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Table 1 Nominal composition of nickel-based superalloy (®/%)

C Cr Al Ti Mo Co B Zr \% Ni

0.18 9.0 532 44 3.1 10.00 0.018 0.07 0.76 Bal.

1990 4E2F, fit:, TpEBABE BT Rl A S, LT e 110016, HiE: 024-83971083, E-mail:



J

12 # T

XED
e

s B EIR G 4 KA1TG VR BE AU BURR 1 5T

* 3731

TCH600 S & & 0 BT Al e A& & . 7ERA. i B
(<0.003%) JuEIN, {CHRSH1E 4+£0.0001%.

2 HERESH

2.1 453 K417G S |Nm S 2T
WINE B )G, AT Ut RS AER
T RESE, NFED WER 2 Prox. Hor 0#FF i
LT INE A E, 1#R 2485 W In4 @45 & 8l
0.065%A1 0.13%. S REW], IIANEGH) 1480 2485 5
SURBR 1 & B2y B AE 0.0006%~0.0009% 5  0.0002%~
0.0003%Z [f], #H AR T AR K o#¥55E, Jf HRE
HAES ORI N, ACRIAR S AR N R Ik,
BRETRARE S BEARENHZN, MESNSIERK
ANFI 5 o
2.2 457 K417G & PR ERTmMABRNZD0N
FEA AP N4 B S I S s P
[Ca]+[S]=CaS, (D
KR (1) F[Calkhy Ni & & AR iR es, [S1h
Ni A G4 3 Al 1t o
RN D RN E g

AG’=-421488+123.72T (2)

RN (1) 1N A £

k= Acag (3)
ica Gps)

SN EH BRSP4 ) DG &R 2

AG=- RTInk (4

A (3) ML (4) 1.

log k,=log—2css
Gica) ")
=—log fio,y ~log{@y/%} ~log fis, ~log{mg /%) ¢

220524 o

X E)H I RIGE RS G Ca 5L S)AT H R Hf e
logf,.=zjeiv[a)j]/% (6)

)R IS B0E R EL fiea A& ST 1% 0 bR HfE
A, HISCER[7 A A3 B 5 G S OC R AR AR R
$rell=-0.072, €=0.002, eX=-0.043, e=0.014,

R2 HIEPE. BARKREGAE
Table 2 Oxygen, sulfur and residual calcium contents in
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Table 3 Oxygen, sulfur and calcium contents of
the alloy (w/%)

Sample O S Ca
W2 5 AR DY . 16SD185 0.0008 0.0002 <0.0030
2.4 CaO HIR S B IE 16SD186 0.0008 <0.0002 <0.0030
jjﬁj\ﬂjr Ca0 i’ELi%XJ Aiéqjﬂﬂgn@]hm%‘zﬁ/] um XJ J@' 16SD188 0.0006 <0.0002 <0.0030
3000
a a-CaO a R bl 1000} a a- CaO c
2 L a- CaO
2500 b-Ca(OH), 200 b- 12Ca0- 7ALO, b-Ca(OH),
800} ¢-3Ca0-ALO,
2 2000}
3,2000F 600} a
§ 1500} 1500 . 4000
B I 200} b
1000+ 1000 X a ) T . fo
O oy e n ron
spob———— . . . . | 590 s s A S
20 40 60 80 20 60 80 10 20 30 40 50 60 70 80
20/(°) 20/(°) 20/(°)

2 FARESHIIN M XRD Kl
Fig.2 XRD patterns of CaO crucible: (a) before use and (b, c) after use
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Fig.3 EPMA analysis of CaO crucible: (a) sulfur, scanning range 2.7 mmx2.7 mm and (b, ¢) sulfur, scanning range 400 um x400 pm

3 & it

1) 8045 RE I 5 AR AR O iR & 4 b I SRR 2
JRICE RS &, N 0.13%45 m] 4 &4 B A 0.0007%

PR Z 0.0002%, %M\ 0.0013% (K22 0.0006%

2) K417G &4 [Cal-[S1I ) - AT 45 Bk
B, GahsEprm W(Ca)> w[S]'ﬁ}Ei@iﬂ‘ﬁiﬁﬁfj@%‘*ﬁ’
LT 1663 KN ([ Cal-[SIH 2 Pk



* 3734 -

Wity @RS TR

047 %

3) BB CaO REHEIATE KT ALO;
NA R 12Ca0-7ALO; FiT 3Ca0-ALO, #, MM B BAL 3k
Bt AU

4) CaO I 3% ¥ i i AL 22 Ok 76 31 3 N BE B J T
mCaO-nALO; ¥, | T AR IEH .

