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Study on microstructure and properties of laser cladding coating for base superalloy

CHEN Zihao' , SUN Wenlei' , HUANG Yong'”, CUI Quanwei'

(1. School of Mechanical Engineering, Xinjiang University, Urumqi 830047, China; 2. Mechanical and Electrical Engineering
College, Xinjiang Engineering College, Urumchi 830023, China)

Abstract: In order to study the microstructure evolution and mechanical properties of laser cladding coatings of high
temperature alloy, a nickel-based NiCrFeMo high temperature alloy coating was prepared on the surface of 2Ci25Ni20 heat-
resistant austenitic stainless steel using laser cladding technology. The cladding technology prepares a nickel-based NiCrFeMo
high-temperature alloy coating on the surface of 2Ci25Ni20 heat-resistant austenitic stainless steel. Scanming electron
microscope, X-ray diffraction, energy dispersive spectrometer, micro-hardness tester and other micro-analysis test methods were
used to analyze the microstructure morphology, phase types, interface element distribution and segregation, and hardness of each
area of the nickel-based superalloy coating. The results show that the bonding position of the base material and the cladding layer
to the top of the cladding layer is sequentially generated from a variety of crystal grain morphologies. The Nb and Mo elements
diffuse to the substrate under the action of the molten metal liquid convection, and the other elements basically have no diffusion.
The cladding layer has phases: y-Ni and Cr,Fe,,C, while the bonding position of the cladding layer contains phases: Fe,Ni;, -
(Fe, Ni), and Niy 4Nb, . The average microhardness of the substrate is about 252HV, ,, and the average microhardness of the
cladding layer is about 285HV,, ;. In normal temperature tensile test, compared with the mechanical properties of 2Cr25Ni20
steel, the tensile strength of 2Cr25Ni20 steel repaired parts increases, the strength increases, the elongation after fracture
decreases significantly, and the plasticity decreases. Therefore, this study provides a feasible plan for the subsequent repair of
the steel furnace shaft.

Key words: laser technique; laser metal deposition; microstructure evolution; mechanical property; Ni base superalloy

D e T T L
BRI H (2018ZD002B) ; B §i 24 /R H VA X = AR T3] 9% BA AR A ER AR 2Cr25 Ni20 S8 — il g2 5 R 4 4 1 Tt
BE (XIEDU2019Y064) ‘ R, R E TE A R R R R T
P87 W T2 (1995-) , 53, - BF 90 28 , 38 Mt : . o
I PRSFBET VAT 5 UL R R ERE O B
+ JBITIEZ A, E-mail : sunwenxj@ 163. com AT DATE il ™ R R AN &2 2R A, P 34

IR H 307 :2020-07-27 ; g 5145 BickS H 117 :2020-08- 17 0 TR R I ke )



442 Moo R

2021 427 A

WO AR IR AR ORI R
AR AR, B BGOR )2 SRS R TR 2 DU B TR
AT o T 2R T T P T e e S B A 2 B
ThIFRERT R IH AT . i TTERUB G B 24
RS ATEZS (8] EJR R Y AR AR R R
i, TAF A HJE B BR B #4532 11 X (heat affected
zone , HAZ) . [A]EH8 s /N T 3644 5 06 5 2 76 B2
i B BO G RE B B3 g, R BRI A 2 R
A BRI B OSSN ) 2R, WOBIE T 22
UL R AR T B BT fE Ay, A D i
B TR 0T A R 0 RO AR A T Y
i o

AL I A R 5 Inconel625 3 K JC 2 i 25 A1
[f],Mo,Nb JuZ & A, HE TR & u B A, i
5Lt Inconel625 #H G it >k WF 58 1% & i & & 1R )2
Inconel625 1418 MR A4, R B
FEArh Mo, Nb 88502 (1) [V 5 A R 1845 = s B Bt
IR RE , I R —F OGN IR AR BT L, [A]
it 2 —Fh NiCrFe 2904 45, WNAG %8 A 71 F i
I ERTE 316L ANEWR M H 4 T H)ZFZ 2 In-
conel625 il G A UR)Z , L T AR A A [a] X8 ) 7%
MBS OEEAE o BHE T 5T Y dd R 28 56 722 7 ik
T LU BUMLER I X AIUAR I B A ik B kA T 1 1
A5, DINDA % A OGO E AR B3t In-
conel625 HRIE =R A 4 BUBAF, 6 & TR €O, ot

