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ADVANCE & X S} Ze AT 5 A (XRD) X 1A (8 P AH 4 B
BEAT 53 Hr

2 SRS
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la) , KM EB-PVD BIRFIHIN NiCrAlY High 2 )% 5
2104 30 um, &5 JE N R RIS, FLI ARG . I H,
N5 5:4A 5 NiCrAlY Kigh 2 5t 2. 5, KB
PRV IX . FREE SRR R B ST (L 1)
NIiCrAlY A4 2t AR SR HERR L 1, ikt RS 934
7 1~20 pm, &R0 dfoRE 2 ) AE A 25 IR FLB
K H EDS XA 555 B 1a 1 NS Fefk(Area 1)F1
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1 N5/NiCrAlY BURE il 4 25 O A 2 3
Fig.1 SEM images of as-prepared NS5/NiCrAlY sample:

(a) cross-section morphology and (b) surface morphology

1 la FIEXBEIG D4R
Table 1 EDS analysis of area 1, 2 as shown in Fig.1a (o/%)

Area Al Cr Co Ni Mo Ta w
1 46 6.6 8.5 64 1.3 4.7 5.4
2 10 28 61

Kl 2 7 NiCrAlY i)=& M XRD 7-#r4iR.
B AT, R EB-PVD AR 416 NiCrAlY fh4h 2
BL p-Ni/y'-NizAl J F£(20=43.9°, 51.2°, 75.2°), H&H
/bR B-NiAL

g L, SR EB-PVD HARHI 4 (1 NS/NiCrAlY
IRFEH NS FEK S NiCrAlY A4 2 S JEiE . 45
FpaE, AHILHEY BNV IX, Jf B NiCrAlY 45 )=
(A2 5 S5 RE AL Ay — 3, AHES R L 9-Ni/y'-Niz Al
A E .
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J5 (K 3a), N5 HeAk 5 NiCrAlY #5452 1 Ak, H 3L
R IERFUE, JEEREREL R 6 pm 1) ELA U N
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(secondary reaction zone, SRZ ), 7 KX N X HAFLE
Bl O MR 18 ¥ 4 2 HE AH (topologically close-packed,
TCP).
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Fig.2 XRD pattern of as-prepared N5/NiCrAlY sample
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XIPRIEEE: N5 FEAR L NiCrAlY #5452 SO oc & By BT T + 199 ¢

K 3¢ A FEEIR ML 100 h G AR IES, WA
R, BRI NS SRS NiCrALY R4 )2 5 B 11
AU N X AT I AR R RS E (R AR TE 6 um /2
A1), AR TURORNEDK ) JEFE W 4R SRS N % 27 pum Fe A,
H RO DX RO BB OO IR TCP A H AR, i1
TR NX 5 BRI 2 ] BT R
R TCP HEM. S5% 4L 50 hiRFEMEL, 4930k TCP
A HARGR AT LK T I 5 45980 135°07 ARk, R
SfaE— AN

P 3d AR AR E A AL 150 h o AR B S,
ATA, R NS FER S NICrAlY Khgh 2 S i Iy i
RV LR AR (BNE 7 pm A, SRR
DX ) JE MR AL, NS 38.9 pm i A, SHE
4k 100 h JE Rk FEAR L, 400f 150 h fEIR A LG, —k
BN HERISIR TCP A AR A KA A AR, R8s
LKA J5 T 5 45981 135 AN J5 I 2B, BRIk TCP
BEANE N RN X 5 HY HR N X 2 [, H
RAF K . 4, NiCrAlY Hh4h 2 b s K
DX A5l 1 e [ 4k 2 gk /D>, 32 BEAE T 75 NS He 4K 5 NiCrAlY
R4 J2 S I SR 45 E T

K 3e AR FEIEIR AL 200 h G AR TES, A
LA, BRI NS SRS NICrALY 46 2 i i it 5y
BRSO X JEE 29 0 8 um, UK RN X R FEZ N 50 pm,
TR N X AR TCP A E A AUEURCIR K TCP
(9 RUST AR R RELOK, &1 9RAR TCP A FEAH A B ) AR A2 (L5

AKAPJ7 1] 5 459801 135°), BUKDIR ) TCP A3 35 AH U 3= 22
L IR N X S B R X 2 0. Fi4k, 55
16 150 h BFEAHEL, R 45 2 Hh IR A 65 DX A8 1 Y T A
DN, 5 ONS AR R A LR BT R

