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PEEVI B, fE VIM L 3 A 4.5 kg BI855E .
IR E G EAEDE R, U 2 WERREE R B N T A
[ Ni-B & 4. 3 MG RIR I ¥k 5
min, FEEFIREHLAIN 1420 C. 2B E 3 Mk
JEHBZ) 30 mm (1947 B UG, B H HUERE A 5 5 AR
TR A (ICP-AES Wl i 1 B % 5431 4 0.011%
(it B &4, 0.032% (7' B &%) F10.048% (17 B
G4, HP K B A4 kRHE UT20LI &4,

FIH LR VIRILE 3 ANBEEEM 172 A2 407 3 DI 2
A @15 mmx6 mm KIRAE, Rl R T T B 652 5 K
ZEAG 2 B AT 1100 °C/45 h+1200 °C/55 h 13
S AEEE RS0 JERETR R R . R
A4 A BE N2 4 5] A0 AL B AR B R B BRI B
Jo HEAT HLAR ke, BRI 13 mL H3PO4+42 mL
HNO;+43 mL H,S0,, H LN 6 V, KFEN 6~10 s.
P4 AH W1 (OM) 1 JEOL 6340 3 K B4 v s
(SEMD WEGAFE AL ZUES . #3850 R i
(4 B2 FH 150 # WP ARFT BE -39 Ja, K R il s AR
FIH ICP-AES Ml & BUFE He A4 rh 1 B 5T 5 43 2003 ) 4 /s
F0.003% (& B &42), 0.004% (b B 442) A1 0.006%
(B BH4).
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5 mmxS mmx3 mm /N REE B IX N 1 BT
ARG, F T2 RO & 3L s B RO Ja e K &1
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T, Al 2 5 B R O KR a5 s g Bl 1100 CHHE
A SR AR S AP W EAT (RS0, REIANIE
SRR ERIAT RS J 2 e . AL S, 20,
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WP W R ERREE, SEIME A 2 AN AE 1P IME .

FIHT X HHEATEML (XRD) KA AL R AR 8 Ak
YA S5 R o B SR AR AR B 3R 5 v B O S5 b AT H
i I3 ok, F SEM. WU %% A A0 LA THT T 30 B A e 5 P 0
A 2L, FH Shimadzu EPMA-1610 %Y Hy 138 4H 0 #r
AR A TR A T S L B B AR T B T R A R SEM

F1 UN0Li BEEHUFERS
Table 1 Chemical compositions of U720Li alloy (/%)

Cr Co W Mo Al Ti Zr C B Ni

15.66 1499 1.24 3.09 2.42 5.06 0.031 0.01 0.011 Bal.
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Bl 1 KB e B A aA N
Fig.1 OM (a, c¢) and SEM (b, d) images of as-cast microstructures of the low B (a, b) and high B (c, d) alloys

K2 B M B & HE4N
Fig.2 OM (a, c¢) and SEM (b, d) images of as-homogenized microstructures of the low B (a, b) and high B (c, d) alloys
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Fig.3 Isothermal oxidation kinetics curves of the as-homogenized

low B and high B alloys at 1100 C in air

F2 HMEAUSEBIEBAEETE 1100 CRUMA
n. K C1&
Table 2 n, K and C values for oxidation of the as-homogenized
low B and high B alloys at 1100 C

Alloy Exposure time/h n K C
0~60 0.362 1.019 —-0.002
Low B
60~100 1 0.058 0.949
0~60 0.339 1.029 —-0.006
High B
60~100 1 0.048 1.171

