55 43 55 1 1) W g fl %K Vol. 43, No. 1
202242 A IRON STEEL VANADIUM TITANIUM February 2022

AR 2 1B HIE R S 2 WA RN
4B 40 R ML RERT 5T

xR, RRAR, K, FWEA, R M, EFA

(AL s iR B A PR R, dbaT 102200)

B BBl L BER T IR TS ARG S22, FF AN 2ZET 10 3D ATER IS .
FTEIR Y T3 2= PR 23 0 R S I B 857 MPa., HLHrs®EE 930 MPa, SEfHI3E 18%, —40°C. (~F-HAIKIR i BIPEA B T
118 J, AT LAl i 900 MPa 2 T HISEAF s i o i A i e . B S vl BEXH ST N IO 2L 7, e B
WLHZUARLIR DL EC AR | Al 2R DL AR RIS B A ) B B B (M-A) R, A D FRAR SR B 7R A (1 5 B 21 2Un
LATRI R $i 5 T ERPE A A BE AN et PR RE

KRR AT i (A 0 9225 DTG Sh IR (M-A); ity e

1

= B 5

& 525 TF76,TG456.7 ERFRRAD: A X EHS:1004-7638(2022)01-0119-06 ; = ¢ g
DOI: 10.7513/j.issn.1004-7638.2022.01.018 FREHE (FiRARSS) #RIREG (OSID) : ‘i %i
R B

B

Study on microstructure and properties of low-alloy steel fabricated by
laser wire-feed additive manufacturing

Liu Xuming, Zhang Dayue, Zhang Jian, Li Binzhou, Zhao Yang, Wang Junsheng

(Ansteel Beijing Research Institute, Beijing 102200, China)

Abstract: In this investigation, the low-alloy steel wire applied in additive manufacturing was made by
clean steelmaking, hot rolling and drawing; subsequently, laser wire-feed additive manufacturing was
carried out with this steel wire. The mechanical properties of the 3D printed parts are the yield strength
of 857 MPa, the tensile strength of 930 MPa and the elongation of 18%, the average low-temperature
impact toughness of —40 “C reaches 118 J, respectively, whose can meet the requirements of 900 MPa
class in the marine engineering field by the method of additive manufacturing. In terms of scanning
electron micrograph (SEM) and transmission electron microscope (TEM), and analysis of the micro-
structure of the printed pieces, the results showed that the microstructure was composed of granular
bainite, lath bainite and diffusely distributed martensite-austenite constituents on the bainitic matrix,
whose could improve the tensile property and impact property simultaneously.

Key words: additive manufacturing, low alloy steel, steel wire, bainite, martensite-austenite constituent,
impact toughness
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Table 1 Main chemical compositions of wire %
C Si Mn Ni Cr Mo o N H P S
0.07 0.38 1.76 2.51 0.49 0.50 <0.005 <0.005 <0.002 0.006 0.003
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alloy steel
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Fig.2 Schematic diagram of 3D printing of laser wire-
feed using wire material
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Table 2 Technical parameters of laser wire-feed additive

manufacturing
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Fig. 3 SEM microscope micrographs of (a) bainite; (b) martensite-austenite (M-A) constituents
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Table 3 Tensile properties of printed metal
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Table 4 Impact properties of printed metal
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Fig. 4 SEM microscope micrographs at different fractured states (a) tensile fracture; (b) impact fracture

§50um|

El5 () FNRMASFRCRNRAEERSR; (b) RENREFZENDRBZBHEFRA; (o RRNRFZEHDREE

SRR A

Fig.5 TEM microscope micrographs of experimental steel. (a) Overall morphology of lath bainite and granular bainite; (b)
M-A constituents between lath bainites; (c¢) M-A constituents between granular bainites
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Fig. 6 (a) EBSD inverse pole figure (IPF) map of the lath and granular bainite; (b) EBSD phase map of the austenite

