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R, % SRR TR R BOLKE B NiCoCrAlYSi #)2H A 5 1 RE 1635

AR E R R HBIH AL,
/> HCPEB % MCrAIYX o8 24T % i kb
PRI AR CHRIE o

BT, ARSCRABOCKHEBORT & MCrAlYX
1878 )=, JFMH HCPEB 3¢ B o6 R T4 R AL 38
JdRAE HCPEB AbFE AT 5 HOW 45 M AR 1k, #8oR
HCPEB 5 MCrAlYX /478 2 3% 1 i AH BAEHALEE, A
FIF HCPEB HiA#Em MCrAlYX /57 2 =i v Ae e
PEDA B IR J LI £

% GH4169 Ak S & SE MR, X HRmE
HATFT B oK CREEATIEYE . RA YSL—4000 £Y
WOt A8 DUVY % (8] Bk ok (1 7 oK B AR B &
NiCoCrAlYSi &&=, Wy Wk 1. 1ERZ RS AR
WISEIG B al BT SRS, RIS E T2
e ThE 1.8 kW, #HJF 550 mm/min, YR E 4% 5 mm,
EHE 1.2 t/min, #SE S L/min, #3% 50%, 2
TRAr.

R 1 NiCoCrAlYSi ¥ JZ i s Ak
Table 1 Chemical composition of NiCoCrAlYSi cladding

coating (mass fraction, %)

Co Cr Al Y Si Ni

22.88 17.96 11.82 0.99 2.11 Bal.

K] HOPE-I %4 HCPEB %% & % NiCoCrAlYSi %
BIEAMTRIMBEIRAHE ., /£ HCPEB AHE 2 A1, KiE
5 WRE f e AT T BB, DARRAR SR TR A P A 26
PR R I E T, S X a3 1 7 )2 3R T
1T HCPEB 2l ib#, BMAmBTZSE N BTE
55X107°, HLTHACE 27 keV, AEREHEE 4 Jem?, Ik
B 1.5 s, FEIIREL 15, 30 f 45 IR,

FH X B RATHHMY(X-ray diffraction, XRD)HiE
W& JZ AR 25K, K A 43 4 F ¥ S8 5 8% (Scanning

&b

electron microscopy, SEM)-5 fig 14X (Energy dispersive
spectrometer, EDS)M %158 2 M LS 5 B4 43
fiio BEAb, KA BT (Y (Hardness tester, HT)W %2
1678 2 IRE AR, REENR 280y #iAi 0.25 N,
INER 10 s. AR/NIERZE, FEREE =R IR 10
RSB iR A

2 FEREDH

2.1 HRBBERURISRS R

B 1(a) BT N NiCoCrAlY Si 30 14 7 /2 41 SEM
%, WBEZEEEZ 1.1 mm. B 10)F=ANE 1@)F )5
EXHE O, WTRVEH, AR IR R
MR . WOGIBEL R R SEW R, EEEHYN
(10 A K 32 B ORI P 2 R e KB R T i), R
A SR 5 [ B AL . EBEREAR A, [
PRSI X, TR FEE R AT, IR ER
Se A K TT LA A S A, 3 T PR A K AR A i 2
.

B 1 NiCoCrAlYSi ##7% Z#1H SEM 14
Fig. 1  Cross-sectional SEM images of NiCoCrAlYSi

cladding coating

B 2 BT 3T BEIG G NiCoCrAlY Si 4478 2 165 il
BTG MIRITES . Hh, B 2(a)Fs e 2 S T
ME A TESR, AT DR H SR TH 20 A0 5 K& RS R
AERFLR, XRHTEROUGES RS, IS8R
BRSO 2, M R b e AR R AR A B SIS
A et C &g, demr= RS fL. B 2(b)Fr
INRIEEEA TOKIEME RIS, nTCUE HEE
JEAR LR B AR R SR M R, X AT
TP (LE 3)el 5, IS8 Z 2089 Ni-31%.
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3 B 2(b)H NiCoCrAlYSi ¥ Z K H
EDS [fi #1445

Fig. 3 Surface EDS mapping results of
NiCoCrAlYSi cladding coating detected
from Fig. 2(b): (a) Ni; (b) Co; (c) Cr;
(d) Al; (e) Si; (f) Nb; (g) Fe
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AR, S SRR R T MR N BOEHIE NiCoCrAlYSi iR)ZH 21 5 kg 1637