K 3t il FEE R AL 28 300 h S IARTIESL, M
HR[ AT, BRI NS SR NiCrALY 45 )2 5 b i) B
PO X JEEL 9 pm, IR RN X JREZ) 52 pm,
TN IX H TCP A FHM R PP K.
NiCrALY Al 25 Jz A iR A 6 DX 35 ) 58 45 2k

g Enl %, NS/NIiCrAlY iFEZE 1000 CE AL
AR, 25 h 5 B s H B E SO, IRORT R R X
FHH YR N 25 AT SR FIRRCR () TCP A
FAH, HAPRURCIR TCP A 3 AH EZ A A IR VX
HHY RN X Z ), IR TCP 32 2 H L7 58 3
WRBRT ) Ik RN . B A R, T
FCSORY: DX P JEE B RE AR DR FEANAR 0B DX J5 8 )
FERT 200 h EE N, 200 h JEFEAREE , [, E4
it TCP A HAH M RS AWK, HAA SRR
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J7 1) 5L 450901 135° CHIEAREL R — 80 .
2.3 BRELXEREREHDT

ZE 45 SCERRE! O, BEEL 1000 °C, 200 h fE R4
b5 B FE A BE T %, 6 HLHEAT EDS XS4 40 Bt

(Kl 3e 7' Area 3 Fil Area 4 X3 LLK X & A75H 4

Br(B 4), WFFCE Y BRI DR = U0 s WL X [ 40 AH 4
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B3 1000 CA I [ 4E A A G NS/NICrATY BURE i fow E 31
Fig.3 Cross-sectional SEM images of N5/NiCrAlY sample after 1000 ‘C oxidation for different time: (a) 25 h, (b) 50 h, (¢) 100 h,

(d) 150 h, (e) 200 h, and (f) 300 h
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¥ o tH EDS Z3 #r 5 R AW 2), N5 Je A 55 NiCrAlY
Rl 2 FHIAL I RN X Niv Cr. Al Cos
Mo. Ta. W Fl Re 41/, B4 #U MW IX 32 H Ni. Cr.
Al F1 Co A%, I H @ oF 5 mr En =k s W X -6
EIE 0% A112.92 %, Cr8.56%, Co 8.95%, Ni
54.07%, Mo 2.59%, Ta 1.46%, W 4.35%, Hiltnl %0
Ni JGHEM Al TENE AR 1:4, 4546 Ni-Al A
B0 K Walston 25 A A 22041, Al 7t i 0%
FIX PRI ZR L y-Nis AL AR &, B R AT y—y'
PIAHAS o[RBT, B HUR N P Ni g E M Al g
FIR AN 1:1.4, 454 Ni-Al AHE" R SRR
WU A, AR Ni DGR AL G 12 DL -NiAl
FAAAE, RIS T DU I, AE P HUR N X i Cr
JCE M Rk 59.1%, Ui Y HUR M IX Ak mT g
FPAE a-Cr Ao BRILZ AN, B RO N X 5 s R I
(L 21 Area 3)5 NS AT & cHE o E (K1 h
Area 1) XFEG, 30 A I IR s NI H Ml s 4 Ja 1) 5 = 4
ERNOUIE W T Re 70, XU RN
DX AT ) TCP A7 55 A R RS 7 DAHMENS <6 8 A .

i XRD 70 ) (LB 4) wrgn, ke fEad
1000 C, 200 h H A5 » NiCrAlY K45 2 (K40 25 8
FHE p-Ni/y-Ni;Al A (53 SR 26=43.9°, 51.2°,
37.7°, 75.2°PLEMIATHIE) , B-NIAL AH (43 %) 3
20=30.9°, 44.3°, 81.6°AL B IMATHIE) , LA a-AlOs
A CorRE R 20=25.5°, 35.1°, 37.7°, 57.5°{ & HIfT
S o 5% XRD o HT 4R (B 2) Mk, mred
RIAELRE 1000 C, 200 h fHiR AL )G, B-NiAl IF
HEEE, WUIRE R KA T p-Niy-Ni;Al—
B-NiAl A, O RkAEN, [N a-ALO; MIAFLE
WAL 45 2 3 1 I B B AT OR R AR T, ReBHEY
O JLHEMIHEN .
2.4 BEAESHERAEERTBITASH

Kl 5 & N5 4K 5 NiCrAlY K545 )2 S i i EDS
A AT IR AR A A L B ey NS
e, B 7 AR (1, 2.7, A NiCrAlY #
gE2, B4 AR Ces £,og, h) o, PEALINK A
AR R 10 pme

