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Table 1 Chemical composition of CD-4MCu steel in the present study and ASTM A890 W5 /%
TiH c Si Mn Cr Ni Mo Cu Fe
ASTM A890FR i <0.04 <10 <1.0 24.5~26.5 4.75~6.0 1.75~2.25 2.75~3.25 A
RN 0.054 0.62 0.66 24.88 5.70 1.90 2.82 ANiE
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B, BCESE.
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Cry=Cr (%) +[ (15)Si (%) ] +[ (1.4) Mo (%) ] +
Nb (%) -4.99 (1)
Ni,=Ni (%) +[(30)C (%) ]+ [ (0.5)Mn (%) ] +
[2.6 (N-0.02) (%) ] +2.77 (2)
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Fig. 1 As-cast micrograph of CD-4MCu sample

(a) 1000°Cx2h; (b) 1050 °C x2h;
(c) 1100Cx2h; (d) 1120Cx2h
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Fig. 2 Micrographs after solution heat treatment in different temperatures

(a) 1000°C;
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Fig. 3 SEM images after solution heat treatment at different temperatures

(b) 1050 C; (c) 1100°C; (d) 1120%C
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Fig. 4 Ferrite phase volume percentage and X-ray patterns of solution treated steels at different temperatures
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Fig. 5 Bulk hardness of specimens and microhardness of vy -« phases versus solution treatment temperatures
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Fig. 6 Metallographs and SEM images of specimens in
solution and aging states
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Fig. 7 Bulk hardness of specimens and microhardness of vy -« phases versus aging treatment temperatures

3 HFERiE

(1) BREEASESH « BE=S1EIN, yiBF
CrrtE&81EIN, NitZ=El, 57T v HEZ, M
KEBERK vy BRGEOEEREIREL, vBOR
FHEEE,

(2) CD-AMCUXEASBINAIENIEE . SR IAE

EENEESEEFSMEN, REABEEEZWR
N, BRERANEESES MRRAEE R RNILERS
HREERANEZEER,

(3) BIAME ARG INRO IR — 51— Tt
460 CHIMIEE R K, BIAHBW350; $kE{AE{HEE
ENFERERR.



[y = ‘Et
20214F E5HI/ET0E iIEIA5R Founore

SEHR:

[11 SK3MER, REE. ERINUERSENAR AR [J]. Z&U, 2015 (3) : 62-66.

[2] BASTOS I N, TAVARES S S M, DALARD F, et al. Effect of microstructure on corrosion behavior of super duplex stainless steel at
critical environment conditions [J]. Scr. Mater., 2007, 57 (10) : 913-916.

[3] #RHh. SUBFBINAIRIN T IEREIST [J]. TRERARHST, 2017 (7) @ 89-91.

[4] #hESE, BX—, KM, F BRUENRPIERENS SR EINAIRE IR [J]. VU5, 2008 (6) : 56-58.

[6] R WABARER [M]. At i TUkERRRE, 2000.

[6] i, #HEEME. CDAMCURBHHREITESEK [J]. HIE50K, 2013, 34 (5) : 599-602.

[71 BHRE., 9ER SHERE-EEARTMENCDAMCURYERIFS [J]. € EINIT (FI01T) , 2010 (11) : 65-66.

[8] #lukfh, SBFEME, ERIK. FMIEHEUNS S32750B RN FINMMA LR R EIRIT RSN [J]. #EHAGIEFR, 2020, 41
(6) : 111-120.

[9] DAVIDSON G A, WILLIAMS P G. Developments in slurry pump technology [J]. CIM Bull., 1992, 85 (964 ) : 33-40.

[10] faKME, ZBRE, TR, & AHERNEREVIERFIHIREIRTH [ BREF50hPRAR, 2000 (5) : 264-268.

[11] BBEHER, ERK, B, & BRAIEXICDAMCUNTURRENEERISNG [J]. RIITTZ, 2019, 48 (12) : 135-138.

[12] YOGANANDH J, NATARAJAN S, KUMARESH BABU S P. Erosive wear behavior of high-alloy cast iron and duplex stainless steel
under mining conditions [J]. Journal of Materials Engineering & Performance, 2015, 24 (9) : 3588-3598.

[13] ML=, XUZR, Buatl, . B BEX S 2507 BB BN D5 R R4 sER0S 00 [J]. £@BFHR, 2010, 46 (8) : 941-
945,

[14] FBURHE, BET, AER. EALIEXS2205XUEFINER RS0 [J]. S/BHAEIE, 2020, 45 (3) : 146-150.

[15] MAOY, ZHENGY, SHIY, etal. Effect of rolling deformation on microstructure and mechanical properties of 2205 duplex stainless steel
with micro-nano structure [J]. Modern Physics Letters B, 2020: 2050269.

[16] American Society for Testing and Materials. ASTM A800/A800M-91 standards practice for steel casting, austenitic alloy, estimating ferrite
content thereof [M]// Annual book of ASTM Standards: V. 01.02.Ferrous Castings, Ferroalloys, 1999: 458-463.

[17] BB, SRE. S BF SR [M]. 2hk. b5 HU T HRRKE, 2007: 204-205.

[18] ATAMERT S, KING J E. Elemental partitioning and microstructural development in duplex stainless steel weld metal [J]. Acta Metallurgica
et Materialia, 1991, 39 (3) : 273-285.

Effect of Heat Treatment on Microstructure and Hardness of Cast Duplex
Stainless Steel
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Abstract:

The effects of solution heat treatment and aging treatment on the microstructures, phase content, composition
and hardness of CD-4MCu duplex stainless steel were studied. The results show that content of ferrite phase
in the CD-4MCau steel increase with the increasing of solution treatment temperature, and the content of Cr
element in austenite phase gradually increase, while content of Ni element decrease. The thin and elongated
austenite phase is gradually replaced by shorter and rounded block austenite phase, and the austenite phase
particles gradually coarsen. Both bulk hardness and microhardness of ferrite phase increase with the solution
temperature. After aging treatment, no secondary phase precipitation occurs in the aging temperature range
from 440 °C to 520 °C , while the hardness is significantly enhanced compared with the as-cast and solution
states. The maximum aging hardness is HBW350 at aging temperature 460°C . Consistently, the microhardness
of ferrite phase is consistent with the macroscopic hardness of the aging state, while the microhardness of the
austenite phase changes less both in the solution and aging state. The increase in hardness of CD-4MCu steel
after solution and aging treatments is mainly related to the increase of ferrite phase content.
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CD-4MCu; cast duplex stainless steel; microstructure; phase content; hardness
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