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Fig.1 Configuration of specimens for tensile tests
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Fig.2 XRD patterns of heat-treated and as-cast specimens
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Fig.3 Back-scattered electron images of the transversal section (a, c, €)
and longitudinal section (b, d, f) of as-cast and heat-treated

specimens: (a, b) as-cast, (c, d) HT1, and (e, f) HT2
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(b) specimens

RS (Ti, Nb)sSis7E1300 C R AERE , HT LB =4k 1 (Ti,
Nb)sSis T RE A& 7E B A 20 3 R H = A2 1
2.2 HiFHEe

KI5a y3fAb BEAS A £ 7E iR 2900 C 44 NIt &
sk . =GR, BRI AR N, HE
JEAEN A3 e, NAREI R, T RPN K
KRAR: BRBKEGEN G, BNABREARNAE, 16 K4YHE
W, WA RIEERTE . BUR RS E NHT21 &
&, BARGE M EgE0n AN, SEAR AT 4N TR
[ R B P B e sA AR, [ B A 3 7 A 1)
FRLAR(ND, Ti)sSigH F T4 s FofEfg; 71300 ‘C/10 hix
W4 kB D B B-NDbsSis ] a-NbsSis # 48, 7
1150 “C/24 h{ AT FAHAS 7= A2 B 8 175 30T B Wbk
AL TR BN B2 91300 °C/10 h YA 4 I TR 4 1k A
Uf. HaE Sl R R R A N ), HARE—E
(e G, S RgRH AP AAE RGO MY e, A
AREREGEEEE . %1900 CH&M TR, S=iR/E
AR RS, AR ERE X R AR R R . 5
e OB ARG SR, X 3RS T &4 R
BRACH Easm s, X5 HBME S ERIC, e
R BUNE . FRHBATLAE H, ESEN &4
1 - B0 70 R P A TR R, B A ek 2 T 5 BRI
(OG-0 AR B, R DA I ol Bl 2 1 4 - W A
IREFEQ00 CLLF .

KI5 3P b B A A 4 7E & I A% 1000 °C 254 T HIHL
R - AR 2R . SRS, 3P A RPN ALY
atEWTRd, Zoid SAbHR 5 (1 & St K PLh g 2 & T
WA GE. HTNbSi BAHFFIUT 4k, W R
A, FAERPMENE, Bk EKEENDssIE T, 7R 1)
% A8 T R 2 R (1.67x1073 s, 2L ad 78 3 B 5T NbsSis
LSRN — R NbssRL - I BB AR T R HEA T, T #IAE
NbssH R S8 KA1 R UL E WL, SR 8Umiskae 11 %,
AVERS A . 41000 CLAE T, 3Fh&4H LM
RAPIRREE, JFH=% B AWHERBENRR, BEE
SR T RMEES S, S THEEG4E, EitER
BYBL, N A3-RAR 2R R AT, X 2R AL B S
G4, XX PG n] B2 i T b B TS 441
AR R HAAS P B R . 1000 C s T ME- AR IR B
i N AIAENDss B B RGOSR AR 7, RIS Y8 1 1
AT LA 7 48538 B0 A 1T 22 A 72 NbsSi o/ Nbss 51 T 1 . 5
Frh, RAAE LG S TERS NP,

2.3 BIASH

P16 Ay 3R b B A5 A 4 1) = IR R 45 T 11 5900 °C R4
Je B 1) S AR ZE 2 3PP R S IR R i IR S 32 U 5 Tl
WRER 2T ), BAFEIRAERE, on T8



%8 M A EE BT AR A SR B W RERT 5 - 2263 -

1 SFRERAHMNEPMATENTHEPE LTRSS
Table1 EPMA data for as-cast and heat-treated alloys (at%6)

Alloy Phase Nb Ti Si Al Cr Hf Ta

As-cast Nbss 45.811 37.486 1.637 6.119 6.972 0.541 1.385
44521~48.15 36.11~38.205 1.546~1.768 2.957~6.338  5.792~7.93  0.494~0.582  1.279~1.52

(Nb, Ti)sSis 30.789 29.520 32.968 3.842 0.735 1.434 0.702
29.112~31.192 28.553~30.756 32.617~33.693 3.674~3.950 0.669~0.867 1.368~1.496 0.619~0.752

HT1 Nbss 42.97 40.34 0.439 6.293 8.299 0.481 1.177
41.554~4496 38.979~41.139 0.276~0.737 6.21~6.369  7.457~8.895 0.441~0.54  1.039~1.462

(Nb, Ti)sSis 31.974 30.331 30.507 4.281 0.708 1.455 0.745
31.471~32.333 29.010~31.665 29.396~29493 4.281~4.412 0.605~0.794  1.361~1539 0.671~0.816

HT2 Nbss 40.66 41.053 0.522 6.343 9.796 0.563 1.072
38.959~41.456 39.812~44.353 0.352~0.773 6.285~6.441 8.859~10.112 0.441~0.596 0.997~1.185

(Nb, Ti)sSis 31.2 33.49 27.798 4518 0.824 1.509 0.660

30.931~31.66 32.846~34.487 26.617~28.603 4.304~4.767 0.771~0.874  1.442~590 0.56~0.756
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Fig.5 Compression stress-strain (a) and tensile stress-strain (b) curves of as-cast and heat-treated alloys
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Fig.6  Fracture surface and microstructures of specimens after compression: (a) the morphology of specimens before and after compression test,

(b, c) fracture surface microstructures of as-cast specimen after compression at 20 “C, and the transversal section of as-cast (d), HT1 (e),
HT?2 (f) after compression at 900 ‘C
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Effect of Heat Treatment on the Microstructure and Mechanical Properties of Nb-base
Superalloys

Shi Lei, Yu Jinjiang, Cui Chuanyong, Sun Xiaofeng
(Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: The effect of heat treatment on the microstructure and mechanical properties of Nbss/NbsSiz in situ composites prepared by
conventional high-rate-solidification Bridgeman process (HRS) was investigated. The microstructure evolution of samples during heat treatment
process were analyzed by SEM, XRD and EPMA. Results show that the as-cast alloy consists of Nbss, y-(Nb, Ti)sSis , f-(Nb, Ti)sSi; and primary
carbide phase; after heat treatment, the S-(Nb,Ti)sSi; phase is transformed to a-(Nb,Ti)sSis phase and the secondary carbide is precipitated.
Meanwhile, the silicide phase gradually dissolves or breaks into small pieces, with the morphology changing from the needle into granules. The
transformation (Nb,Ti)sSis —(Ti,Nb)sSis occurs when aging at 1150 <C. The compressive strength and room temperature tensile strength of
heat-treatment specimens are improved, while the tensile strength of as-cast and heat-treated samples at 1000 <C is at the same level. The
temperature has a great influence on the fracture mode, which is cleavage fracture at low temperature and ductile fracture at high temperature.

Key words: Nb-base superalloy; microstructure; heat treatment; mechanical properties
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