MEHLHAE. WA, 2 MYSHESEENANERE
FRRL, H3EIN B & BECT &M,
2.3 FWFEYEI XRD 17

B EAAE B Ay B G448 1100 ‘CHAL 100 h
Jei s G SRR 2 RN R ) S AT T XRD 4
Bro 3 3 7 T IR S AR FE AL =9, K AT

Region A Region B Region C

U SR JE PSR B A ICHE Y . PTLUEH, 2 Fh B it
TR AL P A R AT ) . V% ) 22N
ZRAmANEY . (Ni/Co)O Fl TiO,. bk B ERAER
I (B AL £ 5l Cry05. TiO, RO G D&
(Ni,C0)O Hl a-Al,O5. fHAF 4202, 7& 2 ME il
AR E] B ALY, XA REE 1 T AR
FEP B & s id (k.
2.4 FUEREHREMITEAKREAR
K 4 R TS B flm B 544 1100 C
S04 100 h Jim AP B (0 A T 2 300 B L P BE AR 2 21
RO 2 Pl G IR T G B T 3R AL (Rl ik 25
um), I HAMBI KA T % . (& B & &F N
HEA v E, X O REAEDNE, Ak
L9 JRE FE AN 850 o T v BB 4 AR A B D 380 9 R
i, AU RE Dopt e RN s, B R
AN Z . BEAh, FERE B 2 Fh & & AL I3
[H129 250 pm DL P R HE AR 35 T8 1 T BH S (R FL TR, T v
B & 4 LI AR i RN (I8 S5). 2 B 4
(SR Z i P AT b 2> S 3 NI, 4 il ksl
HXIER AL X3 B X C. B 6 s 7ML B il B

#3 HWELTHEBMEBEEE 1100 CHK 100 h FENL
R XRD S #T45R
Table 3 Oxides identified by X-ray diffraction of as-homogenized
low B and high B alloys after oxidation at 1100 C
for 100 h

Alloy Spalling oxides Surface oxides

Complex spinel
Low B ((Ni/C0)Cr;04, NiTiO3),
(Ni/Co)O, TiO,
Complex spinel
High B ((Ni/Co)Cr,04, NiTiO3),
(Ni/Co)O, TiO»

Cr,03, TiO,, complex spinel
((Ni/C0)Cr;04, NiTiO3),
(Ni/Co)O, a-Al,0Os
Cr,03, TiO,, complex spinel
((Ni/C0)Cr;04, NiTiO3),
(Ni/C0)O, a-Al,O3

Region A Region B Region C

Pore Oxide layer

4y
(g

50 {m

= LN

B4 5K B Ml B 544 1100 CHUL 100 h i )48 1 B 5
Fig.4 SEM images of cross-sectional of the as-homogenized low B (a) and high B (b) alloys after oxidation at 1100 “C for 100 h
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Fig.5 Volume fractions of the pores near the oxide films

for low and high B alloy

+ A Low B alloy
70 | == High B alloy

Kle 2F&aXEB XL C 1R
Fig.6 Thicknesses of region B and region C for low and high B alloy
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SO Ky [ AR e A2 AR KRGk gy (]
7a F1 7b). M4 SCRR[33], X LEHRLK Nk 1100 CE
TR I R P ARSI — Ky TN A
SR 45 U S A R P TH  R ys X3 B
HRARK—I y, FARAE KB NGRS y Rk,
I H B FEX XLy SR B (K
7 A1 7d). A Furrer &5 FIMF ST 45 B, iX 8640/ 5
NEAEA FHEFE T s RS TSN X 35
C A AT AR, TAES &% T (160000x) A LLE
HHAZ DX PR BT T B X8k B o i /Ny (]
Te F1 70 ] WAE 1100 CHE# AT T & &R )=
— Ry RAET E R IE HLIX IR B+C BICh p o R IX .
AR, W B & RN Ty o i X R
2.5 SUEREMHEMTES S

FIFH EPMA M0 756K B Flm B &4
2 1100 CHAL 100 h 5 %8 AL IR BT 1 oo 3870 A, &5 21
WK 8 fin. fEHHUS (BSE) FrliEmith A H, 2
filr B &R WA 54 3 F. FIH EDX 407
T B AESEESY, SRR 4R, 4G
XRD. EPMA H EDX 7 #r4i R nl Hllrh, fedh)=+
3R A (Ni/Co)O. TiO, M% Ni. Co. Cr. Ti KI5

K7 2 Bk krh 3 AR AL
Fig.7 Microstructures of region A (a, b), region B (c, d) and region C (e, f) for low B alloy (a, c, ¢) and high B alloy (b, d, f)
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Low B alloy
Outer layer
Intermediate layer\

Til

High B alloy g°b"
Outer layer

Intermediate layer

8 BALAIL B ME B -&4AE 1100 CHAL 100 h J5 S AL BT 18 7T 2% 29 A

Fig.8 Element distribution maps of the scale formed on the as-homogenized low B (a) and high B (b) alloys after oxidation

at 1100 ‘C for 100 h

F4 HELSEBAEE100 CREL 100 FEELE
B 5
Table 4 Composition of the oxide layers in the as-homogenized
high B alloy after oxidation at 1100 C for 100 h
(EDX results, at%)

