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Application of a Divided-Wall Column for the Trichlorosilane Refining Process
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Abstract : In this study, we suggest the application of the divided-wall column (DWC) to the existing
trichlorosilane(TCS) purification process in the commercial polysilicon manufacturing process. Using Aspen
HYSYS V7.1, an extensive simulation study was carried out for the analysis of the energy consumptions and
capital cost for the conventional sequential distillation configuration and the DWC for producing a given purity
and yield of trichlorosilane. As a result, it is shown that the DWC saves the separation energy by 61% and the
equipment cost by 58% compared with the conventional distillation process.
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Figure 1. Remixing in a conventional distillation column,
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Figure 2. Structure of the typical Petlyuk column.
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Figure 3. Structure of the typical divided wall column.
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Si + 3HCI — SiHCl; + He 1
3SiCly + 2H, + Si — 4SiHCl; + He (2)
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Figure 4. Column structure of the distillation process for
refining TCS.

Table 1. Conditions of the feed stream to the 1% column at
60°C and 0.648 MPa

Component Mass flow (kg/h) Mass fraction (%)
HCl 8 0.42
DCS 25 1.31
TCS 1,740 91.15
STC 100 5.24
Heavies 36 1.88
Total 1,909 100
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Table 2. Comparison of the conventional distillation columns

1" column 2™ column 3 column 4" column 5" column
Column internal Bubble-cap tray Packed with 3/4" ceramic raschig ring
Number of tray 45 40 40 45 24
Diameter (m) 2.9 0.4 1.3 0.2 1.1
Max flooding (%) 80.1 80.1 79.4 81.7 80.8
Feed stage 13 11 11 9 13
Column temp. Top 50 50 50 52 52
(T Bot. 101 75 75 56 55
Column pressure Top 0.669 0.182 0.182 0.182 0.182
(MPa) Bot. 0.669 0.182 0.182 0.213 0.213

Table 3. Product stream conditions of the conventional distillation columns

1™ column 2" column 3™ column 4™ column 5 column
Top Bot. Top Bot. Top Bot. Top Bot. Top Bot.
Temp. () 2.1 1011 | 499 80.1 75.5 1281 | 49.9 55.1 439 55.4
Pressure (MPa) 0.669 0.669 0.182 0.182 0.182 0.182 0.182 0.213 0.182 0.213
HCl 8 0 0 0 0 0 0 0 0 0
Mass DCS 25 0 0 0 0 0 0 0 0 0
flow TCS 2 1738 1735 3 3 0 260 1475 1389 86
kgh)  gTC 100 2 98 97 1 0 2 0 2
Heavies 36 0 36 0 36 0 0 0 0

Table 4. Heat duties of the conventional distillation columns

1" column 2™ column 3™ column 4" column 5% column Total

Heat duty (MW) 11.35 0.15 1.88 0.05 1.35 14.78
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Figue 5. Composition profiles of TCS in the 1% and 2™
columns in the existing TCS refining process.
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Figure 6. Application of the divided-wall column to the
TCS refining process.

Table 5. Specification of a divided-wall column

Number of tray Preftaction-atot 48
Main Column 67
Feed stage (prefractionator) 25
Tray type Bubble cap
Column temp. Top 74.7
) Bottom 136.1
Column pressure Top 0.669
(MPa) Bottom 0.669
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Figure 7. Internal flow of the divided-wall column.



Table 6. Vessel dimension and costs of each distillation

column
* column 2" column

Diameter (m) 2.9 0.41
Height (m) 32.82 29.77
Base cost ($) 48,380 5,732
Update factor 5.00
Module factor 4.23
Material and pressure
factors 3.85 3.67
Final cost ($) 1,670,000 197,900
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Figure 8. A schematic diagram of the sloppy column
configuration for the DWC structure design.
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Table 7. Tray dimension and costs of each distillation

column
1* column 2™ column
Tray type Bubble cap Bubble cap
Tray spacing (m) 0.610
Base cost (§) 14,240 743
Update factor 5.00
Module factor 1.00
Material and
pressure factors 450
Final cost ($) 320,700 16,720

Table 8. Condersor and reboiler cost of each distillation

column
Condenser Reboiler
lst an lst 2nd

column column column column
Base cost ($) 80,350 4,642 42,780 994
Update factor 5.00 5.00
Module factor 3.29 3.29
Material and
pressure factors 3.188 5.063
Final cost ($) | 2,202,000 127,200 | 1,574,000 36,560

Table 9. Summary of equipment cost for 1* and 2" columns
1* column 2™ column Total
Vessel 1,670,000 197,900 1,868,000
Tray 320,700 16,720 337,400
Condenser 2,202,000 127,200 2,329,000
Reboiler 1,575,000 36,560 1,612,000
Total cost ($) 5,768,000 378,400 6,146,000
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Table 10. Summary of the equipment costs for DWC

Divided-wall column

Vessel 392,100

Wall 53,050

Tray 43,780

Condensor 1,551,000

Reboiler 545,100

Total Cost($) 2,585,000
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