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Abstract

In The microstructural evolution, room/high-temperature mechanical properties of a Co-9A1-9W-2Ta alloy with 2,
5, 6, 9 at.% Hf additions (referred as to 2Hf, SHf, 6Hf and 9HTf alloy hereafter, and content of W+Hf =9 at.% for
all alloys) prepared by arc-melting were investigated. It was found that the as-cast 2Hf~6Hf alloys showed a
microstructure composed of Co-base solid solution y phase (y-Cosg) and eutectic of y+ intermetallic compound
Coy3Hfy, and the 9Hf alloy was composed of primary CoyHfg and (y+ CoyHfy) eutectic. While after 1170°C/8h
solution and 800°C/100h aging, the cubic y’ phase with a size of 200nm~700nm homogeneously and coherently
precipitates on the y matrix for the 2Hf ~ 6Hf alloys, no y” particles were found in the 9Hf alloy. The 2Hf alloy
exhibits yield stress anomaly at temperatures above 600°C, and the temperature corresponding to the anomalies
stress peak is at about 700 °C. However, the other three alloys show no yield stress anomalies.
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48 Co HE iR A S UM E E B RIE SR P AVE M. Prs S5 MR R AR ek 45 ) m Y,
TAELAE N 730~1100°C, R T2 R S rm B, LG5 ah I i & a4 i e 6
B BT B VA TR MC. M26C6 il M6C Z5mptb k., Himmae /7 5 [ stk o £/
ALK T & & B kP,

2006 4, J. Sato 2 NWFE Co-Al-W = u& &tk R R I T S5 TR L1, B4 &l tk &4
HH y'-Cos(Al, W), FUEBI T W LAFE 950°C FRAEAFTE. XFHIM Co A S EF LS Ni AmE S
SAREAPU vy B LRR, I HEA IR LR, B XMAZUEER Co 344, TTLIAIHIL
FEMPUE TR IR m RS, XA SRS S AR, SWRZR T Z5E. B, W
FHEEIE Co-9A1-9W il FAT A& 4o RXTHA Co AR . ZMiEsSE N
WET AL W & ESBAEIRNKR, RIY AR W RFLEGE 1:1 5, MR 2081k
ORI . Akane Suzuki 28 NS T Ta BT &4 RS20, RILLE Co-9A1-10W =&
SRR 2at.%Ta J5, yHIHT IR H 1000°C_EFHE] 1079°C . 85— B HER X T Co-Al-W
=JCIRARBE T Re 4b, Hf, Ta Ml Ti HaiE2ika e yHERD, 4 miRssEa .

HETRT G4 mE N HA Co o d iy Ik 4 4UF BN DK 1t BE B S MARIE 8 HE AN V2 IR
N, AT Co-Al-W =0 A& AT W It R L E K, 1R ] BE X SR B 7= 4 — 52 BRI
XL AT i — BT e R . AL Co-9A1-9W-2Ta iz NAERE, BIARINT 2at.%-
dat.%- 6at. %M 9at.%(1] Hf JLEE M WL HE Bf & & HLE N 9.55g/em’, 1 H &3 W )5t
EFKE T 9.03 glem®), AW HE 550 A4 B W )G Co-9A1-9W-2Ta &4 M4 Bk
BT SR,

2. LI

A EE N 99.99% Ll K45 (Co). B (AD. (W), B HH . 4 (Ta) B Hl 2 1A
Co-9AI-(9-x)W-2Ta-xHf(x = 2. 4. 6. NIEE JET AN , 7EdEAFEE 2 BIEHRE N R
BRI 5 R, & EEN 150g AEH . 7E 1170°CRIE 8 /NN HHTE A FEAI, FHsEH %
FERA Ar S E A S TPLE 800°C FARIR 100 /NI HEATI b3, 235431, SR X-S1 447
S AR E S RAHAR, SMALH Quanta 200F Kk SRR ST ML . SEHE
Hv H HXZ-1000 B0 20 Rt 2 oHIil &, 279 500N, & ORFENE Y 15 7, &AMl
BN EROP B . FIRSH SRR E SANS LIz i 7 RER IS AL BT, RSN
IS 7E MTS880 #HRLSEERHL LT, 15T EE 73794 600°C. 700°CHI 800°C, IAFI LG iR 5 fr
TS A TR Y 5T FEAE MR B S A AT, RS d4mmx6mm, 285§ Nk 28 10S™