Co-15%- Cr-29%- Al-7%- Si-3%. Nb-5%. Fe-10%( /i
=), Hb, Nb nRTFEEELEAGH AL B
T IR AEIEE AR ST IEAN S Nb Fl Fe, HFZK
ET ARG S, UGS IR A 58 2 o R A
Fe. TERTHISOLIGE EA st rh, @R RIS E
ERBR R . BE S SIE A 4 GHA169
Be iR A S R TR LA 4 1 R i AR PUE O
1578 NiCoCrAlY 2 L2 SHO B R MR, K I
TERIFAAE 2 S RETE R R IF R & 45 6 MiE T2 5
BT, [AAEMBOCISE R BRI 40%. X3
B TERMEREE SRS, BESIBEEER AR
WIS RE A ZE AN K o AR R i LR, Uit
HR, MRER AN, K, fEsoesmEd s,
oA 2 5 SR T o, R Nb. Fe 28Rk
ST EEIBEZA . WO AR Ni ZA 8 E0,
BT Nb %4 e, Pulst iR oo s i, HkrE
B Ak 5y 7 A i AT - B S, FER TR TT LT & p-Ni
FH, M EDS 255 0] SR RS> H Niv Fe & Cr TGRS
BRZ, XR=MuTERYETRAALIT AN Fe R
#, HFel Cr iy Pa¥ik, %IEM Ni. Cr X Fe
TLEREEN y BER. Nb iR EMES S RAENS
& TtE, AMUATBLAE Ni-Fe-Cr 3 B G A 58 4k o2 31145
SR EVASRAGIEF, fRmaSMEse, ErbfES
SRR BRI BRAGART O, (HE, EBOCIRE
FEA, BT Nb Jo 3 i 28 (RIS BROREL R R AR A i)
Sl B AR T, RO IZ RIS SRR S X,
XA PR T EOLIEE AR S & MR E R E
i — R .

2.2 HCPEB &IE/F1E%EE XRD 7347

HCPEB At FE i 5 NiCoCrAlYSi /478 J2 1) XRD %
WK 4 Fisk. NiCoCrAlYSi ¥k FEH y-Ni/y'-NizAl
J /DR B-CoAUNIAL AHFIRL; NiCoCrAlYSi i
BEMNEEH oy MAK. BESEZNL
NiCoCrAlYSi ¥ A ) e s AT U2 (1) ST TS, 1
OGS 5 HE R (1) 906 D9(200),  BEIS, (111) &4 THI
ATHTIEII 205055, Ut B0 3 B R B A R A
ARAK, o I I AR B (A eD),  RI[100]77 [l 4R
A KRR B (K ). HCPEB 4B 5, WOGIAE 2%
ORI 2 F oy AR RS, AELAT S 0 6 P - U R A I e A
5 BI(200) 12201 s T P AT g 55 5 o 2 R K ) 38
IS BT RAR, (L1 o TR 77 S e 5 P SR T 38 o, 30 A
ik et F, - SR Ak R 7 R R T o A B 1) R OOR A
A7, XARESE T HCPEB ACLFEVE G4 2Rl 74
FIZVBYE AR BT S 6). 4k, HCPEB #8 8 AbH

Ja VR TR (KIAT S Ve i vt A B R A i AR AT A% 2
e

(Q2dsinf=n2), n=1, 2, 3+ (1)

A d ERIEEE; 0 YN AR G (20
AT S n AT BORGHSS n BT, B — A7)
A X BRI . WTLMS Y, TSR U 1) v A R R Ml
(0 10y, BT p-Ni AR SRR @ 8, BTk
R AR A F A A AR MR AR R AT T B
TR, XIEECE 8 Hi TEM 4 i3 21
R BeAh, fERKR TR AR, MEERES
TR i AR BERB R, 5 A IR B AR N AT, S di g
SR AN A RIS, TR S AR SR R B, T
VRl FEEE AN

* *— y-Ni/p-Ni,Al
ar 24— [-CoAl/NiAl
(200) N
45 pulses (220)
30 pulses i
15 pulses \
Original J
Powder JA Y

20 30 40 50 60 70 80 90
20/(°)

