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9.3.2. Van’t Hoff Plots of Vaporization  

 

Figure 76:  Van't Hoff Plot of RECl Light Vaporization 

 

 

Figure 77:  Van't Hoff Plot of RECl Heavy Vaporization 
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Figure 78:  Van't Hoff Plot of Gangue Vaporization contained in the Bear Lodge Ore 
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9.3.3. Vaporization Curve Fit Data from Van’t Hoff Plots 

Table XXXIII:  Vaporization curve fitting data from Van’t Hoff Plots 

Vaporization Curve Data (Range is from 0.01 atm to 1.0 atm) 

Log10 (pressure (atm))=Ax3+Bx2Cx+D, Where x=(10,000/Temperature (K)) 

Reaction A B C D Fit (R2) 

Light RECl 

ScCl3(s)→ ScCl3(g) -0.012 0.1735 -1.469 5.6661 0.9997 

LaCl3(s)→ LaCl3(g) 0.0024 -0.1158 0.0112 1.8563 0.9999 

CeCl3(s)→ CeCl3(g) 0.0016 -0.0921 -0.1521 2.66111 0.9999 

PrCl3(s)→ PrCl3(g) -0.0002 -0.0355 -0.696 4.4303 0.9999 

NdCl3(s)→ NdCl3(g) 0.0002 -0.0482 -0.5338 3.897 0.9999 

SmCl3(s)→ SmCl3(g) -8.00E-05 -0.0366 -0.6448 2.4787 0.9999 

SmCl2(s)→ SmCl2(g) 0.0019 -0.0663 -0.7735 5.0437 1.0000 

EuCl2(s)→ EuCl2(g) 0.0005 -0.0419 -1.0223 2.6809 1.0000 

GdCl3(s)→ GdCl3(g) -9.00E-05 -0.03 -0.7098 4.5043 0.9999 

Heavy RECl 

TbCl3(s)→ TbCl3(g) 0.0006 -0.0434 -0.6402 4.4934 1.0000 

DyCl3(s)→ DyCl3(g) 0.0008 -0.0531 -0.6563 6.6994 1.0000 

HoCl3(s)→ HoCl3(g) 0.00046 -0.1318 -0.1317 3.8614 1.0000 

ErCl3(s)→ ErCl3(g) 0.0047 -0.1365 0.0915 3.6304 1.0000 

TmCl3(s)→ TmCl3(g) 0.002 -0.0835 -0.295 4.0983 1.0000 

YbCl3(s)→ YbCl3(g) -0.0036 0.0431 -1.4218 8.4611 1.0000 

YbCl2(s)→ YbCl2(g) 0.0031 -0.0887 -0.9205 5.939 1.0000 

LuCl3(s)→ LuCl3(g) -0.0057 0.1644 -3.8322 21.485 1.0000 

YCl3(s)→ YCl3(g) -0.0022 0.0259 -1.2436 6.9823 1.0000 

Gangues 

NH4Cl(s)→ NH3(g)+HCl(g) 0.0002 -0.015 -0.561 11.521 1.0000 

FeCl2(s)→ FeCl2(g) 0.001 -0.0609 0.0678 2.7388 0.9997 

FeCl3(s)→ FeCl3(g) 0.0006 -0.0451 0.4385 -0.0478 0.9998 

CaCl2(s)→CaCl2(g) 0.0013 -0.0609 -0.7366 4.272 1.0000 

MNO(s)→MNO(g) 0.0005 -0.0197 -2.544 7.2295 1.0000 

SiO(s)→SiO(g) 0.004 -0.0853 -3.5377 11.615 1.0000 

Fe2O3(s)→Fe2O3(g) 0.0011 -0.0364 -3.8423 12.49 1.0000 

YbO(s)→YbO(g) 7.00E-05 -0.0053 -4.2365 11.17 1.0000 
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9.3.4. Predominance Area Diagrams for Vaporization 

9.3.4.1. Predominance Diagrams at 1100oC 

9.3.4.1.1. Neodymium 

 

Figure 79:  Predominance area diagram for the Nd-O-Cl system at 1373.15 K and partial pressure of 

NdCl3(g) of 1.0 atm 
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Figure 80:  Predominance area diagram for the Nd-O-Cl system at 1373.15 K and partial pressure of 

NdCl3(g) of 0.1 atm 
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Figure 81:  Predominance area diagram for the Nd-O-Cl system at 1373.15 K and partial pressure of 

NdCl3(g) of 0.01 atm. 
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Figure 82:  Predominance area diagram for the Nd-O-Cl system at 1373.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.1.2. Samarium 

 

Figure 83:  Predominance area diagram for the Sm-O-Cl system at 1373.15 K and partial pressure of 

SmCl3(g) of 1.0 atm 
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Figure 84:  Predominance area diagram for the Sm-O-Cl system at 1373.15 K and partial pressure of 

SmCl3(g) of 0.1 atm 
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Figure 85:  Predominance area diagram for the Sm-O-Cl system at 1373.15 K and partial pressure of 

SmCl3(g) of 0.01 atm 
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Figure 86:  Predominance area diagram for the Sm-O-Cl system at 1373.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.1.3. Europium 

 