3. 45 51
3.1 WA LR A RS

B 1 NS FI RAL LS Co-9A1-(9-x)W-xHf-2Ta & 4 ) X-SH AT . #75F OHf &4 H
— B0 fe.c MFTHEIEN, BATATRE R RA fe.c 45 Co IEA K Coss(y A FIEA L1,
SR B B A Cos(ALW)( YA AT IE . B HE S &N, BR T vy M AT IESN,
EHIL T BT S 14 B A CopnHE ARINATHIE, WK 1(a). WIS N & &R
Yo YRl CopsHfs ZHHAIEL . & &L FIE+I A G, X-FHEATHESHSNEA—S, WL
1(b), XRHI BT A L& E A AL

Bl 2 L Co-9AI-(9-x)W-xHf-2Ta &4 M BUN BAH R, A& [ 2R AH AN 3 EAE P A
. KEAN Co LR v M, 1T AN ConHf #Hl, FBHE Hf SEIIEZ, [AEAHKH
ARG BOZ B K Horh 2HE G 4 8 A SUNAL IR K y A RIS A4 y AH & S0 A0 1R L ConsH
FHo SHE. 6HF A4 AL SN R y 40, Bfb IR y A5 ) ConHE AR SL AL, H
XIS H SRR A, 5 OHf &4 eH i T At CounHf, ¥14EH, HAN
y+CopHfy Fe ALK 2(d)) , AT A& AH LR IR EA BB y'HH.
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Fig. 1 X-ray diffraction patterns of the as-cast (a) and aged (b) Co-9Al-(9-x)W-2Ta-xHf alloys
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Fig.2. SEM microstructures of the as-cast Co-9Al-(9-x)W-2Ta-xHf alloys: (a) 2Hf, (b) SHf, (c) 6Hf, (d) 9Hf
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Fig.3. SEM microstructures of the aged Co-9Al-(9-x)W-2Ta-xHf alloys:
(a)/(a”) 2Hf,(b)/(b’) SHf,(c)/(¢’) 6Hf and (d)/(d”) OHf
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Fig.4. Vickers hardness Hv of the as-cast and aged alloys

B 4 A5 TN BAETE Co-9A1-(9-x)W-2Ta-xHf & & =R AEKME Hy. £S5 ET, 64
IR E HE & B ina 8w s, X2 BT B Coy,sHE HIBE HE 2 & 188 hn i 8 n
B HE 4 PSR, Y FEERSESNEERE —EEm. 4 H SEAE
N, Z4ERTEE Hy (IEUEAL R, 7E 50~100 Z (8], {H 6Hf &4 OHT &4 (A5 (b A 1R
2, UCHARTROW HE SR BRI AR E R . RS &4 4EIREE Hy Migs EEN
R T yy AR Sk a4k (2HS, SHf, 6Hf) ; 9Hf &4t IR T it 22 1T CoysHF;
M AIES R AE T,



1166

3. 8. i FlErid B e

Shaofei Wang et al. / Procedia Engineering 27 (2012) 1162 — 1168

fa) . v gooe
e M SHY Ll | 1L M s
5 M, zuslb r(-r'-~--.__ /,-ﬂ-h,
[ Ea
;. hib ;I}clqn. iI I'
=) ¥ v | | | #Hie
= -
: £ = wEr |Ih
¥ air i m'IJ II
= ] !
»e | ! | |
] | |
" L L X i L M i i i
BBS 888 Ad8 BeE AN 638 A BM 08 T T TR TR TR T R T
TURE STALY, 04 TUME % LALN, 6%
(4 FHE - “ "
138 | THIC 1o | BT
| SHr
I f L1E] a
2 oo || f | =
;'t._ | ] ’\\ "'; i
| I ! P
¥ M | . g
z I g
Z sl z
B | II"\‘“-.,_‘ e
o | [ = aar { Sl
= s { E |
= | ' | | |
aa b B .u |
" " i P i i ': i o i i
an [ ) a 1) [} ) 18 12 [-T] [ ¥ a8 [-T1 1] 1.3

TURE STALY, £% TURE STAIY, %%

5 REREE T RSB - R AR 26 ()25, (b) 600°C, (c)700 °C, (d) 800 °C
Fig.5. Compressive true stress-strain curves at different temperatures

