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12.
 Apêndices. 

12.1.
Macros construídas. 

12.1.1.
Al2O3-TiO2.

@@ SETUP FILE WRITTEN  6- 3- 5 

@@ 

GO GIBBS 

ENT-EL  /- VA AL O TI   

AM_EL_D /-  ELECTRON_GAS        0.0000E+00  0.0000E+00  0.0000E+00 1 

AM_EL_D VA  VACUUM                  0.0000E+00  0.0000E+00  0.0000E+00 1 

AM_EL_D AL  FCC(A1)                     2.6982E+01  0.0000E+00  6.7690E+00 2 

AM_EL_D O   1/2_MOLE_O2(G)       1.5999E+01  0.0000E+00  2.4502E+01 2 

AM_EL_D TI  HCP(A3)                      4.7880E+01  0.0000E+00  7.3200E+00 2 

ENTER-SPECIE A0_01_C00C08_23_AL2O3    AL2O3 

ENTER-SPECIE A0_01_C00C03_12_TIO2       O2TI1 

ENTER-SPECIE A0_01_C03C08_ALTI             AL4O12TI3 

ENTER-SPECIE AL2O3                                      AL2O3 

ENTER-SPECIE AL2TIO5                                  AL2O5TI1 

ENTER-SPECIE O2                                              O2 

ENTER-SPECIE TIO2                                          O2TI1 

@@MODELOS DE G 

ENT-SYM FUN F766T  2.9815E+02  -2677984.69+1146.00414*T 

     -182.5479*T*LOG(T)-.0110876*T**2+2345132*T**(-1);  6.0000E+03  N 

ENT-SYM FUN F13207T   2.9815E+02  -966837.628+381.983614*T 

     -63.19571*T*LOG(T)-.005910235*T**2+3.25307833E-11*T**3 

     +517357*T**(-1);  2.18500E+03  Y 

     -1018565.34+675.854122*T-100*T*LOG(T); 5.00000E+03  N 

ENT-SYM FUN GS_TIO2 2.9815E+02 +F13207T+66944-31.338*T; 6.0000E+03 N 

ENT-SYM FUN F717T     2.98150E+02  -1707353.3+448.021205*T-67.48039*T*LOG(T) 

     -.06746995*T**2+1.42054467E-05*T**3+938781*T**(-1);  6.00000E+02  Y 

     -1724888.03+754.856079*T-116.2579*T*LOG(T)-.007225685*T**2 

     +2.78531667E-07*T**3+2120702*T**(-1);  1.50000E+03  Y 

     -1772165.64+1053.45681*T-156.0582*T*LOG(T)+.007091065*T**2 

     -6.29401833E-07*T**3+12366670*T**(-1);  2.32700E+03  Y 

     -1868789.09+1392.58608*T-192.464*T*LOG(T);  6.00000E+03  N 

ENT-SYM FUN GS_AL2O3 2.9815E+02 +111085.2-47.7375161*T+F717T; 6.0000E+03 N 
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@@POSSIVEIS FASES PRESENTES 

ENT-PHASE RUTILO,,1 TIO2; N N 

ENT-PARAM G(RUTILO,TIO2) 2.9815E+02 +F13207T; 6.0000E+03 N 

ENT-PHASE ALTI,, 1 AL2TIO5; N N 

ENT-PARAM G(ALTI,AL2TIO5) 2.9815E+02 +F766T+v10+v11*T; 6.0000E+03  N 

ENT-PHASE AL2O3_S,, 1 AL2O3; N N 

ENT-PARAM G(AL2O3_S,AL2O3) 2.9815E+02 +F717T; 6.0000E+03 N 

ENT-PHASE SLAG,,1  

      A0_01_C00C08_23_AL2O3,A0_01_C00C03_12_TIO2,A0_01_C03C08_ALTI; N N 

                                                                           

ENTER-PARAM G(SLAG,A0_01_C00C08_23_AL2O3) 2.9815E+02 +GS_AL2O3; 6.0000E+03 N 

ENTER-PARAM G(SLAG,A0_01_C00C03_12_TIO2)  2.9815E+02 +GS_TIO2; 6.0000E+03 N 

ENTER-PARAM G(SLAG,A0_01_C03C08_ALTI) 2.9815E+02 +2*GS_AL2O3 

     +3*GS_TIO2+v20; 6.0000E+03 N  

ENTER-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C08_23_AL2O3;0) 2.9815E+02 

     +v22 ; 6.0000E+03 N     

ENTER-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C08_23_AL2O3;1) 2.9815E+02 

     +v24; 6.0000E+03 N 

@@ENTER-PARAM G(SLAG,A0_01_C03C08_ALTI,A0_01_C00C03_12_TIO2;0) 2.9815E+02 

@@    +v24; 6.0000E+03 N 

@@ SET BIT XXXX8XXX                            

AMEND_PHASE_DESCRIPTION SLAG STAT 04208000,,,,,!  

                               

GO PAR                                                                                                

C-N-S-F AL2O3_TIO2.PAR 

s-o-v 10    58293.239 

s-o-v 11   -34.770    

s-o-v 20   -53780.577 

s-o-v 22    11799.900 

s-o-v 24   -9090.610  

SET-INTERACTIVE 
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12.1.2.
MgO-TiO2.