Oxide layers O Al Ti Cr Ni Co Mo

Outer 59.12 328 9.33 1251 833 7.28 0.14

Intermediate  61.20 3.80 1.92 33.08 - - -

Inner (root-like
. 58.76 41.24 - - - - -
particles)

TR AT B YIR  AE R O T A T 33U ) Cr,0;
a2, I HiZZiE & /08 Tio, Ml ALOs. 7 Cr,05

JR T HEAR S AL DL R AR A T BT B ARR ALO; Al
DB TiO, FIURE A4 B AN S8 A 4840 2 « Jiang 2517 45
e F A4 Inconel 740H At AL T RAUE AL JZ 45
Mo HAEEZENE, KB ASMAE e, 3
Cr,05 T JEFFAESE, HELEXCI) CrO5 HBHA
TiO, iR T B & 4 B I nsiess, Az
SERI TN, CryOs )2 W] W BT ) HIE S P4

B 8 ik v LAE T A th, 2 B 4 S A I Bt
AR P T R AT RUEAR L. AL KA T ™ Bk,
T ()9 55 M4 P 3318 1) 22 T AN W Bae AL I 7 S8 T P il
BT, LRI Cr R AR R A4 8 BH 42 B¢
K. %4, & BAEH Ti TR A6 K .
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3.1 UT20Li &&MEkiLiE

M A8 2 A Ak S 19 30 RF AE . Ni-Cr-Al Al
Co-Cr-Al “JLREEEA 3 MR KA HLET:
BUED T IR AE R A 2 (Ni/Co)O+ W |2 Cr05 AT ALO;;
PUHI T ARAAE AP ZE CrOs+ N 2 ALOs: HLHITITINRF
IE & PRS2 1 ALOs A1 .

% Fh A 0 2 S I AR R il A S I A AT
L Ni-Cr-Al =0 REGE&ERMNZ . 16 1100 CHILHA
B, B &R SIRIRIE R NiOy Cr05 il TiO, 55
fa AR B39, 3 HL NGO (0 2E 3 L LA S Ak
FARCA BAR, FAYIIA R R R AR, JF BiZ
B sl %% NiO AR Kl A, Xk
1 167 F A A ) 2 TR 2% 8 0 — &R A AR RO AR K
(Ni/Co)Cr,0,4 1 NiTiO; 25 2 2R A A0, bl
FAM M ER, 25 21 NiO KA VYA R
mAAH . MIBEROESMR A EZ G, AR AR
THT Ak PR 4030 J3E T R AR, 8 A 3 38 P S e 1 2R PO
&4 Cr & RN G, AlLF T 5 &R,
FEAR AT A2 T 7 40 G B U (1) Cr05 J22Y,
MAE G S AR K T 1 ALO; 1 TiO, 41 ik il AN 3% 4t
WEALE (K 8. T4, i FEMESLLE T T Y
HOEBE L Cr b, Ti A (Tioy) &43d Cr,0;
JEHER BRI AL 2, BN AL )E T Tio, B b I
i ANEAL 2 AR T AN AA RS AR, I B AL B
TR TS Cr0s JEh My iz, JFH
PRI CraOs JZ2 I TE e 2R 25 BRI & 4 I S AL R
XA gL UT20L1 & 445 0~60 h (1580 4k 33 R 32 1 411K
(B 3) BFEZEEK . R, £ 1000 CLLEsEE T
Cry0; ik DS s R P Ccro,!' 2, fir LLAE
Cry05 2 A K [) I 2t 25 AN Wk 3 o o ) )
K, EALEHOEFEAA I Cr B # i ie (K 8), ff Cr
&R MY BEFEIK, $3 Cno; EMAEKSAR
FIPg A A . AR, MR R K e R,
Cr, 03 J2 IR R K T AE K, A & M Rl R
ANFFBEAG . XA AESE UT20L1 &4 7E 60~100 h HI%AL
BRI HE A (B 3) MEERK . XRR
AT Tyt W, U720Li X 2 g AL+Ti 47 AR 1 s ik
BB R, B R R, AR
WriR A o

76 B AR B B e AL Tis Cr &0 &4 it
A P 8 1) T PRI AS T 4 8, Aol e o 5 A g
Wiz, It HBEE DA BE AN R, B0 AR IR
AR AL A 3R B KK Bl T BB B FLIRNO 4 S Ak, —

HOALM yrgit &5, p MRS E PR ™ R AL, 3
Byl y AR, UT720L1 A44 1100 CHL
100 h 5, 7550 M BT () BEAA oh R ke 1 W1 S 1 LV
Y fRX (4.