B4 HCPEB 4b¥H( /5 NiCoCrAlYSi }4 72 XRD i
Fig. 4 XRD patterns of NiCoCrAlYSi cladding coatings
before and after HCPEB irradiation

2.3 HCPEB & EEEBEMURIE S
5(a)~(c)fT7~ >y HCPEB 428 15, 30, 45 WJa
NiCoCrAlYSi 478 ZR e . ATULEH, 15
PR 5, W5 Z SR H IR 2 ST 2008 80 um
R BUIRIES, RIEST. BT HCPEB 485, #
WIRR E IR RS, AR AR IR AR N 5
WM, ET TR R T A T IX ML KL R
RGBT RIER 2 1 I 2 PR 5 — MR R A
UMD SEAIS, sk, ki ARk 3 i e 31k
B L ROE N, 4EIE 15 IRIOFER AT R IR Z
HANES), HRlE 30 (IR SR TS ST R B R R,
FEIE 45 YUEFEMR ST LFE & B SR A
ANFEEI N IS YURRE, ATRLEH, RIS
V78 23R IS YU FE ARG, RIS FE R & 4%
FEOCHS P 1 0 T ST AL, Y7 )2 3 T A PR I AR A B
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500 um
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45 pulses

0

S 30 pulses

@ N

15 puls

B5S HCPEB A[rJ#&HE T NiCoCrAlY Si 4 78 J2 (1 3 6 B 5 I i 2 i
Fig. 5 Surface optical microscope images of HCPEB irradiated NiCoCrAlYSi cladding coatings with different pulses and crater
density: (a) 15 pulses; (b) 30 pulses; (c) 45 pulses; (d) Crater density

IePEE, X S B T Y U A S TE B S R R
R PR TS, AR R R R S w4 X
1330 TR 515k, T RS T 188 2 R ST T R
JLE,

Kl 6 7y HCPEB s[4 B 8 NiCoCrAlY Si
W5 ZRIMN SEM . WTLAE H, BfifEExEaEm,
VAT B R EE AR T8, 88, 2 TR UL
T 5e 4 % . Ak, HCPEB 48 M8 AL FH 5 b e 14 78 |2 R
R KRBTSR, WE 6(@)~(Cc)FR,
W T AR MIE, MEZMFE—EIM, AE
F R 90° 8L 60°/120° FiFl. XRD HET AR 1 did A HX
AL S AT R A 05 . ARIE XRD M al 41, 1%
BZE y FERN IR TH 0 T G5 HI(FCC), Bk b2
Ja L S T BRI . FCC 45M 1T # 2
{111}/(110y , BPAZESAER AR {111} EHy R i R
T (110) AT . #5288 RFERF),
2 WASTRIF (110 77 M ISR BN [F )dE Be 42 M 2, RYD
90° B 60°/120° FHILFIWT, HCPEB #&HEALFE f5 23 7E
PHELR E 5 K R R AR B 7 T 38 R 1 22 1 7% 2R (R
WIFED, A ER . B 6(d)~DOFm A E 6(a)~(c)m
XS IBORTESE, o WA S HCPEB & Hi Ak
WG, JEAEWOCEE =R I b b IR 58 4 k%,
WS R R KB PR gt Gad e &4 il

315 WARIRARFE ), SRR SFZ) 70 nm; 25 30 Ik
IEIRALFE IR, SRR T2 90 nm; 4T 45 YRR AL
J&, R SFZ) 100 nm. #E HCPEB #& MR FEH, &
RE FEL T SR 78 2 36 T i R A AL R B B & 5 ol
e o AEBEEIIN, IS A b A Y At T T
AR BUIA T 2 R REAZAZ O, T T 3500 7 2 A e ]
TEFE AT R R ) A%, T IR 2 A% R AN S A Kk I
TE RN B PR BIARK & o B i R 38 o, 78
JZRIE RN RE R HTG N, 3R JZ 52 PN (A FH X A8
K, AEEMEAERMEMRR, Fik, SRR
AR BGR B A FT K, b RS AR X UK
BeAh, FEARCN PR PR O AR, B A
AL ITUERA BT, AT DUA R0 7 BR A
Mr, EESEEZROW R A .

Kl 7 B AN R EE RE T NiCoCrAlY Si #4572
2 FKIE S B SE . 4 15 X HCPEB $&1R )5,
B IZREER T — 2051 B AR R )
xR EBE, HMEERBXEWEM, HESEERE
B, 215 WG, EEZEM 2.9 um 3% 45
UHEIR ST 5.7 pm.

