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Abstract: In the R22 (chlorodifuoromethane) steam-cracking process, which is used to produce a TFE
(tetrafluoroethylene) monomer, distillation is employed to separate the high-purity TFE monomer
from the cracked gas generated during this procedure. Traditionally, this distillation process is carried
out using five towers. In this study, the traditional five-tower distillation method was transformed
into a four-tower distillation method through the Aspen Plus simulation software, and this process
was simulated and optimized. Meanwhile, a double-effect distillation process was designed for the
transformed four-tower distillation process. The transformed distillation process not only meets the
requirements of 99.999% purity for the TFE monomer and 99.99% purity for R22 recycling, but it also
reduces the footprint by eliminating one distillation tower and saves 112.9002 kW of tower load, thus
reducing the operating costs. This research provides valuable guidance for practical production.
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1. Introduction

TFE is an organic compound that exists as a colorless gas under standard temperature
and pressure conditions. It is insoluble in water and is extensively applied in various fields,
such as the chemical industry, medicine, and material science, due to its unique chemical
and physical properties. Notably, polytetrafluoroethylene (PTFE) is one of the most well
known and widely used derivatives of TFE. PTFE is a polymer with exceptional corrosion
resistance, extremely low friction coefficients, and excellent insulation properties. It is
extensively utilized in the production of seals, bearings, valves, pipes, cable insulation, and
other products. Moreover, TFE serves as a vital raw material for manufacturing polyvinyli-
dene fluoride (PVDF), fluoride compounds, and other materials. It is also applied in the
production of certain pesticides and pharmaceutical intermediates, like fluoroacetophenone.
Therefore, TFE plays a crucial role in chemical production [1-4]. To ensure the quality of
subsequent products, the purity of the monomer TFE must be exceptionally high, making
the rectification process of TFE a critical step in the overall production process.

Aspen Plus offers a comprehensive unit operation module that simplifies the con-
struction of chemical processes. For gas/liquid systems, Aspen Plus includes modules
such as mixers, separators, flash modules, heat exchangers, reactors, pumps, compres-
sors, distillation units for various types of multistage gas-liquid separation operations
(ranging from simple distillation to rigorous simulation), multi-tower fractionation unit
system simulations, and rectification modules that simulate both plates and packed towers.
Selecting appropriate modules during simulation is crucial, and choosing the correct unit
operating modes based on specific objectives ensures accurate simulation results. In the
case of TFE rectification, the primary focus is on selecting the rectification tower module.
This study primarily employs the DSTWU (simple distillation design) module within the
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rectification module to determine the minimum reflux ratio, the minimum theoretical plate
number, actual plate number, and feed position. The results obtained from the DSTWU
regarding the reflux ratio and plate number are then used for rigorous calculation and
design optimization using the RadFrac (rigorous multistage separation) model [5-10].

The traditional process for producing the TFE monomer via cracking gas and frac-
tionation involves using five distillation towers [11]. However, these five towers occupy
large amounts of space and result in high production and equipment costs from industrial
production processes. In this study, we aimed to maintain the product purity and yield
while reducing the number of towers required by transforming the traditional five-tower
distillation process into a four-tower process using the Aspen Plus simulation software. In
addition, a double-effect distillation process was designed for the modified four-tower dis-
tillation process [12-14]. This approach not only reduces the space required, the equipment
costs, and energy consumption by eliminating one distillation tower, but it also improves
the purity and quality of both the product and the recovered material.

2. Methods

The present study focuses on the R22 thermal cracking process to produce TFE. The
cracked gas obtained from the tubular cracking reactor is a mixture of gases. After un-
dergoing various operations, such as water washing and alkaline scrubbing, the cracked
gas is used as feedstock for the distillation process [15,16]. The total mass flow rate of the
feedstock is 2500 kg/h, and its composition and content are shown in Table 1 [17].

Table 1. Cracking gas composition and content table.

Composition Content

Component Boiling Point (°C) (Mass Fraction)
Cco —191.3 0.005
CHF; —84.4 0.005
CoHyF, —82 0.005
CyFy —76.3 0.63
CHyF, —51.6 0.002
CoHF; —51 0.002
CHCIF, —41 0.32
C3F¢ —29.4 0.02
CoHCIF, —10 0.005
CyFg-1 -6 0.0005
C4Fg-2 4.85 0.0005
C3HCIFg 14 0.005
total - 1