@@ Setup file written  5-3-9 

@@ 

GO GIBBS 

ENT-EL  /- VA MG O TI   

AM_EL_D /-  ELECTRON_GAS          0.0000E+00  0.0000E+00  0.0000E+00 1                                        

AM_EL_D VA  VACUUM                    0.0000E+00  0.0000E+00  0.0000E+00 1 

AM_EL_D MG  HCP(A3)                      2.4305E+01  0.0000E+00  7.8140E+00 2 

AM_EL_D O   1/2_MOLE_O2(G)         1.5999E+01  0.0000E+00  2.4502E+01 2 

AM_EL_D TI  HCP(A3)                         4.7880E+01  0.0000E+00  7.3200E+00 2 

ENTER-SPECIE A0_01_C00C24_11_MGO      MG1O1 

ENTER-SPECIE A0_01_C00C03_12_TIO2       O2TI1 

ENTER_SPECIE A0_01_C03C24_TIMG           MG2O4TI1 

ENTER-SPECIE MGO                                         MG1O1 

ENTER-SPECIE MG1O3TI1                               MG1O3TI1 

ENTER-SPECIE MG1O5TI2                               MG1O5TI2       

ENTER-SPECIE MG2O4TI1                               MG2O4TI1                     

ENTER-SPECIE O2                                             O2 

ENTER-SPECIE O2TI1                                       O2TI1     

@@MODELOS DE G: 

ENT-SYM FUN CAL1      2.98150E+02  4.184;   6.00000E+03   N 

ENT-SYM FUN Z6672T    2.98150E+02  -617678.793+441315.768*T**(-1) 

     +271.461188*T-43.197708*T*LN(T)-.00731252324*T**2 

     +9.77222013E-07*T**3; 9.00000E+02  Y 

      -620730.383+741298.108*T**(-1)+311.970014*T-49.3381464*T*LN(T) 

     -.0016771292*T**2+1.06486984E-09*T**3;  6.00000E+03  N 

ENT-SYM FUN GI_MGO  2.98150E+02  -Z6672T ;   6.00000E+03   N 

ENT-SYM FUN GS_MGO  2.98150E+02  +18500*CAL1 -5.98*CAL1 *T-GI_MGO ;    

     6.00000E+03 N                            

ENT-SYM FUN F13207T   2.98140E+02  -966837.628+381.983614*T 

     -63.19571*T*LN(T)-.005910235*T**2+3.25307833E-11*T**3               

     +517357*T**(-1);  2.18500E+03  Y 

     -1018565.34+675.854122*T-100*T*LN(T);  6.00000E+03  N 

@@2137K = Tf 

ENT-SYM FUN GS_TIO2 2.9815E+02  +F13207T +66944-31.338*T;  

    6.00000E+03   N 

ENT-SYM FUN F11755T   2.98140E+02  -1609150.22+582.848765*T       

     -93.84126*T*LN(T)-.03450503*T**2+5.52438667E-06*T**3 

     +870688.5*T**(-1);  7.00000E+02  Y                  

     -1620745.88+754.29494*T-120.2996*T*LN(T)-.00725085*T**2 

     +1.97278333E-07*T**3+1841930.5*T**(-1);  1.30000E+03  Y 

     -1628902.63+824.674969*T-130.1877*T*LN(T)-.001892302*T**2 

     -3.49785833E-07*T**3+3112268.5*T**(-1);  1.95300E+03  Y 

     -1677712.76+1095.40987*T-163.176*T*LN(T);  6.00000E+03  N 
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ENT-SYM FUN F11774T   2.98140E+02  -2570319.43+1000.77022*T 

     -165.1387*T*LN(T)-.024174315*T**2+7.91536167E-07*T**3 

     +1434451*T**(-1);  1.00000E+03  Y 

     -2573849.3+1042.41948*T-171.316*T*LN(T)-.01928167*T**2 

     +5.98558167E-08*T**3+1825379*T**(-1);  1.96300E+03  Y                               

     -2674805.52+1737.32682*T-261.0816*T*LN(T);  6.00000E+03  N           

                                                        

ENT-SYM FUN F11812T   2.98140E+02  -2218992.39+893.081142*T 

     -146.3433*T*LN(T)-.02175387*T**2+5.76788167E-07*T**3 

     +1352666.5*T**(-1); 2.01300E+03  Y 

     -2304181.38+1518.87068*T-228.4464*T*LN(T);  6.00000E+03  N 

@@FASES PRESENTES 

ENT-PHASE MGO,,  1  MGO ;  N N 

ENT-PARAM G(MGO,MGO;0)  2.98150E+02  -GI_MGO; 6.0000E+03 N 

ENT-PHASE MG1O3TI1_S,,  1  MG1O3TI1 ;  N N 

ENT-PARAM G(MG1O3TI1_S,MG1O3TI1;0)  2.98150E+02 +F11755T 

    +v10+v11*T; 6.0000e+03 N 

ENT-PHASE MG1O5TI2_S,,  1 MG1O5TI2 ;  N N 

ENT-PARAM G(MG1O5TI2_S,MG1O5TI2;0)  2.98150E+02  +F11774T 

     +v12;   6.00000E+03 N 

ENT-PHASE MG2O4TI1_S,, 1  MG2O4TI1 ;  N N 

ENT-PARAM G(MG2O4TI1_S,MG2O4TI1;0)  2.98150E+02  +F11812T 

     +v14; 6.00000E+03 N 

ENT-PHASE RUTILO,,  1  O2TI1 ;  N N 

ENT-PARAM G(RUTILO,O2TI1;0)  2.98150E+02  +F13207T ;   6.00000E+03 N    

@@MODELO DE KAPOR-GAYE-FROHBERG 

ENTER-PHASE SLAG  ,  1    

    A0_01_C00C03_12_TIO2, 

    A0_01_C00C24_11_MGO, A0_01_C03C24_TIMG ;  N N 

                                 

ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2;0) 2.98150E+02  +GS_TIO2 ;  

    6.00000E+03  N 

ENT-PARAM G(SLAG,A0_01_C00C24_11_MGO;0)  2.98150E+02  +GS_MGO ;    

    6.00000E+03   N 

ENT-PARAM G(SLAG,A0_01_C03C24_TIMG;0)  2.98150E+02  +V20+GS_TIO2 

    +2*GS_MGO ;   6.00000E+03   N            

ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C24_11_MGO;0) 2.9815E+02                             

    +v22 ; 6.0000E+03 N 

ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C24_11_MGO;1) 2.9815E+02 

    +v24 ; 6.0000E+03 N                                                                          

@@ENT-PARAM G(SLAG,A0_01_C03C24_TIMG,A0_01_C00C03_12_TIO2;0) 2.9815E2 

@@    +v24 ; 6.0000e+03 N       

@@ SET BIT XXXX8XXX                            
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AMEND_PHASE_DESCRIPTION SLAG STAT 04208000,,,,,!  