2.4 TEM &R
& 8 i~ A NiCoCrAlYSi #4782 1 TEM 14 K&
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B 6 HCPEB A& KECT NiCoCrAlYSi #47 J= M M 30
Fig. 6 Surface morphologies of HCPEB irradiated NiCoCrAlYSi cladding coatings with different pulses: (a), (b) 15 pulses;
(c), (d) 30 pulses; (e), (f) 45 pulses

Remelted layer

B 7 HCPEB A[FJ#&HE R EL T NiCoCrAlYSi 478 2 #1fi (1) SEM 1
Fig. 7 Cross-sectional SEM images of HCPEB irradiated NiCoCrAlYSi cladding coatings with different pulses: (a) 15 pulses;
(b) 30 pulses; (c) 45 pulses

MR -FATH . B 8(a)~(b)FTam NIEMGIAE  F1 CoNb AH, H bt Ui WA 7E BOG A B 2 TP AR 7 2 R
= TEM JE3H, "JLUEH, JRIGIR)Z Gk RSHROKR, I RAERFE. 415 X HCPEB Ab# G, HIEZENHTE
FAAEARE FEAT AR QR L, R X IBUR IR ORISR = UM A A R 2550, BV 8(o) s i 2 (N
FINTH, S5 % X B FATEAT AT 0, FEFE TN FeoNb KA SL, HATHPE S 2 MR L BATH IR, brEsh
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. (110)

" (00T)

Fe;Nb

Disloeations

Polycrystalline structure

E 8 HCPEB #E/ AT G NiCoCrAlYSi #4782 %1 TEM 14

(002)

]Qi();

Fig. 8 Surface TEM images of NiCoCrAlYSi cladding coatings before and after HCPEB irradiation: (a), (b) Initial coating;

(c), (d) 15 pulses

RRIRHFEN p-Ni FAKLL S Co-Fe A, HHLHEH],
HCPEB #affid fir, MERIZSH Co-Fe MM 5
— RSN B 8(d) T I FLIHE S ) fR 2 21, 3L
K/INE 100 nm BAPY, 22 S ZURRE, (HIZIX A7
S P TR LA SRR [ s BB i, T B U X A AR
Riz (B HTCH R 22, XA ThR @A A, Z%IX dk T 2
N p-Ni FAK, WHTHTIA, HCPEB 48 &5 A& 1 B i
PRI H L LR 2 SR Ak K Bl oy 38 214 ) 3 B A
% .HCPEB fa /8 1d 5, MRIR B b n#iat 2diA 4,
A HEE A 107~10° K/s, 5T bl v e J B i K
R R AR AR, X A S TEARLER B T R i T
WA AR, AL R IR R I AR 20, AN 8
HAT LA H A ) DX 3o ek 2 2 52 A [ PR g AR AE
8()FTR I Z SR T2 MR 2, A
AP A K 730, BE AR POE T AZ AN [F L)
I35 o B 8(d)FT s I S 2L 2 S TR ZE IR 2
% X I [ P T 22 o X3, LV [ R 1 4
AT A IR A BTl T, T S B0% X IR b
JEE b AR B 35 P B I AT T B HROAR i 2 2
M 8(c)(d)H AT LAE i, JRIRERE T o &= fmbT
JIT 77 A (R R 1) 3 AR U B HL A o s BT 2839 [ )

y FEfA, AR R 5.

25 REEMEE

] 9 7~y HCPEB A [A)48 & /8 NiCoCrAlY Si
J 78 2 AR THD 1) SR B o R e 7 2 R T A
BIME N 244HV, 15 X HCPEB 4&IRJ5, WEREEHINE
292HV; 30 JEEMJE, BEEEMINE 303HV: 45 K4E
MBJ5, AR E el 316HV, X T IR IG 7 2 H
RS S T4 30%. HCPEB AbFE 51478 2
FIMEE 3G I EZAT LR 3 MJRIK: H %%, HCPEB
EIRIEASE ERIIE R T PR/ T 100 nm #I44
KARGER, X B K i AT DL 25 B A 2 10 A e R
g, FHEEE )RR, RS sR iy H
K, 25t HCPEB fElE A5, FIFZFH% Nb. Cr
U FR EA B RN H,  J0ER A 51 R ) 5 R
Pem VIS EER AR, B E AR SN
HCPEB % [ 4b L AE )5 78 J2 3R 175 R i IR B R AR B )
AR TR = A SR Z BB AR T, 1 B P A i 4 45 4
PHAS T AR (ig3l, HEImAA R s 11 = R i
FE, BIAZEESRALRLN. . (R, 7E4HfaRih. R
KAl st i v FE4E P R, HCPEB AP 5 44 78 |2 R 1
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AR, S SRR R T MR N BOEHIE NiCoCrAlYSi iR)ZH 21 5 kg 1641

