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ABSTRACT The structures, morphology, microhardness and oxidation performance of thermal
barrier coatings (TBCs) prepared by denotation spraying on the alloy M38G were analyzed. The results
indicate that the TBCs are regular and dense, and possess excellent oxidation resistance because of
the formation of a continuous Al;Og3 layer at the ceramic/bond coats interface.
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B —&AE . £Fnigk. R ZEFEmAIRS: B
BRILEASERE (MCrAlY 64, M=Nj, Co, Ni+Co
%) MILRRRHIEER (¥R Zr02-Y203).

Hirh B ETEMNH &R ESE FHRMET
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HEMMRTUBRG S 5 XILNEREWERE, B
HTHEREE &M TRE LTEER 845, BiBER
&, TESURERNRE. IRMEKER TRV

* PEBERTEERERH KGCX2-212-02
HCRFA H B 0 2001-12-28, Wi A A 2002-04-05
fEEREM . R, %, 1973 4%, {5

Fr e R R R I R & L S M E By S R B
%R EEIRE. ,

PRYEROR fE H— R IR TR, FAE 1955 ERtgE
EBSB AR aEER V. HERmg
R SR BRSO TER T ENE, THEEER,
Ha, |PEHHMETL E 173, EdaFZsAR A mtt
BHE 20 tta 80 FR—ERATFER, ERXHZEM
B, IHBEBOR AR B RAE HET R BF R LE.

T RAEBHE M R KATE R (FTik 1200 m/s), %t
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1 ERAG*E

KR M38G &4 ENEM, Hik®is (RETE,
%) %: C0.13-0.20, Cr 15.3-16.3, Co 8.0-9.0, W 2.3-
2.9, Mo 1.4-2.0, Al 3.5-4.5, Ti 3.2-4.0, Nb 0.4-1.0, Ta
1.4-2.0, Zr 0.05-0.15, B 0.005-0.015, 4% Ni. HR
% 25 mm x 15 mm x 2 mm. SELEWERT, XHA R TT
BB, ik, W) (Al,Os, 26 H) &, KRN H
BORRIEWE IR I &, MEM BT NEBIR, TZSHE L
AT 5%EE TR TBCs #f7xtk, XA METCO 2
ARy TMP BISE THERE, FEMHITAIKTHES
Frtir, LZ22%m*E 2. TBCs fyisEEiEM Ni— 25Cr
- 5A1 - 0.5Y, JE&F 100 — 120 um; BEREHN ZrO; —
8Y,03, EETE 250 — 350 um JEEKN. WG A7
T 1000 A1 1100 CFHFBMBEHRA LR, FiE
FACR AREERESH TR LS FNE, FEAl
FETE 1000 C FRIB—EMEE, WA @ HFRE,
HEENAFERAPPREEL. BHAELHWENESE
TBCs WHEALZRIRME, s A 1100 THY
PR{RIB 1 h 5, BUHAE 10 min, R HBRAF PRE
1 h, MHIER. SR—EMHFRE, MAEHITHRE. &
HRFEEN 107° g KA M-II & 5 R0 B (0048
EROR B R BARER, | H 50—200 g, MEATE] 30 s,
BUKAEH 400 £5. FIHH 438~ D/max-RA #F#@ X
JERTEHUF JSM-6301F Blig & S e, SRR R
HALe g, LR,

® 1 BEERLEEY

Table 1 Parameters of detonation spraying Ni25Cr5A10.5Y
(bond coat) and ZrO2—8Y 203 (ceramic coat)

Parameter O2: Ho f D d v
shot/s mm  mm g/s
Bond  (1.06—1.2):1 4—6

Ceramic (1.02—1.1):1 4—6

25 100—140 0.3—0.6
25 80—120 0.3—0.9

Note: f—frequency, D—diameter of barrel, d—spraying

distance, v—powder flow rate

® 2 RAIFETHRLISN

Table 2 Parameters of air plasma spray process

Parameter I U Qar QH, Q d
A V  L/min L/min L/min mm
Bond 530—560 55—58 65 5.5 3
Ceramic 620 55 60 6.2 4

