49 % 1
2020 4F 1H

wBEERMISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.49, No.1
January 2020

La,O3 B4 1% ZrB,-SiC iR/ C/IC E&# R
BRI IT AR
PEFREE L BRI 2, B

(1. PEdE T R%E, BEFE P 710072)
(2. fnas TR KL T A R FTAEA R, I9)1 pi#EB 610092 )

 E: KHSRRPIEE L 26 & T ZrBe-SiC Al La0s S ZrBo-SiC ik)/Z CIC E&M KL, XL T 2 FrirE il £ d
I (700~1100 “C). #iE (1200~1500 ‘C) ARG (2000 “CLA F) 3 AMEIFE Fl A P At fg . 45 %W 700~1100 C
TWHEP, BEHRENTE, LagOs st 2 R i bt b M e 52 TH i B2 4532 Wi 2 % . 1200~1500 CYEE Y, HIZHERIM
R KB HTE AT BE, LaOs Bt ZrBo-SiC £E 1200 C FEIRAM 250 h &, (iRFFHMEMINE: RESEMER
IF R U A R 1 AR R ol T b I PR P i 2 R T U La-Si-O 5 & B 8 2 FIAT 3LAH ZrSiOs M B IR A #2771
AN =R AR E . 7E 2000 C LA B S UK JARE IR ST T, LaoOs MR I AT ZrBo-SiC ¥k 2 ) I3 B e 1ok 22 1 2% )%
TR BIBEAR T 3T 50%, HETHE T RE La-Si-O A ZrO, B I8 J2 % 52 i Bk I (0 & 1

K PLEMRE; LaOs; ZrB,-SiC; AR IkbrA Lt fE
XEHS: 1002-185X(2020)01-0241-06

FEESHS: TB332 HERFRIRTE: A

CIC E&aMBLRA BRI BLE /AN TR5e A iR 16
FIE RO RAERE, [ e R 2T 4R R B A AR
S A i P T Y bR P S e Y S M
P Al B L FSE 1 T AN W I T2, R A BT A E A
T iR 7 M e I S R A A R 2 — B R
T2 AR S AL U 5 B 5 (R PR RE E TR AE A 4R
WER BRI 0 &% W MR R E BR 2
X1 A AR T B

FI BT 78 B0 B U 2 1 & O e 2R LA AL
JZ A it S A S5 T G SiOg 3 38 TR 7 15 ok [ 45 21
B N BE TS AR S R R A TR RE . (H H AT RE
HIRE KR REIIALE XN Sio, BIEK
2 A, WIET SiC fE Hh m il A g,
ANBEAE ORI, DA i o R R (10 T v A AR A I TR (Y
IEA, SO, B3 2 T8 J— LE BRI 35 10 6L 5 BE A% 10 i
M IR JZ A R R RE T, EELTEVRT 2 X CIC B
PR 58 R A AL B 3 AR AT R Sio, Fik R
5E VE RO 5 B T s i A 2 VR RE NI R I A
I e e R B R TR TR T S P AR A P R Y A B i
B EREIRE T, SiC-ZrB, FMH EEARE TRk
A& B2Os JU I B I BB A S AL R 7, s iR E SiC

W HER: 2019-01-22

AL S5 T U SiO, BEES 2, TN b v ik AR € A ZrSio,
FIATHLAEFH, T SO S SiO, B3 I (4% 4 3 B, A
M 2E K T B4Rk ) AR A5 B 1]

D. D. Jayaseelan 25" 7% T LaBg. LayOs Al Gd,05
(R IIXT ZrB,-SiC B A M B hi et B2 . 1600 °C
TR S R, B ZrO, 2. ML ES R R AHAN SiO,
AR A7 A5 A 15 % M M RE R B0 A S 1 s R b SR e i
At BT LocRIEM S E RN, AFEEE
KHRHT CcIC SEMEANRERZR . C. C
Wang™ LR F L 7E CIC & A4kl T i % SiC/La-Mo-
SiR)ZE, ZIRJEE 1500 C A 150 h 5, RERA
0.05%, #ZJfj 1500 Ceo=iRMEIEA 30 &k, KEFN
1.25%. BZEEEE, SRR La-Si-0-Al &
BIE DA S ER, RmbiEERe.