GO PAR                                     

C-N-S-F MGO_TIO2.PAR                          

s-o-v 10    12888.663     

s-o-v 11   -3.672         

s-o-v 12    8402.753      

s-o-v 14    15164.848     

s-o-v 20   -94856.3797    

s-o-v 22    7749.361        

s-o-v 24   -24999.497                 

SET_INTERACTIVE         

12.1.3.
MnO-TiO2.

@@ SETUP FILE WRITTEN  5- 3-26 

@@ 

GO GIBBS 

ENT-EL  /- VA MN O TI   

AM_EL_D /-  ELECTRON_GAS             0.0000E+00  0.0000E+00  0.0000E+00 1 

AM_EL_D VA  VACUUM                       0.0000E+00  0.0000E+00  0.0000E+00 1 

AM_EL_D MN  BCC(A12)                       5.4938E+01  0.0000E+00  7.6500E+00 2 

AM_EL_D O   1/2_MOLE_O2(G)            1.5999E+01  0.0000E+00  2.4502E+01 2 

AM_EL_D TI  HCP(A3)                            4.7880E+01  0.0000E+00  7.3200E+00 2 

ENTER-SPECIE MNO                                            MN1O1 

ENTER-SPECIE MN1O3TI1                                  MN1O3TI1 

ENTER-SPECIE MN2O4TI1                                  MN2O4TI1      

ENTER-SPECIE O2                                                O2                 

ENTER-SPECIE TIO2                                            O2TI1 

ENTER-SPECIE A0_01_C00C03_12_TIO2          O2TI1 

ENTER-SPECIE A0_01_C00C22_11_MN0          MN1O1 

ENTER-SPECIE A0_01_C03C22_TIMN              MN2O4TI1           

ENTER-SPECIE MNTIO3                                      MN1O3TI1  

ENTER-SPECIE MN2TIO4                                    MN2O4TI1 

                                                                               

@@MODELOS DE ENERGIA LIVRE DE GIBBS 

ENT-SYM FUN F11856T   2.98140E+02  -400382.97+255.992739*T-46.48424*T*LOG(T)                

    -.00405848*T**2+184096*T**(-1);  2.05810E+03  Y 

     -412204.857+361.643065*T-60.668*T*LOG(T);  6.00000E+03  N 

ENT-SYM FUN GI_MNO 2.9815E+02 +F11856T ; 6.0000E+03 N  

ENT-SYM FUN GS_MNO 2.9815E+02 +GI_MNO+54392-26.4282591*T ; 6.0000E+03 N     

ENT-SYM FUN F13207T   2.98140E+02  -966837.628+381.983614*T 

    -63.19571*T*LOG(T)-.005910235*T**2+3.25307833E-11*T**3+517357*T**(-1);  

    2.18500E+03  Y                                                                        

    -1018565.34+675.854122*T-100*T*LOG(T); 6.0000E+03 N                 

ENT-SYM FUN GI_TIO2 2.9815E+02 +F13207T ; 6.0000E+03 N  
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ENT-SYM FUN GS_TIO2 2.9815E+02 +GI_TIO2+66944-31.338*T ; 6.0000E+03 N          

ENT-SYM FUN F11874T   2.98140E+02  -1399644.33+724.123818*T 

    -121.6707*T*LOG(T)-.00464424*T**2+1094116*T**(-1);  6.0000E+03  N 

ENT-SYM FUN F11915T   2.98140E+02  -1812579.32+976.350959*T-168.155*T*LOG(T) 

    -.00870272*T**2+1278212*T**(-1);  6.0000E+03  N 

@@FASES PRESENTES                                       

ENT-PHASE MN1O1_S  ,  1    

    MNO ;  N N 

ENT-PARAM G(MN1O1_S,MNO;0)  2.98150E+02  +F11856T ; 6.00000E+03 N 

ENT-PHASE MN1O1_L  ,  1 

    MNO ; N N 

ENT-PARAM G(MN1O1_L,MNO;0) 2.9815E+02 +GI_MNO+54392-26.4282591*T ; 6.0000E+03 N 

ENT-PHASE RUTILO  ,  1    

    TIO2 ;  N N 

ENT-PARAM G(RUTILO,TIO2;0)  2.98150E+02  +F13207T ;   6.00000E+03 N 

ENT-PHASE MN1O3TI1_S  ,  1                  

    MNTIO3 ;  N N                                                                        

ENT-PARAM G(MN1O3TI1_S,MNTIO3;0)  2.98150E+02 +F11874T+V10 ; 6.00000E+03 N          

ENT-PHASE MN2O4TI1_S  ,  1                    

    MN2TIO4 ;  N N                               

ENT-PARAM G(MN2O4TI1_S,MN2TIO4;0)  2.98150E+02 +F11915T+V12 ; 6.00000E+03 N 

ENT-PHASE SLAG  ,  1                                                                

    A0_01_C00C03_12_TIO2, A0_01_C00C22_11_MN0,         

    A0_01_C03C22_TIMN ; N N 

            

ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2) 2.9815E+02 +GS_TIO2 ; 6.0000E+03 N 

ENT-PARAM G(SLAG,A0_01_C00C22_11_MN0) 2.9815E+02 +GS_MNO ; 6.0000E+03 N 

         

ENT-PARAM G(SLAG,A0_01_C03C22_TIMN) 2.9815E+02 +GS_TIO2+2*GS_MNO 

    +V20 ; 6.0000E+03 N      

ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C22_11_MN0;0) 2.9815E+02 

    +V22 ; 6.0000E+03 N            

                              

ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C22_11_MN0;1) 2.9815E+02 

    +V24 ; 6.0000E+03 N 

@@ENT-PARAM G(SLAG,A0_01_C03C22_TIMN,A0_01_C00C03_12_TIO2;0) 2.9815E+02 

@@    +V26 ; 6.0000E+03 N                         

@@ SET BIT XXXX8XXX                               

AMEND_PHASE_DESCRIPTION SLAG STAT 04208000,,,,,!  