The term “property methods” refers to the collection of methods and models required
for simulation calculations. Selecting property methods is a crucial step in determining
the accuracy of the simulation results [18]. In Aspen Plus, there are two main categories
of property methods: the equation of state (EOS) and activity coefficient (AC) methods.
Commonly used EOS models include IDEAL, SRK, and PR equations and extensions.
These equations calculate the fugacity, compressibility factor, enthalpy, and other properties
based on the EOS. On the other hand, commonly used AC models in Aspen Plus include
NRTL, ELECNRTL, WILSON, and SRK. The NRTL and ELECNRTL models can handle
polar and non-polar compound mixtures, with the ELECNRTL model being specifically
designed for electrolyte-containing systems. As a representative of EOS models, the SRK
equation is applicable over a wide range of temperature and pressure conditions but
may have limitations for accurately simulating industrial production conditions in the
chemical industry, thus affecting simulation accuracy. In the TFE distillation process, the
operating pressure of the distillation column is around 1 bar. The term “polarity” refers
to the extent of charge separation within a molecule, with greater separation indicating
higher polarity. The cracked gas contains substances with electron-withdrawing groups,
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such as halogens, making them polar non-electrolytes [19-21]. Therefore, based on the
above considerations, the NRTL model is chosen for process simulation in the distillation
section of this flow process.

2.1. Traditional Five-Tower Rectification

The traditional industrial TFE distillation unit typically employs a five-column dis-
tillation process. The cracked gas is introduced into the T1 column to separate high and
low fractions in this process. The T2 column is responsible for recovering R22, while the T3
column eliminates high boiling matter. The T4 column removes light components, and the
T5 column carries out CoF, rectification [22-24]. The traditional five-column rectification
process was simulated to achieve a C;F, purity of 99.999% and an R22 purity of 99.99%.
The flow chart is presented in Figure 1, and the parameters of each rectification column are
illustrated in Table 2.

Figure 1. Simulation diagram of traditional five-column distillation process.

Table 2. Operation parameters of traditional five-column distillation flow column.

Plate Reflux Feed Tray Dlstlllat.e Overhead Tower

Module Number Ratio Location Feed Ratio Load(kW) Bottom
(D/F) Load (kW)

T1 25 4 12 0.7 —226.826 21.6562

T2 48 20 23 0.02 —114.766 114.773

T3 40 25 11 0.82 —482.462 482.766

T4 88 25 11 0.08 —200.664 214.256

T5 44 2 20 0.9 —189.772 189.969
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2.2. The Reformed Four-Tower Rectification

Based on the traditional five-tower distillation process, this study aimed to reduce its
carbon footprint by transforming it through the elimination of one distillation tower. The
cracking gas enters Tower 6, where R22 and C,F, are separated. CpF, and light components
are directed to Tower 9 from the top of Tower 6, while heavy components are directed
to Tower 7 from the bottom. The mixed components containing C,F; undergo direct
distillation in Tower 9 to obtain a pure CoF4 monomer. The components entering Tower 7
undergo distillation, with R22 and light components being obtained at the top and sent to
Tower 8 for further distillation to recover R22. The modified four-tower distillation process
is illustrated in Figure 2.

Figure 2. Four-tower distillation process simulation diagram.

Initially, the process was established using the DSTWU model, with a reflux ratio of
—1.2; the light and heavy key components of each rectification column are shown in Table 3.
By running this process simulation, a series of parameters such as the minimum reflux
ratio, actual reflux ratio, minimum number of plates, actual number of plates, and number
of feed plates were obtained to establish the RadFrac model [25,26].

Table 3. Division of light and heavy components in distillation column.

Module Light Critical Component Heavy Critical Component
T6 CoFy C,HF3
T7 CHCIF, CsFq
T8 C,HF3 CHCLF,
T9 CHyFp CoFy

The specific operating parameters of the tower equipment in the modified four-column
distillation process need to be determined through sensitivity analysis. Sensitivity analysis
was conducted to optimize the parameters of the distillation column, such as the theoretical
plate number, feed position, reflux ratio, and distillate feed ratio, to obtain the best operating
parameters. This analysis allows users to study the influence of changes in input variables
on the process output, and the results can be viewed in the sensitivity module folder.
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The results can also be plotted as a curve to visualize the relationship between different
variables. Notably, changes to the process input in the sensitivity module do not affect
the simulation, and the sensitivity study is run independently of the underlying condition
simulation [27-29].

2.2.1. Effect of Theoretical Plates

The theoretical plate number refers to the number of plates required in the rectification
column when the gas and liquid phases are assumed to have sufficient contact times to
achieve phase equilibrium, and the relationship between the components on the plate
conforms to the equilibrium curve. In actual rectification processes, the contact time of two
gas-liquid phases on each plate cannot meet this requirement, so the actual plate number
must be greater than the theoretical plate number. In production, the number of theoretical
plates and the total plate efficiency are generally determined first; then, the actual plate
number is calculated.

