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Effect of laser remelting on microstructure and properties of In718 cladding layer

CHAO Xiangrui' , HUANG Yong'*, CHEN Zipeng® , XU Xuehu’ , LI Wenjian®, WANG Ning’ , ZHANG Zhihu®
(1. School of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgqi 830052, China; 2. School of Me-
chanical and Electrical Engineering, Xinjiang Institute of Engineering, Urumgi 830023, China; 3. Ductile Iron Pipes Fukang En-
ergy Co. Ltd. , Changji 831500, China; 4. Xinjiang Huixiang Laser Technology Co. Ltd. , Karamay 833699, China;5. Research
Center of Laser Intelligent Manufacturing and Remanufacturing Engineering Technology, Xinjiang Institute of Engineering, Uru-

mqi 830023, China)

Abstract: In order to solve the problem of poor mechanical properties of laser cladding In718 alloy, different scanning
speeds were selected to carry out laser remelting treatment of the cladding layer. Optical microscope, scanning electron
microscope and energy dispersive spectrometer were used to observe the microstructure and characteristics and to detect the
composition of different phases. The influence of microsegregation on the microstructure was then analyzed. The microhardness
and tensile strength of the coating were tested by mechanical testing equipment. The results show that the Laves phase is mainly
caused by the segregation of Nb and Mo elements. Compared with the non-remelted coating, the pores of the remelted coating are
significantly reduced, and different remelting scanning speeds have different effects on the structure and properties. The Laves
phase volume fraction of four coatings respectively decreased from 34. 1% to 24. 6%, 16.7%, and 19. 6% , the average hardness
respectively increased from 250.3 HV to 261.5 HV, 276.9 HV, and 268. 0 HV. The tensile strength respectively increased from
678 MPa to 728 MPa, 879 MPa, and 808 MPa. However, the effect of remelted coating on elongation is not obvious. The
optimum remelting scanning speed is 15 mm/s, which has the lowest Laves phase content and the highest average microhardness
and tensile strength. Laser remelting can effectively improve the morphology of the cladding layer, reduce the porosity, reduce or
inhibit the precipitation of Laves phase. Reducing the Laves phase to improve the mechanical properties of In718 alloy. This
research establishes a theoretical foundation for the subsequent remanufacturing of centrifugal cast ductile iron pipes molds.
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BOGIEE (laser cladding, LC) J& 8 BBk £ BRI
B Ot 18 T R — R R AR
SR, In718 &4 7 )2 42U ] s Gt 25 H PR Laves
FH, T Laves AHJE [BIAEAE R ) 48 th RER AN T, R %4
SR A K AR T AR S R A i HL S £
Laves AH£:PHAF5RALAH y"-( Ni,Nb) 55 /- ( Ni, AlTi) At
th [FIEE, In718 & &I EIZ WA S £ S S D3
B NITHI S 20 S RE . o T A
In718 A4 5 EHAE T AT Laves AT 5, e 4H 21
SERILA AR 2R e Re, BT 2R LT O ik
TEBHGE YOG R S AR ) Y ok
Fobt B TWRA P INAHEE S 718 AaR AR P
IV IR R B R B IR S B B
BT 2o AL 3 i s AL 3RS e R 2 D 2e R
ATLAAE] In718 AFARUE . LA EWFSE % 3% In718
BEACR R E AT E S Ty, i H AR R R
() , ™ EE AN TR A AR 7= AR

PO H % (laser remelting, LR) J&— i 5 AU HE 1)
Tk AR, CONG %5 AV &8, BOLEE B2
H13 PAERTELE 3 18 9 T8 55 240, IF A7 350 i LA
PS5 TERE, ZHANG 48 N7 W58 R B, BOGE I Nic0/
50WC A% ZEA LR difb ok /e , (8
IRIZH LI N SIFEC% . GUBENKO 45 A B 58
RN, BOGE I AT UG S50 b e 2 2 N BB AR 46 e Je Ak
YIRS T e PR OGIE B S O ER G T LA
&S, To T I S T2 X 20 T sAs 5
A FRRRCRA HESIVE T, T L2 2% 00 -1 32 19— 20 G
FoAR SR, 4 B SCER AT 0 O EE T 2 M 5e fn
Jof ] F AR T A Ak A b | 0 2H 2O 5 RN R IR AL B
ORI B BT IR )2, X el SO 20 2 rp A AR AR R 43
BOFAR 5341 S ik )2 15 PERE Y B 9T A

AbFE ER 51 EAH R E Laves AH AT 20 %0, gE M
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1.1 SResHH

SEUGFAE FHA L T AT R 21CiMo10 A H
B, e TR S FARE, RSF R 120 mm Kx40 mm FE X
15 mm JERYEIMR . WOGKE AT RIE B 4 R A
RN W AR 77 0 7 40 B In718 &5 iR A W oK, Rk
50 wm~150 wm , By AR A BRCR 3 8h M R4, fb 2

RO 1R
£ 1 718 BRI (B E0) /%
Table 1  Compositions of In718 alloy powder( mass fraction)/%
Ni Cr Mo Nb Al Ti Fe
50.00~ 17.00~ 2.80~ 5.00~ 0.30~ 0.75~ balance
55.00 21.00 3.30 5.50 7.00 1.15

1.2 EWHE

BOGHN T 2 G40 4% Laserline LDM 3000-100 i
i YASKAWA USRS KRB BT 368y 4% | [R] il 4y
WOGMETHE LS | A S E N RIP SORR By R 80
ST ESSEHLNS SE M 2R T T T S, B 2 3R 1 e 4%
YIRVEALZ SR 5 NS ToK O BESEA T eI T,
EEEMATET 120 CHRHEZSBETY 2 h 24, Bk
FKGy, W 2 Fos , HEERIZESWEE . (1) BOLE
B, WOETIEA 2000 W, HHGHERE R 5 mm/s, 358
FHy 8 o/min, IR F 40% , B ZHEFHEH 0.8 mm,
HIFH 4 )2 () BOLEE . BRIRZE A S, Hill&E—2
In718 J& 78 )22 Bl BV AT WO FL G, A i R o B R 3R

