%48 4 %531
2019 4 3 H

mAERMBIS IR
RARE METAL MATERIALS AND ENGINEERING March 2019

Vol.48, No.3

M ERESENSREALTA

5 w2 EALL B v, 2R, gzl
(1. PEEBZE BV, L5 P 110016)
2. PEFHEFEBRF, dEE 100049)

W . FHAESHE. XRD Al SEM (EDS) Xf @S T 700 °C I 5 & B HLZE A K317 fl K325 %51 & 415 900
1000 CRAHEEFEMAT A SR EH, K317 MAMYERRZE T K325, 15 900 CEALIT, 2 TG 4 14 1h 1Y =
TR LI, e 1000 CHALET, SbHg E 1y BOligi Mg, K317 M%)y 3 2, 4ME& Nio. Tio, il
NiCr,04, F 0] ZREEH K Cr05, WERWET Y ALO;. 1 K325 LIRSS 2 )2, 4ME S NiO, NiCr04 Al NbyOs,
W2 BUR 1) CraO5 RN ¥ NboOs FURL, ¥ WAILG K E . 7E 1000 CAULET, K325 i Mo /™ 4 %16 8 i
KM MoOs; [l AR AR T R RITE IS, Sl PO 1 B P A 0 2 22

KW EEIRA S PLEMIOE; B i AL
YEHS: 1002-185X(2019)03-0960-07

PEESES: TG146.175 XEkFRIRAD: A

bt 5 i U5 R PR 1) R H T, Rk ) R
R, FHID V5 G HE RSO AR TS
LG H R, T B A S B R R 700 C R I Sk
AL AR P T R 32 AR R I v R A SR R
A, AR 22 Ay A0 T R B AR JR hose oy B
RS S. RECEIFRE T k@i 7tk a iyl
MR, b, SERA K317 F1 K325 2 i 3
B G R A % ALAL R H ) Fe AR WA BE . H AT,
[E] A AR AT DG T-3X 2 Pl xS AT A I 4R
Rtk o AR S AR A S R VE S A HLEE,
VBN ZAE BRI, W1 IN617 Rl IN625. WFFL K
WAL IN617 Gl BB IER M ITHEA Cr. Al
TR, i H IN617 & 4:4E 1100 C4 4k 24 h i), £
RAERMBEHEFENS, HFEE Crno; K XN
(Cr;03—Cr03), IR &)™ H AL A S Pé b
PEREL. T ING2S A & PG R E R Cr A
Nb JeE, Hh Nb 5 55K ERNR N, fEEEEE
I B Nb,Os B AL M Bk, 1 IN625 &40 Al A1 Ti
TR EAM, XA RPUEAERE R N, g
TU XSRS, 2 EET e A4
JLE WA SIS, W Co Al Mo 25, X} 44211
SR E g A R P,

VE Sy sl AL, & 40 e i A P e — T
AR TR R, AT 2 R G IX 2 Fheg i & 4211
AT AT RS . AR AR X LI ST K317

KFs HEA: 2018-03-15

M K325 #4538 & AN R T RAAT N, 0T
B ICE LA R AR & e e R RE RO e, JF
T ARG T 2 P e RS HLER, DUYIONIX 2 P
< ) RS A P B I S B S il 5 BB KA

1 % I

2 MBS g 1 iR, NPk
JCE TR, 2 PG 4 0 o R RS & A AL Cr
i H K317 kR Cr o4k, &84 AL Ti HL5
e E s A K325 R T 3.8%Nb(it i 73 ) i %,
KNI ALFI Ti, H Nb &R E AT K317 it AL f
Ti BAl. 2 i & &2 B AR N HEI%, RS
PER G IRRE: X E S PR AT [ AL B (1200 C R
Wi 2 h, KD, RGN LA 8 mmx8 mmx3 mm B Fx
A, HEMDAOERITE S 20004, f)a H OEE
ey . BET SR . AR 900 F1 1000 °C 44 A
FA I VR AT A A S, RN R 3 AN bR iE
IRFEEAT S50, (FHRE 4 0.1 mg 11 R P X ikRf
FRE,  HAE AR R FORS A DU B R RO S, R
AR, A2 PR I 300 1.5,
10. 30, 50, 80. 100 h) Jig B e AT R g 4 (3=
LR AL Os 1 Si0y), M N, By 8 AW i %
AHMEEWR)GAER TR LRE, B3 MR
fii. FJH] XRD. SEM Hl EDX 4> #7118 BE 20 A I (1) 20 1k
S, 0 A TR 4 gk AT SR 43 #

