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Effect of S on Solidification Behavior of
Cast Superalloy K417G
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(1 Shichang Xu Advanced Material Innovation Center, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China;2 Key Laboratory of Nuclear Materials and Safety Evaluation,Chinese Academy of
Sciences, Shenyang 110016, China)

Abstract: The effects of 0. 000 1%, 0. 001 8% and 0. 003 7% S content on the solidification characteristics of K417G al-
loy were studied by isothermal solidification experiment in the temperature range of 1 340-1 230 °C. The results show that
S can reduce the solidus temperature of the alloy and enlarge the solid-liquid two phase region. When the S content in-
creases from 0. 000 1% to 0. 003 7%, the solidus temperature of the alloy decreases from 1255 “C to 1 245 “C. During the
solidification process, the S element segregates in the liquid phase and precipitates out as the Y phase in the final solidifi-
cation zone. And S promotes the enrichment of Al and Cr elements at the solid-liquid interface. At the same isothermal
temperature, the increase of S content promotes the increase of the volume fraction of MC carbide, y+7v' eutectic and Y
phase, and has little effect on the morphology and precipitation temperature of MC carbide and y+7' eutectic, but the pre-
cipitation temperature of the Y phase is increased from 1 230 ‘C to 1 240 °C.
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Fig. 2 Alloy K417G under the equilibrium conditions, ( a ) the relationship between the mass fraction of each phase and tempera-

ture ( b ) the partial enlarged detail
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(d) S1/1320 °C, (e) S18/1320 °C, (f) S37/1320 °C, (g) S1/1270 °C, (h) S18/1270 “C, (i) S37/1270 °C, (j) S1/
1250 °C, (k) S18/1250 °C, (1) S37/1 250 °C, (m) S1/1 240 °C, (n) S18/1 240 °C, (o) S37/1 240 °C

Fig. 3 OM of K417G alloy with different content of S and different isothermal temperature : (a) S1/1 330 °C, (b) S18/1 330 °C, (c)

S37/1 330 °C, (d) S1/1320 °C, (e) S18/1320 °C, (f) S37/1 320 °C, (g) S1/1270 °C, (h) S18/1 270 °C, (i) $37/1 270 °C, (j) S1/

1250 °C, (k) S18/1250 °C, (1) S37/1250 °C, (m) S1/1 240 °C, (n) S18/1 240 °C, (o) S37/1 240 C
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Fig. 4  Plot of the isothermal temperature and the remaining liq-

uid phase area fraction of samples with different S content
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fied at 1270 °C
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Table1 EPMA/EDS analysis of precipitation phase corresponding to Fig. 5 %
BT AR Ti Cr Co Ni Mo Al \ Zr C S
[SRERER N 3.59 251 7.50 61.87 - 0.21 - 24.33 - -
IR B HRAE 3.80 50.89 5.48 11.04 27.19 - 1.59 - - -
BAAERIRAE 20.84 7.17 4.59 20.61 9.88 0.24 - 22.73 9.10 4.82
Bl 7.46 13.35 12.58 61.69 2.94 1.43 0.55 - - -
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Fig. 6  Morphology, selected area electron diffraction (SAED) pattern and composition of Ni,,(Zr, Co),phase, (Cr, Mo) B,~type

boride and M,SC phase in S37 sample: (a) morphology of Ni,,(Zr, Co), phase, (b) morphology of (Cr, Mo) ,B,~type boride, (c)
morphology of M,SC phase, (d) SAED pattern of Ni,,(Zr, Co), phase, (e) SAED pattern of (Cr, Mo)B,—type boride, (f) SAED pat-
tern of M,SC phase, (g) the composition of the precipitation phase
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Table 2 The element content at the solid-liquid interface
in samples with different S content at 1 270 °C %
FEf Al Ti v Cr Co Mo Ni
S1 3.99 9.04 0.88 6.25 8.29 1.56 69.95
S18 4.84 8.27 0.81 6.32 8.27 1.54 69.77
S37 5.14 7.10 0.83 7.06 8.60 1.58 69.60
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Fig. 7 Morphology of carbides precipitated in isothermal solidified samples with different S content at 1 320 ‘C (a) SI, (b) S18 and