GO PAR 
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C-N-S-F MNO_TIO2.PAR 

S-O-V 10    -1504.817  

S-O-V 12     10426.163                  

S-O-V 20    -59494.856   

S-O-V 22    -7512.332  

S-O-V 24    -14155.737                 

SET-INTERACTIVE 

12.1.4.

FeO-TiO2.

@@ SETUP FILE WRITTEN  5- 3-31 

@@ 

 GO GIBBS 

 ENT-EL  /- VA FE O TI   

 AM_EL_D /-  ELECTRON_GAS              0.0000E+00  0.0000E+00  0.0000E+00 1 

 AM_EL_D VA  VACUUM                        0.0000E+00  0.0000E+00  0.0000E+00 1 

 AM_EL_D FE  BCC(A2)                           5.5847E+01  0.0000E+00  6.5200E+00 2 

 AM_EL_D O   1/2_MOLE_O2(G)            1.5999E+01  0.0000E+00  2.4502E+01 2 

 AM_EL_D TI  HCP(A3)                            4.7880E+01  0.0000E+00  7.3200E+00 2 

 ENTER-SPECIE A0_01_C00C03_12_TIO2        O2TI1 

 ENTER-SPECIE A0_01_C00C16_11_FEO         FE1O1 

 ENTER-SPECIE A0_01_C03C16_FETI              FE2O4TI1 

 ENTER-SPECIE FE1O1                                       FE1O1 

 ENTER-SPECIE FE1O3TI1                                 FE1O3TI1 

 ENTER-SPECIE FE2O4TI1                                 FE2O4TI1 

 ENTER-SPECIE FEO                                           FE1O1 

 ENTER-SPECIE O2                                              O2 

 ENTER-SPECIE TIO2                                          O2TI1 

 ENTER-SPECIE FEO5TI2                                   FE1O5TI2 

 ENT-SYM FUN F9501T    2.9815E+02  -287925.353+278.651546*T 

     -50.29712*T*LN(T)-.0017957875*T**2-1.3808525E-06*T**3+97306.85*T**(-1);  

      6.00000E+02  Y 

      -279727.454+154.251797*T-30.95955*T*LN(T)-.02301514*T**2 

     +3.19654167E-06*T**3-579760*T**(-1);  9.00000E+02  Y 

      -318246.729+562.931723*T-90.4949*T*LN(T)+.019062515*T**2 

     -2.56551667E-06*T**3+4198916*T**(-1);  1.30000E+03  Y 

      -390025.171+1032.92282*T-153.2256*T*LN(T)+.04081241*T**2 

     -3.64372E-06*T**3+18660265*T**(-1);  1.65000E+03  Y 

      -305488.803+416.042511*T-68.1992*T*LN(T);  6.0000E+03  N 

       

 ENT-SYM FUN GS_FEO  2.98150E+02 +F9501T+24058-14.5806061*T 

     +V16 ; 6.00000E+03 N 

 ENT-SYM FUN GI_FEO 2.9815E+02 +F9501T ; 6.00000E+03 N   

 ENT-SYM FUN F9519T    2.98140E+02  -1283022.82+691.850641*T 

     -116.6081*T*LN(T)-.00912112*T**2+1002068*T**(-1);  1.68800E+03  Y 
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     -1395191.23+1356.71237*T-199.1584*T*LN(T);  6.0000E+03  N 

      

 ENT-SYM FUN F9604T    2.9815E+02  -1566451.76+797.078757*T 

     -139.4946*T*LN(T)-.03154736*T**2+711280*T**(-1);  6.0000E+03  N 

 ENT-SYM FUN F13207T   2.98140E+02  -966837.628+381.983614*T 

     -63.19571*T*LOG(T)-.005910235*T**2+3.25307833E-11*T**3+517357*T**(-1);   

     2.18500E+03  Y  

     -1018565.34+675.854122*T-100*T*LOG(T);  6.00000E+03  N 

 ENT-SYM FUN GI_TIO2 2.9815E+02  +F13207T ; 6.00000E+03 N 

 ENT-SYM FUN GS_TIO2 2.9815E+02  +F13207T+66944-31.338*T;  6.00000E+03  N 

 @@MODELO DE G OBTIDO DE PELTON (1993).A FAIXA DE VALIDADE, DEVIDO AO AJUSTE  

 @@DE CP É BASTANTE RESTRITA (1423K A 1728K) 

 ENT-SYM FUN FAUX 1.3E+02 0.5*LN(T); 6.000E+03 N. 

 ENT-SYM FUN F13003T 1.3E+02 -2203606.5+1617.223*T+22.5138E+05*T**(-1) 

       -7.59193E+07*T**(-2)-247.154*T*LN(T)-4104.6*EXP(FAUX); 6.00000E+03 N 

 ENT-PHASE FE1O1_S,,  1   FEO ;  N N 

 ENT-PARAM G(FE1O1_S,FEO;0)  2.98150E+02  +F9501T ;   6.00000E+03 N 

 ENT-PHASE FE1O1_L,,  1   FEO ; N N 

 ENT-PARAM G(FE1O1_L,FEO;0) 2.9815E+02 +GS_FEO ; 6.00000E+03 N 

                  

 ENT-PHASE FETI_S,, 1 FEO5TI2 ; N N                             

 ENT-PARAM G(FETI_S,FEO5TI2;0) 1.3E+02 +F13003T+V10 ; 6.0000E+03 N         

 ENT-PHASE FE1O3TI1_S,,  1  FE1O3TI1 ;  N N 

 ENT-PARAM G(FE1O3TI1_S,FE1O3TI1;0)  2.98150E+02  +F9519T+V12 ; 6.00000E+03 N 

                

 ENT-PHASE FE2O4TI1_S,,  1  FE2O4TI1 ;  N N 

 ENT-PARAM G(FE2O4TI1_S,FE2O4TI1;0)  2.98150E+02  +F9604T 

     +V14 ; 6.00000E+03 N 

 ENT-PHASE RUTILE,,  1  TIO2 ;  N N 

 ENT-PARAM G(RUTILE,TIO2;0)  2.98150E+02  +F13207T ;  6.00000E+03 N 

 ENT-PHASE SLAG  ,  1    

     A0_01_C00C16_11_FEO,A0_01_C00C03_12_TIO2,A0_01_C03C16_FETI ;  N N 

 ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2;0)  2.98150E+02  +GS_TIO2 ;    

