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A AL5R 1K CoCrAlY BitF R BRI SR E L [ RE

ZEAE R AV Fa&L F R

(1. YLIK%, YLY8 BT 212013)
(2. REM TR =AM ESHEBERE SR E, T KiE 116024)

1 E. R KSSEE WK (air plasma spraying, APS)H AR E 82 Sl & &R M H % CoCrAlY ¥)z, IR FRH
L7 IR B 25 25 9% (electric beam vacuum deposition, EBVD) 7 7R Z R M BE— DU AR, LI SR 2 R AL CE S 2.
KON 185 M. (laser peening, LP) T 2543 Skt BA 1 2 Bl 2 04T S A0 A 3 o SR I XU 26 47 5 (XRD) A1 1 L7 B 4308 (SEM)
XS LEA3HT LP SRALTHT /5 CoCrAlY MR ERIMARSE 1 SO B3R KBy Atk o L& K 43 T 1], LP AL JS APS-CoCrAlY
RS RV RE RS, HRBURETER N P45 CoCrAlY ¥WRJZ4 LP A PS5, Rl Al 5= B, p-CoAl A& Hit S,
FL¥RZ 200 SR A 214040 . 1050 CHUmIR A S50 25 TR W, LP AbFR R J2 3R 0B B 1 A IS 650 i i J2 B8 Jn 1 3 L 3K
%, HAALBE W] S0, AN, AT CoCrAlY ¥RJ24 LP AbH S (10 b ik A AL ME e i A o

KPR WOLBUL: KAEE TR, P IRARMEN CoCrAlY ¥iZ: Himik bk se

FEEHSES: TG174.44 XHEAFRIRES: A

NEHS: 1002-185X(2020)06-2132-07

IT4E3K, MCrAlY(M=Ni, Co, Ni+Co)bid iz
J2 RO R P s A e fe . PR R RE L B
SEAIE TS . MCrALY ¥R 20 Ry = B T 5,
WERS sl A, A miR BB E R, SORTAE S 3 v 2
(thermal barrier coatings, TBCs)I & JEAh 45 )2, FFAKFE
)z 5 i G e AR L R HRZIKRAN L, & 2N
TS AU R st i R e L4,

MCrALY VR J2 I et 7 47 P 8 32 2252 30 IR A% 290 1]
B B A E K S Y) = (thermally  grown oxide,
TGO MIP . WH BT, a-ALO; RIF Mg A, 3L
JEIS MCrAlY W)= R AR . 2B S
i RL R /N BT AT SR R R B VA OC . H N A
J7IZ ) MCrAlY ¥R 2614 T2 F 8 K5 &1 Wik
(APS)!®! MK s 4% B9 11594 (low pressure plasma spraying,
LPPS)"! % vy 7 SR B M YU (electron beam physical
vapor deposition, EB-PVD)®, H.rfr, APS $E % Hmiigk
VO AR AR FRAELE . A T A
DL A ZRIR A B HR I TR . HE, APS il
FHIREAFER IR R LR & SO = .
A R e 22 S5 AR IR R, A1 R PR AL IE AL O,
T el IR A% 0 58 vh 5y AR SR BRI, 3 T B A VR 2 1
ER BT RE . BET R, mil A R T TGO Rk
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KNG RLN Al &8, HRESRAEERT Al
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TR . L. BUS a-ALOs 1547 V4 A 5 AT LLEH
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2577 3o AT A RGO Tl I AL AR X EB-PVD il 4 (1
CoCrAlY VWRIZHEATEUNE, AH 5 o S PR AL A B 5 v
JEARIRIRE R PG, SO e, RINPIAH S5 15 31
F, WIZMPUEE AL E R B B E . Cai 25U
FA ki i R AT APS 4 1) CoCrAlY #JZ2 AT
PE, RIUBKT T RN S, WRZE R IR 0K,
Bkl B and, WRIER BT m iR et 1e 2 W25 R
e PA RS T B AR AR S A I e RO, R
ZAPAEIRIZ T IR TT 0, TR IR 2L 458
AFESE 73 R RUEE 428 1 J7 18 v A7 413

WO AL (LP)! VB A A Sy — o ) 2 T ok T
2, BAREGW EH). mHilk(GPa |4, mNAER
(10° s, TN TS BUR . B T4
5. LP AR B0 AR A S AR, 6
BRI ESRZ AT, dhiifEARLR 2 75 A B
ST R AR AL RN, , T Il 8 IR FE R AR s N ) )22,
MM 42 AR TR 57« PR A% & T 022,
UbAh, AR, Wik LP HAR W A HUE AR R
TR0 ST K R AN SR RER 2, 3k I ot A kL 3R
J2 AT

