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Effect of heat treatment on microstructure and
stress rupture life of Ni-base single crystal superalloy
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(School of Material Science and Engineering,
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Abstract: A Nrbase single crystal superalloy was prepared by screw selecting method. The homogenizing heat
treatment carried out in an antivacuum chamber oven, and the effect of heat treatment on the microstructure and
stress rupture life at 1 100 C was studied. The resulis show that the ascast structure of the alloy is composed of ¥
Ni solid solution phase, primary and secondary Y-NizAl phase, and Y/ ¥ phases. After solid solution treatment un-
der the condition of 1305~ 1310 C for 16 h, secondary ¥ is solved completely but a small amount of V ¥ eutectic
remains. While after the solid solution treatment at 1315 C for 16 h, ¥ ¥ eutectic is solved completely. A small
amount of primary melting appears after the solid solution treatment at 1 320 'C for 2 h. It is found that the sizes,
morphologies and distributions of v phase change greatly by double aging treatment. After full heat treatment of
1180 C, 2h+ 1290 C, 2h+ 1315 C, 16 h AC+ 1140 C, 4h AC+ 870 C, 24 h AC, the stress rupture life of
alloy is 100 h under the condition of 1 100 'C and 137 MPa. The study of the microstructure for cracked specimens
shows that the cracks propagate mainly along the interdentritic area perpendicular to the tensile stress. It is also
found that the remained ¥ ¥ eutectic is the weak and crack initiation points during the creep tests of the alloy.
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Table 1 Chemical composition of alloys

(mass fraction, %)

C Cr Co Mo Al Ti W

0.0015 5.0 10.0 2.0 5.6 1.0 4.0

Nb Hf Y Ta Re Ni

0.5 0.1 0.1 8.0 3.0 Bal.
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Fig. 1 Dendrite morphologies of

as-cast single crystal superalloy
(a) —As cast microstructure; (b) —Cross section;

(¢) —Vertical section
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Table 2 Amount of ¥ Y eutectic islands after

solution at different temperatures

, ;
Y/ Y eutectic

: : C
Solid solution temperature/ { el Poapeinty) B

1180 C, 2h 16.5
1290 C, 2h 11.2
1180 C, 2 h+ 1290 C, -
2h+ 1305 C, 16h :
1180 C, 2 h+ 1290 C, -
2h+ 1310 C, 16h :
1180 C, 2 h+ 1290 C, i

2h+ 1315 °C, 16 h

2 BEEHSNALHENE YR
Fig.2 Change of Y phase before and after

different uniform heat treatment of alloy
(a) —Ascast; (b) —1180 C, 2h; (¢) —1290 C, 2h
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Fig.3 Change of ¥ phase after different solid solution treatments for alloy
(a) —1180 C, 2h+ 1290 C, 2h+ 1305 C, 16h; (b) —1180 C, 2h+ 1290 C, 2h+ 1310 C, 16 h;
(¢ =1180 C, 2h+ 1290 C, 2h+ 1315 C, 16h; (d) —1180 C, 2h+ 1290 C, 2h+ 1320 C, 2h
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Fig.4 ¥ morphologies after solid solution and aging heat treatment
(a) —1180 C, 2h+ 1290 C, 2h+ 1315 C, 16 h AC;
(b) —1180 C, 2h+ 1290 C, 2h+ 1315 C, 16 h AC+ 1140 'C, 4h AC+ 870 C, 24 h AC
&3 B BICRALRE T AL ] D A
Table 3 Compositional segregation analysis of alloy elements
between dentrite and interdentrite ( mass fraction, %)

Alloy Position Al Ti Mo W Re Ta Cr
Dentrite 4.98 0.82 2.17 4.28 3.41 7.14 5.36

As cast Interdentrite 5. 68 1.10 1. 81 3.45 2.87 8.56 4.68

Segregation coefficient/ %

14. 1 34.1 -16.6 -19.4 -158 19.9 -12.7

Dentrite
1180 C, 2h AC

Interdentrite

Segregation coefficient/ %

5.13 0.94 2.13 4.24 3.26 7.35 5.31
5.62 1.08 1. 84 3.62 2.94 8.42 4.75
9.5 14.9

-13.6 -14.6 -9.8 14.5 -10.5

Dentrite

1180 C, 2h+
1290 C, 2h AC

Interdentrite

Segregation coefficient/ %

5.21 0.92 2. 14 4.12 3.21 7.47 5.20
5.6 1.09 1.87 3.56 2.95 8.31 4.86
4.6 18.5

-12.6 -13.6 -28.1 1.2 - 6.5

Dentrite

1180 C, 2h+ 1290 C, 2h
+ 1315 C, 16h AC

Interdentrite

Segregation coefficient/ %

5.4 0.96 2.06 4.06 3.15 7.58 5.11
5.6 1. 06 1.85 3.68 2.95 8.20 4.90
3.7 10.42 -10.2 -9.4 -6.3 8.2 -4.1