3.2 E&EMTH BHIRFER BXMRLITHNEN

W B R RS AR bR UE A K A B BE b AG=
~1231757+213.6T (J/mol)*, It4h, B 1E fec fbts i B
HRm R sh e, JERIEYB I A ST Y
B R K Dp=2X 107 exp(—0.91/kT), Fr k P IR2%%
BOEH, T O E o AHEHEN AR S BRI IKE) T, B
25 AR EE sl A G A b ) R IR Y L. X R AEYY
S AL E I FR B AR R SR BOR A G Sk
) B R A E SRR B AT AR . (A R A,
SR B AR 594k b A, BEIEAL A S Hin T
P I PR AR IL AL 5 1218, FE ] U720L1 IX 2K 5
AT BEERA SN B T RN, LHHELLSL
b FE 5 H LA B R FERE S .

R S 56 25 S mT UKW, 360 B & 0 & &4t
ST S T REJR RS, S B B9 T AR Cr,0;
JE R IESE . AT, B A M ik
GBS, RS, W IR
B4, feir, Kontis 25085 i I8 F48 % (APT)
MELE] B I A B il & 45 STAL15-CC i) )2
FALM S AL . FIRE, B AR T 5 AL e 2
Cr,05 W FEAL, WL O MY #CRI Cr AN, 1
M BAAS Cry05 3k — D5 4k A K1) CrOs. B 15 i
M, IR R BCR B R RSB, 8
B 5 b SRAY CryO5 J2 KL R85 I J5E AT R A )
Bk, CrO 2RI I G L ARBRAT O AlL Tiv Cr
EPIvs S iBURE YA s i ii] R A T B A R
CAJC p" sy MR BT B o 4 SR 25 5 0 FLIT Ak i A= 1404),
FLA 980 A R o A 4 ¥ A4k A 3 T 1 T R 9B
PEo 3ok, p/ a0 XS RE el A) B 23 0 X SR 4 1
T YBYE P I R

4 % it

1) £ 1100 °C/45 h+1200 °C/55 h KI5 fLabFE
Jii, UT20Li & &3 AR B & 8 40 AR 2 R 4 5 5 h
) 1/8, FWIFE 1100 C UL PR FE I B 2 )4
A R R, AR T B M EALFE.

2) K B flliE B & 44 1100 C 44k 3h )y 27 2k
HIH (0~60 h) 4N T7 R, JE I (60~100 h)
oL YIS R3S LN

3) H9n B &K T & E A E R, o TR
A JBE A 3 K A e LI PR AR 90 B B 4 R X1 JR
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Effect of B on High Temperature Oxidation Behavior of
a Nickel-base Superalloy with High Al and Ti Contents

Zhao Guangdi', Zang Ximin', Li Wanming', Xue Chaochao®
(1. University of Science and Technology Liaoning, Anshan 114051, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Three U720Li ingots with different B contents were produced by vacuum induction melting and afterwards they were fully
homogenized. The effect of B on the isothermal oxidation behavior of as-homogenized U720Li alloy at 1100 °C was investigated by a
discontinuous increasing weight method. After the homogenization treatment, extremely serious B depletion from the alloy matrix is found
by ICP-AES, indicating that B could diffuse rapidly towards the oxide scale during high temperature air exposure (above 1100 °C). The B
addition decreases the oxidation rate and reduces the volume fraction of pores and the thickness of y’ depleted layer. The scales formed on
both low B and high B alloys consist of three layers: the loose outer layer is composed of (Ni/Co)O, TiO, and complex spinel, the compact
intermediate layer is mainly Cr,Oj; and discrete internal oxides are Al,O3+TiO,. It is demonstrated that B improves the oxidation resistance
mainly by promoting the formation of a more continuous and protective Cr,O; intermediate layer.

Key words: nickel-base superalloy; oxidation; boron

Corresponding author: Zhao Guangdi, Ph. D., Lecturer, School of Material and Metallurgy, University of Science and Technology
Liaoning, Anshan 114051, P. R. China, Tel: 0086-412-5929529, E-mail: gdzhaol2s@alum.imr.ac.cn



