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Abstract: Herein, the single-track and block samples of 24CrNiMo alloy steel were prepared by
selective laser melting (SLLM) technology and laser melting deposition (LMD) technology. The phase
composition, microstructure, texture types and micro-hardness of 24CrNiMo low alloy steel under
two laser irradiation conditions were studied. The results show that the main phase compositions of
24CrNiMo alloy samples prepared by two methods are o-Fe phase and a small amount of Fe;C.
Furthermore, the grain orientation of SLM single-track deposited sample is random and disordered,
and there is no obvious preferred orientation. However, the preferred orientation of LMD single-track
deposited sample is the (110) (101) plane texture. The grain of SLM block sample has weak (111)
texture parallel to the deposition direction, LMD block sample has strong texture with the (111)
epitaxial growth orientation. Additionally, the main microstructure of as-built SLM sample is lower
bainite, and the microstructure of as-deposited LMD sample mainly consists of lathbainite. The
average micro-hardness SLM sample with fine grain and lower bainite microstructure is higher than
that of LMD sample.
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Fig. 1

Morphologies (1) and particle size distributions (2) of 24CrNiMo alloy steel powders
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Table 1 Parameters for LMD and SLM process

Parameter Value
LMD SLM

Laser power/W 2200 280
Scanning velocity/(mm « s~ 1) 8 2500
Spot diameter/mm 4 0.07
Powder feeding velocity/(g * min~ 1) 11
Hatch spacing/pm 40
Layer thickness/pm 50
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Fig. 2 X-ray diffraction pattern of 24CrNiMo powders
and samples fabricated by SLM and LMD
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Fig.4 EBSD map (a), the corresponding pole figures (b) and inverse pole figures (¢) in the cross section of 24CrNiMo

alloy steel single track prepared by LMD and EBSD figures of top (d), middle(e) and heat affected zone (f) in fig. (a)

2.3 SLM 71 LMD B S SR 6 # 14 B9 B R0 40 R 45 1E

Kl 5 2% SLM Hl LMD i J¥ 24CrNiMo 4 4 £
i R EBSD 43258 . Bl 5(a-1), (a-2), (a-3) 1]
PLE H, SLM U (1 5 4 2% B m) B &S BEHL L TE T » A
X6 IO 1 B AR HRT DL R BRAE AT T RS A D 1l g (111D
Wil B AEAE UM B LR BE AR 55 . B Ak 10, SLM A
TE A 19 &R o3 A BRI . 3X 5 SLM B B3 i) EBSD
SRR, I 5(b-1), (b-2), (b-3) 7] Dk & 3,
LMD B (A7 76 B i s U0 GREE Dl 5 DL B W
JGHHE I 1) (// SD, scan direction) fiy #ir 1) Ah SE A= K B
(111, iX 5 Kang 5897 Y RS0 25 R — 20, 2l
PP T AN TR 9 3o 5 O X LR r & & R K
MR AR AR T2 8. DL s AN RSB T8 F R 1% 4
J5 20 F IO 25 4 FRAE 7= AR A K . SLM & A
5 V- TG 2 ik 1 T) R A 5 0 R PR T 4 M, A
TR R REAR T IV H sl 52, IO )5 & A 2 T — 4> 4 4
M. MR F LMD 3 B 1 5 78 5 ) 5 AR Jy 1] b A
FE W] 0 I L A HJR A (R B 5 R B R AR SR AT