(a) Room temperature, (b) 600°C, (c)700 °C, (d) 800 °C
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Bl 6 NAERE TE4 RS EIRBE 0, 5 HE SRR R. FIR T SHE. 6Hf 541 oo,
T 2Hf A4 . 600°C T 2~6Hf &4l Hf 585, 54 o fH, 3 6Hf XBIH K, Hf 54
) 602 XA HT FBE. 700°CH SHE A1 6HF 4421 o0, 2K E2 R BT 2HE 541 o0, % 600°CH A BTk
F, 5 6Hf G442, 800°CH SHf Al 6Hf &4 o0, RELPUE R[4, 1M 2HE &4 00, WA N,
BN 2HE 421 o0, Bt - OHE B4 00, TAZRAK, 7E 800°C T My 327MPa, A2 2HF &4 H)—

4. g

HEUB W 5, 4&EMALRAETHERNZ, BEEEPERIEE y b, BRI T
J7 CopsHfg Mo ST RAbHE, CoysHfs MRS A0 WA I A1 B AR 1L, v JERM R HT T
KI5 AR AR 1 77 BUIR v'-Cos(ALW)FH(QHE~6HE & 43), [EIN7E HE 2888 w1 SHE F1 6HE 75
G, FEAEETS AT R FOIR v A, T BB S OHF & 44458 42 yiy S 41430,
W e HE U (OHF &4 , JER y T2 %A v-Cos(ALWYAHT . LA EZHZUR R
T Hf &M EREI1H R 1224 T BRI, %85S BMIERER Hf & & /38
M S, MR ZUG S 44 UL SHE &4 M BRI 5 s, 7T WIEER T CoyuHfs FHAT y'-Cos(ALW)
IS E B RAVER . TEERE CoyHE, A HI%A vy WML AR OH &4 E R T RE
A VBRI R A WS, X R W] CopHf FIZE IR T NEtEM . DSC th&k BoRpEE HE S &K
e, SEMVHERERK, 2Hf 54 MPIEIRE N 1285°C, 1 9Hf &4 MPIEIRIE N 1220°C,
If7 OHF A& 1k s 1407°CMY, Z54 - 4 AR 5 RBUESELBAGRE T, vy PR AR S
CoyHfs AHFL RN A G B 5 E R, IR A 600°C T SHE Fl 6HE 4451 o, i T 2HF &
&, BT Hf SENFESEEESNESRE, RILEFREL—L LA, §FKE Hf 0%
[ SHE. 6Hf Fl OHF &4 o0, TE TR, T 2Hf 247 700°C T 00, KM m T 600°C, &R
5 6Hf &4&4m. 4R FFH] 800°CH, 2HT &4 o, BMEMKE, AETHEESENRE
4, T, 800°CHYSt& 4t 1 H Ak /F 52 v'-Cos(ALW)H, T ConsHf, A S T S 2 B AL
SO AT iy PARSEAR ZHLZA 00 OHE 54, H o0, BAG, A2 2HE S8 —2F. L EZS R K] 600°C
TRINEEHZ CoypnHfs HA yy' IR H LU 6HE &4, X8RS I 5 RN, 700°C K
800°C N 2Hf &4 BA AL LN, 45 I AE 800°CHY, T 5256 iR FE W N$35 ConsHeg AHBIHIH4 &,
B R E L vy FAS R 2HF & 00 8 IR GR R PR R B T AR B B B A (B 6) .

E 6 FRTLLER], 2Hf E&FRME —EMNRFEERME . NEIRF 600C, o, FEEEZR
TR R, #Bid 600°C )5, 00, BEFE IR AR R, 78 700°C I8 B B KR, B S i AR .
IR — IR G, 2Hf B4 ooy XIS T, X—RERBBRMEEELEE vy
HLU) Nis Al FEEE A &P, BHEUNLE T &SGR A2 L A R g
M. EAEFENREEESTRRISCE ERILG, TS vy AR Hos b A 5%

5. 4

1. B8 HE S Eh0, 5453 Co-9A1-(9-x)W-2Ta —xHf &4 Hi I ConsHE 41, SBAKL LR Co A
Ry +y /ConHfg H i (2~6HNZ M M W] 4: ConsHEety /ConsHfg Ffh (OH) #A8. I kb1
JE b HE SRR, BRI B RY y '+ CouHfs HR(2~6HT & 4)i% Ay /CoysHI
L MALEAFOHT 54).

2. 2R/ T EEEIREEN Hf S ' E2A A RERRNES, cHf 5SmSR E. Mk
; HE&WmES HE SEMEEH>, 600°CH 6Hf &4 MRS, 1M 800°CHl 2Hf &4
R 5 1 o

3.2Hf &4 600 CH R A SCH RN, [CH SR W RO FESE 700C, HE = ANMEE8RE R
RIS
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