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1 LG

FeARE A% ] GHA169 B3 il A 4:(Cr 19.62,
Si 0.17, Nb+Ta 5.08, Mo 3.03, Ti 1.08, Co 1.0, A1 0.58,
Fe 17.75, Si0.17, Ni &%, Jim/2H, %), FIHHE
KARZLAEHIR 10 mmX 8 mmX2 mm [1KJ7FE
fe WRRATIEM 250 pm {1 R E S HER A TR Ab
H, DAZRBRR MG AR B AT, ISR R
RS . SR JT) Praxair 3710 4 APS #e 4 Ak AL AL FE
JE AR L IR Co-23Cr-13A1-0.5Y 42, Wik
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i HEL ¥ 2 4UB% (Scanning Electron Microscopy, SEM)F!!
fit 1% (Energy Dispersive Spectrometer, EDS)#H T B /&
AR BEAT 30T WA KR A Rigaku D/max
2500/pc ! X AT i A% (X-ray Diffraction, XRD)ZEAT
GriT, JSEIRZHON Cu K, 58T, SR8 4(°)/min,
TAE N 40 kV, TAEHHY 200 mA.
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Fig. 1 XRD patterns of APS-CoCrAlY coating before and

after HCPEB irradiation

22 SRR SHR

K| 2 i/~ h APS-CoCrAlY W& 21 % SEM 4.
M 2(a) T LA H SRR 2 R IR AT, 1R
GHRONTEE . JBORJEIEWE 2(b) s, TTLUE Bk
JAZM A& 1oy Biks, AFAE KR 125 B b LI A i
(RIZEA I EEL N 13.14%, fLBEERAN 8.45%),
HARJZIE A K (1 RO FEOK G2 R RO R s TR



5 27 B4 9 W) S b, S SRR T SRR R S TR CoCrAlY JREHyE ik g 1881

Kl 3 fiizn A APS-CoCrAlY #3241 SEM 1%,
LR A R R S HERR T a0 J2 S5 A, )25 1)
RS, S A S IURDREAS T 4 IR 4544
X BB H LA BT MCrALY 2 1 SRR AR, fE A
WA RE T, AR R Z M A s A B T AA TR A
FH R 95 B SAR R J5 28 7 20 H) . B AN T
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(7 21 I R o E T AR PR AL 4 AN v e G 2 7 A K

Fig. 2 Surface SEM images of APS-CoCrAlY coating: (a)
Low magnified image; (b)High magnified image

B3 APS-CoCrAlY ¥Z#iIf SEM 1%
Fig.3 Cross-sectional SEM image of APS-CoCrAlY coating

SR FLIT B SR, X AR PR 2 0 TR
JE IR Tl P R AT >R 7L TS

Kl 4 Pros i HCPEB ARG i i MCrALY ¥
JZ#RI SEM 1% 1 &G, WK 4)ffis, 2R
TR A 22 FL I SRR ZE R Ok, R R A . 10 Ik
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i AA 2 (ARG SE IS . teAh, M 4(a)~(c) ik mT LA
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Al Element w/% x/%
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Bl 4 HCPEB ARKHEEL T MCrAlY #2231 SEM %
Fig. 4 Surface SEM images of HCPEB treated MCrAlY

coating with different pulses: (a) 1 pulse; (b) 10 pulses; (c) 30

pulses



1882 hEA SR R

2017 4E9 H

/b o IR R W R THT M 010 FE PTG 28 5 S5 22 H fg g
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U R IO R JZWOR IS, R A kv v
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TH S TR M Rk 1A S8R

X g 30 T AN E (1 2 2 10 e X dak ik
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PREERIE— DO, Wil sb)FizR, nf AW EEE]KE
(0 ST S A /N O OB R A L3R T, JSEAE L
WOKANEE, EDS iR E/RmHFEh Cr 1 CoAl
TR o