T g 25 P v

N R B P RE R A0 AT, TR R AR T R
25 FENT AR A8 Je K g 5 A T DU S8t f 1k S Ak
JRAE MG Z Al B Cr HiE B MY Hod %, HiaE
JE T 2 ) S04 T DA I B A B A, BRAG T
IS ECE R A esh, RN
N, VAT 2R AFRLAN AL T DA 0 SR TR ) 0 A ek
MR FBCE A B Py 92 792472 Bk AT L, HCPEB 4R
KL P 5 475 78 )2 3 THD (OO0 48 R TP B8 i 5 78 2 0 2
PEBE DU IR AT A B FA Tk R 38 LA B AR

H
316
303
ii I

15 pulses 30 pulses 45 pulses

340+

W
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W
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T

Microhardness, HV
(W] [\]
N (o)
(e} S
"
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s
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" 244
ZNJI

Original

B9 HCPEB A %GR EUT NiCoCrAlYSi #4782 K I
A
Fig. 9

NiCoCrAlYSi cladding coatings with different HCPEB pulses

Surface microhardness of HCPEB irradiated

3 #Zig

1) NiCoCrAlYSi #4575 = 3 B p-Ni tHI %, BA
BRSO SR AT I 5, B R R T E A B 2 LB
HCPEB 4R RACER f5 , S 78 JZ A AR, (H2 A {111}
an PR AL A ERT R A EIE, RMEFLIT AR
i BT IS O, ANRIER R OB N R T A TP R
~F/NTF 100 nm IRGNK &, ELAR IS & 10 s s AE N 158
REFAZER: FEREXRENN, EI5EEEH
15 ARSI 2.9 um SN2 45 REEIB S 1 5.7 pme
TEM 2R EIR, FAGHE N AEE RS RO S — A
FRL, HCPEB b3 5, HJE 2 P4 0 S T ol L 222 o
[ ZHZY, RUMRARZHZ KSR, IRES BT
Stk

2) NiCoCrAlYSi Ji78 J= 3R 1 . (Ui £ 244HV,
15 X HCPEB %8/ Ab 3 f , o (T P52 (B 48 0 28 292HV

30 EREIBACEL S, WNE 303HV; 45 KEER)E, &
RS R K, 1A% 316HV. HCPEB %8 &AL &
(G e Rk [ VA R B A SR AL RN A s 7 2 3R T
TR BT+ () E R A

REFERENCES

(11 5&KM, = B, & E . REIREME IS

FHORWBF TR BotE a5k, 2014, 51(3):
31-36.
ZHANG Tian-you, WU Chao, XIONG Zhen, ZHOU
Sheng-feng. Research progress in materials and preparation
techniques of thermal barrier coatings[J]. Laser &
Optoelectronics Progress, 2014, 51(3): 31-36.

2] xlgige, #h B, RS MERERTTRIRG K&
A R EA EEE R, 2007, 17(1): 1-13.

LIU Chun-bo, LIN Feng, JIANG Xian-liang. Current state
and future development of thermal barrier coating[J]. The
Chinese Journal of Nonferrous Metals, 2007, 17(1): 1-13.

[3]1 EARLE, HEZE, hBE, BEE BOUAE MCAlY &
Z R FRBUIR[I]. FU TRER KL, 2013, 37(12): 1-5.
WANG Dong-sheng, TIAN Zong-jun, SHEN Li-da, HUANG
Yin-hui. Research status of MCrAlY coatings prepared by
laser cladding[J]. Materials for Mechanical Engineering,
2013, 37(12): 1-5.

[4] TOBAR M J, AMADO J M, YANEZ A, PEREIRA ],
AMIGO V. Laser cladding of MCrAlY coatings on stainless
steel[J]. Physics Procedia, 2014, 56: 276—283.

