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Table 1 Laser cladding parameters of the Nb/Cu FGC

Parameter Nb/Cu
Metal powder Nb
Powder feed rate/g-min’ 44
Laser power/kW 4.0
Scanning speed/m-s’' 0.08
Overlap rate/% 75
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Pl 1 Nb/Cu [ AR 4L ZURI Nb 78 J2 v i R ]
Fig.1 Cross-sectional microstructure of the Nb/Cu cathode (a) and magnified image of the Nb layer (b)
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Fig.2 XRD pattern of the Nb cladding sERYA
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Fig.3 Microstructure of partial Nb/Cu interface (a), elemental distribution along the yellow dashed line in Fig.3a (b), and EDS mappings

corresponding to Fig.3a (c—d)
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Fig.4 Thermal conductivity and microhardness along the build
direction of the prepared Nb/Cu FGC
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Fig.5 Schematic diagrams of the cathode and anode set up (a), and the captured image of cathodic arc discharge process (b)

S BFRS T e A B A 1 P T F e L ), 0 <
5L ICFE 10 s 5 1R Nb/Cu BA AR i3k A7 488 T 2H 23 25 # RAE
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Nb/Cu [ 45 750 LI 465 R T B 42 47 Sy B A Ek ICSICAR Fy 28k
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0 CHE 7b) TT UL 5% 1) Yo b < Jem R T 3k g ] T i P A
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G254, Wi Bl 7e A 7d firs , MG XS0 B AR R 3R TH
A RHREA BE A SR 2, #4 B AR 35 5 FLIGe ke

BRI T B S AL, 55 BIARBE S R &Y, )
I Nb/Cu ) BEAF 5 B MK (0 BT A5 780 AT 2 L U4 R ik
HL RS PR AR AR

A7 F 2 50 BRSO GRS FRLSIUBCHR S5 1 Nb/Cu DhRE S
J&E BA ARG AT 2R T = 450 30 B4, RESRTSCE 10 s Ji5 I Alobe
51 X 1) 3D %6 1 ] 8a fi s , DAIR 38 €5 7 R Be 4 3R T
DN FEMETHT , W5 5 BB MR X, ABR IR IR AR B R om A
A T YR FE o 3D AR BE AT L, Nb/Cu B4 X 5 AR i
T SR 23 B, U1 X5 0% AR R AR T30, 15 1] 6 1l 6b it
IRREATE SR A o TUIRE DX/ AR 458 ok [X 120 5 HE IO B R 41t

HCEEH, 2 O I I AE B AR BE s 3R A R [l A 3
S 1 ] BT o ik — 5 b, 3 B AR 5 K e T R EE T A
TR AT 28 56 BRH2 B, 21 &) 8b T 7% , Nb/Cu Th BE B 5 B i
SRR 10 s S5 R B IR EEIA 3 96.2 pum, [ AR I HL A
Joe i B A A T o X3 R AR R, BRI AR O X R 52 B
PR i AR ol , AH R0 B R R Y

DN E B AT A% T R B B A AR E I ik 1k R S DA
20 R VA0 B AR L IR fte R AT B, B R e
ST-TH e B R SR UEAE S L G R B A B A | B i
Nb/Cu [ B % 453 X AR T 12 /31 5 1 A4 AR AR Sy BF Al e 45 4
B 4k LA OO TR R SR hE %

_m_pV
c 0 It 2

o, e AHIREEE 2 (ug/C) o m A Q 23 5 N I 45t
J B Cug) AL B (C) o ps VT AT e 4R IR A BA W %5
(ug/um®) AR R (um®) < SR 78 CAD I BR SR (7]
(s)o TFEAFH], EARE Nb/Cu T BERS FE B A FE 9IUGE
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(2.18 pg/COPIAH EL B T 26.1% , I B fiit Ha 5 ik 4 A
BERTE, AR 52 Nb/Cu 78 J2 I A RS2 Bl T 2 1 finf

6 G TAUH L 10 s J5 Nb/Cu T Be b BE BT B be 4R R T 50
Fig.6 Surface morphology of the ablated Nb/Cu FGC (a) and partial enlargement of the ablated center (b)
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Fig.7 Cross-sectional microstructure of the ablated Nb/Cu FGC surface (a) and magnified images of the ablated surface (b—d)
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Fig.8 3D morphology of the ablated Nb/Cu FGC (a) and cross-
sectional profile extracted from the deepest ablated areas (#A)
of the cathode in Fig.8a (b)
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£ Nb/Cu Ly g B B B A 47 57 DLSEAIR A 3% o 1) L B
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Fig.9 Schematic diagrams of the prepared Nb/Cu FGC (a) and

cathodic arc discharge process (b)
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Laser Additive Manufacturing and Arc Ablation Behavior of Nb/Cu Functionally
Gradient Cathodes

Guan Weimian', Liu Lingling', Zhao Liang', Liang Xinzeng', Guan Feng', Jin Yinling', Jia Dawei', Liu Jiabin®
(1. Shenyang Aircraft Industry (Group) Co., Ltd, Shenyang 110850, China)
(2. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310058, China)

Abstract: Functionally gradient cathodes (FGC) realize the combination of ablation-resistant surface and conductive matrix, which can effectively
extend the cathodic service life. Nb/Cu FGC, with Nb layer and Cu as surface and matrix, respectively, was prepared by laser cladding. The
microstructure, composition, and the phase information were characterized. The microhardness and thermal conductivity of the FGC were tested.
Furthermore, the cathodic discharge and ablation behavior in Ar atmosphere were investigated. Results show that several scattered cathode spots
appear and densely distributed ablation craters are observed. The Nb/Cu FGC displays relatively moderate ablation behaviors. The average
ablation rate of Nb/Cu FGC (1.61 ng/C) is 26.1% lower than that of Cu cathodes (2.18 nug/C), as ascribed to the synergy of ablation resistant Nb
surface and the highly-conductive Cu matrix. Nb/Cu FGC exhibits the potential in arc plasma applications.

Key words: arc discharge; laser cladding; functionally gradient cathodes; Nb layer; ablation

Corresponding author: Guan Weimian, Ph. D., Shenyang Aircraft Industry (Group) Co., Ltd, Shenyang 110850, P. R. China, E-mail: wmguan88@

163.com