3 &%

ARG S ML W2 3D TE G, RS
A v HIAE, T 40 B hkntR DL G A | M 2%
ARDVEAR L) e M-A(ES By ) ZHEV 1

2) GO 3D ATENG, & WL TERf 1 )
22PEREIRE] T 900 MPa 2% 5, HAE—40 °C FMRIER)
PEIRE] T 118 J, HLi A0 8 IH B 5 % L4 o0 A

SE

14 DL EC AR R L R /R A ) LI ok — 2 1
5 1A DL PR AARHE AR JEE [R] 452 85 1 4T BB AR 4 v
dr ISR

3)ARUIT A1 3D FTENL IR ik = & 4
Wz, HAL=2 o it AL, JTHOE OO NV H IR
R KPR, AR BT BORIIE 1 455 12 P RE
KT

[1] Lu Bingheng, Li Dichen. Development of additive manufacturing (3D printing) technology[J]. Machine Building &

Automation, 2013, 42(4). 1—4.


https://doi.org/10.3969/j.issn.1671-5276.2013.04.001
https://doi.org/10.3969/j.issn.1671-5276.2013.04.001

- 124 - ™ £ # 5K 2022 45 43 &

[2]

[31]

[4]

[51]

[6]

[7]

[91

[10]

[11]

[131]

[14]

[15]

[16]

[171]

OFSRTE, 250, 3 (3D FTED) BORERE(I]. HUbHIE 5 A 31k, 2013, 42(4): 1-4.)
Yang Jiaoxi, Ke Hua, Cui Zhe, ef al. Research status and application of laser metal deposition technology[J]. Aeronautical
Manufacturing Technology, 2020, 63(10): 14-22.
(MM, frde, #E97, 45, BOtS B IUBIEARMT IR 5 R[], = i H0R, 2020, 63(10): 14-22.)
Zhou Changping, Lin Feng, Yang Hao, ef al. Application progress of additive manufacturing technology in shipbuilding
field[J]. Ship Engineering, 2017, 39(2): 80—87.
(A, BRI, #7545 ERA TR ARTE A T S5sslk i) 2 e []. AR T2, 2017, 39(2): 80-87.)
Guo Chunhuan, Wang Zechang, Yan Jiayin, et al. Research progress in additive-subtractive hybrid manufacturing[J]. Chinese
Journal of Engineering Science, 2020, 42(5): 540—548.
CREMe, TR, 75, 55 HWbHR & S R AT FEIERELT). TARERME27IR, 2020, 42(5): 540-548.)
Guo Chunhuan, Yan Jiayin, Wang Zechang, et al. Research progress on metal laser fuse additive manufacturing process[J].
Hot WorkingTechnology, 2020, 49(16): 5-10.
CREMe, T"KEN, EEER, 5. RIRBOCR LIRS T 2R, A T.1.2, 2020, 49(16): 5-10.)
Li Binzhou, Li Changsheng, Jin Xin, et al. Effect of M-A constituents formed in TMCP on toughness of 20 CrNi2 MoV
steel[J]. Journal of Iron and Steel Research International, 2019, 26: 1340—1349.
Hu H, Xu G, Wang L, et al. The effects of Nb and Mo addition on transformation and properties in low carbon bainitic
steels[J]. Materials & Design, 2015, 84(5): 95-99.
Wang B X, Liu X H, Wang G D. Correlation of microstructures and low temperature toughness in low carbon Mn—-Mo—Nb
pipeline steel[J]. Materials Science & Technology, 2013, 29(12): 1522-1528.
Yao Xiuquan, Yang Jianying, Han Dan, et al. Study on CCT curve of Si-Mn-Cr-Mo ultra-high strength steel[J]. Physical Test,
2018,36(4): 1-5.
(BF5 4, &1L, #h)}, 2. Si-Mn-Cr-Moilti i34 K) CCT #HZEAHRTI]. PEEIL, 2018, 36(4): 1-5.)
Jiang Zhouhua, Gong Wei, Wang Cheng, et al. High purity smelting technology for ultra-high strength steels[J]. Journal of
Aeronautical Materials, 2017, 37(6): 7—15.
(LR, 2105, oK, 55, B o B A o AR R BOR D). it zs PRI, 2017, 37(6): 7-15.)