%2 B3 HXiE3XE4EIEINER
Table 2 EDS analysis of area 3 and area 4 as shown in Fig.3

(/%)

Area Al Cr Co Ni Mo Ta w Re

3 48 62 74 44 34 3.7 11.2 18

4 85 59 57 26

ole
O y'-NisAl
¢ p-Al
4 V B-NiAl
L‘i o a-AlLO;
2z oe
g oe
E M J
) - v
— J ) | L
0 20 40 60 80 100
20/(°)

K4 1000 °C, 200 h fE#H 4G NS/NICrAlY W FE XRD K i
Fig.4 XRD pattern of N5/NiCrAlY sample after 1000 ‘C, 200 h

oxidation
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FEE 2 Al JGEM Cr JGE AW NS FeAk 7 3
B, CrocHEPAENE 6 ME 7 XE NN T |
YU N XA E), EE CrzZ; Nijt#. Co JLH.
Mo JG#. Ta JGHE. W JGE M Re JCZ WA Wi )
NiCrAlY K& 207y, H RN P (L E 1~
S8 5) P4 JE (Mo, Ta, W, Re)l& &< AW
e #UAKE, fEmiRREOIRES, Al JTEM Cr gt
REAW I N5 FEARTT 1085, TR BU N IX, T
N5 LA Ni AN R0k 45 207 10 5O B IR0
X, HMEM4)EMo, Ta, W, Re)fE IR [X AR
W BT H B TCP 5 A .

h T R IR SO R & R U T
A TR TG Z A [l i AL I (] ) EDS A5 4 4 45 1
Ml g, iR uEl 7~ 10 Frox.

10 pm

~ 2 A <
Z 2 =4

N

Tie f g h
Substrate

Coating

K5 LAk Lot 45 2 S i B A 23 0 B s
Fig.5 Schematic diagram of composition distribution test points

between substrate and bond coat
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Fig.6 Composition distribution curves between N5 substrate and NiCrAlY coat after oxidation at 1000 °C for different time: (a) prepared,

(b) 25 h, (c) 100 h, and (d) 300 h
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E
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Fig.7 Al element distribution curves of sample after oxidation

for different time
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JCE R AT B W E TP g%, HRAE IR RN IX
3R, 8 1~E 4 i Al HRESEE, [
L AT LU I NiCrAlY RGgs = AL B8 5k 5 3 T
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NiCrAlY Khi&i =R M7 m g i, Mim4ERr R ALO;
PR R R 1k

8 J& Cr JLHEMM ML, W LG,
A RS, Cr J0FE M NiCrAlY K4 )2 h AN ] NS
ST, By BOR AR s, A 25 h e e
B 7 BT (N5 JEAK S NiCrAlY Hh4h 2 A ) JE R
w Cr 2, BEMAENT, 105 6 AfE 7 1 Cr iz
TR, A% 60%LL L, MALE 1~ALE 5 H
Cr e HE TR BWA K, (AR N

9 /& Ni JCHE oA 4, M nlfn, B AL
I )R AT K, NI TG4 i) NiCrAlY K45 )2 07 13 B,
A Ni TR IASE T, kifi N5 A
Ni JCHE RS AW EAC, JUHAEALE 6 M E 7 T,
EHIL T BF T NI K, BN T FRE)E Cr
X, XU T ALR Cr B e 4 NS B4R i) Ni oo
FHX &N, AIMFE p-Ni/y-Ni;Al AN
B-NIALAH, FHAR 1) R A SO M 4 R AN AT i, Bk
BT T NI A &



©202 ¢ Wl @B RS TR 48 &

—a—0h

60 | —e—25h
NS —4—100h
S
kS —%—300 h
o
2 40 F Substrate Bond coat
g
=
o
Q
5
O 20

O 1 1 1 1

1 2 3 45 6 7 f g h

K8 ARSI Cr 7T E 170 Al i £k
Fig.8 Cr element distribution curves of sample after oxidation

for different time
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Fig.9 Ni element distribution curves of sample after oxidation for

different time
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MUMHESE: N5 B4R 5 NiCrAlY A4t 2 FHc 52 0.4 BUT Wit * 203 -

