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Table 1 Chemical composition of GH4282 superalloy (w/%)

C B Si Mn P S

Al Ti Fe Co Cr Mo Ni

0.086  0.0054 0.057 <0.005 <0.005

0.0007

1.58 2.09 0.10 10.28 19.83 8.46 Bal.
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Fig.1 Microstructures of as-cast GH4282 superalloy: (a) optical micrograph, (b) SEM micrograph, (c) EDS result of the second phase

arrowed in Fig.1b, (d) morphology of y’ phase in interdendritic region, and (¢) morphology of y’' phase in dendrite core
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Fig.2 Relationship between amounts of equilibrium phases and temperatures for GH4282 superalloy (a) and its partial magnification (b)
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Table 2 Calculated maximum amount, temperature and composition of equilibrium phases in GH4282 superalloy

Equilibrium  Maximum

Composition of equilibrium phase, w/%

Temperature/C
phase amount C B Al Ti  Fe  Co Cr Mo Ni
y 0.9967 1261 0.0292 0.0035 1.59 1.87 0.10 10.31 19.88 8.45 57.70
MC 0.0034 1210 18.60  0.0070 Trace 75.70 trace  0.01 1.96 3.71 0.00
MC 0.0221 1060 2.7200 - - - 0.03 1.86 18.33  51.26 25.80
M>3C 0.0168 727 5.1100  0.0002 - Trace 0.01 2.21 66.13 19.96 6.59
M5B, 0.0007 400 - 8.15 - - trace 0.003 19.75 72.09 0.0018
y' 0.2490 400 - - 6.05 8.37 0.01 1.63 3.04 0.33 80.53
o 0.0224 809 - - - - 0.08 12.59 33.19 32.46 21.69
u 0.1678 400 - - - - 0.00 22.40 17.41 4341 16.78
a-Cr 0.0235 400 - Trace  Trace Trace 0.01 0.69 99.13 0.14 0.02
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Fig.3 DSC curves of as-cast GH4282 superalloy during heating process (a), partial magnification of heating process (b),

and cooling process (c)
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Table 3 DSC results of GH4282 superalloy ('C)

. Liquidus Solidus L-S temperature MC
Condition
temperature, 7. temperature, 7 range, AT solvus, Ty
Heating 1327 1364 37 1338
Cooling 1304 1369 65
Mean value 1316 1367 51

i EA B 23 B vl 1, DSC 43 A 45 21 10 B <6 ok ] st
H i Loy—oMC, R J) % ik 843 21 & Tk
L—y—MC—M;B,. H T & 4™ M;B, TiL W& E il b,
AR Hb, 76 I3 R 30 ok R P A RN N, AR
5 DSC il FAR M0 52 3 00 40 A pT Hh il 2
2.3 TERRIAITH

B S AR S SRR AL T &4
T F A AR FIAR (R R BEAN R, o0 38 T o A ik
TR AR BT o 2435 J5T G 35 78 [ AH ob AR A B2 /s T Ho A
VOO T IR AR PR I, ]/ TR 1) Y8AH T L T
TEBCIEAR BT « 2435 J5T G 3 78 [ AH ob R 3 A B2 K T HoA
TRORH TP FR) S AR BN, 8 O TG 2% A T 21 AF TR Jake 57 i A
Kl 4 Fizs R H] Scheil-Gulliver %[ #5401 575 51 (1)
5% [ o P B T % G 38 T 5 B Y AE O A ) B AR

th. WTLUE W, BEEEFE AT, C. B. Tiv Cr.
Mo FEVBAH A IR EERS I, R SR T-0AH, 4 IE AR BT
TCF . X SCER[21] 7 1 HRE — 8. o iR 2 2L
A 0.23 B, AR C B E S HOT IR N 4G Bl
IR 45 BT S0, BRI MC TR S VA T
THFE T ORI Co % R EAR T 4> 200 0.02 B, M5B,
MR S BORAR T B S B IT AR BRAG . A 8 R WAH Ji
HOHCN 0.05 I, BT o HIMIHTH, EERAHF Cr
PG BEA e S R REAT, Al Fe. Co T
AR, kS AT e &P,

Bl S ol GH4A282 4 4 85 A AL 23R (R R A i
FIREME AT, HE s wTLEE, B&EEE C. B.
Ti A1 Mo JG%&, B T-5 Al Al Co, T1fj Cr #1 Fe £k
vty ()RR T I 0 28 40 A 22 AN BH 2 o SR A 3 0 v



