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E g Zgtzal ol &30 93 0.31~1.14at% Hfz} 0.08~1.00at%Ce ZAHL 2 Mo A
He Azdd, dAgd & vz W3E FEAHVH, AES(Auger Electron Spectroscopy) %
E3AAEuF(TEM) o2 ZALstgth dagFo] o 830ppmel 2712 EE AHAME AY3o &
s A, A2gP oF 40-130ppme] A|HoZ Az 5 Ao, ojmf Hf E Ceo] Hstgo] F7}
G2 AN HAAYL nA}H At Mo-1.14at% Hf-1.00at% C A AHE A3 43,
1300Co A ZAGUWY HAY A-Mo €3 E (molybdenum carbide)o] gddx o g L AAHF a-
Mo &3l22 wielE 7] Azslm, 1400~1500TC &% FolM e Fuloles]l ng=o Add Hi# C
o] wke-ale] mgke] Hf €©3}Zo] A &=en, 1500CoMe A AN Hf @stEc] HAHULt
1500~1700Col A= AR YA HAE Hf @3lEo] Zalsln dstx oz & LA Hf A4 E
(Hafnium oxide) o] &Yoo, AAH AR v]4 g Hf stEo] &)

Abstract In this study, the Mo-Hf-C ingots containing 0.31~1.14at% Hf and 0.08 ~1.00at% C were
prepared by plasma arc melting. The change of microstructure depending on the condition of heat treat-
ment was analysed by optical microscophy, auger electron microscophy, and transmission electron
microscophy. Molybdenum powder with the oxygen content of 830ppm was compacted, and then melted.
The oxygen content of molybdenum ingots was detected to be 40~130ppm. As the contents of Hf and C
increased, the grain size of ingots decreased. When molybdenum igot containing 1.14at% Hf and 1.00at
% C was heat treated, f-molybdenum carbide in grains was transformed into a-molybdenum carbide at
1300°C. Between 1400C and 15007, the precipitation of hafnium carbide was due to the reaction of sol-
ute Hf and C, and the hafnium carbide was saturated at grain boundaries at 1500C. When the sample
was heat treated from 1500C to 1700C, Hafnium oxide more stable thermodynamically precipitated

both at grain boundaries and in grains after hafnium carbide had been dissolved at grain boundaries.
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Fig. 1. Schematic of an appratus for plasma melting
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Table. 1 Chemical composition of molybdenum

power

(ppm)

Al Cr CuFeMgNi Sb St S W C O N

<510 15 70 <515 <5 5 20 <200100830 50

Mo ®%dl A4we Hf CE

A 7} 3t

30rpme] £x=2 12417 ¢ £ T,
20mm* X 10mm® x 130mm' 27]¢ ¢EAR
A z3to] AL-g-sH o %fﬂ]"]"ﬂ“ E=o of
260ge] tEAME Fsty, ABHIZE 20X
10 %orr7b2] HAH G F, %HWHC’H Ar7t= g
ZFol 4ol oF 660torry} HEF AL
o, o] W EXE Hgste oF 16KW &%
Ar Etznt2 g3l &3Alo Exo

OJFEHEE % 24mmy oH,

Ex o =237t

EX
o] Adle 20mm, EX|7pA9 S%L B 5,

Table 2. Chemical composition of ingots.

, EEWY Whee 27 084 %

23 gxi2] ¥ OjM=F HH

Alfe] dAgo] e ME4e) HEs @
#8t7] sled, Raffo'Ve] AyAxng Ixz
Z} AlHE 1200~1700C 73] =459 7] 20
A 2217 Fe dAelstg oy, olo we n
AMzAL BFsty, AxE 2339t A=
2 v A7 %A (Vickers Hardness Tester) 2
Abg8tdal, 3% 1000g, wig 200M) 2 &
AEE 103 A &, Hogd Ha2zge
ALQg vz Hixghg Ao A9y
ok vl 23S Fetd v, AES(Auger Elec-
tron Spectrosocpy), & x& 02 (TEM)S
o] g3t #HIATE FEFHMFH HFe A
HE 1m7tA] diamond paste® <JIupst F,
Murakami& < (36g K;Fe(CN);+3.6g NaOH+
100ml HO)o2 ®Astod AT =3}
Hadn Ao 71%& JEM-200CXEA, 7t&
Agte] 160KVelm, AlH & 50um7t=] 7] A <A
wE ¥, -40CE2 fAE 125% H,S0.+
Methanol &L A}-&3lad 60VE Jet polish-
ing3tgth. AES/SAM #H|+ Perkin-Elmer
D-670 71F 0.2 A, 20KV, InA 49 beam
diameter’} 1504 0], & AgoME ion
guns AMR3te] AJHE FHOZHE < 50
A oy 29Egd F JHYRH S et
ANHEe AFYEw 4E47](Image Analyz-
er) & ol &3l &4}

