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Table 1 Chemical composition of as-cast GH5605 alloy

(mass fraction, %)

Co Cr W Ni Mn

53.6 19.42 15.0 10.23 1.32
Si P Fe C S

0.11 <0.005 0.17 0.12 <0.001

Bl 1 #74& GH5605 4 Rimdigl
Fig. 1 Microstructure of as-cast GH5605 alloy

B2 VIR ER GHS5605 AR # R 4010k B8 A
Fig. 2 Schematic diagram of cutting sample(a) and photos

of standard thermal compression specimens(b)
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Fig. 4 True stress—true strain curve and working hardening

rate curve of GH5605 alloy
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#2 GH5605 5&Z% av nv Ov A Fl1n4
Table 2 Alloy parameters a, n, Q, 4 and In4 of GH5605
& a n (0] A InA4
0.1 0.008390736 13.61933946 567.6519519 2.30x10" 44.58119
0.15 0.007180743 10.93294461 522.5501706 7.52x 10" 41.1613
0.2 0.006390251 9.330098899 509.206669 3.49x 10" 40.39399
0.25 0.005870216 8.355033211 519.9785126 1.18X 10" 41.61364
0.3 0.005470324 7.537783138 532.2217143 4.54X10' 42.95975
0.35 0.005145324 6.930487213 530.6696728 5.16X10' 43.08767
0.4 0.004265607 6.984703499 548.2166933 9.44x 10" 45.99362
0.45 0.004718024 6.296171927 548.6634876 3.55x10" 45.01466
0.5 0.004562942 6.069311538 553.172778 6.12x10" 45.56077
0.55 0.004453207 5.894778209 542.4304968 2.62X10" 44.71258
0.6 0.004361969 5.656481857 543.6958613 3.21X10" 4491565
0.65 0.004299713 5.666739075 544.7054266 3.73x 10" 45.06525
o= —1 . 600 |- o Data point 0o
0.004361 Best liner fit o °
£ 500} 3
1/5.6565 2/5.6565 12 p=
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Fig. 11 Processing map of GH5605: (a) ¢=0.1; (b) £=0.3; (c) ¢=0.5; (d) &=0.65
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Fig. 12 Microstructures of GH5605 under different conditions: (a) 950 ‘C, 1 s '; (b) 1200 ‘C, 0.001 s'; (c) 1050 C, 1 s ';

(d) 1200 C, 0.01 s

1sHAI(1050 °C, 1s YA EMEMAL, HEHInT
BRI TX, nTCAE HEALUR. &4
L 3= RAR 28 TT DA H A TR R AR TR
FLN AR 2 N TREAL AL, MRS ANS),
JUPFARRESZSESE, MRAT I TEARES: K
12(b) A1 (d) BT 71 43 5 2~ (1200 °C, 0.001 s ')
(1200 °C, 0.01 s Y&EMBMAL, RN TR
NRIFHIIN X, o] LUE R KSR A SR K
BN SR, RO 2 B TR AR 5
FESWIME . 454 S RN T B E i fein T
X I IEL 9 1055~1200 °C, BiASHEZ A 0.01~0.1 5

3 ZEip

1) ERELAR TSRS, GHS5605 & 4 1M
JI-E AR 2R E T TAEAL R+ Bh A E R A, N
TI-E N TSN 3 A B, BT RIZON T
MEACIT B TT-FE2n TAEALIT B TSRS AR B

2) FIH Arrhenius AMIEALTHE IR GHS5605
B S AR A 8 R BRI T F X R ZE( S ) o

A 0.95 F1 11.99%, FHFifh R I 78y ilm b A R
U (R AH S

3) TEShASM RS aL EAE T GHS605
HEMPINTE, JE4E DA ZE T in TR
HERPE, 45 RN AR E N 0.01~0.1s ' HREN
1055~1200 “C& GH5605 &4 RIF N TIX .

REFERENCES

(11 #Es @mRaeeiEM] Jent: JEatRhs b,
2008.
GUO lJian-ting. Superalloy material science[M]. Beijing:
Beijing Science Press, 2008.

2] FEESEEZERMAED S SRGEFME 2 #HM].
ABST: AR EbRAE H AL, 2011
High-temperature Materials Branch of the Chinese Metal
Society. High-temperature alloy (Manual 2 volumes)[M].
Beijing: China Standard Press, 2011.

[3] FAVRE J, KOIZUMI Y, CHIBA A, et al. Deformation
behavior and dynamic recrystallization of biomedical

Co-Cr-W-Ni (L-605) alloy[J]. Metallurgical and Materials



888

hEA O RYR

2021 45 4 H

(4]

[5]

(7]

(8]

[10]

[11]

[12]

Transactions A, 2013, 44(6): 2819-2830.

ANILKUMAR YV, GUPTA R K, NARAYANA MURTY S V
S, et al. Hot workability and microstructure control in
Co20Cr15W10Ni cobalt-based superalloy[J]. Journal of
Alloys and Compounds, 2016, 676: 527-541.

SORENSEN D, LI B Q, GERBERICH W W, et al
Investigation of secondary hardening in Co-35Ni-20Cr-10Mo
alloy wusing analytical scanning transmission electron
microscopy[J]. Acta Materialia, 2014, 63: 63—72.

UEKI K, UEDA K, NARUSHIMA T. Microstructure and
mechanical properties of heat-treated Co-20Cr-15W-10Ni
alloy for biomedical application[J]. Metallurgical and
Materials Transactions A: Physical Metallurgy and Materials
Science, 2016, 47(6): 2773-2782.

