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NbCl= St 74 Sl sl A Eel7t | =, w8/ d=lx TaClS/NbCls EFES 9.9% oV TER
BEE] A 219 B FREAES AHBEI] lightth A heavy® ATE AZISHE THES RS, B
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7 AATARL SO} 24BN F T 358 A0 Lhehsiel.

Abstract — The separation and purification of TaCls is indispensable in the synthetic process of TaCls by chlorination
of tantalum oxide. The reaction products are mainly TaCls, NbCls, TiCl, and FeCl,. However, we need to separate
TaCls/NbCls mixture from the reaction product, because TaCls and NbCl; are easily separated each other by distillation
or hydrogen reduction process. In this work, a comparison study was carried out between direct sequence and indirect
sequence to obtain TaCls/NbCls mixture from the reaction product by removing light component, TiCl, and heavy com-
ponent, FeCl, using two distillation columns. It was concluded that the direct sequence gave better results than indirect
sequence in the aspect of initial capital costs and the associative operating costs.
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Table 1. The basic properties of TiCly, FeCl,, TaCly and NbCly

Properties TiCl, FeCl, TaCls NbCly
Molecular weight 189.6908 126.7524 3582114 270.1699
Normal boiling temperature (°C) 135.85 1023.85 233.25 246.05
Critical pressure (bar) 46.6095 872 N/A N/A
Critical volume (cm*/gmole) 340 100 N/A N/A
Critical compressibility factor 0.299 0.2 N/A N/A
Acentric factor 0.283732 0.527052 N/A N/A
Heat of formation (kJ/gmole) —181.919 —33.6773 N/A N/A
Free energy of formation (kJ/gmole) —173.569 —37.1585 N/A N/A
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Fig. 1. (a) A Schematic diagram for a direct sequence, (b) A sche-
matic diagram for a indirect sequence.
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Table 2. Feedstock information

Component Mole flow (K-mole/hr)
TiCl, 12.617
FeCl, 17.383
TaClj 36.075
NbCly 33.925
Temperature (°C) 25.0
Pressure (bar) 35
Flow rate (K-mole/hr) 100.0
Flow rate (Kg/hr) 22,666.568
A: TiCl4 _ A
B: TaCl5
C:NbCIS  p/B/c/D
D: FeClI2 _—
B/C (vapor side stream)
Main Products
D
C)
A
A:TiCl4 —
B: TaCl5 Lo
C: NbClI5 | B/C (liquid side stream)
D: FeCl2
A/B/C/D

Main Products

(b)

Fig. 2. (a) One feed and three products scheme: (Main products will
be obtained as a vapor side stream.), (b) One feed and three
products scheme: (Main products will be obtained as a liquid
side stream.).
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Table 3. Input conditions for simulation

Direct Indirect

sequence sequence
First column
Theoretical Stages 15 15
Stagel pressure (bar) 1.1 1.1
Top pressure (bar) 13 13
Column pressure drop (bar) 0.1 0.1
Reflux drum temperature (°C) 45 45
Reflux ratio by mole 35 35
Distillate rate (k-mole/hr) 50 50
Feed tray location 7 7
Cooling water supply temperature (°C) 32 32
Cooling water return temperature (°C) 40 40
Second column
Theoretical Stages 15 15
Stagel pressure (bar) 1.1 1.1
Top pressure (bar) 1.3 1.3
Column pressure drop (bar) 0.1 0.1
Reflux drum temperature (°C) 45 45
Reflux ratio by mole 3.5 3.5
Distillate rate (k-mole/hr) 10 50
Feed tray location 7 7
Cooling water supply temperature (°C) 32 32
Cooling water return temperature (°C) 40 40
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Fig. 3. (a) Flow sheet for direct sequence using Aspen Plus 13.1, (b) Flow sheet for indirect sequence using Aspen Plus 13.1.
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Table 4. Heat and material balance for direct sequence

QJshH Aol oSt Ta CISQ} NbCL2] <=5 99.99 wi% ©|
olm dze tigh 34E2 TaClyt= 98.005%©] 3L, NbCls=
99.692% % YFEFSHTE. BEgh, T