[S] WANG Hong-yu, ZUO Dun-wen, WANG Ming-di, SUN
Gui-fang, MIU Hong, SUN Yu-li. High temperature
frictional wear behaviors of nano-particle reinforced
NiCoCrAlY cladded coatings[J]. Transactions of Nonferrous
Metals Society of China, 2011, 21(6): 1322—1328.

6] ¥ i, BREs, e, AR WO s

NiCoCrAlY/ZrB, 8¢5k 45K K i i BE VERE[Y]. B Ay
SR RS TR, 2013, 42(8): 1547-1551.
GUO Chun, CHEN lJian-min, YAO Run-gang, ZHOU
Jian-song. Microstructure and high temperature wear
resistance of laser cladding NiCoCrAlY/ZrB, coating[J].
Rare Metal Materials and Engineering, 2013, 42(8):
1547-1551.

[71 GUANQF,ZOUH,ZOUG T, WU AM, HAO S Z, ZOU J
X, QIN Y, DONG C, ZHANG Q Y. Surface nanostructure
and amorphous state of a low carbon steel induced by

high-current pulsed electron beam[J]. Surface & Coatings



1642

hEA O RYR

2020 427 H

(8]

[10]

[11]

[12]

[13]

[14]

(15]

Technology, 2005, 196(1/3): 145—149.

QIN Y, ZOU J X, DONG C, WANG X G, WU A, LIU Y,
HAO S Z, GUAN Q F. Temperature—stress fields and related
phenomena induced by a high current pulsed electron
beam[J].
Research, 2004, 225(4): 544-554.

LU P, SUN X, CAI J, ZHANG C L, LIU X L, GUAN Q F.

Nuclear Instruments & Methods in Physics

Microstructure and high temperature oxidation resistance of
nickel based alloy GH4169 irradiated by high current pulsed
electron beam[J]. Surface and Coatings Technology, 2017,
309: 401-409.

ZHANG T C, ZHANG K M, ZOU J X, YAN P, YANG H Y,
SONG L X, ZHANG X. Surface microstructure and property
modifications in a Mg-8Gd-3Y-0.5Zr magnesium alloy
treated by high current pulsed electron beam[J]. Journal of
Alloys and Compounds, 2019, 788: 231-237.

SAMIH Y, MARCOS G, STEIN N, ALLAIN N, FLEURY
E, DONG C, GROSDIDIER T. Microstructure modifications
and associated hardness and corrosion improvements in the
AISI 420 martensitic stainless steel treated by high current
pulsed electron beam(HCPEB)[J]. Surface and Coatings
Technology, 2014, 259: 737-745.

HER, ¥ 8 BRAMMETREMT CoCrAly /A8
BRI B 2R ORISR IC 3R 4 AR [J]. 7 JE IR R 2 24 4k
(EREIFARR), 2017, 41(2): 134-138.

HAN Zhi-yong, HAN lJian. The distribution of element and
morphology of aluminized CoCrAlY coating irradiated by
HCPEBJ[J]. Journal of Hebei Normal University(Natural
Science Edition), 2017, 41(2): 134—138.

. SRR R T ARAE R T R B R E KA
FERAT S R PRAS D). BT TLF5K%, 2015.

CAI Jie. Growth behavior and stress characteristics of
thermally grown oxide in thermal barrier coatings irradiated
by high current pulsed electron beam[D]. Zhenjiang: Jiangsu
University, 2015.

BOE, HEE, £RE, BROC REmE R E
BOGIETE NiCoCrAlY B2 LEEI]. SH#EOE, 2015,
35(1): 29-34.

FENG Jun, TIAN Zong-jun, WANG Dong-sheng, YANG
You-wen. Process comparison between coaxial powder
feeding and squash presenting laser cladding NiCoCrAlY
coatings[J]. Applied Laser, 2015, 35(1): 29-34.

HEE, kEZ e, WA, EE, 8 & No SEx
GH4169 & AN BE k] K 35 5 A i REARE AL AU IR 2 I 1],
i & @A RIS FE, 2014, 43(1): 103—108.