X, L, EEE, S iR EIR G S GHS605
BHA K iRy B K s RHARCI]. LR
£, 2019, 41(3): 359-367.

LIU Chao, JIANG-he, DONG Jian-xin, et al, As-cast
microstructure and redistribution of elements in high-
temperature diffusion annealing in cobalt-base superalloy
GHS5605[J]. Chinese Journal of Engineering, 2019, 41(3):
359-367.

L. AACTHIEEXT GH605 & Gk Y4453 A1 5 1
WHE). FFARER, 2017, 23(1): 4-11.

PEI Bing-hong. Effect of heat treatment regime on
distribution of carbides in alloy GH605[J]. Special Steel
Technology, 2017, 23(1): 4-11.

FAVRE J, FABREGUE D, YAMANAKA K, et al. Modeling
dynamic recrystallization of L-605 cobalt superalloy[J].
Materials Science and Engineering A, 2016, 653: 84—92.
NARUSHIMA T, MINETA S, KURIHARA Y, et al
Precipitates in Biomedical Co-Cr Alloys[J]. JOM, 2013,
65(4): 489-504.

SAMII ZAFARGHANDI M, ABBASI S M, MOMENI A.
Effects of Nb on hot tensile deformation behavior of cast
Haynes 25 Co-Cr-W-Ni alloy[J].
Compounds, 2019, 774: 18-29.
WANG K, LI M Q, LUO J, et al. Effect of the 5 phase on the

Journal of Alloys and

deformation behavior in isothermal compression of

superalloy GH4169[J]. Materials Science & Engineering A,
2011, 528(13/14): 4723-4231.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ZHANG Peng, HU Chao, ZHU Qiang, et al. Hot
compression deformation and constitutive modeling of

GH4698 alloy[J]. Materials & Design, 2015, 65: 1153—1160.

WHFLD]. LT HRALKE, 2014,

GONG Run-yan. Research of microstructure evolution law
and hot plastic deformation behavior for alloy GH4169[D].
Liaoning: Northeastern University, 2014.

LI Kuo-kuo, CHEN Ming-song, LIN Y C, et al
Microstructural evolution of an aged Ni-based superalloy
under two-stage hot compression with different strain rates[J].
Materials & Design, 2016, 111: 344-352.

JM, kIEME, ki, %5 GHT9 &4 miRRIBAT A K
RHLERR A, A E&JEM RS TR, 2019, 48(12):
3939-3947.

ZHOU Ge, ZHANG Si-gian, ZHANG Hao-yu, et al.
Elevated temperature compression deformation behavior and
mechanism of GH79 superalloy[J]. Rare Metal Materials and
Engineering, 2019, 48(12): 3939-3947.

FHUE. TiNiFe JERICIZ G 6 13 TAT 9 RO A 2L A8
MM AD]. dbat: A OEBU AR, 2012.

WANG Shu-juan, Deformation behavior and microstructure
evolution of TiNiFe shape memory alloy[D]. General
Research Institute for Nonferrous Metals, 2012.

ZENER C, HOLLOMON J H. Effect of strain rate upon
plastic flow of steel[J]. Journal of Applied Physics, 1944,
15(1): 22-32.

SUZUKI A, POLLOCK T M. High-temperature strength and
deformation of y/y’ two-phase Co-Al-W-base alloys[J]. Acta
Materialia, 2008, 56(6): 1288—1297.

PRASAD Y, RAO K P, SASIDHARA S. Hot working guide:
A compendium of processing maps[M]. Materials Park, OH:
ASM International, 1997.

HAN Ying, ZOU De-ning, CHEN Zhi-yu, et al. Investigation
on hot deformation behavior of 00Cr23Ni4N duplex stainless
steel under medium-high strain Materials
Characterization, 2011, 62(2): 198-203.

CAVALIERE P, CERRI E, LEO P. Hot deformation and

rates[J].

processing maps of a particulate reinforced 2618/A1,05/20p

metal matrix composite[J]. Science and

Technology, 2004, 64(9): 1287—-1291.

Composites



m

95315 4 ik L, & BEEIRG S GHS605 SRR IEAT N 889

\}

Hot compression deformation of cobalt-based superalloy GH5605

ZHANG Bing"*, ZHAO Fen-fen"?, CHEN Han-feng”, YANG Yan’, MA Yan-heng" >, QI Kai'*

(1. College of Metallurgy Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. State Key Laboratory of Nickel and Cobalt Resource integrated utilization,
Jinchuan Group Co., Ltd., Jinchang 737100, China;

3. National & Local Engineering Researching Center for Functional Materials Processing, Xi’an 710055, China)

Abstract: Hot compression deformation tests of cobalt base superalloy 5605 alloy by vacuum induction electroslag
remelting were performed on Gleeble—3500 thermal simulator. The deformation behavior of as-cast GH5605 alloy
was studied at the temperature ranging from 950—1200 ‘C, strain rate ranging from 0.001 to 10 s ' with true strain
of 0.65. The results show that the true stress-strain curve of GH5605 alloy belongs to the working hardening type +
dynamic recovery type. The true stress-strain curve of GH5605 alloy is mainly divided into three stages: [ severe
work hardening stage; II gentle work hardening stage; III steady stage. The average relative error () of the
constitutive model is 11.99%, the correlation coefficients (R;) is 0.95, the optimum hot working domain for
GHS5605 alloy is 1055-1200 ‘C and 0.01-0.1s™".

Key words: cobalt-based superalloy; hot compression deformation; constitutive modeling; processing map;

microstructure
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