Figure 87:  Predominance area diagram for the Eu-O-Cl system at 1373.15 K and partial pressure of 

EuCl3(g) of 1.0 atm 
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Figure 88:  Predominance area diagram for the Eu-O-Cl system at 1373.15 K and partial pressure of 

EuCl3(g) of 0.1 atm 
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Figure 89:  Predominance area diagram for the Eu-O-Cl system at 1373.15 K and partial pressure of 

EuCl3(g) of 0.01 atm 
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Figure 90:  Predominance area diagram for the Eu-O-Cl system at 1373.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.1.4. Gadolinium 

 

Figure 91:  Predominance area diagram for the Gd-O-Cl system at 1373.15 K and partial pressure of 

GdCl3(g) of 1.0 atm 
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Figure 92:  Predominance area diagram for the Gd-O-Cl system at 1373.15 K and partial pressure of 

GdCl3(g) of 0.1 atm 
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Figure 93:  Predominance area diagram for the Gd-O-Cl system at 1373.15 K and partial pressure of 

GdCl3(g) of 0.01 atm 
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Figure 94:  Predominance area diagram for the Gd-O-Cl system at 1373.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.1.5. Terbium 

 

Figure 95:  Predominance area diagram for the Tb-O-Cl system at 1373.15 K and partial pressure of 

GdCl3(g) of 1.0 atm 
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Figure 96:  Predominance area diagram for the Tb-O-Cl system at 1373.15 K and partial pressure of 

TbCl3(g) of 0.1 atm 
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Figure 97:  Predominance area diagram for the Tb-O-Cl system at 1373.15 K and partial pressure of 

TbCl3(g) of 0.01 atm 
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Figure 98:  Predominance area diagram for the Tb-O-Cl system at 1373.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.1.6. Dysprosium 

 

Figure 99:  Predominance area diagram for the Dy-O-Cl system at 1373.15 K and partial pressure of 

DyCl3(g) of 1.0 atm 
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Figure 100:  Predominance area diagram for the Dy-O-Cl system at 1373.15 K and partial pressure of 

DyCl3(g) of 0.1 atm 
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Figure 101:  Predominance area diagram for the Dy-O-Cl system at 1373.15 K and partial pressure of 

DyCl3(g) of 0.01 atm 
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Figure 102:  Predominance area diagram for the Dy-O-Cl system at 1373.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.2. Predominance Area Diagrams 1200oC 

9.3.4.2.1. Neodymium 

 

Figure 103:  Predominance area diagram for the Nd-O-Cl system at 1473.15 K and partial pressure of 

NdCl3(g) of 1.0 atm 
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Figure 104:  Predominance area diagram for the Nd-O-Cl system at 1473.15 K and partial pressure of 

NdCl3(g) of 0.1 atm 
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Figure 105:  Predominance area diagram for the Nd-O-Cl system at 1473.15 K and partial pressure of 

NdCl3(g) of 0.01 atm 
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Figure 106:  Predominance area diagram for the Nd-O-Cl system at 1473.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.2.2. Samarium 

 

Figure 107:  Predominance area diagram for the Sm-O-Cl system at 1473.15 K and partial pressure of 

SmCl3(g) of 1.0 atm 
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Figure 108:  Predominance area diagram for the Sm-O-Cl system at 1473.15 K and partial pressure of 

SmCl3(g) of 01 atm 
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Figure 109:  Predominance area diagram for the Sm-O-Cl system at 1473.15 K and partial pressure of 

SmCl3(g) of 0.01 atm 
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Figure 110:  Predominance area diagram for the Sm-O-Cl system at 1473.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.2.3. Europium 

 

Figure 111:  Predominance area diagram for the Eu-O-Cl system at 1473.15 K and partial pressure of 

EuCl3(g) of 1.0 atm 
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Figure 112:  Predominance area diagram for the Eu-O-Cl system at 1473.15 K and partial pressure of 

EuCl3(g) of 0.1 atm 



194 

 

 

Figure 113:  Predominance area diagram for the Eu-O-Cl system at 1473.15 K and partial pressure of 

EuCl3(g) of 0.01 atm 
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Figure 114:  Predominance area diagram for the Eu-O-Cl system at 1473.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.2.4. Gadolinium 

 

Figure 115:  Predominance area diagram for the Gd-O-Cl system at 1473.15 K and partial pressure of 

GdCl3(g) of 1.0 atm 
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Figure 116:  Predominance area diagram for the Gd-O-Cl system at 1473.15 K and partial pressure of 

GdCl3(g) of 0.1 atm 
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Figure 117:  Predominance area diagram for the Gd-O-Cl system at 1473.15 K and partial pressure of 

GdCl3(g) of 0.01 atm 
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Figure 118:  Predominance area diagram for the Gd-O-Cl system at 1473.15 K and the three different partial 

pressure overlapped (1.0, 0.1, 0.01 atm) 
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9.3.4.2.5. Terbium 

 

Figure 119:  Predominance area diagram for the Tb-O-Cl system at 1473.15 K and partial pressure of 

TbCl3(g) of 1.0 atm 
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Figure 120:  Predominance area diagram for the Tb-O-Cl system at 1473.15 K and partial pressure of 

TbCl3(g) of 0.1 atm 