IATWFFCR I, U N X AE B R 45 2 1R
P A A R B A5 R 2 TR g RS, Rae 25 AT
WA, RN X T B 3 0K 5)) ) A2 A AR 5 B AN
HESARNTH, MIMREAE . A w2 2
BE RN X TG . Das 25 AR Y, R ORON X B
JSATL A PR AH AR [ (cellular transformation reaction),
ANK AT RS AL 45 2 P K AL [ 3EARY LS EE I o

i UL LA RSB TR 2 NE AR
1, HAHU N XA 5 5 NICTALY R4S
JEREAR - L 10D, UM X424 B 43 FTER
) CULE 10 AT 3) 5 NS5 A8, XU Iy
SN DX B B 32 5 NiCrAlY K45 240 61 N5 Jefk
MY HCE G, TRRMNIX B EE RS NS Skl
JC IR NiCrAlY G452 k. %8 2, By BN X
(1 5 82 AE FLTB B AR DR FEANAR 17 - 0RO X ) A=
KR BB, X B NS B 5 NiCrAlY K
&5 J2 T AT 7 SO B N R 9D

FRPE X P B, N5 JE4A 5 NiCrAlY Hh4h
JE S AR U AR SR AT R P, NICrALlY K
5T AL JCEM Cr o E PO P Budk N N5 Sk
H, SEONS AR Iy —p N, BB T YT
BRI, HHTH T a-Cr Ao [FIBF, NS &R 1) Ni.
Co. Mo. W %50 & 7 NiCrAlY #6452 )5 My i, H
TS 4 8 Y RS Ni e Rk 2 MEY, &
S B A (TCP A HAD) M, BT
TR, W 11b Brons BEE Y EEEHT, B
BN DX a-Cr AH 15 AT K, JREE 2 T 289 1K
PP Z MR, S8 Beim s>, Wl e o
MR T D B R, AL JGE M NS HEAR T )
M BOd RS, AREERFEEAA T py'—B N, NS
BRI y—y N, BRIy AT R, RS A 5
Ty AR 4 JE P AT, A TCP A3 F AH kL
JOPAWR, @i 11d Pros.

SRZ IDZ
v
/ a / Ni AT b
/ ,
{ N5 Ni- o\ NiCraly ( N5 A NiCrAlY
N, Substrate T T coating . substrate P§ coating
3 Cr 3y Cr
yd / 2N
/ Ni g d
{\ N5 NiCrAlY NiCrAlY
\ substrate coating coating
/
/
2 a-Cr
[NTCp

11 N5 34k NiCrAlY Ki4h 2 5 45 0 i 2 il FR s =

Fig.11

3 & 8

1) BT NS IS NiCrAlY K42 o Rk E R
AN, FEmi 4 N & ICR R A LY AT A, 413 NS
AR5 NICrALY 45 2 Ui Ab T2 i B AT 1S N XA =
X, HAE IR R VX LT TCP A FAH

2) Y BURMN XGRS ZE H NiCrAlY K4z
) AL AT Cr JGE ) NS FEAR 7 g itvoe, a4
B LL B-NiAL Al o-Cr AH0 5 RN X R B K
JUI A H NS A Ni G2 1) NiCrALY R 45 )2 07 1 4
ke, HARLRHLL y-Ni;Al 4 3.

3) JCHEM Y AT, — 7 AE T NiCrALY A
52T AL JTEM Cr JUHE, 5 J7 380 NS Hk
SREOR Y oo o s Y NTTR T N B2 e AN el i

Schematic diagram of structural evolution between N5 substrate and NiCrAlY coating

48 (W, Mo. Tas Re) 1, £ RN X HIE
% TCP 4340
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Interdiffusion Behavior of Interface Elements Between N5 Substrate
and NiCrAlY Bond Coatings

Liu Lintao !, Li Zhengxian 2 Chen Yunfei?, Peng Yifa 3
(1. Xi’an University of Architecture and Technology, Xi’an 710055, China)

(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

(3. Northeastern University, Shenyang 110819, China)

Abstract: The NiCrAlY bond coatings were deposited on Ni-based superalloy (N5) by EB-PVD technique, and the sample was oxidized at

constant temperature of 1000 °C for different time. Interdiffusion behavior of interface between substrate and bond coat, as well as the

formation mechanism of reaction zone was analyzed by SEM, EDS and XRD. The result shows that the elements of Al and Cr in the

NiCrAlY coating are diffused to the N5 substrate to form an interdiffusion reaction zone dominated by -NiAl phase and a-Cr phase; and

the Ni element in the N5 substrate is diffused to the NiCrAlY coatings, forming the secondary reaction zone composed of y’-NizAl and TCP

phase composed of refractory metal.
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