YT, ATAFLL APS-CoCrAlY )= WHEFT %,
FH LP HARMRZRIMIAT MK . tbsh, KiE—
UG IR R AR S5 8 S Loy AT, T8 R
T ZEPL(EBVD) I VEAEIR 2 R I 2 AR PR, P 25
A LP L2, R N B 23R i — e RV Y
XA HT LP #Ab RIS CoCrAlY ¥RJZMYE Al J5 )
CoCrAlY WRIZHA LBy 124k, F R LA R R AR
R AT R .
1 %

1EH GH4169 £ il A 42 (10 mmx10 mmx10 mm)
HFARF L, Co-23Cr-13A1-0.5Y(R 34, %, FIA)
AR AIRZAE . AERZ T, R RS AU B A4 11
ITRRATEE, EVE WA, KA ZEE Praxair3710
M APS RGAEFARRK YR CoCrAlY IR)Z, WhR T2
ZHCN: WIE 38V, HIR 750 A, EREE 2.5 r/min,
TR 450 mm/s, WEHERET 2 85 mm. KH EBVD K
FEGR AT UR )2 R T K AL FE, PSS HON : (T4
HLE 120 'V, S22 HL 0.6 A, W 200 mA,  ZE4HE [
60 min, 4EJEIE 1200 nm. )i, K GAIANd:YAG
KIFRBOCEEANER EHEAT LP AbBE, 205 S286 S50k,
WRBOCSECh: Nkpbfes 3 ), K58 15 ns, R EHRAE
3 mm, #HFE 50%; KHIEEL) 1 mm FRAKHLARE,
JEREZ) 0.1 mm ARSI ARUE . A T T0) BT
WIR)Zo R 3 FRRBURE S, HARKEM 2298 1#APS-

CoCrAlY, 2# APS-CoCrAIY+LP, 3#APS-CoCrAlY+EBVD
B AI+LP.

SRR AL S AR S b b R AT, AR Y
1050 C, JL&(fL 100 h, F3 0L THT ] 25 h J5 A &AL
Ja B 100 h JE B9 FE S 24T W % . SR Rigaku
D/max-2500/pc X 2 X SFFZATHU(XRD)R VR J= 3 1k
TR 4T, RIS E08 : Cu Ko b, 935545 7°/min,
TAEHE 40 kV, TAEHUA 200 mA. SRHIHA AERHX
(energy dispersive spectrometer, EDS)HJ JSM- 7800F #4#7]
il LT BB (SEM)X U 2 R I OWTE 30— IXHL T~ SE
S5 HUR BSE JES) A 853 BEAT 704

2 HREDH

2.1 XRD ##7

XF 3 R AT XRD 4387, 75 2 1 1 BT ) XRD
K, CoCrAlY JRIGVRIZ(1#) T E i y-Co FI1 B-CoAl
YIE, NS DR IAY I, Sl LP WhFE S,
2HFE S AT R AR ik, B p-Co TSI R R
ik, B-CoAl fiTHTWasm AT FTig . B1%F 3#EN, 48 Al
WAL LP W85, frshiedt—2u, FHEa R
PR AL RS, 11T f-CoAl AHE R BI N, H
I 2 T 28 B 1) AL TS 5 AR\ 2R 23R T, HLAL AR
B-CoAl #H. IAh, LP ALFJG 2 FibE S b Je 24
RGPS LP S IOHUMAE A8 AN ARSI
YIRS, RIS RBIIIASE N . H 2, 7R 58 A
BINUBR I VE T 5 A B3 2 25 R A B ZL R SR PR AR T
I T A e A B AR, RO B R AR )
biiBERIN Gl pr ey Ty (R DR A e A EWNIF S
[ AEAN AR AR BE, AT B-CoAl AHIITE I LUK ) 77,
H R e AR R T I T PEAR i, BRI T 5 L 5
TEAGRE, BE T LA S R A 2 SN, B A U B
W O AR A4 LP AR S, WR)EERE

* F-CoAl
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* Oxide inclusions
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Fig.1 XRD patterns of three samples
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B-CoAl AHZEHT RN IR T . Ub4h, LP Ab3 AT
VBT FEAL, X TS AR AL T S B, MR
0 v R i AR B B e T O Y ) 2 5 BT A e
A gEel,
2.2 MAIRD

2 4 CoCrAlY /2% LP 4bFIRT 5 MK i SEM

BB & 2a  THFEAIRIESL . HEE P I Ao
URIE ST RRACIREF IR, 3 AE MR A v s ROk 54
AR T, AL I, B A
(K0, AE @R BRI T ¥R R ARG S o X Rk
BATIBOR, Wil 2b P, ERIIGR . 240, WiZ
B BRI AR AU IORL . 18] 2¢ O 26 i R THTE S .