     6.00000E+03  N 

 ENT-PARAM G(SLAG,A0_01_C00C16_11_FEO;0)  2.98150E+02  +GS_FEO ;    

     6.00000E+03  N 

 ENT-PARAM G(SLAG,A0_01_C03C16_FETI;0)  2.98150E+02                  

     +V20+GS_TIO2+2*GS_FEO;  6.00000E+03   N 

 ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C16_11_FEO;0) 2.9815E+02   

     +V22 ; 6.00000E+03 N 

 ENT-PARAM G(SLAG,A0_01_C00C03_12_TIO2,A0_01_C00C16_11_FEO;1) 2.9815E+02 

     +V24; 6.0000E+03 N 
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 @@ENT-PARAM G(SLAG,A0_01_C03C16_FETI,A0_01_C00C03_12_TIO2;0) 2.9815E+02 

 @@    +V24 ; 6.0000E+03 

 @@ SET BIT XXXX8XXX                            

 AMEND_PHASE_DESCRIPTION SLAG STAT 04208000,,,,,!  

 GO PAR 

 C-N-S-F FEO_TIO2 

 S-O-V 10    -4626.287     

 S-O-V 12    -4881.536  

 S-O-V 14    -18120.529  

 S-O-V 20    -32352.778   

 S-O-V 22    -579.694                           

 S-O-V 24    -20125.675   

 SET-INTERACTIVE 

12.2.
Arquivos de experimentos. 

12.2.1.
Al2O3-TiO2.

@@POP-FILE MODIFICADO EM 6/07/05 

DEFINE_COMPONENT AL2O3 O2 TIO2 

$FUSAO CONGRUENTE DO AL2TIO5  

CREATE_NEW_EQUILIBRIUM 10,1 

CHANGE-STATUS PHASE SLAG ALTI = FIX 1                     

SET_CONDITION P=1E5 X(O2)=0 X(SLAG,AL2O3)=0.5 

S-S-V T=2139 

EXPERIMENT T=2139:20   

$EUTETICO SLAG-AL2O3_TIO2-TIO2 

CREATE_NEW_EQUILIBRIUM 20,1 

CHANGE_STATUS PHASE SLAG ALTI RUTILO = FIX 1 

SET_CONDITION  P=1.013E5 X(O2)=0                          

SET_START_VALUE  T=1952 X(SLAG,AL2O3)=0.2                 

EXPERIMENT T=1952:20 X(SLAG,AL2O3)=0.2:0.05               

$EUTETICO SLAG-AL2O3_TIO2-AL2O3 

CREATE_NEW_EQUILIBRIUM 30,1                

CHANGE_STATUS PHASE SLAG ALTI AL2O3_S = FIX 1             

S-C P=1.013E5 X(O2)=0                        

S-S-V T=2080 X(SLAG,AL2O3)=0.62                           

EXPERIMENT T=2079:20 X(SLAG,AL2O3)=0.62:0.05 

$REGIAO SLAG-AL2O3   
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TABLE_HEAD 500                    

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE-STATUS PHASE SLAG AL2O3_S= FIX 1 

SET_CONDITION P=1.013E5 X(SLAG,AL2O3)=@1:0.05 X(O2)=0 

SET_START_VALUE T=@2 

EXPERIMENT T=@2:20  

TABLE_VALUES               

$ X(SLAG,AL2O3) T(K) 

0.66 2095 

TABLE_END                                       

$Região SLAG-TIO2 

TABLE_HEAD 700 

C-N-E @@,1 

CH-ST P SLAG RUTILO = FIX 1                               

S-C P=1E5 X(O2)=0 X(SLAG,AL2O3)=@1:0.05 

S-S-V T=@2 

EXPERIMENT T=@2:20 

TABLE_VALUES 

0.11 2063.8 

TABLE_END 

$REGIAO SLAG-AL2O3_TIO2   

TABLE_HEAD 600                  

CREATE_NEW_EQUILIBRIUM @@,1                               

CHANGE-STATUS PHASE SLAG ALTI= FIX 1              

SET_CONDITION P=1.013E5 X(SLAG,AL2O3)=@1:0.05 X(O2)=0 

SET_START_VALUE T=@2                                     

EXPERIMENT T=@2:20                          

TABLE_VALUES 

$ X(SLAG,AL2O3) T(K)                                      

0.22 1945 

0.24 1992 

0.39 2077 

0.44 2107                

0.55 2105 

TABLE_END 

CREATE_NEW_EQUILIBRIUM 70,1 

CH-ST P ALTI AL2O3_S RUTILO = FIX 1 

S-C P=1.013E5 X(O2)=0 

S-S-V T=1567 

EXPERIMENT T=1567:20 

SAVE_WORKSPACE                                            
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12.2.2.
 MgO-TiO2.

D-C MGO O2 TIO2 

$PERITETICO: SLAG-MGO-MG2TIO4 

C-N-E 10,1 

CH-ST P SLAG MG2O4TI1_S MGO = FIX 1 

S-C X(O2)=0 P=1E5      

S-S-V T=2028.4 X(SLAG,TIO2)=0.4 

EXPERIMENT T=2028.4:10 X(SLAG,TIO2)=0.4:0.02        

                     