FTE Inconel625 FEHR F I LG 1, 5 Inconel625 #5K
DLk A R 3 EI A, TOULSS H Sy IR AL
i, R 18] L /B K. ROMBOUTS 45 A 5 T F1
FHEOE 4 J8 UTARH AR (laser metal deposition, LMD ) i
7 3 JERER R G 4 Inconel625 HUR BUE A, i X It
LRAT AR 2 5 MC, M, Cg A Mg C B3 AL ) 1) 2
5 M AR R ASCIR G54 o B A i IR 2R BE Dy 480MPa ~
656 MPa , 1 fR 5% >f 882MPa ~ 1000MPa, W J5 %E {1
H24% ~36% , 5% A TSI Inconel625 &4 48 1, H
SR PERRA TAR KA ST

A SCHTE 2Cr25Ni20 i #5458 FOACR B5 B Bk 3k
TRAEBOUSRE L 228N Z R ZE A NiCrFeMo
R B AR, 7 A 1 2Ci25Ni20 Y B 1A RN 45 BT
AR A2, AR B R il R, D SEBE
B S AR MG 5 BEE T LA

1 REMBSTE

RN

R8s AT A 8 300mm x 150mm x 12mm
2Cr25Ni20 HdHR , FA w1 2H 21 h B8 A i Foir 1
AIROEH LS SR NiCrFeMo il 5k AR, HokL
JE27:100 H ~300 H, ¥y K st : 10g/s ~ 100g/s, i
J&# . 25HRC ~30HRC,, fifi FH7E & . 1000°C . IR, ¥y AR
TERET LA # B HE T, BET I [E] 2y 2h, iR 150°C
St 5 i G S AT nER 1R,

1.1

Table 1 ~ Compositions of substrate and Ni-based superalloy alloy powder( mass fraction)

element C Si Cr Nb + Ta

Mn S P Mo Fe Ni

2Cx25Ni20 <0.0025 <0.0150 <0.2400 —
powder 0.0003 ~0.0005 0.006 ~0.015 0.20 ~0.23 0.04 ~0.06

<0.0200 =<0.00030 <0.00035 —

<0.1900 ~0.2200

balance

0.08~0.1 0~0.05

balance

1.2 RAB7FE

I AEBOC TR A R G EE AT, % R G
B[ PG 7y 7] YLS-4000-S2 Y F it %, # [E KUKA
22w KR3OHA HLAS A, o B HT AR 23 7] 1000mm {7 [l fig
ARG, EBRA A 7] XSL-PF-O1A-2 1 30T H0s
s L b [ 2R i BH S0l AT BR2Y R PH-LW296-TH2P ¥
MAGH R, WE 1 PR, BOt ik 1070nm - ~
1080nm ; LR M2k (PLFDHO125 ) fifi il 4 3R fa 6,
IR f = 600mm, £ AT OCHE B A 3mm, JC B i 5 6y
W S A AL, S RO R AL R
S ORI A B2 s A R AR
PRI O TSk N DEA oo Z M R AL o

ARG T O TR SRS 18 [R] 25 5k, T
2 R A XHHOE IR, OB RENE K AYKEBTIZ , il

Laser cladding experiment equipments ( 1—fiber laser YLS-4000-
S2;2—KR30HA robot; 3—servo rotating worktable ; 4—XSL-PF-
01A-2 negative pressure type powder feeding
PLFDHO125 laser head;6—Ilateral powder-feed nozzle; 7—cooling

system )

Fig. 1

system; S5—
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Fig.2 2Ci25Ni20 plate groove diagram
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laser cladding deposition coating

bond zone

substrate zone

Fig.3 a—SEM images of cladding layer, joint and substrate ~b—the up-
per part of the cladding layer c¢— lower part of the cladding layer
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Fig.4 a—overall microstructure morphology of cladding layer ~b—the dis-

tribution of network structure on the surface of cladding layer c¢—
enlarged local view of reticular distribution d— equiaxed crystal
distribution on the upper layer of the cladding layer ~e—columnar
crystal distribution in cladding layer f—the cellular crystal distri-
bution at the lower end of the cladding layer
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Fig.5 a—micro morphology of the upper end of the wave pattern of the

cladding layer b—dendrite distribution around wave pattern  c¢—

micro morphology of wave pattern ~d—wavy interior structure
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Fig. 6 a—bonding position of cladding layer and substrate b—middle po-

sition of joint  c—reticulated dendrite morphology =~ d—dendrite

growth morphology at the upper end of the junction
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Fig.7 XRD phase diagram of the junction between the cladding layer and
the substrate and the cladding layer
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Fig. 8 a—EDS line scan of cross section from subtrate to cladding layer

b—EDS line scan of cross section of cladding layer
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Fig.9 a—cladding layer cross-sectional hardness b—cladding layer-base

material cross-sectional hardness
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Fig. 10 Repair sample tensile curve at room temperature
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