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Effects of Process Parameters on Laser Alloying Microstructure and Hardness of

H13 Steel

Guo Rui', Liu Yang"?, Li Fengguang', Rong Bochuan®
(1.School of Materials Science and Engineering, Hubei University of Automotive Technology;
2.School of Mechanical and Electrical Engineering, Hubei Polytechnic Institute;
3.Beijing Fangshan District Special Equipment Testing Institute)
Abstract ; Laser alloying technology was utilized to produce Co/Mo alloying layer on H13 steel. Based on the 50%
Co + 50% Mo laser alloying powder material, various laser powers and scanning speeds were selected, and laser
alloying was conducted according to the uniform design approach. Microstructure and hardness of the coatings
were characterized by metallography. scanning electron microscopy and microhardness tester, and hardening
mechanism of alloying layer was analyzed combined with spectrum analysis. The results indicate that the alloying
layer is mainly composed of martensite structure and precipitates, and high specific energy can sustain alloying el-
ement diffusion homogenization in the molten pool, which is conducive to the formation of martensite structure.
The maximum specific energy and hardness reach up to 69.33 W/(mm?* ¢+ s) and 605.3 HV(55.7 HRC), respec-
tively, when laser power is 600 W and scanning speed is 5 mm/s. The hardening mechanism of H13 steel is at-
tributed to the synergy of granular carbide reinforced phase created by combination of Mo and C elements and
martensite transition accelerated by increase in laser specific energy. Laser alloying can provide hard and defect-
free alloying coatings, which can provide key basis for bionic wear-resistant stripes between hard and soft.
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Tab.1 Uniform design of laser alloying process parameters

PTE] WOLTI % P/W IR o/ (mm + s 1)
1 310 7
2 340 12
3 370 4
4 400 9
5 430 14
6 460 6
7 490 11
8 520 3
9 550 8
10 580 13
11 610 5
12 640 10
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Fig.1 Characteristics and dimension of cross section of

laser alloying stripe and schematic diagram of microhardness test
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.2 Top surface morphologies of single channel laser alloying stripe with different process
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Fig.4 Melting zone of laser alloying stripe and relationship with depth, width and specific energy of heat-affected zone
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Fig.5 Hardness results of cross section of laser alloying stripe
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Fig.6 Metallographic structure of laser alloying stripe of specimen 2, 6 and 8 in melting zone

AL I [A) BEAT B FQ AR A L IFTE di AR BT AL W0

Bl 7 0 2.6 F1 8 S AR HOL & 4 1k 4% U i #4
XA AT 3 A IR BB 1 X3 70
Pl S AR A . X R T O RE AL B B i X
TR0 o Aol G R AR KB F) 25

XFECIE 6 AL 7 AT AL Ot & 4 T 22 ok
Hs U5 DX 70 2H 4 AR 5 IR AR K5 X T A o X B JE 7
THIE T = e f A 1R T RO AR /N B AR Y
LR RN 1R A VS R s e o VTR A R W

(h) 8 5 KM 1R K 3

(1) 8 5 XA # K, 3F

FWOL T LSRG GBI R .

K8 3 i BE X I R BB . W LLFR
H B DR 23 O 1 P BRI A S 1R 6 R G A L SR X
B o Hor 2 5 iR I 8 IXrp 3 ARG 3 X S N A D R
PR A i o T 428 5 X TR A L 5 ER A AR . 6 iR M
5 DX T AR A5 T Hp 08 00 0+ B AR 2 i AT X A A
AELTHURR B4 ASE fif 18] 7 R H 1) JBORE 4 2 JE 3 A v ¥R A 7
AR UKL . 8 A R A BB DX TOUEE | S S 3 IX 4 4 A7
TE R B AR 4L 21 L o3 A B3 53 JETHURE | o 3 e 7

1221



R Fh B3 MA@

2023 4FE4H 43 5 9

(a) 2 5 XA HH o R P3¢

10 pm

(b) 6 5 XA #Fw K
B7 256585 AHRLSANLELAT AR EIAHR

Fig.7 Metallographic structure of laser alloying stripe of specimen 2, 6 and 8 in heat affected zone
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Fig.8 SEM microstructure of laser alloying stripe of specimen 2, 6, 8 in melting zone
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Tab.2 Energy spectrum analysis results of laser alloying stripe of
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