$PERITETICO: SLAG-MG2TIO4-MGTIO3 

C-N-E 20,1 

CH-ST P SLAG MG2O4TI1_S MG1O3TI1_S = FIX 1 

S-C X(O2)=0 P=1E5           

S-S-V T=1903 X(SLAG,TIO2)=0.52 

EXPERIMENT T=1903:10 X(SLAG,TIO2)=0.52:0.02 

$EUTETICO: SLAG-MGTIO3-MGTI2O5 

C-N-E 30,1                    

CH-ST P SLAG MG1O3TI1_S MG1O5TI2_S = FIX 1 

S-C X(O2)=0 P=1E5 

S-S-V T=1893 X(SLAG,TIO2)=0.56 

EXPERIMENT T=1893:10 X(SLAG,TIO2)=0.56:0.02 

$FUSÃO CONGRUENTE DO MGTI2O5                       

C-N-E 40,1 

CH-ST P SLAG MG1O5TI2_S = FIX 1                     

S-C X(O2)=0 P=1E5 X(SLAG,TIO2)=0.66667 

S-S-V T = 1930 

EXPERIMENT T =1930:10                  

$EUTETICO: SLAG-RUTILO-MGTI2O5      

C-N-E 50,1 

CH-ST P SLAG RUTILO MG1O5TI2_S = FIX 1 

S-C X(O2)=0 P=1E5     

S-S-V T=1905 X(SLAG,TIO2)=0.76 

EXPERIMENT T=1905:10 X(SLAG,TIO2)=0.76:.02 

$eutetoide: MgO-Mg2TiO4-MgTiO3 

C-N-E 60,1 

CH-ST P MGO MG1O3TI1_S MG2O4TI1_S = FIX 1 

S-C X(O2)=0 P=1E5                                   

S-S-V T=1273 

EXPERIMENT T=1273:10 

$eutetoide : Rutilo-MgTiO3-MgTi2O5 

C-N-E 70,1 

CH-ST P RUTILO MG1O5TI2_S MG1O3TI1_S = FIX 1 
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S-C X(O2)=0 P=1E5 

S-S-V T=403 

EXPERIMENT T=403:10 

SAVE_WORKSPACE 

12.2.3.
 MnO-TiO2.

$Rao and Gaskel activities 

TABLE_HEAD 100 

C-N-E @@,1 

S-R-S MNO MN1O1_S,,,, 

CH-ST P SLAG = FIX 1 

S-C P=1E5 X(O2)=0 T=1773 W(MNO)=@1:0.05 

EXPERIMENT ACR(MNO)=@2:0.05   

TABLE_VALUES 

0.70  0.967 

0.64  0.835 

0.60  0.686 

0.55  0.574 

0.50  0.413 

0.45  0.260 

0.40  0.208 

0.35  0.153 

0.30  0.104 

TABLE_END                                    

TABLE_HEAD 400 

C-N-E @@,1                                               

S-R-S MNO MN1O1_S,,,, 

CH-ST P SLAG = FIX 1 

S-C P=1E5 X(O2)=0 T=1823 W(MNO)=@1:0.05  

EXPERIMENT ACR(MNO)=@2:0.05  

TABLE_VALUES 

0.64 0.768 

0.60 0.639 

0.55 0.414 

0.50 0.341 

0.45 0.235 

0.40 0.202 

0.35 0.119                                           

0.30 0.094                                                 

TABLE_END 

$OTA e Morita activities 

TABLE_HEAD 600 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG=FIX 1 
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SET-CONDITION T=1873,P=1E5,W(MNO)=@1:0.05,X(O2)=0 

SET_REFERENCE_STATE MNO MN1O1_S,,,, 

EXPERIMENT ACR(MNO)=@2:0.05 

TABLE_VALUES 

$  W(MNO)       ACR(MNO) 

   59.7E-02     5.90E-01 

   46.7E-02     3.00E-01 

   38.6E-02     1.60E-01 

   26.3E-02     1.10E-01 

   23.8E-02     1.00E-01 

TABLE_END 

$MARTIN AND BELL ACTIVITIES 

$

TABLE_HEAD 700 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG=FIX 1 

SET-CONDITION T=1773,P=1E5,X(TIO2)=@1:0.05 X(O2)=0 

SET_REFERENCE_STATE MNO MN1O1_S,,,, 

EXPERIMENT ACR(MNO)=@2:0.05 

TABLE_VALUES 

$  X(TIO2)       ACR(MNO) 

   47E-02     3.60E-01 

   49E-02     3.40E-01 

   59E-02     1.50E-01 

TABLE_END 

                                                         

$FUSAO CONG.: SLAG-MNTIO3 

C-N-E 40,1                                                 

CH-ST P SLAG MN1O3TI1_S = FIX 1 

S-C P=1E5 X(O2)=0 X(TIO2)=0.5 

S-S-V T=1683 

EXPERIMENT T=1683:10                               

$EUTETICO: SLAG-RUTILO-MNTIO3                              

C-N-E 50,1 

CH-ST P SLAG MN1O3TI1_S SLAG RUTILO = FIX 1           

S-C P=1E5 X(O2)=0 

S-S-V T=1640 x(SLAG,TIO2)=0.58                             

EXPERIMENT T=1640:10 x(SLAG,TIO2)=0.58:0.05 

$EUTETICO: SLAG-MNO-MN2TIO4 

C-N-E 10,1 

CH-ST P SLAG MN2O4TI1_S MN1O1_S = FIX 1 

S-C X(O2)=0 P=1E5                                       

S-S-V T=1683 x(SLAG,TIO2)=0.28          

EXPERIMENT T=1683:10 x(SLAG,TIO2)=0.28:0.02  

$FUSAO CONG.: SLAG-MN2TIO4 

C-N-E 20,1                                             
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CH-ST P SLAG MN2O4TI1_S = FIX 1                            

S-C P=1E5 X(O2)=0 X(TIO2)=0.3333333333 

S-S-V T=1700 

EXPERIMENT T=1693:10  

$EUTETICO:MN2TIO4-SLAG-MNTIO3 

C-N-E 30,1 

CH-ST P SLAG MN2O4TI1_S MN1O3TI1_S = FIX 1                 

S-C P=1E5 X(O2)=0 

S-S-V T=1656 x(SLAG,TIO2)=0.43                    

EXPERIMENT T=1656:10 x(SLAG,TIO2)=0.43:0.05       

                  

       

$LINHA LIQUIDUS!!!! 