AR A S mm/s 15 mm/s (25 mm/s,

K2 WOURBESHOLER T 228

Table 2 Process parameters of laser cladding and laser remelting

step 1: laser cladding

step 2: laser remelting

No. scanning speed/

powder rate/
laser power/ W

overlap rate/

laser power/ scanning speed v/

whether to remelt

(mm - s7") (g-min") % W (mm - s™")
A 2000 5 8 40 — — no
B 2000 5 8 40 2000 5 yes
C 2000 5 8 40 2000 15 yes
D 2000 5 8 40 2000 25 yes

FHHL K ALY E 6 & 4 20 RS TR ) 4 AR R
(K 10 mmx5E 10 mmx & 8 mm) , 2R 5 X 4 #H AR i

FRFEE (MY 807 2007 5007 1000, 15007 AP4E ) |
PO (AT A SR EE OG5 45 ) B ik (2 100 mL
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Fig.1 a—laser cladding experiment site =~ b—remelting remanufacture

process of centrifugal cast ductile iron pipes mold  c—schematic

diagram and dimension of tensile specimen
1.3 AR5t

K22 BAUEE (optical microscope, OM ) FlF
HH 5% ( scanning electron microscope , SEM ) W42 1% 78 2
N ER ) AR AL SRR ) Y AR AR 5 >R SEM 5 fiE
O HOETE Y (energy dispersive spectrometer, EDS) Bt
A RIAR B AR AR T B AH O3 AT TR Y BT RO o
D A7 2 B 5 SR H MATLAB K04 — (i 4k b 29 55 31 i
Laves AH AR 7304 ; SR 4 TG S ARl B2 ()OI s 7 )2
AT 110 2 TRRE B FH #tmr S 500 g, AR ]
15 s, NG 2 G FAGE el IX. 22 0 7 )2 TR A YR 8 B 9
AR B ST 3 UG HOF S48 SR T RE LA
TS LA U R (14 7 Aeh i 85 T A 42
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2.1 HAEBIEERRMTIG

SR 2 () 2 B AR, B EOCE G T
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In718 Hy A DA 8 W Mot | s B3 2 T A 25 6 K 1
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Fig.2 Four coatings with different process parameters
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Fig.3 OM morphology of top, middle and bottom of four coatings
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Laves AHAORFR BB W iR B TF, 255K, Y o=
Smm/s I, FEAT SRR KW GE Z R, 52 Tk
AV AN S EE [ 2ok ¥ B R 22 BRI, 3 1 i BB A 7 R
S5 Mo N E 15 mm/s B, 94 8 )2 38T H 0 fg
i, PR UG I sz b AR B Bl A TR
Y5100 A fe it Laves MR WA ; 24 o BEHNZE 25 mm/s
I, H TR e OB RE IO 2 BUA b
BPEAR TS, T NIGE Laves AH AR T 2B F, i
BE LA 3T 0 SO H T LA AR Laves AH Y
RT3 B8, A 8 V8 5 3 109 4 41 3 5% gl A o P Bt
1, SRR v=15 mm/s JERAEIRTE

B4 4 HIREMNEHMAR
Fig.4 Microstructure of four coatings
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B S MiRIZ A SEM BN, EIRZE A
LA R 4 4> 5 264 EDS RIS/, Wl 6 it
R X 4MNENE P, ~P, P, i Ty M,P, LT E
R ZIR Laves A, P, 5 P, SEFARAIT A |, 18
iP5 P, XFHCEBE, WA Nb 5 Mo Ji & 43 52 5l
BOR, P, B Nb 5 Mo Jit o0 800 3. 77% 5
3.44% , ShrUE In718 A A A4 IR 200, Rt AT
W SR AR R A TR A B 5, P, 1 Nb BT 040k
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Fl'5 SEM Wil
Fig.5 Microstructure of SEM
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Fig. 6 Elemental comparison of different precipitate phases

P

4

Cr




510 b )t

AR

2023 4F 7 A

Mo JLEWRHT B, BT P, 5 P, SRR,
P P, AR LS =P8 Laves 4, M P,
MTC R E ORI AT 5 AH & & Cr Nb Fi Ti, L
o R B IR P, 22,2 5%, R, EUREIR
BTt AH AT LA 2 SR e fb ) (MC)
2.4 AEPAFEEZTH Laves 1R S5

S T AN A 2K Laves AHZS #, I e
WA, AR IRREIR 15 WA TR0 B 5 AR TR
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HETRECR AR TR B2 R I Z AR i £
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Fig.7 a—SEM of coating C b—Dbinary difference of coating C
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I3 ARELIS] | o HE WY, HE AT DLl > Nb 5 Mo
JCER e B R0 T A 36 A %) 7 A R 0 B 1Y) 40 A

KEIEMTRIE A FIWEE R 250. 3 HV, HIE 5 IR )2
B.C.D M4 S48 B $2 55 & 261. 5 HV ,276. 9 HV FI
268.0 HV,v )\ 5 mm/s HEIZE 15 mm/s, P35 i B
IR o #at 15 mm/s B IR EE R AR AR, 5
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Fig.8 Microhardness and hardness distribution of four coatings
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Fig.9 Tensile properties of four coatings
a—tensile specimen after testing b—stress-strain curve c—comparison of

tensile stress and elongation
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