BT ZrBo-SiC iRk )= M - LaO5 4R AL, ARSI
KRB E T 2145 LaOs U1 ZrB,-SiC ik)zE, %
HREE A MEEFE (700-1100 CH . & i
(1200~1600 ‘C) ALEEE G (2000 ‘CLLE) 3 MK
JO P PTE RS, IR R MR P AHLEE

1 £

HEWB: HEXARRYES (51502245); rh s AR S %L 5% & (31020019TS0409)
TEE BN WhVEER, L&, 1984 4E4E, 14, BHEEWTR A, PEALT KA REIARE, BRVPE PH7¢ 710072, Hiih: 029-88492643, E-mail:

yaoxiyuan@nwpu.edu.cn



<242 - WA & RAMRS TR

49 %

2D CIC A MRk I8 ik #0bh FE Ak 2 SO DR
Hl4, HBEEN 1.75 glem®. o EiR A AL IRtk R
<} 10 mm><10 mm>10 mm, RFEIN T 58 U5, R 4R
FTBE B A CAYSD ¥ J23 il 4 1 R w9 B 75 B s 2000 °C
EAL IR BT R EE N D30 mmx<10 mm (1 B KR4k . A
FTEE J5 1) CIC He A ialRE B J6 22 To /K & Tt el 75 05 vk
SRIGHUN 80 CHUMEFI T2 H o

TR R B 1B % SIC WIRE, LA Si B
C ¥+ ALO; BrE N ERHE 1700~2000 C JR AL [ B AT
35 ZrB,-SiC (faiifk ZS) K La,O3 ekt ZrB,-SiC (]
FR ZSL) 4M&ZELL ZrB,y Siv AlLOs. C Kidi i La,0;
NIECRE 1800~2100 °C JF A7 2 N T 43 o

700~1500 “C %Ak It 15 26 K 28 AL R BEL AP THilR &2
RPN, AW RPHREAMITAENRE, A5
W RBE N A N, 5 B — B ) i B 2R AT AR
SR JE R RN AT AT T — B AL . DURE
AR AL I R R R R E S (AWD SRVl B 1k
PEREIITE S . B RERMIFE AR W (D Fiw:

AW ="M 1000 )

mO

Forb, mos my A IR IR A AT S 1

2000 “C %A BE I SR FH - £ b e il 1 4 dE
17, S OBRM SIS 2 R O, Fl CoHy A SR A ke
TR N EBTRE b K, P R KE, JE TR O
BHEH A AT R, @R Oy Al CoHy SR I
2 sk T 4% A I ) R (LR RS R 8 0.4
MPa, i A 0.244 Lis; ZHRMIE 124 0.095 MPa, i
o4 0.167 L/s). fBhT Factsage 5% &k kG4
FSCACHH N PR JBE IR 93 80, S8R K 2 A 2 A R 4
JLEE IR 73 #h 54.85%. Ake il s AR R Dy 2400
KW/m?, R 0 30 S8 A0 P B 3 it L 7 b U 110 52 e e
T 5 2 bl AR T B . TRE R IR (Ry) FILL ket
# (R Wit EAX 0 (2, (3):

R = mo—my/t (2

Ry = do—dy/t (3)
b, mo, my AR M AT ST R: do, dy
a3 AR IR e P AT 5 R B2 s t AR e Tl ]

K Tescan #3547 22 4= 4 fo 7 A e WL 5% 4 2 464k
AT 5 R 2 TR T OW TR 3 . W ANRJE 2 TR B RER 2
HRARR R AEE. RH X Pert PRO A X
SAF 2T 43 A DO R A AT S AR R . DI SR
f£4: Cu ¥l Ko 514k, TAEHLE N 40 kV, TAEH
940 mA, HREIEEN 159s.

