ThA]l Y 2%H7}8 FessMoisCrisCiBsY, HIA A FF9 AT.E 62KE U
£ Z718 Q4 a, T Tt 870KE A53ste] 0.6152 AA F7istgth 1 ¥
4.6.9% Fe-MoisCrisCiiBs-YA| B13 2 &5 2] DSCE eI T Mo 15%0] w2}
Teo} o] Ztol= AY gl 24 27 peak7t BFEH AT o] 3ol YE 2%E 3
7} Fe4Mo15Cri5C17BsY2 HI A A HFoll A T, T, = 870K, 932K 2 Z}2} A3l
o}, 9A] 2= peakE UYEH = AFEFE BYGt) 18 4.6.102 Fe-Mo1sCrisCir
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Bs-YA HIA A 339 DTAE UeEbATH Mo 15% 7t wha} §-3 -2 1440K 0
A] 1410KZ ¢F 30K 2ol H 1L, o] & T F7H & 98-S G AT Y7 2% H 7}
H 2HNME T, § T Aoz E78L 3L &F 45302 E, Ty
&l F7HE2 65 AR 28y 25 peakE YEMN 2R TR A= Hlolut
£ @42 B2tk FeuMoisCrisCiiBsY, H1 A A 9] ¢4 1414K S}

FessMo1sCrisCi7BsY, 24 9] B34 5 53 AT ¢ T,@ & 7HA 2R
H A d H I A 27} 7H53tchal $eE o], Cu- mold suction casting2 531 27
@5, ©7 B HAAX AL A2 YTE 1 4.6.11-& FewMoisCrisCi7BsYs 24 <]
suction casting®l] 2J3jA] AZEEHAZA 05, &7 53 BIAAH] X-4 F|HEAA
3 Aot 50 B8 A AL AR A vEehde SdTart dEEHA
&kl 20=40~50 " F-Zol| A broad 3+ 3] 27} BEEH U} 20=40~42 " ZA o]
A #EEE gae viFgE g 71X ¢ 4&E Nano 2H 0.2 A9y, A
o] Hyo] =W Nano 232 H3 v 59 7IAH 54 ol =%l
o 4 A Aot o] 23 Nano 27 8] ESAE &2 GA 8 § TEM #E 9
3 T =Hojd = Uk 7 BE A A HAA AT 20=40~42" A &} 657 A
ol A Bl Hlg 24 peak7t HEHJT. 17 4.6.129 FeseMoisCrisCi7BsY: F5 %
ol Qo B3 B3 A S YeEPAT & 4 A R7L AR
Feo]l e AEAHA HIRZA H39 5AE Hol1 Aot 17 4613 05, 97
Fe4MoisCrisCi7BsY2 W18 2 B Ao AF A ohgh 2000 3k dwl 7 AL
Folt}h. &7 | Z A B2 FF o B XRDEA A€ v|AE ZF peak7} &
HAo o] Al M E o m T A E FAEA] ZHTH BE A|HA A o H o)
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Fig 4.6.9. DSC curves of Fe-MoisCrsCi7Bs-Y system
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Fig 4.6.10. DTA curves of Fe-Mo;sCr;sC17Bs-Y system
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Fig 4.6.11. X-ray diffractions patterens of as cast cylinders FessMoi1sCrisCy7BsY2 system

with a diameter of Smm and 7mm
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Fig 4.6.12. FesMo,sCrisCi7BsY: as cast cylinders of 2mm, Smm and 7mm diameter prepared

by copper mold suction casting
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Fig 4.6.13. Optical micro structure for cross-sectioned area of as casted cylinder

Smm and 7mm diameter of FesMo15CrisC17BsY2 system
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Fig 4.7.1. Micro-vickers hardness of FessMo0;5Cr15C17BsY2 alloy of Smm and 7mm

diameter bulk specimen
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Fig 4.7.2. Ralationship between H, & Young's Modulus
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