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Surface Tension of Pentary Slag CaF, -Ca0-Al O, -SiO, -MgO and
Its Application in Nickel Base Alloy Electro-Slag Remelting
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(1 Baotai Group Co Lid, Baoji 721014 ; 2 Xi’an University of Architecture and Technology, Xi’an 710000)

Abstract The effect of ingredient of pentary slag (/% : 50 ~ 65CaF,, 6 ~15Ca0, 18 ~30AL,0,, 4 ~10Si0,, 1 ~
7MgO) and melting slag temperature (1330 ~1463 °C) on its surface tension has been studied. Results show that with in-
creasing melting slag temperature, its surface tension decreases, and the surface tension of pentary slag at 1463 C is
0.372 ~0. 418 N/m. The surface tension of slag 60CaF,-15Ca0-65i0,-18A1,0,-5Mg0 has lower surface tension (0.375 N/
m) , betier fluidity and lower viscosity value. The results of commercial production of nickel base alloys Inconel 600 and 625
by 3 t ESR unit show that the elements content in ESR ingot are uniform, the gas content [ 0] <20 x107% and [ N] <50 x
107, the average power consumption decreases to 1 326 kWh/t from original 1933 kWh/t by remelting with slag ANF-6.
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Table 1 Chemical composition of analytical reagent /%

7% ERES) HRRE HEEE 49
CaF, =98.5 <0.4 <0.003 =<0.010
Ca0 =98.0 <2.0 <0.005 =0.010
Si0, (HEHHR) <3.0 =0.005 =<0.005
ALO;  (HEaXEEHE) <5.0 <0.005 <0.010
MgO(RJR) =98.5 <4.5 <0.005 <0.020
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Table 2 Measuring data of surface tension of pentary slag
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Table 3 Factor and level table for orthogonal experiment / %
KF CaF, Ca0 Si0, AL 0y MgO
1 50 6 4 18 1
2 55 9 6 22 3
3 60 12 8 26 5
4 65 15 10 30 7
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Table 4 Orthogonal experiment of ingredient of pentary
slag

ER/% REKRS/
¥ GRG0 S0, ALO cm~!
2 al 10, ,0, Mgo (N-m™)
1 50 6 4 18 1 0.3726
2 50 9 6 22 3 0.379 4
3 50 12 8 26 5 0.394 4
4 50 15 10 30 7 0.386 7
5 55 6 6 26 7 0.382 8
6 55 9 4 30 5 0.377 2
7 55 12 10 18 3 0. 398 4
8 55 15 8 2 1 0.409 6
9 60 6 8 30 3 0.3817
10 60 9 10 26 1 0.417 8
11 60 12 4 22 7 0.3915
12 60 15 6 18 5 0.3750
13 65 6 10 2 5 0.381 3
14 65 9 8 18 7 0.391 0
15 65 12 6 30 1 0.386 0
16 65 15 4 26 3 0.3727
K,(%¥1) 0.383 0.380 0.379 0.385 0.395
K (KF2) 0.392 0.391 0.380 0.390 0.383 6.1

Ks(/K¥E3) 0.392 0.391 0.394 0.392 0.382
K (KF4) 0.381 0.386 0.396 0.382 0.388
R(AE22) 0.011 0.011 0.017 0.010 0.013
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Table 5 Variance analysis of ingredient of pentary slag

4y FE He F{E BEHE
CaF, 0.000 8 3 7.424

Ca0 0.000 8 3 7.424

$i0, 0.001 5 3 13.97 *
Al, 04 0.006 0 3 5.568

MgO 0.000 9 3 8.352
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Fig.1 Surface tension curves of (a) No6 slag (55CaF,, 9CaO, 4Si0,, 30AL0,,
5Mg0O) and (b) Nol2 slag (60CaF,, 15Ca0, 6Si0,, 18Al,0,, 5Mg0)
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Table 6 Analysis of ESR ingot of alloys Inconel 600 and 625 with pentary

slag / %
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B 1 (a)6"#(55CaF,,9Ca0,48i0,,30A1,0,,5Mg0) F (b) 12* # (60CaF, , 15Ca0,
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ME W RE K DM HN
0.377,0.375 N/m, 761463 C
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A4S BmEE C Mn Ni Cr Fe Ti

%E  0.05 0.34 74.33 16.04 8.22 0.15
JEE 0.06 0.33 74.45 16.03 8.25 0.14
X# 0.05 0.11 60.55 21.56 4.58 0.18
JEXS 0.04 0.12 60.78 21.63 4.62 0.19
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Table 7 O, N, S and P content in ESR ingot of alloys In-
conel 600 and 625 with pentary slag /%

HiF HHE
&85 NE B o] N S p

B k¥ 0.0050

BB KX 0.0040
Inconel600 M %I 0.0020
BEAE K 0.0018
B kT 0.0040
HIEAW KH 0.0040
B k¥ 0.0019
HERE ¥ 0.0017

0.0150 0.023 0.035
0.0130 0.025 0.033
0.0050 0.012 0.014
0.0040 0.013 0.013
0.0140 0.028 0.032
0.016 0 0.027 0.031
0.0050 0.011 0.013
0.0030 0.012 0.012
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