Dong Zhihong, Kang Hongwei, Xie Yujiang, et al. Effect of O content on microstructure and mechanical properties of laser
additive 12CrNi2 alloy steel[J]. Applied Laser, 2018, 38(1): 1-6.
(W22, JULLAR, WHETT, 25, O B XHMO LI b il 3 12CrNi2 & & N 41 BS54 S 1 °#MERE RO RZ R 0. ROk, 2018,
38(1):1-6.)
Zhou Yun, Zhang Yu, Guo Huiying, et al. Effect of trial production and annealing on microstructure and properties of Mn-
Mo low alloy wire rod[J]. Heat Treatment of Metals, 2017, 42(3): 23-28.
(=, 5kT, Y, 55, Mn-Mo R AR G A5 22 35 2% 103 ) S B KO L ZUPERE Y2 R[], <2 FAKL B, 2017, 42(3):
23-28.)
Feng Shuai . Study on laser fuse deposition process and tempering treatment of alloy steel [D]. Harbin: Harbin Engineering
University, 2019.
(V0. AW L DU T 2 R LK AR P E[D]. W JREE: W /RIE TR K2, 2019.)
Nazmul Hudaa, Abdelbaset R H, Midawia James, et al. Influence of martensite-austenite (MA) on impact toughness of
X80 line pipe steels[J]. Materials Science and Engineering:A, 2016, 662(26): 481-491.
Zeng Yanping, Zhu Pengyu, Tong Ke. Effect of microstructure on mechanical properties of X70 pipeline steel[J]. Journal of
Materials and Heat Treatment, 2015, 36(3): 45—50.
(B TeBE, RIS T, 230, WSO XTOE LA 1 ERERISZ IR [J]. FORHAAE B4R, 2015, 36(3): 45-50.)
Liu Qingyou, Jia Shujun, Ren Yi. Study on control technology of low temperature fracture toughness of high grade thick wall
pipeline steel[J]. Welded Pipe and Tube, 2019, 42(7): 39-47,54.
GG A, BB, AR R RN GUR RS SRR W 2 E BRI FE (0], K748, 2019, 42(7): 39-47,54.)
Qi Liang, Peng Kai, Zhou Jun, et al. Effect of TMCP process on M/A island of X100 pipeline steel[J]. Journal of Materials
Review, 2016, 30(2): 95-98.
(5552, Zal, JZE, . TMCP L XX 1008 2 NM/A B 52 [T]. kTR, 2016, 30(2): 95-98.)
Huda N, Wang Y, Li L, et al. Effect of martensite-austenite (MA) distribution on mechanical properties of inter-critical
reheated coarse grain heat affected zone in X80 linepipe steel[J]. Materials Science and Engineering:A, 2019, 765: 138301.
Xu Rongjie, Yang Jing, Yan Pingyuan, et al. Study on microstructure of ultra-low carbon bainite steel with high strength by
electron microscopy[J]. Physical Measurement, 2007, 25(1): 10—20.

(oR 7S, Wi, D0, 25, 1o o B AR Ak am DL QAN o Sl S B B T 53 (7). B # L, 2007, 25(1): 10-20.)

i A


https://doi.org/10.3969/j.issn.1671-5276.2013.04.001
https://doi.org/10.1007/s42243-019-00244-8
https://doi.org/10.11868/j.issn.1005-5053.2017.000147
https://doi.org/10.11868/j.issn.1005-5053.2017.000147
https://doi.org/10.11868/j.issn.1005-5053.2017.000147
https://doi.org/10.1016/j.msea.2019.138301
https://doi.org/10.3969/j.issn.1001-0777.2007.01.003
https://doi.org/10.3969/j.issn.1001-0777.2007.01.003

	0 引言
	1 高强高韧合金钢丝的开发及试验方法
	1.1 材料设计
	1.2 丝材制备流程
	1.3 打印试验及试验方法
	1.3.1 激光增材制造工艺
	1.3.2 微观组织表征
	1.3.3 拉伸和夏比冲击试验


	2 结果和讨论
	2.1 微观组织研究
	2.2 力学性能
	2.3 微观组织对力学性能的影响

	3 结论