SE Wk

[1] Zang Ji(7k 4%), Sun Xiaofeng(FM%IE), Li Jiarong(4=5% %) et
al. China Superalloy Handbook(F'[H & & &T M, T4)
[M]. Beijing: China Standard Press, 2012: 93

[2] Man Yanlin(iifi ZE#K), Wang Yufei( £ 5% %), Yu Xingfu(F2%45)
et al. Foundry(¥51%)[J], 2015, 64(3): 251

[3] Dong Limin(# #| ). Thesis for Master(fil 1 & 3 )[D].

References

Shenyang: Institute of Metal Research, Chinese Academy of
Sciences, 1997

[4] Robino C V. Metallurgical and Materials Transactions B[],
1996, 27(1): 65

[5] Niu Jianping(4 & *F*), Yang Kenu(#) 5. %%), Sun Xiaofeng(f)
V&) et al. Rare Metal Materials and Engineering(Fi 3 %)%
AL T[], 2003, 32(1): 63

[6] Chen Xichun(f4 75 %), Wang Fei(£ &), Shi Chengbin( 3!
%K) et al. Journal of Materials and Metallurgy(F ¥l 515 4 2%
O[], 2012, 11(4): 252

[7] Chen Jiaxiang(¥: K #£). Manual of Chart and Data in Common
Use of Steel Making(J80 i M & 2 548 T M)H[M]. Beijing:
Metallurgical Industry Press, 1984
[8] Li Shoujun(Z=5 %), Hu Yaohe(#158 1), Mei Hongsheng(ff
W) et al. Journal of Iron and Steel Research((WEHJF 5T 2%
#1171, 2003, 15(7): 317
[9] Venal W V, Geiger G H. Metallurgical Transactions[J], 1973,
4(11): 2567
[10] Ishii F, Hino M, Itoh H. Journal of the Iron and Steel Institute
of Japan[J], 1996, 82(6): 465
[11] He Daozhong(#:i& '), Su Zhenjiang(#r4#%7T), Zhou Zhi-
yong(JE&E ). Journal of Hunan University of Technology
(B Tk K22 230 (3], 2010, 24(3): 5

[12] Gong Jian(3% "%), Wang Qingxiang( L JK#E). Steelmaking
(&A1, 2003, 19(3): 56

[13] He Huanyu(fi] ¥ 5%), Wang Haihua(F#§4£), Cui Yifang(#
—7J7) et al. Journal of Wuhan University of Science and
Technology(EIXBHE K % 53R [J], 2014, 37(4): 241

[14] Holappa L, Himéldinen M, Liukkonen M et al. Ironmaking &
Steelmaking[J], 2003, 30(2): 111

[15] Sun Zhenyan(#h %), Liu Chunming(X % #1). Diffusion and
Phase Transformation in Alloy(fr &1 B9 #5541 48 ) [M].
Shenyang: Northeastern University Press, 2002

Deep Deoxidation and Desulfurization of Cast Superalloy K417G
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Abstract: The effects of metal calcium and CaO crucible on deep deoxidation and desulfurization of cast superalloy K417G were studied

by vacuum induction melting. Results show that Ca can achieve the effect of deep deoxidation and desulfurization, the oxygen content

decreases from 0.0013% to 0.0006%, and the sulfur content decreases from 0.0007% to 0.0002%. The equilibrium relationship between

measured w[ca-wys in the alloy is basically the same as that of the thermodynamic calculation. In addition, the effect of CaO crucible on

deoxidation and desulfurization is obvious. Oxygen content can be reduced to 0.0006%, and sulfur content can be reduced to less than

0.0002%. The reduction of sulfur content is related to the formation of mCaO-nAl,O; slag in the inner wall of CaO crucible, thus realizing

deep desulfurization.
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