2 HR5E

2.1 &2 700~1100 ‘CiiE L MAE

M 700 °C ] 1100 °C, 2 Fhi 2R 1) 2% 5 2 1%
B (B 1 o), RUIBEERE R T, AR HTE
TP BB AR I T b iy o TEZ AR EBLA, La,05 Pk
WERFEESL) Mt At R T zS ke, W
La,O3 [ XY ZrB,-SiC ¥ 2 7E 700~1100 CRIEI T
AL T RESS A BRI BEE B TR, RESAH
TLAMTE L Si0,. B,Os & ZrSiO, 454k, A fb i fE
FRUEH T T, BT LaOs i ik 2 R AF IR K8 I vL
R ZEUE M, HrE P BRTE I XA /Mg BE5E T o
2.2 % 1200~1600 CHUITE LIt RE

Xf kb 2 ZHabEELE 1200 C T B IR AL Ok B h 4%
WK 2 fros o ZS W FELE S AL B AT 50 h, XA R
TR PR HG L, T A S P R R R R, R E AR
BN AL 60 h 5, KRER D EIA 1.4%. ZSL
R B E A FE RS AT, i E R RS
#H, £33 250 h AN E1E 9 0.28%. T L La,Os et Pk
R E L DU L T B8 R 3 T R ek v R R

15

0.0+

-15¢+

ZS
3.0+

Mass Change/%

451

6.0+

-7.5

700 800 900 1000 1100
Temperature/'C

Bl 1 ZSHI ZSL iJZiRFEAE 700~1100 CHHILAI 3 h JEHI%
Hilhzk
Fig.1 Oxidation curves of the ZS and ZSL coated specimens at

temperature between 700 and 1100 C for 3 h

Mass Change/%

A

_15 L
0 50 100 150 200 250
Oxidation Time/h

Kl 2 IREIRFEE 1200 CHAZ A ISR A £
Fig.2 Isothermal oxidation curves of coated specimens

inairat 1200 C



51

BRVEIESE: La0s itk ZrBo-SiC IR 2 CIC H &M Rl ARt A AT AT 7 243 -

ZS WA R AE R 1 — )2 SiO, B H )= (
3a, 3b), SiC Fiki - EEikE ZrSiO, BORBRL, IR)=
oy ARG SRR S BT AL, AR
SPRIRBEIROR, HEHA — ARG AN R
. ZSLFESAALfE (& 3¢, 3d), REW —ZEW
W EES, ZWEE T mEKGERY B, IF
HRE o e A Z T )5, %P JE N La-Si-0
HEWHZ, KRN La,05 MMM . 2
R T S 5/ A T I (AN N D < 1
FLIA B B 38 )2 Bt @ A o AR R 4> K AL S8R 2 TF i
AR, AR FLIIR 32 25 4k Ak 3% BH B 1 2 % FLadk AT T — 8
FEREERIE T

W2 1500 CHAMIMR BN, RettEiAFE4 T 550 h
(AL G, REFN 1.89%. ZrB,-SiC i#:Z HIFE 1500 C
{10 fe L P A LB AR S A I R R AR L SO,
BB K e iR A E AR ZrSiO, BURE (1 4T AL AN O i e vk
JaiRZ45d 550 h %4k, REFN 0.6%, X FEE
K 9 8L G R TR R ZrSi0, 4T3l La-Si-O &2 &3k
B, BET, A REERAAT N A KL (1 R
KL AR T ARG &R b, Rid 2% &
A R IR E AT 9, 9 T IR AN B4 BT LayOs
ot i ZWBEAE 1500 C R EALAT A, T TR 3

FEAN [F S A (8] R B TE 34T SEM RAE, 45 Rl 4
Fios .