$RAO AND GASKELL LIQUIDUS                                

$                       

TABLE_HEAD 900 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,MN1O1_S=FIX 1 

SET-CONDITION P=1E5,X(O2)=0,T=@2:10 

S-S-V X(SLAG,MNO)=@1             

EXPERIMENT X(SLAG,MNO)=@1:0.05 

TABLE_VALUES                 

$ MOL fraction MNO in SLAG     T/K 

 0.71                        1773 

TABLE_END                                                  

TABLE_HEAD 1000 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,MN1O1_S=FIX 1 

SET-CONDITION P=1E5,X(O2)=0,T=@2:10 

S-S-V  x(SLAG,MNO)=@1  

EXPERIMENT x(SLAG,MNO)=@1:0.05 

TABLE_VALUES  

$ MOL fraction MNO in SLAG     T/K 

 0.77                        1823 

TABLE_END 

$OTHA E MORITHA LIQUIDUS 

TABLE_HEAD 1200 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,RUTILO=FIX 1 

SET-CONDITION P=1E5,X(O2)=0,T=@2:10 

S-S-V X(SLAG,MNO)=@1      

EXPERIMENT X(SLAG,MNO)=@1:0.05                   

TABLE_VALUES                               

$ MOL fraction MNO in SLAG     T/K                         

     0.2                        1873       

TABLE_END 

                         

TABLE_HEAD 1300 
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CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,MN1O1_S=FIX 1                     

SET-CONDITION P=1E5,X(O2)=0,T=@2:10 

S-S-V X(SLAG,MNO)=@1                              

EXPERIMENT X(SLAG,MNO)=@1:0.05           

TABLE_VALUES                                               

$ MOL fraction MNO in SLAG     T/K 

       0.83                      1873 

TABLE_END 

$Linha liquidus - Leusmann (1979): 

$Região Mno-slag 

TABLE_HEAD 1400 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,MN1O1_S=FIX 1                     

SET-CONDITION P=1E5,X(O2)=0,T=@2:10 

S-S-V x(SLAG,TIO2)=@1                              

EXPERIMENT x(SLAG,TIO2)=@1:0.05           

TABLE_VALUES                                               

0.26 1850 

0.28 1693 

TABLE_END 

$Região SLAG-Mn2TiO4 

TABLE_HEAD 1500 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,MN2O4TI1_S=FIX 1                  

SET-CONDITION P=1E5,X(O2)=0,X(SLAG,TIO2)=@1:0.05 

S-S-V T=@2                            

EXPERIMENT  T=@2:10          

TABLE_VALUES                                               

0.36 1687 

0.38 1678 

TABLE_END 

$Região SLAG-MnTiO3: 

TABLE_HEAD 1600 

CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,MN1O3TI1_S=FIX 1                  

SET-CONDITION P=1E5,X(O2)=0,x(SLAG,TIO2)=@1:0.05 

S-S-V T=@2                              

EXPERIMENT T=@2:10           

TABLE_VALUES                                               

0.45 1671 

0.54 1671 

TABLE_END 

$Região SLAG-TiO2: 

TABLE_HEAD 1700 
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CREATE_NEW_EQUILIBRIUM @@,1 

CHANGE_STATUS PHASE SLAG,RUTILO=FIX 1                      

SET-CONDITION P=1E5,X(O2)=0,T=@2:10 

S-S-V x(SLAG,TIO2)=@1                              

EXPERIMENT x(SLAG,TIO2)=@1:0.05           

TABLE_VALUES                                               

0.58 1662 

0.59 1686 

0.63 1824 

TABLE_END 

SAVE-WORKSPACE  

12.2.4.

 FeO-TiO2.

D-C FEO O2 TIO2 

$ATIVIDADES DE BELL 

TABLE_HEAD 100                       

C-N-E @@,1 

CH-ST P SLAG = FIX 1 

S-R-S FEO FE1O1_L,,,, 

S-C P=1E5 T=1748 X(SLAG,TIO2)=@1:0.05 X(O2)=0  

S-S-V ACR(FEO)=@2 

EXPERIMENT ACR(FEO)=@2:0.05  

TABLE_VALUES 

7.6604e-02  9.0359e-01                      

1.6319e-01  8.0082e-01 

2.5199e-01  7.0132e-01 

3.2527e-01  6.0487e-01 

3.8968e-01  5.0506e-01                   

4.4967e-01  4.0194e-01 

TABLE_END 

$ATIVIDADES DE BAN-YA. 

TABLE_HEAD 200 

C-N-E @@,1 

CH-ST P SLAG = FIX 1 

S-R-S FEO FE1O1_L,,,, 

S-C P=1E5 T=1673 X(SLAG,TIO2)=@1:0.05 X(O2)=0 

S-S-V ACR(FEO)=@2 

EXPERIMENT ACR(FEO)=@2:0.05 

TABLE_VALUES                      

3.9633e-01  5.0839e-01                                  

4.1744e-01  4.6646e-01 

4.2300e-01  4.5030e-01 

TABLE_END 

TABLE_HEAD 300                
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C-N-E @@,1 