[16]

[17]

[18]

[19]

[20]

(21]

(22]

[23]

[24]

(25]

CAO Guo-xin, ZHANG Mai-cang, DONG Jian-xin, YAO
Zhi-hao, ZHENG Lei. Effects of Nb content variations on
precipitates evolution of GH4169 ingots during their
solidification and homogenization processes[J]. Rare Metal
Materials and Engineering, 2014, 43(1): 103—108.

LIN Y C, HE M, CHEN M S, WEN D X, CHEN 1J. Effects
of initial 6 phase (NizNb) on hot tensile deformation
behaviors and material constants of Ni-based superalloy[J].
Transactions of Nonferrous Metals Society of China, 2016,
26(1): 107-117.

GONG M F, CHEN J, DENG X, WU S H. Sliding wear
behavior of TiAIN and AICrN coatings on a unique
cemented carbide substrate[J]. International Journal of
Refractory Metals and Hard Materials, 2017, 69: 209-214.
ZHANG LY, PENG CT, YAO X W, GUANQF, LURF.
Surface alloying of Cr on Ti6Al4V alloy induced by
high-current pulse electron beam[J]. Surface and Coatings
Technology, 2019, 370: 288—297.

ZOU J, ZHANG K, DONG C, QIN Y, HAO S Z,
GROSDIDIER T. Selective surface purification via crater
eruption under pulsed electron beam irradiation[J]. Applied
Physics Letters, 2006, 89(4): 041913.

GAO Y K. Surface modification of TC4 titanium alloy by
high current pulsed electron beam(HCPEB) with different
pulsed energy densities[J]. Journal of Alloys and Compounds,
2013, 572: 180—185.

LIU Z Y, GAO W, DAHM K, WANG F H. The effect of
coating grain size on the elective oxidation behavior of
Ni-Cr-Al alloy[J]. 1997, 37(10):
1551-1558.

CHEN Y, ZHAO X F, XIAO P. Effect of microstructure on

Scripta Materialia,

early oxidation of MCrAlY coatings[J]. Acta Materialia,
2018, 159: 150-162.

CAIJ, YANGS Z,JIL, GUAN QF, WANG Z P, HAN Z Y.
Surface microstructure and high temperature oxidation
resistance of thermal sprayed CoCrAlY coating irradiated by
high current pulsed electron beam[J]. Surface and Coatings
Technology, 2014, 251: 217-225.

TOLPYGO V K, CLARKE D R. Competition between stress
generation and relaxation during oxidation of an Fe-Cr-Al-Y
alloy[J]. Oxidation of Metals, 1998, 49(1/2): 187-212.
CAIJ,LU P, GUAN QF, XU X J, LU J Z, WANG Z P, HAN
Z Y. Thermal cycling behavior of thermal barrier coatings
with MCrAlY bond coat irradiated by high-current pulsed
electron beam[J]. ACS Applied Materials & Interfaces, 2016,
8(47): 32541-32556.



230 B 7 W rRES, S5 SRUUEKIT H T ORAE R E0GIEE NiCoCrAlYSi ik Z 4215 MRk 1643

Microstructure and properties of laser cladding NiCoCrAlYSi
coating irradiated by high current pulsed electron beam

GAO Cheng-zuanl’ 2 CAlJie"% zU Zhang-kunl’ 2 LI Chen®, GUAN Qing-feng3, LI Yu-xin*

(1. Engineering Institute of Advanced Manufacturing and Modern Equipment Technology,
Jiangsu University, Zhenjiang 212013, China;
2. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China;
3. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China;
4. School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)

Abstract: The NiCoCrAlYSi coating was prepared on the surface of nickel-based superalloy by laser cladding(LC)
technique, and then was irradiated by high current pulsed electron beam(HCPEB). X-ray diffraction(XRD) and scanning
electron microscopy(SEM) were used to compare the microstructure evolution of the laser cladding coating before and
after HCPEB irradiation. The surface microhardness of the cladding coating was also analyzed. The microstructural
results show that the cladding coating is mainly composed of y/y’ phase. Many pores and typical dendritic segregation are
found on the surface. After HCPEB treatment, the cladding defects disappear. The surface is remelted, and the thickness
of the remelted layer gradually increase with the increase of HCPEB pulses. Besides, the cross-slip and nanocrystalline
structures are induced on the irradiated surface. The surface microhardness results show that the surface hardness of the
cladding coating after HCPEB treatment is significantly higher than that of the original sample.
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