TS e R S 2 A I R [ O O A O )2 2 B m & A0 1Y
B HE R . Dinda U BEIE T 0 A AL TUBUR]E 9 AL
e 5 a5 AL BUE A LG LMD Stk B 5 i sO%
b A 25 57 B e b 5 A A B [ 2 2 (] ) 3 W) v A VR
KT BB LN T 907 I A BE AR KL AR 2R kA
P . IXARAERA T LMD BB BCRAE 5 B8 A A
A FEOLIBUR 284 . AN ARLI S5 7E (111D J7 [ A=
1K AT RE S HAHAZ 512 19« Bl A il PR v 20, R IR A
B A Sy AR, G b JE 82 T S T L LA il R Y AR
2E ] T — ST d R R FE (1000 J5 ) B A Bl
b [ R AR E d B O A BUE 3 72 b i 2 8
e RIS E R AR IR E R L Y R BORL A KA E
Bk N 11, A% LR
2.4 EMARMEMEESN

K 6 2 SLM I LMD A 24CrNiMo & 40 2
W, i 6Ca), (b)) A AL SLM i 24CrNiMo 4
19 Al 2 F B A R AT MR B9 R DL IR R Clower
bainite, LB1) |, 8% # 43 #i A B2k I R & (granular



152 R R 2020 4 11 A

w {100} {110} {111y X0 (3.2

20 (a-3)
{1oo‘l {110}I (111} IXO (b-2)

001 X0 20 (b-3)

7| VNN

20 um 101

/5 SLM A1 LMD & JE 24CrNiMo Bk i # ifii EBSD 43 #r (1-EBSD [&] ; 2-#% [&] ; 3- = #2 {1
(a)SLM; (b) LMD
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Fig. 7 Cross-section micro-hardness distribution curves of

24CrNiMo alloy steel prepared by SLM and LMD

Je N O B A DURRZ 10 3 58 0 Jie 5 1 DU B2 6 i —
J2 B IR S ZOE A AR Y AT H 2 0 22 120 )2 BUR i
PR DRI 55 P AR 4 A7 H A Bk A 2 . (o A5 A 5
PR 22RO ] —E (I SRR B BT S SR
NGBV B350 TS BAR A . RIVRE B2 (A 22 5 4%
B pEAh Ran S04 TR DAy T DR AR v 203
FRTAFAE B A DT 3 B8 o 1 2 R B2 . (AR
f14 2 » LIVID A 2 B v 1) T S et 2 2 5 S T
SRR 1 LA SR N R AEAE Y 5 A AH S 2

(1) 24CrNiMo 4 4 B K 1 FZ A B 3 K o Fe,
LMD, SLM i FE (A B> 8t o Fe FIZ &8 11 Fe,C
H .

(2)SLM J{JE 538 45 b P9 F8 i 6 1] 43 A Bl AL
TE AN KN, T W 58 B 6 OL B m) L i LMD B B 06 4
A TE — 2 1 R E B . Sy (110) C101) 1Y 18 444 .
SLM He A0 77 76 58 B 1 55 19 (111) (/ BD) 144, T
LMD B A i 1) P &8 b KL A7 7E SP E A 4 I 2 (111D
(// SD) 5824

(3)24CrNiMo £ 4: 9 SLM JJE 50 FE (1 32 22 8
LU DU R 20 a5 i bR DL PG A R 5 b 4k
M1 LMD B R ) 0 f 4 290 32 A0 46 A 4% UL IR
A CREIR DL FC AR LA R /b (1 e R b ik R Ak

(DO F MY H %, 24CrNiMo 4 4 8 SLM
A LMD % R 35 47 /08 10 di ks SF 3 a0k RF 43
Wk 0,875 pm M 1.897 pm. T HA T N KIAHH
DA B 20 /0N 0 R SLM O 3R 1) °F- 347 S8 Rt B v
LMD BB ik

S 0k

[1] LIZQ,HAN]M,LIW J,etal. Low cycle fatigue behavior of Cr-
Mo-V low alloy steel used for railway brake discs [J]. Materials
&. Design,2014,56:146-157.

[2] =ME.WRT. L4, 5. 24CrNiMo £ 4 9 19 #OG 28 X A6 08 T
W] LRSI . 2019,59(2) : 18-21.