Kl 6 Fron i HCPEB A [RIEALHE 5 MCrALY ¥R
JERIERE . KL 6 T LUE Y, ARERVR A

Dix W Lteay BB
Bl 5 30 /X HCPEB 4HJi MCrAlY K4k )Z2&1fjBOk SEM
%
Fig. 5§ Surface SEM images of HCPEB treated MCrAlY
coating with 30 pulses: (a) Low magnified image; (b) High

magnified image

*1 5 bR #% mit) EDS #RIN 45 R
Table 1 EDS results of points in Fig. 5

EDS Composition, x/%

point 0] Al Cr Co Y
A 6432 30.69 - - 4.99
B 2.16 16.00 2532  56.52 -

B 6 HCPEB AR H & i MCrAlY ¥ #ii SEM 1§
Fig. 6 Cross-sectional SEM images of MCrAlY coating with
different pulses: (a) 10 pulses; (b) 30 pulses
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HEBI TR MR I, HEtR R 4G . Ihah,
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R IZI R, (LB R JIE R B IR
I, FRRAIERRCIRIL SRR, W 507, X
SRR ORI 14 T FOORT R 5 pried o P R P PR 1
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B DI =143 AR I OK B AL, EDS 4
FERH TR Cr0s(WL#K 2 #2413 19 EDS 458, it
Ah, B 7(c)BRDIR E ALY E Bl CoO(FENLER 2 45 2 1)
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Fig. 7 Surface SEM images of APS-CoCrAlY coating after hot corrosion: (a), (b) 30 min; (c), (d) 2 h; (e), (f) 20 h
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Table 2 EDS results of points in Fig. 7
x/%

Point
Co Cr Al (0] Na Cl
1 477 257 2490 66.00 1.75 -
2 52.59 - - 47.41 - -
3 - 73.37 - 26.63 - -
4 047 076 11.24 80.42 - 6.01

IR, Zir R 3 F EDS 45 B nI g, HoMpA S R
JE = ALO, BiSE A3 56, AAEIESREUE 1) ALO;
2 THT R B A1 4 /D B ) CoO k. #Ui ik 2 h J5,

W 8(c)Fin, ALBRIRJZZFR M S LS5 MM IH AR EE R4
HZHPFRCR A CoO FWi % . W HA B (IX
B BYHEATIROR K ILILIE 8(d)), JLRJZ IR =8+ 73
%, EDS 4 R38N ALO, ALk DR
Co. Cr KMy, $iih 20n J5, WK 8(e)fin, 8t
LGSR TRTRDIR CoO W2k, BAR AR CA 62

&l 8 HCPEB 4bH 5k /ZHUE e SR

FALIERT A o, R R B AR (X C)JEAT IO A (AL
B 8(6), JoE =4 e 08 BRURLIR B R R AL ) HERR 1
i, EDS g KRB aR(E 3), HEENR CoALO,
1 ALO; TRA A .

Bl 9 iz A HCPEB %% BURT 5 MCrAlY )2 #UE
ol 20 h JE# SEM f%. MK 9@ LLEH, K&
HCPEB AbFE[F) MCrAlY V2R IZH ™ E Bk, G
V1) 8 sk =49 7 i AN 2R T ELAY: B A 1 S 1) 8 = 0 1
24, JEME R H NI KRG, )2
W I 20 ume AL, LEVRIZWEE. S
N7 AR A W] N AR AL . B 9(b) BT A
23 HCPEB AL P J5 MCrAlY ¥ )2 20 h Hgs i fo a8k i
SEM 4. MK o) T LU Y, Bt gh iR 2 )z
AT B, RO, ACH JLAMHCK . JEAE,
JH A A AR TH AR R BB M A R i, e & R 78
KEISA IS, Bk L, MCrAlY #2400k
ML AN S, U ER  CLGR IR SR T e 15 2

W] AR

Fig. 8 Surface SEM images of HCPEB-CoCrAlY coating after hot corrosion: (a), (b) 30 min; (c), (d) 2 h; (e), (f) 20 h
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Table 3 EDS results of points in Fig. 8

) x/%
Point
Co Cr Al (0] Y
1 - - 30.11 69.89 -
2 45.32 - - 54.68 -
3 6.85 6.92 22.12 58.06 6.05
4 1543 5.77 7.15 69.69 1.96