HEEWE: EFREESHHNY20150102); EHE AREFERES(51571191)
AN = X 59, 1988 44, fit:, wpEEBEREEHTNT, 107 YRR 110016, HLE: 024-23971907, E-mail: gaoshuang_alloy@163.com



53

* 961 *
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Chemical composition of the experimental K317

and K325 alloys (w/%)

Table 1

Element Cr Mo Al Ti Co Nb Ni
K317 22 8 1.2 0.4 12 - Bal.
K325 21.6 9 3.8 Bal.
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Fig.1 Mass gain vs time curves (a) and oxidizing dynamic

curves (b) of the two alloys
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Table 2 Parabolic rate constants K, of the two alloys (gm*sh)

. K317 K325
Temperature/'C X Kn X Kn
1000 1.80x107 1.31x102  5.05x107% 1.78x107
(>14h) (>7h)
900 1.38x107 2.57%107
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Fig.2 XRD patterns of oxide scales of K317 (a) and K325 (b) after oxidation at 900 and 1000 C for different time
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Fig.4 SEM images of the oxide scales of the two alloys after oxidation for 100 h at 900 C (a, b, e, f) and 1000 C (c, d, g, h):

(a, c, e, g) K317; (b, d, f, h) K325
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Table 3  EDS analysis of the oxide scales of the two alloys in
Fig.4 (at%)
Point No. (0] Al Cr Ti Nb Ni
1 61.37 - 37.49 - 0.43 0.71
2 69.77 024 2879 0.81 - 0.40
3 54.09 - 33.76 - 0.28 11.87
4 52.00 - 44.58 - 0.37 3.06
5 60.11 034 3280 6.39 - 0.34
6 60.56 - 15.65 - 13.36  10.43
7 54.61 - 23.94 - 0.60 20.85
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Fig.5 SEM images of cross-section (a) and EDS element mapping (b~h) of K317 oxidized at 1000 ‘C for 100 h
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Fig.6 SEM images of cross-section (a) and EDS element mapping (b~f) of K325 oxidized at 1000 C for 100 h
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Fig.7 Schematic diagram showing the oxidation processes of K317 (a) and K325 (b) at 900 and 1000 ‘C
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High Temperature Oxidation Behaviors of Two Cast Ni-based Superalloys

Gao Shuang"?, Hou Jieshan', Yang Fei', Wang Changshuai', Zhou Lanzhang'
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: High temperature oxidation behaviors of cast K317 and K325 alloy at 900 and 1000 °C in air environment were contrastively
investigated by TGA, XRD and SEM (EDS). The results show that K317 alloy has a superior oxidation resistance compared with K325
alloy. The kinetic curves of the two alloys oxidized at 900 °C for 100 h obey the parabolic rate law while those at 1000 °C obey sectionally
the parabolic rate law. The oxide structure of K317, from the top surface down to the base material, consists of NiO-TiO,-NiCr,O4
composite oxide, Cr,O; oxide dense band and Al,O; internal oxide. In comparison, internal oxidation is not observed in K325 alloy whose
oxide layer is composed of two oxide layers: NiO-NiCr,O04-Nb,Os composite oxide and Cr,03 oxide layer. Serious MoOj; volatilization and
oxide spallation take place in K325 alloy after the oxidation at 1000 °C for 100 h. In addition, the adhesion property of K325 alloy is
worse than that of K317 alloy due to the occurrence of the micro-voids on the oxide layer/substrate interface.

Key words: Ni-based superalloy; anti-oxidation element; oxidation kinetics; oxidation mechanism
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