MER IR 2 AR AT RO TE S (E 42), WRERE
[T AN, [ B R B SO LR B AR . MR
7 1500 °C %4 50 h J&, iR 23R 1 O & 4 B AH ,
TN AR R KA AL . Bl 5 A A R, 3
BB AR, TR BRI & R LR A,
I H IR ME SRR (&
4b~4f), FWIE N La-Si-0 EAWEE, T %8
AWHEE SR T REAEWRKKAYT #oE%, nTHY
BRI AT 8z iE . HEANE IS KRB R ok
P 1) 4% J2 M B 2 T B 4 08 B T R b 1O, R
LayOg FI ¥ I 7E PRI A & 1) 45 2L SUH A B, JLT/ B 1)
AR B0 BRI sk fa D, s e YR e,
M A R T 52 a3 T . IR 7E K TE] 4R
AT, ZBEE KRB RFR R R e . A
AR AT S B R R T A T e R A (E
bef), XEERH TAEAMKBKELE S, 2
MAEEZ ] 1500 C o= RmMMEH/A LR, REH
SRS, (KRR G SE AT R, T AR
WAL YA A, R e BOR R 2% R
EBRE P AL M RE P AR R .

_—_—
Element wl% at%

(0] 38.60 .99

Si 8 9.61

92 /4
4 ,’

JERI=—52 g 17.40

3 ZS M ZSL EIXKEAE 1200 Cigdx &G LT SEM I 7
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Fig.4 Surface SEM images of the ZSL coated specimens after oxidation at 1500 °C for different time in air: (a) 0 h, (b) 50 h, (c) 100 h,
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Table 1 Mass and liner ablation rates of coated specimens

after ablation for 60 s

Specimen ZS ZSL
Mass ablation rate/mg s™ 0.27 0.13
Liner ablation rate/pm-s™ 4.48 2.45
A A @SiC a pSIC b.SiO, c.LaO,
D. m-ZrO, d. t-ZrO,
= A
(]
E, A
2
=]
= b c a a
A a
i1\ A j e L Bb o
D
@Aﬁ Dy 7S
20 40 60 80 100
201()

5 ZS M ZSL ik JZ skt /A 1 XRD 3
Fig.5 XRD patterns of the ZS and ZSL coated specimens after

ablation for 60 s
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Fig.6 Surface morphologies of coated specimens after ablation for 60 s under oxyacetylene ablation: (a, b) center and transition area of

ZS coated specimen; (c, d) center and transition and edge area of ZSL coated specimen
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Antioxidant Behavior of La,O; Modified ZrB,-SiC Coating for C/C Composites at Full
Temperature

Yao Xiyuan®, Chen Miaomiao?, Feng Guanghui?,
(1. Northwestern Polytechnical University, Xi’an 710072, China)
(2. AVIC Chengdu Aircraft Industrial Co. Ltd, Chengdu 610092, China)

Abstract: ZrB,-SiC and La,O3; modified ZrB,-SiC coated C/C composites were prepared by high temperature reactive infiltration process.
The oxidation resistance of the two coated samples in three temperature ranges, i.e. medium temperature (700~1100 <€), high temperature
(1200~1500 <€) and super high temperature (over 2000 <€), was compared. The results show that the oxidation resistance of La,0O3;
modified coatings increases gradually with the increase in temperature between 700~1100 <. The coating exhibits good long-term
oxidation resistance in the range of 1200~1500 <. Slight mass gain occurs in the ZrB,-SiC modified by La,O3 after 250 h oxidation at
1200 <€ The excellent oxidation resistance at high temperature is mainly due to the combined effect of La-Si-O composite glass layer and
pinning phase ZrSiO4 formed on the surface of the coating during oxidation, which improves the high temperature stability of the oxide
film. The mass and linear ablation rates of ZrB,-SiC coatings are reduced by nearly 50% with the addition of La,O3 under oxyacetylene
flame ablation environment above 2000 <€, this is mainly attributed to the healing effect of La-Si-O and ZrO; glass layers on ablation
defects.

Key words: anti-oxidation coating; La,Os; ZrB,-SiC; full temperature oxidation resistance
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