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Thermodynamic Analysis and Process Control of Aluminum
and Titanium Burning Loss in R-26 Alloy during
Electroslag Remelting (ESR)
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Abstract: The aluminum increase and titanium loss during ESR of high Ti low Al R-26 alloy is a typical technical issue.
Thermodynamic models of molten slag and slag-metal reaction were established to analyze the activities of slag components
and their relationship with metal composition, and then slag optimization scheme were proposed and verified through pro-
cess trial. The results indicated that, the model effectively calculated the variation of component activity in slag. The un-
stable oxides in slag, including 0. 35%uw[Si0,] and 0. 14%w[FeO ], cause the oxidation reaction of titanium. The reac-
tion of Ti with AL O, at high temperature can proceed spontaneously, as the key that caused changes in the content of Al
and Ti in ingot. With TiO, added into the slag, the equilibrium Al content significantly decreased, thereby w[TiO,] needs
to be higher than 4% for wl Al]<0.25% at 1 873 K. In addition, the equilibrium Al content increased with the increase of
Ca0 and AL0,, and decreases with the addition of MgO in the slag. A recommended optimization plan "4% /[ TiO,], 2%
-4% w[MgO] , 10%-15% w| Ca0] and w[Alz()S] each, and CaF, balance" was proposed based on the ternary purification
slag CaF,-A1,0,-Ca0. Through the verification of process trials, the variation trend of Al content in the ingot with slag con-
ditions and Ti content conformed to the theoretical analysis, proving that this study could effectively guide the ESR process
to achieve the control of titanium loss and aluminum increase.
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Fig. 1 Schematic diagram of mass transfer and composition re-

lationships between gas—slag—alloy during ESR
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Table 1 Standard chemical composition of R—26 alloy%

C Cr Ni Al Ti Co Fe
<0.08  16.0~20.0 35.0~39.0 <0.25 2.50~3.00 18.0~22.0 Avht
B Mn Si P S Mo
03’8'{ <1.0 <15 <003 <0.03  250~3.50

R2 GEPRENBEEERRY

Table 2 Interaction coefficients of elements in alloys

el C Cr Ni Al Ti
Al 0.091 0.045 -0.029 0.08 0.004
Si - 0.025 -0.01 0.059 -
Ti -0.19 0025  -0.0166 - 0.048
el B Mn Si Mo P
Al 0.034 0.056 - 0.033 0.035
Si - 0.136 - - -
Ti -0.12 -0.025 0016  -0.0064  -0.27

1.2 CaO-SiO,-FeO-Al,0,-TiO,-CaF,-
MgO % T AT iH ERE
F 98 F AL b v R DL AR B Si0,-FeO LA )
I MgO , B A 4H I6 K Ca0-Si0,-Fe0-AL0,-TiO,-
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Table 3 Structural units as complex molecules, their standard molar Gibbs free energy changes, and mass action concen-