K2 3 AR SEM TSR K B sy 43 A

Fig.2 SEM images of surface and composition analysis of the three samples: (a, b) surface morphology of 1#; (c, d) surface morphology

of 2#; (e~h) element distribution of 2#; (i, j) surface morphology of 3#; (k~n) element distribution of 3#
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5oL, LP A5, IRIBIRIESUH B, t
PR R FIRIES . AR, 76 LP AEH R &Mk X
BRI S, WRIZARM T NNPEE, H 2R 1 M b LA A
WO o WHEIL X SHEATHOR (& 2d), ¥R
JE AR BB, FLBRER K. X 2d AT
EDS 44307, 450K 2e~2h fion. MAHZIX 6L
Iy Al-23%, Cr-30%, Co-44%M Y-3%. 5JEER
HIEL, CoCrAlY ¥R /24 LP ACB 5 R 10 AL 2 &=A7 T .
Bl 21 b 3#FESLRIITESE . LR W, LP S8 Al
WRIERIARAF TIN5 8%, RIMZGEN Al #ERE AL
A R 70 SR AR R 2 1 2 THTTUTRE DA S e, EmifEqR
KFREE B4R iR 2 R e e vk . b Ah, TR S (K
2)E R, RZR IS AT RGN, b 2
Mtk . xFEl 21 HEAT EDS T4, g5 a0l 2k~2n ft
TRe MARZIXIE RS> A Al-54%, Cr-16%, Co-28% K
Y-2%. AR, HE Al WRIEL LP A5, 2RI Al
SRAEERTE. 454 XRD 45 10Hran, BEhgZ
R Al CATFH R AIK CoAl AH. CoAl FHIITE AT
Bh T4 MCrAlY B9 T sl b g .

3 3 PiRES AT SEM JES. 8] 3a 1485
EAIIDIZE I NP AR SN & W LI E 32 P N 11T Y4
IRRTER, BRERARAT. B 3b F1 3¢ 29k 2# % 3#
BRI ESL . RIZ 4T LP A5 i AR 1S N 7 4,
SHFE G P S e AR . BEAh, LP ARER S, REBUEN
A PTsEm.

2.3 MEast3E

4 2 3 FPFE G 1050 °C il N AEAGHTIY 25 h J5 1)
I BSE B3 M EDS 21545 5 . &l 4a by 1#FE A5
125 h J5, WRIZER T CE B BRI, HE R,
JRE X AR, B AR Z A R A RVE . X%
X3 AT EDS 0 M (Kl 4b), TGO FELL AlOs
hE, HNHB IR 2 &R0 Co/Cr-0 WRAFMY); It
Gb, JRFBIX GBI BN RIS . MR,
CoCrAlY £id LP 4bBL G (2#FE 5, FLTH AL TGO B &

3% (K 4c), HJFRERGHE, 29275 pm. SFHFRHX
BT IOR (B 4d), 454 EDS G4 Wb al &1, %
4b TGO 40k 2 |2, K2R ALOs, RIZKH Co/Cr-O
WREEND, WIS e H 32k CoCr,04
IRAA A BEAE, VR PR IR Y A
5o Bl de b 3HFE SN2 m AL 25 h S, SETIARAR
e, H TGO JEEEHE— Dk o X IEAT O S (E 49),
R TGO F2i ALOs M, JEEACH 1.11 pm, HiR
JEWERIEAR W BN E A IS, bR, % ALRIEE
i LP KBRS 7E i SE A, PR RE R Ak