CH-ST P SLAG RUTILE = FIX 1 

S-C P=1E5 X(O2)=0 X(SLAG,TIO2)=@1:0.05 

S-S-V T=@2 

EXPERIMENT T=@2:20 

TABLE_VALUES       

7.3e-01  1.8636e+03      

6.9e-01  1.8146e+03    

6.6e-01  1.7704e+03    

TABLE_END                                            

TABLE_HEAD 400 

C-N-E @@,1                                                                                        

CH-ST P SLAG FETI_S = FIX 1 

S-C X(O2)=0 X(SLAG,TIO2)=@1:0.05 P=1E5 

S-S-V T=@2 

EXPERIMENT T=@2:20 

TABLE_VALUES 

0.58  1707  

0.50  1668 

TABLE_END 

C-N-E 10,1 

CH-ST P FE1O3TI1_S FETI_S RUTILE = FIX 1 

S-C X(O2)=0 P=1E5 

S-S-V T=1423                                  

EXPERIMENT T=1423:10 

$PERITÉTICO MEDIDO POR GRAU         

C-N-E 20,1 

CH-ST P SLAG RUTILE FETI_S = FIX 1          

S-C X(O2)=0 P=1E5 

S-S-V T=1737 X(SLAG,TIO2)=0.63 

EXPERIMENT T=1737:20 X(SLAG,TIO2)=0.63:0.05 

$APENAS A TEMPERATURA DO PERITETICO É CONHECIDA 

$A COMPOSIÇÃO FOI ESTIMADA ATRAVÉS DA MÉDIA ENTRE 0.47 E 0.5 

$PERITÉTICO SLAG-FETIO3-FE2TIO5 

C-N-E 60,1 

CH-ST P SLAG FETI_S FE1O3TI1_S = FIX 1 

S-C X(O2)=0 P=1E5                                        

S-S-V X(SLAG,TIO2)=0.49 T=1653 

EXPERIMENT T=1651:20 X(SLAG,TIO2)=0.49:0.05  

$FUSÃO CONGRUENTE DE MUAN                                             

C-N-E 40,1 

CH-ST P SLAG FE2O4TI1_S = FIX 1                                    

S-C P=1E5 X(TIO2)=0.3333333333 X(O2)=0 

S-S-V T=1670                                                         

EXPERIMENT T=1670:10 
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$EUTÉTICO DE MUAN 

C-N-E 30,1 

CH-ST P SLAG FE1O3TI1_S FE2O4TI1_S = FIX 1 

S-C P=1E5 X(O2)=0 

S-S-V T=1638 X(SLAG,TIO2)=0.47 

EXPERIMENT T=1638:20 X(SLAG,TIO2)=0.47:0.05 

$EUTÉTICO DE MUAN 

C-N-E 50,1 

CH-ST P SLAG FE1O1_S FE2O4TI1_S = FIX 1 

S-C P=1E5 X(O2)=0 

S-S-V X(SLAG,TIO2)=0.09 T=1587  

EXPERIMENT X(SLAG,TIO2)=0.09:0.05 T=1587:20        

12.3.
 Dados de atividade química e linha liquidus. 

12.3.1.
 Linha liquidus do sistema Al2O3-TiO2:

                           Tabela 1: Linha liquidus de acordo com Gulamova e Sarkisova (1989a). 

T(K) Fração molar  de Al2O3

1945 0.22

1992 0.24

2077 0.39

2107 0.44

2105 0.55

2095 0.66

2063.8 0.11

2079 0.62

1926 0.2

2116 0.0735 

2116 0.0735 

2071 0.289 

2155.1 0.751 

2179.6 0.839 

2204 0.939 
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                                            Tabela 2: Linha liquidus de acordo com Goldberg (1968). 

12.3.2.

 Linha liquidus do sistema MnO-TiO2.

T(K) Fração molar de TiO2

1850 0.26 

1693 0.28 

1687 0.36 

1678 0.38 

1671 0.45 

1683 0.50 

1671 0.54 

1662 0.58 

1686 0.59 

1824 0.63 

                                      Tabela 3: Linha liquidus de acordo com Leusmann (1979). 

                                                          

              

                                       

                                     Tabela 4: Linha liquidus de acordo com Rao e Gaskel (1981c). 

                                     Tabela 5: Linha liquidus de acordo com Otha e Moritha (1999). 

                         

T(K) Fração molar de Al2O3

1975 0.2 

T(K) Fração molar de TiO2

1773 0.29 

1823 0.23 

T(K) Fração molar de TiO2

0.80 1873 

0.17 1873 
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12.3.3.
 Atividades químicas do sistema MnO-TiO2.

Fração mássica da MnO Atividade química do MnO 

0.70 0.967 

0.64 0.835 

0.60 0.686 

0.55 0.574 

0.50 0.413 

0.45 0.260 

0.40 0.208 

0.35 0.153 

0.30 0.104 

0.25 0.080 

0.20 0.077 

0.15 0.078 

0.10 0.075 

            Tabela 6: Atividades químicas do MnO determinadas a 1773 K por Rao e Gaskel (1981c). 

Fração mássica de MnO Atividade química do MnO 

0.80 0.993 

0.74 0.983 

0.70 0.996 

0.64 0.768 

0.60 0.639 

0.55 0.414 

0.50 0.341 

0.45 0.235 

0.40 0.202 

0.35 0.119 

0.30 0.094 

0.25 0.070 

0.20 0.064 

0.15 0.063 

0.10 0.064 

             Tabela 7: Atividades químicas do MnO determinadas a 1823 K por Rao e Gaskel (1981c).  
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Fração molar de MnO Atividade química do MnO 

0.47 0.36 

0.49 0.34 

0.59 0.15 

          Tabela 8: Atividades químicas do MnO determinadas a 1823 K por Martin e Bell (1974). 

          Tabela 9: Atividades químicas do MnO determinadas a 1873 K por Otha e Moritha (1999). 

12.3.4.
 Linha liquidus do sistema FeO-TiO2.

T(K) Fração molar de TiO2

1896.2 0.79 

1822.4 0.69 

1814.6 0.69 

1780.9 0.66 

1770.4 0.66 

1737.0 0.63 

1707.0 0.58 

1668.0 0.50 

1651.0 0.49 

                                               Tabela 10: Linha liquidus determinada por Grau (1979).   

                                                    

Fração mássica de MnO Atividade química do MnO 

0.59 0.590 

0.467 0.300 

0.386 0.160 

0.263 0.110 

0.238 0.100 

DBD
PUC-Rio - Certificação Digital Nº 0412173/CB



271

12.3.5.
 Atividades químicas do sistema FeO-TiO2.

Fração molar de TiO2 Atividade química do FeO 

0.08 0.90 

0.16 0.80 

0.25 0.70 

0.33 0.61 

0.39 0.51 

0.45 0.40 

            Tabela 11: Atividades químicas do FeO determinadas a 1748 K por Sommerville e Bell (1982). 

               Tabela 12: Atividades químicas do FeO determinadas a 1643 K por Ban-Ya et al. (1980). 

Fração molar de TiO2 Atividade química do FeO 

0.396 0.508 

0.417 0.467 

0.423 0.450 
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