trations in slag

PIAR/ES A T i TERCR AL I AE/J mol™) JEK R
3(Ca>+0*)+2(Si0,)=(3Ca0+2Si0,) 8 -236 814+9.623T Ng=KN N,
2(Ca®+0%)+(Si0,)=(2Ca0+Si0,) 9 -102 090-24.267T Ny=K,N N,
(Ca™+0)+(Si0,)=(Ca0-Si0,) 10 -21757-36.819T N, =K ,N,N,
3(Ca*+0*)+(A1,0,)=(3Ca0+ ALO,) 11 —21757—29.288T N, =K, NN,
12(Ca*+0* +7(A1,0,)=(12Ca0 - 7A1,0,) 12 617 977—612.119T N,=K,N,"N,
(Ca®+0)+(AL,0,)=(Ca0-AL0,) 13 59 413—59.413T N,,;=K,;N\N,
(Ca®+0%)+2(A1,0,)=(Ca0+2A1,0,) 14 —16 736—25.522T N, =K NN
(Ca®™+0)+6(AL,0,)=(Ca0 - 6AL,0,) 15 —22594-31.798T N, =K NN,
(Ca*+0%)+(Ti0,)=(Ca0 - Ti0,) 16 —79967.9-3.35T N, =K NNy
3(Ca*+0*)+2(Ti0,)=(3Ca0 - 2Ti0,) 17 —207247—11.51T N,=K,N’N?
4(Ca*+0%)+3(Ti0,)=(4Ca0-3Ti0,) 18 —293076—17.58T N, =K (NN
2(Fe™+0” H(Si0,)=(2Fe0 - Si0,) 19 —9395—0.227T N =K ,N,’N,
(Fe*+07 (AL 0,)=(FeO - ALO,) 20 —59 204+22.343T Nyy=K, NN,
(Fe**+0% J+(Ti0,)=(FeO - Ti0,) 21 —33494.4+12.14T N, =K, N,V
2(Fe**+0™ H+(Ti0,)=(2Fe0 - TiO,) 22 —33913.145.86T N,,=K,,N;’N,
3(AL0,)+2(Si0,)=(3A1,0,-28i0,) 23 —4354—10.467T N,=K,;N,°N,?
(ALO,)+(Ti0,)=(AL,0,-TiO,) 24 —25270+3.924T N,,=K,,N,N,
2(Ca*+0*)+(AL0,)+(Si0,)=(2Ca0 - AL,0,-Si0,) 25 -116 315-38.9117 N,s=K,;N*N,N,
(Ca™+0” (AL 0, )+2(Si0,)=(Ca0 - ALO, - 2Si0,) 26 -4 184-73.638T N,=K,N\N,N,*
(Ca™+0*)+(Ti0,)+ <510) (Ca0-Ti0,-Si0,) 27 —122 673+10.89T N,,=K,,N,N;N,
3(Ca”*+0%)+3(AL0,)+(Ca™+2F )=(3Ca0-3AL,0,- CaF,) 28 -44 492-73.15T N, =K, (N,’N,’N
11(Ca>+0* 1#7(AL O, HCa>+2F )=(11Ca0 - 7AL 0, - CaF,) 29 -228 760-155.8T N,y=K,,N,""N,'N,
3(Ca*+0*)+2(Si0,+(Ca*"+2F)=(3Ca0-2Si0, - CaF,) 30 -255 180-8.20T No=KyoN,*N,*N,
3(Ca®+0%)+(Si0,)=(3Ca0+Si0,) 31 -118 826-6.694T /v3,:1<31]v,31v2
2(Mg™+0™ +(Si0,)=(2Mg0 - Si0,) 32 —56902-3.347T N,=K,,N,’N,
(Mg +0? )+(Si0,)=(MgO0 - Si0,) 33 23 849—29.706T Ny=K,,N;N,
(Mg +0™ +(ALO,)=(MgO - AL,0;) 34 —18828—6.276T N,,=K,,N,N,
(Mg +0* +(Ti0,)=(Mg0 - Ti0,) 35 —26 376.8+3.14T N=K, NN,
(Mg?*+0* +2(Ti0,)=(MgO - 2Ti0,) 36 —27 632.9+0.63T N, =K, NN
2(Mg”*+0* +(Ti0,)=(2Mg0 - TiO,) 37 —25539.5+1.26T N,,=K, ;NN
(Ca®+0* )+(Mg*+0)+(Si0,)=(Ca0 - Mg0 - Si0,) 38 —124 683+3.766T Ny =K, N, N,N,
(Ca>+0%)+(Mg>+0%)+2(Si0,)=(Ca0 - Mg0 - 2Si0,) 39 —80333—51.882T Ny=K,,N\N,N,’
2(Ca”+0™ )+(Mg>+0* +2(Si0,)=(2Ca0 - MgO - 2Si0,) 40 —73 638—63.597T N =K, N *N,N,?
3(Ca®+0% )+(Mg?+0)+2(Si0,)=(3Ca0 - MgO - 2Si0,) 41 —205016—31.798T N, =K, N’N,N,?
2(Mg”*+0% )+2(AL,0,)+5(Si0,)=(2Mg0 - 2A1,0, - 55i0,) 42 — 14 422—14.808T N,=K,NN]N,’
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