YUAN M Y,CHEN Y, WANG S, et al. Study on selective laser
melting process of 24CrNiMo alloy steel []]. Engineering and
Test,2019.59(2) . 18-21.

[3] ZENG D F,LU L T,GONG Y H,et al. Optimization of strength
and toughness of railway wheel steel by alloy design [J]. Materi-
als & Design,2016,92:998-1006.

[4] WEIM W,CHEN S Y,XI L Y,et al. Selective laser melting of
24CrNiMo steel for brake disc:fabrication efficiency, microstruc-
ture evolution,and properties [J]. Optics and Laser Technology,
2018,107:99-109.

[5] HAN Y R.ZHANG C H,CUI X, et al. The formability and mi-



154

BRI 72

2020 4 11 H

(6]

(7]

(8]

9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

(171

crostructure evolution of 24CrNiMo alloy steel fabricated by selec-
tive laser melting [ J]. Vacuum,2020,175:109297.
T IR 0 L 2 o AL R R OB A i TC4 kG S IE
JEH R B b2 8 A7 D9 i BE S L) ). o [ 0, 2019, 46 (3)
0302003.
FENG X T,GU H,ZHOU S F,et al. Microstructure and electro-
chemical corrosion behavior of TC4 titanium alloy cladding layer
prepared with powder feeding laser additive manufacturing [J].
Chinese Journal of Laser,2019,46(3):0302003.
CUI X, ZHANG S, WANG C, et al. Microstructure and fatigue
behavior of a laser additive manufactured 12CrNi2 low alloy steel
[J]. Materials Science and Engineering: A,2020,772:138685.
AP R R R R S BOLRE LTI TIAIV/Inconel 625 B &
T P o ek v )2 2 AR AR AT SR B S LD ] o I O, 2019, 46 (11)
1102008.
JI X,SUN Z G,CHANG L L,et al. Microstructure evolution be-
havior in laser melting deposition of Ti6 Al4V /Inconel625 gradient
high-temperature resistant coating [ J]. Chinese Journal of Laser,
2019, 46(11): 1102008.
WANG X,ZHANG C H, CUI X, et al. Microstructure and me-
chanical behavior of additive manufactured Cr-Ni-V low alloy steel
in different heat treatment [J]. Vacuum,2020,175:109216.
SANDER J,HUFENBACH J,BLECKMANN M., et al. Selective
laser melting of ultra-high-strength TRIP steel: processing, mi-
crostructure, and properties [ J]. Journal of Materials Science,
2017,52:4944-4956.
TG SRS , AR S O T KR b FA R A 2 800 Inconel 718
B RE T LT B AR . 2018,46(7) : 29-35.
ZHANG L,WU W H,LU L,et al. Effect of heat input parame-
ters on temperature field in Inconel 718 alloy during selective la-
ser melting [J]. Journal of Materials Engineering, 2018,46(7) .
29-35.
ZUO P F,CHEN S Y,WEI M W,et al. Microstructure evolution
of 24CrNiMoY alloy steel parts by high power selective laser
melting [ J]. Journal of Manufacturing Processes, 2019, 44 ; 28-
37.
ZHAO X.DONG S Y, YAN S X, et al. The effect of different
scanning strategies on microstructural evolution to 24CrNiMo al-
loy steel during direct laser deposition [ J]. Materials Science and
Engincering: A.2020,771,138557.
LI X,ZHANG C H,ZHANG S, et al. Manufacturing of Ti;SiC,
lubricated Co-based alloy coatings using laser cladding technolo-
gy [J]. Optics and Laser Technology,2019,114;209-215.
ZHANG H,ZOU Y,ZOU Z D, et al. Effects of chromium addi-
tion on microstructure and properties of TiC-VC reinforced Fe-
based laser cladding coatings [J]. Journal of Alloys and Com-
pounds,2014,614.:107-112.
ZHOU Y.CHEN S Y.CHEN X T,et al. The evolution of bainite
and mechanical properties of direct laser deposition 12CrNi2 alloy
steel at different laser power [ J]. Materials Science and Engi-
neering: A,2019,742.150-161.
CUI X,ZHANG S, WANG C, et al. Effects of stress-relief heat
treatment on the microstructure and fatigue property of a laser
additive manufactured 12CrNi2 low alloy steel [J]. Materials Sci-
ence and Engineering: A,2020,791:139738.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