Corrosion layer

f g \Mﬁfj?izgr
AT ATEETN TR
B9 Huighth 20h J5 MCrAlY 428 30
Fig. 9 Cross-sectional SEM images of MCrAlY coatings after

hot corrosion for 20 h: (a) Initial sample; (b) Irradiated sample

with 30 pulses
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s NayO B E G SR M rE4l 5y, SO, #A 1F
SEIE TR IR IEAL ) fERR R, AAR 0
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I IR) o MR BRIEAT 3 20h )5, KR SR ER ALO;
R AT =42 1) CoO KA [IAH [N, T CoAlLO,
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&Ky TR MIESL AT IR SRR G A s B A LK
BN, 2 R AR A . 30 YR BRI E AL
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4) HCPEB-MCrAlY 2 #E i 30 min 5, L
i JE R il — [ SR 1) ALOs TRy, H.
PR IR R TR U A 4 /D 5K CoO MUkE; #RJEE ik 2
h G, =PI+ 80%, CoO FrEMANZ
Ul 20h J5, EAFZRIT CoO WK, 58P A
i, BMIEES FE N CoALO, Fl ALO; TR S
FAbwr, BbAh, JEERBEACH JULAMECK, HER)E
W B I AR AN AR AL IS

5) HCPEB A #1175 J [ U0 A 2 30 1R {7
PP S A AT B TR DR B, B PR il 4k
SALRE AT A B L SRR N, BRI ER 2 BT
A Dl B o
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Hot corrosion resistance of plasma sprayed CoCrAlY coating
irradiated by high-current pulsed electron beam

ZHOU Chi', GUAN Qing-feng', CAI Jie>, WU Jian', LI Chen'

(1. School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China;
2. Institute of Advanced Manufacturing and Modern Equipment Technical,

Jiangsu University, Zhenjiang 212013, China)

Abstract: High-current pulsed electron beam(HCPEB)treatment was conducted on CoCrAlY coatings prepared by air
plasma sprayed(APS)technology. The microstructural evolutions and hot corrosion properties of CoCrAlY coating
performed in Na,SO4/NaCl(mass ratio of 3:1)mixture at 1050 “C in static air before and after HCPEB irradiation were
analyzed in detail. Microstructural observations reveal that after HCPEB irradiation, the coating surface is melted with
thermal sprayed defects disappearing, and the modified surface is significantly changed as interconnected bulged nodules
with a compact appearance. With the increment of irradiated pulses, the thickness of the remelted layer and the size of the
bulged structures were gradually increase. Moreover, abundant Y-rich Al,Os particulates and ultrafine grains are formed
on the top surface after 30-pulsed HCPEB irradiation. The result of hot corrosion test shows that the initial sample has a
poor hot corrosion resistance. The depth of corrosion layer reaches to 20 pm, which existes many microcracks inside after
hot corrosion for 20 h. Also aggressive internal oxidation and sulfurization are observed. By contrast, the corrosion layer
of the irradiated coating was relatively compact and continuous, the depth of which is only a few microns. During the
process of hot corrosion, the protective oxide layer is promoted to form immediately due to HCPEB irradiated effects,
which can effectively stop off the reactions with molten salt. The results indicate that the hot corrosion resistance of
CoCrAlY coatings irradiated by HCPEB treatment is improved dramatically.
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Foundation item: Projects(U1233111, 51601072 ) supported by National Natural Science Foundation of China; Project
(BK20160530) supported by Jiangsu Province Natural Science Foundation for Youths, China; Project
(2016M601730) supported by China Postdoctoral Science Foundation; Project (1601007C) supported
by Postdoctoral Foundation of Jiangsu Province, China; Project (15JDG149) supported by Senior
Talent Foundation of Jiangsu University, China

Received date: 2016-06-17; Accepted date: 2016-11-16

Corresponding author: CAI Jie; Tel: +86-511-88797906; E-mail: caijie@ujs.edu.cn

wE E B