Dentrite

1180 C, 2h+ 1290 C, 2 h+
1315 C, 16 hAC+ 1140 C,
4 hAC+ 870 C, 24 hAC

Interdentrite

Segregation coefficient/ %

5.41 0.96 2.11 4.10 3.10 T 77 5.10
5.6 1.03 1.93 3.77 2.97 8. 11 4.93
3.5 T3 -85 -80 -42 440 -3.3

TRERI- 4.2%; IEMmToE AL RET REH%ES
B 14.1% T3] 3. 5%, TiHmit 25 % &R
34.1% FF%%7.3%, [EIF, Mo .Co.Cr.Ta%JC
F MR IR O AR 1S 21— FE R p o

2.3 DSCiiXE &M RRE
Bl 5P 3 &Mk n il B SaEHEAS 1180
C.2h+ 1290 C.2h+ 1315 C.16h AC 524=[#

VAL TEFT 1180 C.2h+ 1290 C.2h+ 1315 C.

16 h AC+ 1140 C.4hAC+ 870 C.24h AC 5¢4>

AL G Y DSC AR % .

BEA A 1320~ 1330 C2Ja) Y B — ANk
U ( B Sk Brom), 3R WAAE PG E VS W A S EAEY)
15, X5 EEA BN A 4 AE 1320 CH I EYE
FE 8 L SEA T I A g A AL BRI 26 K I A
ESAEKN RO E, AE&TTEGHRSY
B, TR MR B GE, YIS O AT k.

2.4 FAMEERHFRERLELR
K AP %) A AE1100 C. 137 MPa s 1 F,



v G 4 2 4

2006 1 6 H

241 lExo ——]

29l Ful! solution treatment

"
1.8
1.6

1.4
1.2

As-cast

Heat flow/(Weg™1)

Full heat treatment

1.0

0.8 : ; . ‘
1200 1250 1300 1350 1400
Temperature/'C

5 A4 DSC K Lk
Fig. 5 DSC testing curves of alloy
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Table 4 Stress rupture life at 1 100 C,
137 M Pa after different heat treatments

Heat treatment regime Stress rupture life/ h

1180 C, 2h+ 1290 C, 2 h+
1305 C, 16 h AC+ 1140 C, 35
4h AC+ 870 C, 24h AC

1180 C, 2h+ 1290 C,2 h+
1310 C, 16 hAC+ 1140 C, 65
4h AC+ 870 C, 24h AC

1180 C, 2h+ 1290 C, 2 h+
1315 C, 16h AC+ 1140 C, 100
4h AC+ 870/24 h AC
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frEE 2~ 3 MOAFEFIME . R T EdE T UG
A EE A A m AR R IR K, &
£:1180 C.2h+ 1290 C.2h+ 1315 C.16h AC
+ 1140 'C.4h AC + 870 C .24 h AC 54 [H kb
MG, FAFGHERES .

Kl 6 s a4s7E1180 C.2h + 1290 C.2
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BT LA, R I R 20k 28 T W] B 1 A8 4k,
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FAE R v A 2H R B AR 2 R A 2308 FRe A HE A
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W GESE > AR A, AEHELL SV Nyl 1) B A o
(B 6(a)) . BT OAGT AL ¥ RIS 8, vIE

Bl6 4471180 C.2h+ 1290 C.2h+
1315 °C.16h AC+ 1140 C .4h AC+
870 'C/24 h AC HAbEI& AR
21100 C . 137 M Pa ¢ A Wi 24 )5 2 by 11
T A [ 07 A AR T () Y AR TE 3
Fig. 6 ¥ morphologies on longitudinal

section at different positions from

fracture surface of alloy under conditions

of 1180 C, 2h+ 1290 C, 2 h+
1315 C, 16 h AC+ 1140 C, 4h AC+
870 C, 24 h AC after stress

rupnture test at 1 100 C. 137 MPa
(a) =10 mm; (b) —5 mm; (¢) —1 mm

(Arrows showing tensile directions)
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Fig. 7 Distributions of cracks near fracture

surface of alloys under different conditions

of heat treatment after stress rupture

test at 1 100 C, 137 MPa

(a) —1180 C, 2h+ 1290 C, 2 h+ 1305 C,
16h AC+ 1140 C, 4h AC+ 870 C, 24 h AC
(b) —1180 C, 2h+ 1290 C, 2h+ 1310 C,
16h AC+ 1140 C, 4h AC+ 870 C, 24 h AC
(¢) —1 180 C, 2h+ 1290 C, 2h+ 1315 C,
16h AC+ 1140 C, 4h AC+ 870 C, 24 h AC
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