100—120
80—100

Note: ]—spraying curent, U—spray voltage, Qa,—Ar flow
rate, Qu,—H2 flow rate, Q—carrier gas flow rate,

d—spraying distance

2 ERER
2.1 RFRARERIEMARERE

W la FF7R, HRIEWOR R &0 MR EBUE, B4,
MERNALREE ARG, ERARFHE

B 1 TBCs wEBEEM
Fig.1 Cross section morphologies of TBCs by detonation

spraying (a) and plasma spraying (b), showing dense
detonation sprayed ceramic coats with a few of mi-
crocracks and lamellar plasma sprayed coats with

many pores and unmelted particles

B. B4MEFESTHMRIEFTES TBCs ik
RS, TS F R H %8 TBCs EHHNFEKER
SILMRE TR, 2R BHBERER (A 1b). EES
WEERKRY, BIERAE SR BMER Y 8.22 GPa, &
LEETHESHER (4.16 GPa) M, MRy 3H
BHIREEEEEFIAK, 451% 3.06 #1 3.02 GPa. #f
W, BFRATZEH, BEBRHZHEERS ST,
BEERTHEETFHREE EERSETHRSEEREY
.
2.2 mBREMAILR

221 XRD #X WA 2 FR, SHERHEEL
BERR T W R, RA RIS MR 5TE
HE. 7 1000 C FHE4kL 100 h | 1100 CF4Efk 200 h
&, BRETAMN TS, ARZ4ET 002, 113 47
FHEms& T .
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Fig.2 XRD patterns of ZrO2-8Y 203 ceramic coats by det-
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Fig.8 Isothermal oxidation kinetics of alloy M38G and
TBCs by detonation spraying at 1000 C

222 F2F4  mE 3R, 1000 CTF, %
A HT 20 h iR EE M EE, BIERR TBCs WE LD
FFML TR, M M38G SEREERE20L
8T TBCs pEfkieE. TBCs pEMEfLEE
7 1.06x10~2 mg/cm?-h, {KF M38G & &M A fLEX
(1.7x1072 mg/cm?-h). HE 4 A[LUESE, M38G &5&
B E S N IR TS MY LNE, MYLEREHR K,
H 2.89%1072 mg? /cm* h; J@HERER BH &8 TBCs &
LB E R S MY R, TRAFS VIR L.
AR RENELENER, WAL NENE
L REE BLAR .

WEE 1000 'C TH AL 100 h J5, BIEMIS TBCs B
wES (A 5 FR), £ TBCs WG ESMERRE
g, FERL T ESE, BENE LS (thermally grown oxide
layer, TGO), BE2Zy 1um, £ EDX 444k Al,O3 B
(& 6). HF AlLOs AR AFEFEE, HPBERK, EFHE
BEREIESE AlOs BHEFTHBEE TR AT,
B TBCs 8 LS.
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25 425
'5 2.0} M38G J2.0 §
~ j=21
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B 4 1000 CT M38G & & KiEtEwHR TBCs ME L) 7%
XERX

Fig.4 Oxidation kinetics plotted as AW?2—t and AW -t for
alloy M38G and detonation sprayed TBCs at 1000 C

B 5 1000 CTHIREA 100 h FHEERSE TBCs REEHK

Fig.5 Cross section morphology of detonation sprayed
TBCs after isothermal oxidation at 1000 C for 100 h,
showing continuous TGO at the bond/ceramic inter-

face

2.2.3 BFEA 1100 C FHRIIEFRELGE R AR,
Zat 200 KIEHR)E, MERRAELAHNERR, GHEE
ZHEFRFHWAEESGEE. 5 M38G EHME LD
T geET T (I8 7), M38G & &1ELT 40 KIE
WE, FEAEFHHTE, EEE; T TBCs &5 1EHW
Ui R EEHNER, EATENRIEEHY, S
RERFEREFE R, B8 TEeREk%. mE
8 frin, 200 KIE3FG, MEERNERAE LA™ EY AR
£, 51000 Ay, TGO WERELAMLTRK, A 1 um
£t, & EDX 4rthig CrO3 . NiO, ALOs WEE
e (WA 9).