50 3 FIFENL 1050 °C il R4S 1 100 h 51
I BSE 250 M EDS ZeHHii 45 AL . &l Sa hy 1#FF AL
100 h JE AR S . BRI TGO Wi Wt I 5, SP3y R4k
11.12 um, TGO P& H LB b () FLI A i g, BRI
IR 2 R AE RIS o WL BT A, TGO ek
A%, GRS IR AT BOR (& 5b), i EDS Zed 4 4h
REH, TGO FEMAUZMIL, MMz Tt b i)
M AT BE G 1) ALO; J2 S AR I K 4 FE TR & A ALY
2, WEAEAY RIS Niy Fe 25702, Ui Wb N L 44
H1 Fe. Ni 0% D&Y HEBNRZRINIES 55 ML,
BB E YU A R e . B Sc 24 i i
U4k 100 h JE ARG . St Ak TGO AT 56 4,
TGO JEFEA PTG, AR URTR 2 A0 b L B i AR
W, 2004 7.54 pmo X HJEFR IS TIROC(E 5d), diG
EDS ZM A al 1, MG K IH i XUZ R i, )2 K TR
BEMNYE R ZE B ALO; JZ . K Se by 3#FE 54 il
%k 100 h J5 TGO #ImIES . LI TGO JEJEik— Lk
/Ny ALK 4.53 pmo A ILRES X AT IBOR, & ST
7R, 45t EDS bl i, BRI TGO & U245
HE)Z ALO;+#£ )= CoCry0;4.

3 it g

CoCrAlY WEAE SRR FET, T+ Al EibE
% ALO; BT s s A A= i 1 i g S E 4 T B ik, LR

K3 3 Ak dh T B9 SEM JESR
Fig.3 SEM images of cross-section of three samples: (a) 1#, (b) 2#, and (c) 3#
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Surface

Bl 4 3 FoREdLSE4K 25 h J5 I 1) BSE &4 ) EDS Zid1 4 45 2
Fig.4 BSE images cross-section and EDS line scanning results for the three samples after 25 h oxidation: (a, b) 1#; (c, d) 2#; (e, f) 3#

Surface

K5 3 M AL 100 h J5#RTTK) BSE 8115 & EDS £k 474 45 3
Fig.5 BSE images cross-section and EDS line scanning results for the three samples after 100 h oxidation: (a, b) 1#; (c, d) 2#; (e, f) 3#

AR K, AR 2 2R T 2
JEHLL ALOs A E/) TGO JZ. A2, HT APS HiARfH
H IR IZ R AFAE R 2 (ARG, HAR I Al G55
ATARYY, PR ZR R M RIS BB 1 ALO; )2,
X PGS A A A BEBLES AN LA IB N, IR Hoft
TLE MM EAIR L T Bk 12, b S BHE ST 1#FF

MR T2 TE L ALO; oA 32 45 A SLAh R & A AL 1T 1k
AN TGO J2. M AAMFEEEAT, Al JTTHEBK
KL, HIACHTE R ALO; AW Cr. Co 50
Fe, RURA T A2 SN :
CoO+(AL, Cr),05—Co(Al, Cr),04 (D
—H ALO; JZHRIEE, Co/Cr A& KB A IF I
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AR AR . BRI, HAE KR ALO;
B3 ARG, AN IR A AR R B KT
2 ALO; RS . ZIRAFMMRA . 210 kK,
WSS KN 1, H TGO B KN 5 T
[ S Ab S, JE 1T 5 3558 X S A A SR T AR R
IbAh, BT RIERIZEETTH TGO EA A R
TR SR T AL G 3 R BRI AE SR 2 N AL
MG HIEMEW, T 3T Niy Fe S05Y Ak
FIRAXT R, 2% ) FLHAL R AE AN B, BTV )2 3K 1
JE R Ni-Fe 2558404, b it W i 2 C4 R34