10 W]

PRI ST: ARSE i A B GHA282 IX LR Rl 47 4

* 3187 -

TR WA AT A A3 55 A GH4282 & < B LA
Bt Toe R &8 (BN g M ca)s THHEARITRAE
B (B ARG T K 0 e AT R B Ch=cialea), WK 4
Fin. W3 4 w740, C. B, Tiv Mo~ Cr [if#T &%

Fig.4

0.0035

0.0030 -

Liquid

.5 0.0025

P

C

S 0.0020
=

.9 I
S 0.0015 _
" 0.0010
2

= 0.0005 |

0.0

= 0.016
-
o
Z0.014
£0.012
Z0.010
(=}
£ 0.008
=
2 0.006
[=
2 0.004
<
= 0.002 F

0.0

0.0010

0.0009 -

Mass Fraction of Fe in Liquid
© o o
o o o
S S S
S S S
N B ]

0.0005 F

0.6

0.8

023
o BT
Z022
&g
3021
50.20
b
S0.19
2 0.18
g |
= 0.17
2
Zo.16
05—

f
|

04 0.6
Mass Fraction of Liquid

0.0 0.2

0.8

1.0

KT 1, RWIX 5 Bocz M TR, yIE Mmoo
. Al. Fe. Co MWt ZEN T 1, HbuWifrooss.
X 45 WAESE T Scheil-Gulliver € [ AT 576 2 fhi
PriG oL RSN . AEIERAT G, C A B B W AT R

0.0030
'5,0.0025 ';

'=0.0020 F

Liquid

B

=]

i
5 0.0015 %
i

<
= 0.0000 -

2 I
g 0.0010 i
= 0.0005 |

0.0
0.08

<
= 0.092+

0.2

0.4 0.6

0.8

—_ —_—
L (o))
T T

Mass Fraction of Mo in Liquid
)

O e e e
™)
.

(=
[e55)
T

“"'q._'
S

o
=}

0.2

0.4 0.6
Mass Fraction of Liquid

Kl 4 GH4282 & 4 iyt 2 & i Bl W AH I & 0 20 A2 4 1Y) Scheil-Gulliver #5045 4

Simulated variations of solute contents with liquid fraction using Scheil-Gulliver model: (a) C, (b) B, (c) Al, (d) Ti,

(e) Fe, (f) Co, (g) Cr, and (h) Mo



* 3188 -

My @A RS TR

48 3

S0pm

S0pum

Lo
S0pm

Bl5  $54& GH4282 &4 241 2G50 & 7T 3 1 43 i
Fig.5 Microstructure (a) and element mapping of as-cast GH4282 superalloy: (b) C, (¢) B, (d) Ni, (e) Al,

(f) Ti, (g) Fe, (h) Co, (i) Cr, and (j) Mo
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Table 4 Partition coefficients of elements in interdendritic
region and dendrite core of as-cast GH4282 super-
alloy (k=cid/cq)

C B Al Ti Fe Co Cr Mo

442 3.04 0.81 148 099 090 1.07 1.63
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Solidification and Segregation Behavior of Nickel-Based Superalloy GH4282

Yan Xiaofeng'?, Dong Jianxin', Shi Zhaoxia®, Duan Chunhua®

(1. University of Science and Technology Beijing, Beijing 100083, China)

(2. Central Iron and Steel Research Institute, Beijing 100081, China)

Abstract: The solidification process and the segregation behavior of the elements of GH4282 superalloy were investigated by a combination

of differential scanning calorimeter (DSC), microstructure observation and thermodynamic calculation. The solidification sequence and the

characteristics of elements segregation were obtained. The results show that the solidification sequence of GH4282 is as follows: y matrix, MC

carbide and a small amount of boride. The solidus-liquidus temperature range determined by DSC is 1316~1367 °C. The measured solvus

temperature of MC carbide is 1338 °C. Thermodynamic calculations show that C, B, Ti and Mo segregate to the interdendritic regions, while

Al segregates to the dendrite cores. Cr, Fe and Co do not exhibit any significant tendency to segregate to either the interdendritic region or to

the dendrite core during the solidification process of GH4282 superalloy. These results about segregation behavior of the elements agree well

with the as-cast microstructure observation.

Key words: nickel-based superalloy; GH4282; solidification; segregation
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