(¢) S37
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Fig. 8 The MC phase of S37 sample isothermal solidification at 1320 C : (a) morphology, (b) selected area electron diffraction

(SAED) pattern, (c) composition
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Table 3 EPMA results of carbides corresponding to the
three positions in Fig. 7 %
GG C Ti \4 Ni Mo
S1 14.29 69.12 3.25 1.73 11.61
S18 15.26 66.34 2.71 1.71 13.97
S37 15.31 66.81 2.98 1.44 13.46

*4 AEAEREETARES & EKITGH R MC#

HE
Table 4 The area fraction of MC of K417G with different
content of S and different isothermal temperature %
SRR BE R/ C St S18 S37
1290 1.29 1.39 1.69
1270 2.37 2.78 3.11
1240 3.19 3.23 3.44
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£ 0.003 7% B y+y' 3 i T ARG /11 58% o

S y+y' S P LR A, w5, S IR
T y+y 3 I ROC R AL T AR AT AT P & 5 4l
15 y+yHed g TG H D — L, S H B PR R TR
AH A A S A y+y ISR L. R LS

B [ ST F Y VROAE Y 2 R AR VRCRH B [ A
2 iy ey S T R RN TR A VR B R By
A ZIE AR IR B NI K. A, STTERFE v
AEURI /R HP A 5 i B AR, B y+y/ 2 it 2 — Fh 33 B
A, BTGS2 19 S I I X 1l
Foo RPN R ER B [E AR IS 0 -+ 2 A A S
FH I (EIRER S BRAt i & B, S AR ALFI Ti S H
FEWAH TP AT R BE ) 2 R, R ST R ik
A FE y+yIRBALHT IR K
2.2.4 YH

Y FoN—FPE S A MSC AT A, Hodh M — iy
Ti Hf Nb. V&S IT R MiA L Ay Y A
H210% 1 Zr 62 . X.B. Hu 22 & . (Ti, Ta),SC
FEZ:1:2 900 °C/1 000 h BT RLE , Y AR T K&
I HEF Ze R o Zr 5 S CHARSRINSEF J) , 76 Ze A1
Ti CE S EMFE &M T, ZeSC L5 T Ti,SC I A .
3% A i b R B0 Y R LR BRAE A X, — S R
i BUAE AR AR T, 40 9 (e) BT 7, {H B & LAY
BT HE A, B BT 2 y+y e Aoy X (3 ) AR R
X, AEI9(b) ~ (d) . STAEATE 1230 CHTHS
Y K, T S18 A1 S37 KL AL 1 240 “CHEITHAHT HI Y 41,
WE9(b) ~ (D) FT7R . S A3 A Y A7 B BT
TREE M 1230 ‘CHERIE 1240 °C. [RIAF, Y AHAT H
WREE S & = A 3G I g, HJ2 Y AHR BT 4
DR ME RS, SEEARMESE T Y B A

E9  7E 1230 ‘CHI1 240 CE R E PRI S & BRI AT A0 y+y L FFI Y 4. (a) S1/1 240 °C, (b) S18/1240 °C, (¢) S37/

1240 °C,(d) S1/1 230 °C, (e) S18/1 240 °C

Fig. 9 The y+v' eutectic and Y phase precipitated in isothermal solidified samples with different S content at 1 230 °C and 1240 °C:
(a) S1/1240 °C, (b) S18/1 240 °C, (c) S37/1 240 °C, (d) S1/1 230 °C, (e) S18/1240 C
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Fig. 10 Simulation of the solidification process of y+v' eutectic and Y phase :

tectic core, (c¢) formation of y+v' eutectic cap and Y phase
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