FHLZ T, CoCrAlY iR)Z4id LP Ab¥G, & s
{EH N AR iR 24 ke b 52 3B e, SR DR RS J
AR, FLRS LS, SesEa e, FNEZ
RAVEEARTE, Shitbdt— 03 840k, HRZERR
TR AR A N RS o BL B BCEE RN 6 CoCrAlY 432 (1)
P A RE M B BRI I/E . 2, LRI
TRIZREPIRZS AT DUk sl S A iy AR AL ALO;
(T A AL — 2 IR SRAT 451, /N DR R 38 ke 1 5 RS 11
N BEFIG . HR, LP KBRS ¥R )Z ki L, 41
AT At R D P8 18 0 ot P B8R, T LA R AL G 3Rk
PEPEY 000 A B, AT ALO; PR IE
TERL. WAL, WOGWE AR A AR TR 2 P 5N 2 B AT
RS ARG, TRIRE T LASR S AL G IR RS AT
AL AT LP FAR AR TS AT MR #2310 s
RO, B L AAE ALO; IESEYE, Bk
AL T AR X2 TGO J2. fEMIERE |,
I SOGE A AR A AR, i (o s i &
FREALTE AL IR 2RI Al 9Kk 35 K 4
AR IR A BIRZR M T AR S IEEIR 5, 765
eI 1 F R 72 U A 27 S N, 15 T T J
Bl 1 Ji7R CoAl 4 Kb iR /2 . CoCrAlY 2Pl
A PERE T ZEHGR TR PR EAL I ALOS IJERL, 1
Al JCE N FEZRYE T CoAl FHIHEAZ(HD: 4CoAl+30,—
2A1,05+4C0)™, BAR, WIZFKIM p-CoAl A InTC ke
ATCMERE ALO; MITGHE A% S5 AH BBz, BEMTAf PR AE SR
ARG PEE AR ALO; P T . — H R NI
WIZRI ALO; A&, H ] {3 )5 WA A R o 1
(1 ALO; 3 LAIE R R AR, b i L A KT K
BEA, HLAEA bl sk B4 42 m B ol 5 1 E S ik
ARG BB, pbAh, T AL SRR IER I TR E
M EMESLRE ST, RIS A e Jo il DX S BRALI, AL G
oAl ) DO P 5y U R LI X, i
ALO; IRPGE @A HAERME, Al JTEA ML
MG, SRR R A FA TR . Bk, 75 sl 4
RIGH, RIZRAE R 2802t T iR B B 98D

TRIZ BB, AR RS, (HAKIABAXUZ TGO
K E, PlElAPEREAT TR 3#R)E A f
RJZ ST AR AR RHEFF AL AT ALO, PR
HIEHG R )2fE R R B R,
TGO JZ s/, Hlmild A Redm e o

4 & it

1) 5IRMWE)Z A, 4 LP AF SR APS-
CoCrAlY VR JZR MRS B2 A, WRZECETESS M, W)=
Kl Al R RAGPHETE. LP B8 ALR)Z, &
AR EE NS SedE, dhhiid R anfk, R Al TR S
wONIE R T Al WA N 2R 2 R E IR
B-CoAl #H.

2) mid A 25 h e, JRUAERE TGO LL ALO; A
HIFHE B2 1) Co/Cr-O IRA A, LR+ A
LP AbFR )5, ¥R)2 ST AL TGO J5 AR 34 4] A AR 7,
UEI TGO FENIRE ALO+EKZR S A ALY T
EIRZ 5 . 8% Al 3RZ4 LP B S, TGO 12N
ALO; F i, JEEEME—LARE, HIGH B NI

3) il A 100 h G, JRARVRJZ ) TGO J5 5% B
S, PR A R R AL R e, BRI IX IR O R
ARV LP AFG, TGO KIHAXZ S50y, H)F)E
B AR, A% ALVRES LP AFR )5, TGO JAS b XL
JEaity, HIREE R, B ALRIZEZ LP A FE 5 Hfim
WA RE A
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High-Temperature Oxidation Resistance of CoCrAlY Protective Coating
Strengthened by Laser Peening

Li Guojun', Cai Jie'?, Gao Chengzuan', Li Chen', Guan Qingfeng'
(1. Jiangsu University, Zhenjiang 212013, China)
(2. Key Laboratory of Materials Modification by Laser, lon and Electron Beams, Dalian University of Technology, Dalian 116024, China)

Abstract: The CoCrAlY coating was deposited on the surface of the nickel-based superalloy by air plasma spraying (APS). And on this basis,
electron beam vacuum deposition (EBVD) method was used to deposit aluminum film on the coating surface in order to increase the Al content. The
above two coatings were reinforced by laser peening (LP) technique. X-ray diffraction (XRD) and scanning election microscope (SEM) were used to
compare the phase structure, morphology and composition of the CoCrAlY coating before and after LP treatment. The microstructural analyses show
that the surface roughness of APS-CoCrAlY coating decreases, and the microstructure becomes more compact after LP treatment. The surface Al
content of CoCrAlY coating deposited with Al film after LP impact increases significantly, and the content of f-CoAl phase increases. The grain size
is refined concurrently. The results of high-temperature oxidation experiments at 1050 °C show that the oxide film formed on the surface of LP
treated coating becomes smoother and denser than the original one, and the oxide film is significantly thinner. In addition, the aluminized CoCrAlY
coating after LP treatment achieves optimal performance of high-temperature oxidation resistance.
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