3. MEHRR X B8

3.1 AlHS| OjMZzE
A AzFe SERMAT(ZA, Ha%
%) 9 A4YA7E ¥ 20 YERfIAC

alloy analysed excess composition oxygen grain
designation composition, at % Hf, at % | parameter, Xc | content(ppm) | size(mm)
MHC-1 Mo-0.31Hf-0.08C 0.23 0.08 130 0.65
MHC-2 Mo-0.52Hf-0.16C 0.36 0.16 J 90 0.52
MHC-3 Mo-0.67Hf-0.56C 0.11 0.56 110 0.37
MHC-4 Mo-0.92Hf-0.80C 0.12 0.80 40 0.27
MHC-5 Mo-1.14Hf-1.00C 0.14 1.00 50 0.20

Xc @ The composition parameter is the hafnium or carbon content, whichever is smaller, and is
equivalent to the maximum mol % of stoichiometric hafnium carbide which can be formed in a

given alloy.
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Raffoe Fo1x ZAel faolA (714
Y RE AL at%2 1FH) 42 T
9)= HfCe Hul mol%7} Hf && Co H
Ao gom Aoy, ol s =4 HF
] E] (composition parameter), X2 dgoed,
B 7% Raffod HE =Udstd X
7} 0.08, 0.16, 0.56, 0.80, 1.00¢1 A H & A=
g ch ¥ 2= MHC-1 A|#Holx MHC-5A14
oz #HE XIF " Frhstn e AS
Uetg ok £3 Wizke®s 24t 249 &
FollA Co ol Hlal AxMZ 02% Hizt
o] HsbE), ALore AAe] FFHT
1 Bustgoen, ol r|lzx=zZslo 0.11~0.
36at% HfZ # Hrpstdch. 24 AlHolA 9
AagtEFe x7) Bool Ata¥w=d 830ppm
o A} 40~130ppmo.2 Fadton, oA
g3)A] H7pek Col Mool wigh &A=z #
37 gEolgtn Frdrh”

7t Mol AAPLE 4 £ 7](image an-
alyzer) 2 =& g A3, X7} 0.08014 1002
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g AL ¢ F o, oL Hfe] &&5%
ZoA S1A & IgPDdac A% 4%
stoy A4 Fojz AgstAdchar AHsdTH
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Aol gk B0 Y AARoegA, HA B
ol 71T A FEulelA Col ©AiHA
2 #gaod CO ¢ COo, 7t28 B{F 1
¥ Aoz Aztdn®. MHC-1elAe 22X H
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MHC-30l M= #HAel A EEWo] &AL,
MHC-50 A BAel M&Fgo] AAstar, 1
ool ZrpEEWT ohlet Tl HEFEL
e ¢ 4+ dvk olAd Wy R Pyl
HN223 ARFAY H24S A7) fAs
& X7} 1.009] MHC-5 gaE A Ho| o)
AESEA & AAF dx, AR 2 9 18 29]
A RxEe] HAe] A&EE Mool v Hf
o] vy ®WsERA, FFEAAHL Mo:
Hf ; Co] 99x1% H]7} 62.0:6.2:31.83 Mo
& 3} 2 (molybdenum carbide) o}l 2., 7]
A—]%%ﬂ }_:ﬂ o]'X] ol—;“ /\-115]01 01‘— Hfa},
3} 2 (Hafnium carbide)d & & + AR =

Photo 1. Optical micrographs of MHC alloy ingots.
(A) Mo-0.31Hf-0.08C
(B) Mo-0.67Hf-0.56C
(C) Mo-1.14Hf-1.00C
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Photo 2. Auger electron mapping of MHC-5 ingot.
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Fig. 2. Auger spectra of precipitates in MHC-5
ingot.
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Photo 3. SEM image of grain boundaries in MHC-
5 ingot.
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Fig. 3. Auger spectrum of grain boundary in MHC 3.2 dxjz|of M2 M&EAe H3
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Photo 4. Optical microstructures of MHC-5 ingot annealed at the indicated temperature for 2 hrs.
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Photo 5. SEM image of MHC-5 ingot annealed at the various temperatures for 2 hrs.
(A) at 1400C (B) at 1500C (C) at 1600C (D) at 1700°C
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Fig. 4. Auger spectra of MHC-5 ingot annealed at the various temperatures for 2 hrs.
(A) at 1400C (B) at 1500C (C) at 1600C (D) at 1700C
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T2 9438 o 1540Col sl A Mo.C7F A
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Photo 6. TEM microstructures of MHC-5 ingot annealed at 1700°C for 2 hrs.

(A) Bright field image

(B) Dark field image

(C) SADP (D) Key diagram of (C)
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Fig. 5. Stability range for carbides and oxide ob-
served in MHC-5 alloy ingot.
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Fig. 6. Changes of Vickers hardness with annealing
temperature in as-cast ingots annealed for 2 hrs.
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