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ABSTRACT The change of sulfur content during the process of VIM{vacuum induction melting)
refining Ni-base superalloy using CaQ crucible was studied. It was found that the desulphurization
did not carry out by enly using CaQ crucible. The role of adding Al to desulphurization has been
studied. Combining with the results of XRD and components analysis of CaQ crucible, the mechanism
of desulphurization was discussed. Thermodynamics calculation and discussion about the reaction

between the inner surface of CaQ erucible and liquid metal has been done.
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Cr, Mo, W #l Co & &ERFHE& S B5r51N 5x1077,
0.012, §x107%, 810~ 1 0.39x 10~ 2.

{EEHEIEP, B —ERR., S8t AERE
FIFE. RS, LRSS RS
ZS HICP-AES CS 4. S & > 1x107% m},
ESHEN 20%; S &E <1x1073 Bf, & S HEN
+30%.



500 & B ¥ # 378

PTREESEIEY 1.4x10 72 Pa-m®/s, 18401 E
ZERE K <0.1 Pa.
2 TRERSiTiE
2.1 CaO Higghlii S ¥eH

G LA S SR’A 14x1071, ATRY G
ERHFEN, SRS S BAME 3510 4(F 1).
ME L BETLAE N, £ 1773 K, 0.1Pa H23th4% 75 min
B, SRl S FRESFE. XEW A CaO #1R
HZ65% NI REREEFTH S; BHHEEEPE S #
HTaekdd S Bet, oS8 semE S,
2.2 jn AL 890§ S A

DA 0.5% Al ol S S5 RIE 2. WE 2 A LIF
MO Al BHR ML S. fm Al 20 min J5F, 4428% S BN
Ix1073 [ F (2--4)x 1071, HFERFHTAE EHI3 W
—® 0.5%Al F&&FE& Al By,  in Al Sl
10 min FEFCEFE, M 0.5% BRT] 0.42%, 3 15min FEH|

B
o

(5]
¢

[8].mass fraction, 10¢

10 1 1 - 1 1
0 20 40 50 80 100

Time, min
B2 1773 K BgRet S w8 kiEm

Fig.1 Change of 5 content in Ni-base alloy melt during
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* 1 CaO HBEBEE S B (mass [raction,%)
Table T Sulfur content of the CaO crucible wall

No. Sampling position S content

1 3—6 imm from inner wall surface 0.073—0.095
(after smelting)
2 Small alloy particles on the 0.033—0.035
inner wall (after smelting)
3  0—1 mm from inner wall surface 0.067—0.076
(after smelting)

4 CaQ powder (before use) 0.005
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Table 2 Standard energies AG® of related reactions

Reaction

Temperature range, K

AG®, J/mol

241y +3/20(5 = Alg Q) 932— 23456 — 1680716 +321.797
Ca(yy+1/205(5=CaOyy, 11231756 ~63924+107.86T
Cag)+1/285(5)=CaS(, §93—1484 —5481044 103.85T
1/282=I8]m: LT73— 1848 — 118583+ 15. 157
1/202=[0]n —70930—1.404T
Cay=[Caln —8033—35.02T
Al =iAln —154808—19,288T

Note: (1) “(g}" “(1)" “(s)” expressing gas, liquid and solid states, respectively

(2) “! }ni™ expressing concentration in Ni liquid, mass fractiones
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Table 3 Interaction coefficient & in Ni -base superalloy

liquid

P ) Cr Ma Al
b ) €3 g 5

Ni alloy liquid —0.035  0.030 0.053 0.133

b Al [3) I S
Cat €al €Al €Al €Al
Ni alloy liquid 0.08 —1.79 —0.004 0.113

CeS Al
Note: e, is calculated by ef

F* 4 EFHHE NI &&YT 3Ca0 Al20a iR T-H85
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Table 4 The estimated sulfur contents in liquid Ni-base
alloy at equilibrium with 3Ca(-Al03 slag at

1773 K
(mass fraction, 10~5)
Al 5]
(50) (950) (2000) {10000)
2500 0.08 1.15 2.42 12.11
5000 0.03 0.65 1.37 6.83
100040 0.02 0.33 0.69 3.49

Note: the number in parenchese is S content in the
3Ca0-AlpOg slag. [Al] is the Alamount adding
in Ni-base alloy loquid
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