WANG D,SONG C H,YANG Y Q. et al. Investigation of crystal
growth mechanism during selective laser melting and mechanical
property characterization of 316L stainless steel parts [ J]. Mate-
rials & Design.2016.100;291-299.

CHRISTIAN M, KARINA G, ARNE R, et al. Interaction be-
tween laser radiation and metallic powder of 3161 austenitic steel
during selective laser melting [ J]. Materials Characterization,
2018,145.337-346.

MARCHESE G,COLERA X G,CALIGNANO F,et al. Charac-
terization and comparison of Inconel 625 processed by selective
laser melting and laser metal deposition [ J]. Advanced Engineer-
ing Materials,2017,19(3) :1-9.

ZHOU X.LI K,ZHANG D, et al. Textures formed in a CoCrMo
alloy by selective laser melting [ J]. Journal of Alloys and Com-
pounds,2015,631:153-164.

XIANG Y, ZHANG S Z, WEI Z Y, et al. Forming and defect
analysis for single track scanning in selective laser melting of
Ti6Al4V [J]. Applied Physics A,2018,124(10) : 685.

THIJS L,MONTERO S M L,WAUTHLE R,et al. Strong mor-
phological and crystallographic texture and resulting yield
strength anisotropy in selective laser melted tantalum [J]. Acta
Materialia,2013,61(12) :4657-4668.

POPOVICHVA,BORISOV E V,POPOVICH A A, et al. Func-
tionally graded Inconel 718 processed by additive manufacturing:
crystallographic texture, anisotropy of microstructure and me-
chanical properties [J]. Materials & Design,2017,114:441-449.
KANG X L.DONG S Y.WANG H B,et al. Inhomogeneous mi-
crostructure and its evolution of laser melting deposited
24CrNiMo steel; from single-track to bulk sample [J]. Materials
Science and Engineering: A,2020,772:138795.

DINDA G P,DASGUPTA A K,MAZUMDER ]. Laser aided di-
rect metal deposition of Inconel 625 superalloy: microstructural
evolution and thermal stability []J]. Materials Science and Engi-
neering: A,2009,509(1/2).:98-104.

WAN H Y,ZHOU Z J,LI C P,et al. Effect of scanning strategy
on grain structure and crystallographic texture of Inconel 718
processed by selective laser melting [ J]. Journal of Materials Sci-
ence & Technology,2018,34(10):1799-1804.

RAN X,LIU D, LI A, et al. Microstructure characterization and
mechanical behavior of laser additive manufactured ultrahigh-
strength AerMet100 steel[ J]. Materials Science and Engineer-
ing: A,2016,663:69-77.

KRELL J,ROTTGER A,GEENEN K, et al. General investiga-
tions on processing tool steel X40CrMoV5-1 with selective laser
melting [ J]. Journal of Materials Processing Technology, 2018,
255:679-688.

E&WE EHEE SV &R (2016 YFB1100204) 5 1L 7 45 # & BF & 1
% (2018106004) 5 ok BA 17 B} 4 318 (19-109-1-03)

s B 85 :2020-03-06 ; f&1T H #§ : 2020-08-23
BIESE Ik FERA963—), B #4Z, W B R, 2 FHHOE I 4
il 3 B P 3 T TG RO F IS 6 R Mk < 30 A o BH Tk Y X & PR R E
R ILTE B 111 5 Pk BH ol K22 B Rl 2 5 T2 2 Be (110870),
E-mail ; zhangch5858@126. com

(K XG4 745 %)