Table 50 oJspad v =xpajAe] thet
TaCls2} NbCLO| =51 99.99 wi% oldolw, gl tigh 34
#2 TaCla= 98.028%°]1%, NbCl, = 99.681% %2 LFERTE A%
o] =l A} v Expldel A Afol7} qiglor, dgel
gk 298> TaClell thallXs= v] sxhude] thas $A) vkt
o, NbClsell thellrd= =2 o] v 271 Wbttt Table 6

& gexpudat u) Gexplel it BYEAL AakE QR sol

1 2 3 4 5 6

Temperature (°C) 25.0 45.0 271.5 271.7 45.0 691.6
Pressure (bar) 2.5 1.1 1.4 25 1.1 1.3
Mole Flow (k-mole/hr) 100.0 13.0 87.0 87.0 53.0 34.0
Mass Flow (kg/hr) 22,666.568 2,527.3205 20,139.2470 20,139.247 15,818.912 4,320.3351
Enthalpy (10° kcal/hr) —14.6741 —2.4842 —11.4556 —11.4551 -9.8928 -1.9138
Mass Flow (kg/hr)

TiCl, 2,393.2951 2,393.2931 0.0020 0.0021 0.0020 0.0000

TaClj 6,226.8524 1,224.1001 6,102.7523 6,102.7523 6,102.6275 0.1248

NbCly 9,746.3153 9.9273 9,736.3880 9,736.3880 9,716.2825 20.1055

FeCl, 4,300.1048 0.0000 4,300.1048 4,300.1048 0.0000 4,300.1048
Mass Percent

TiCl, 10.5587 94.6969 0.0000 0.0000 0.0000 0.0000

TaCly 274715 49103 30.3028 30.3028 38.5780 0.0029

NbCly 42.9986 0.3928 48.3453 48.3453 61.4219 0.4654

FeCl, 18.9711 0.0000 21.5319 21.3519 0.0000 99.5317

sfetsst H44d H3Z 2006 6
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Table 5. Heat and material balance for indirect sequence
1 2 3 4 5 6

Temperature (°C) 25.0 45.0 701.1 45.2 45.0 250.0
Pressure (bar) 25 1.1 1.4 2.5 1.1 1.3
Mole Flow (k-mole/hr) 100.0 66.0 34.0 66.0 13.0 53.0
Mass Flow (kg/hr) 22,666.568 18346.234 4320.3338 18,346.2340 2526.9727 15819.2611
Enthalpy (10° kcal/hr) -14.6741 -12.3771 -1.9089 —-12.3766 —2.4842 —9.3896
Mass Flow (kg/hr)

TiCl, 2,393.2951 2393.2951 0.0000 2393.2951 2393.2942 0.0010

TaCly 6,226.8524 6226.7330 0.1194 6226.7330 122.6871 6104.0459

NbCly 9,746.3153 9726.2057 20.1096 9726.2057 10.9951 9715.2143

FeCl, 4,300.1048 0.0000 4300.1048 0.0000 0.0000 0.0000
Mass Percent

TiCl, 10.5587 13.0452 0.0000 13.0452 94.7099 0.0000

TaClj 27.4715 33.9401 0.0028 33.9401 48551 38.5862

NbCly 42.9986 53.0147 0.4655 53.0147 0.4350 61.4138

FeCl, 18.9711 0.0000 99.5318 0.0000 0.0000 0.0000

Table 6. Process simulation results summary for direct sequence and

indirect sequence

Direct sequence Indirect sequence

First Column

Condenser heat duty (10° Kcal/hr)
Reboiler heat duty (10° Kcal/hr)
Top temperature (°C)

Bottom temperature (°C)
Reboiler return temperature (°C)

Second Column

Condenser heat duty (10° Kcal/hr)
Reboiler heat duty (10° Kcal/hr)
Top temperature (°C)

Bottom temperature (°C)
Reboiler return temperature (°C)

Products

Main product stream number
Main product purity (wt%)
TaClj recovery percent
NbCl, recovery percent

—0.7357
1.4701
140.2
258.0
2715

—4.9121
4.5606
2441
261.6
691.6

100.0
98.005
99.692

—5.7328
6.1209
203.9
262.9
701.1

—0.7319
1.2347
140.2
249.0
250.0

100.0
98.028
99.681
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Fig. 4. Plot of liquid mole fraction of each component vs. stage num-
ber for direct sequence.
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ber for indirect sequence.
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