3 itig
BT ZrO; MEEREAETFHSE, HERENIS


http://www.cqvip.com

10 #A

RFE - AREBER AR F R BAFTR 1085

30 (b) Al
201
7]
o
(&)
101
(o]
¢ Cr
r .
ANi Au Ni i
0 /\——L LA‘ A_Al i
0 5 10

Energy, keV

B 6 1000 C F%EHAIL 100 h 5y TGO REHRKE EDX
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Fig.8 Cross section morphology of TGO after isothermal
oxidation at 1000 C for 100 h (a) and the EDX re-
sult of TGO (b), showing that the main composition
of TGO is Al2O3 and the thickness 1 um
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Fig.7 Cyclic oxidation kinetics of alloy M38G and TBCs
by detonation spraying at 1100 C

BEIEEZERE MCrAlY #Z Rk, S Ed
WRERY HEME R AR [ REEE TS

B 8 1100 CT{EHF AL 200 KEHRLERE TBCs MRELR
Fig.B Cross section morphology of detonation sprayed
TBCs after cyclic oxidation at 1100 C for 200
times, showing a continuous TGO formation at the

bond/ceramic interface

CrK,
AlK,
OK, Zrl, Crk. NiK,
NiL, B NiKg
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
Energy, eV

B9 1100 CT{EHFAI 200 X5 TGO iy EDX &R
Fig.9 EDX spectrum of TGO after cyclic oxidation at
1100 C for 200 times

fir i ShE B EHEARE T S A MY HA SRR EERA
L. MLy . RAASSE TR &8 TBCs,
BERMSILRMRBE (5% —15%). HEABTHHAT R
BUETELMEE MREREESILE (BF 1%) i
EFEHTFHLR, HMRLUY), SFMERAHT
FHBEETMRAT S, Bt BERSKERERE LM
AHERTSEFRERHESE.

WBR 0l U, BEFSREL, AELFATH
Lp s BE (N EEUFTTFHEES). BT ALO;
#IHEELET CraO3 71 NiO (1000 CTF, AlO3 ¥
10714 Pa, Cry03 % 1078 Pa, NiO 3% 10~* Pa), %
EHERSHEERE S ES EREHT AlLOs 34
R, WTTHER TBCs MRt B FasT
% TBCs g R m a4 R, #5 B Wi Al Cr, Ni
BRI EL, FRARERESLEM ALOs B Bl Btk
MHESETHRNMERSHEERT LR AlO;
RPEMTEAEERE LR ALOY, iR
HAABEA U, e B gorEmerE 010 % (mix
B BRI LS AR A4 RS % 0.
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BIEBRE ENBEREZRTREEERSHSE
Fom by EAE, BoBmEMMEEE Cr03 . NiO
R EZ RIS, TWARKRY], 1000 CTHFHE LN
THELER ALOs RIFE. B 10 BREMGESEE T
BERE 1000 CT &AM AFHERHH, UEL, &
THREL AlO; BHMEIELER, BREBREREL
HERNTEETRRE, SUERNTERTHREEE
b & (2.89x10~2 mg/cm?- h) f#y 1/2.
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10 FEFRRSSHERREL TBCs 7 1000 CTHER
fesh 2 ahek

Fig.10 Oxidation kinetics of TBCs obtained by plasma and
detonation spraying at 1000 C

4 i

(1) BrEmER# &4 TBCs 3%, 35, MEEHN T’

PUTTAH, B AL B IR R P,

(2)1000 TH0 1100 CTHBEILE, WEEHIFHELS
AR AR, HIT S,

(3) BmRE IR D, ERIEME TBCs HMERS
W RRm e, BT ESEN ALOs RIFE, MELY
QREEREATRIBER. RET2XBITEAR, HiLshh
FR AT TR

(4) £ 1100 C FIBEHEL 200 K5, BEEREY
HAFEAR, BEBIRE %K TBCs AFRHFMISE
EEREE .
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