Figure 3 shows the variation in the content of key light and heavy components in each
distillation tower with the theoretical plate number. With the increase in the theoretical
plate number, the CyF,4 content in Tower 6 remains basically unchanged, while the CH;F;
content first decreases and then stabilizes around 28 plates. Therefore, the theoretical plate
number of Tower 6 should be chosen as above 28 plates. For Tower 7, the CHCIF, content
first increases and then stabilizes around 32 plates, while the C3F4 content first decreases
and then stabilizes around 34 plates. Therefore, the theoretical plate number of Tower 7
should be chosen as above 34 plates. For Tower 8, the CHCIF, content first increases and
then stabilizes around 24 plates, while the CH,F; content first decreases and then stabilizes
around 25 plates. Therefore, the theoretical plate number of Tower 8 should be chosen as
above 25 plates. For Tower 9, the C;F4 content first increases and then stabilizes around
43 plates, while the C,H,F, and CHF; contents gradually decrease and stabilize around
40 and 45 plates, respectively. Therefore, the theoretical plate number of Tower 9 should
be chosen as above 45 plates. The above is a sensitivity analysis of the theoretical plate
number for the distillation towers.
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Figure 3. Theoretical plate number sensitivity analysis diagram of distillation column: (a) T6, (b) T7,
(c) T8, (d) TO.
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2.2.2. Effect of Feed Stage

The most suitable feed plate position in the rectification column is the position with
the maximum separation capacity, i.e., the position where the maximum separation effect
can be obtained under the same theoretical number of plates and operating conditions.
This location can be in the middle, top, or bottom of the tower depending on factors such
as the tower’s structure, material properties, and separation requirements. For distillation
columns, the industrial distillation column feed port is typically located between two trays,
so choosing the “Above Stage” when selecting the feed is more realistic.

Figure 4 displays the variation in the light and heavy key component concentrations
in each distillation tower with respect to the feed tray number. We observed that, as the
theoretical number of trays increases, the C;F; quantity in Tower 6 remains relatively
constant, while the CH,F, concentration initially decreases and stabilizes for a period, and
then gradually increases around tray 29. Therefore, Tower 6 should be fed between trays
20 and 29. In Tower 7, the CHCIF, concentration initially increases and then stabilizes
around tray 12, while the C3F4 concentration initially decreases and stabilizes around tray
15. Hence, Tower 7 should be fed above tray 15. For Tower 8, the CHCIF, concentration
stabilizes before tray 25 and then exhibits a downward trend, while the CH,F, concentration
remains relatively constant before tray 21 and then increases. Therefore, Tower 8 should be
fed between trays 2 and 25. In Tower 9, the C,F, concentration remains relatively constant
before tray 30 and then gradually decreases, while the CoH,F, and CHF; concentrations
remain relatively constant before tray 27 and then increase. Therefore, Tower 9 should be
fed between trays 2 and 25. The above analysis represents the sensitivity of the feed tray
number in the distillation towers.
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Figure 4. Sensitivity analysis diagram of feed stage of rectification column: (a) T6, (b) T7, (c) T8,
(d) T9.

2.2.3. Effect of Distillate to Feed Ratio

The distillate-to-feed ratio is the ratio of the amount of distillate in the feed in a
distillation column. The reflux ratio (the flow rate of the distillate divided by the flow rate
of the condensed reflux liquid) is specified. When performing dynamic simulations, it is
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easier to control the product quality at the top and bottom of the column by maintaining a
constant distillate-to-feed ratio.

Figure 5 presents the variation in the light and heavy key component concentrations in
each distillation tower with respect to the reflux ratio. It can be observed that as the reflux
ratio increases, the CoF4 quantity in Tower 6 reaches a maximum at 0.6 and then stabilizes,
while the CH,F, concentration decreases initially and stabilizes after 0.6. Therefore, the
reflux ratio for Tower 6 should be set at 0.6 or higher. In Tower 7, the CHCIF, concentration
increases initially and then stabilizes after a reflux ratio of 0.9, while the C3F4 concentration
remains unchanged until it reaches a reflux ratio of 0.9 and then gradually increases. Hence,
the reflux ratio for Tower 7 should be set around 0.9. For Tower 8, the CHCIF, concentration
gradually decreases, and the CH,F; concentration initially decreases and then stabilizes
after a reflux ratio of 0.04. Therefore, the reflux ratio for Tower 8 should be set above 0.04.
In Tower 9, the C,F; concentration gradually decreases, especially after a reflux ratio of
0.04, while the C;H,F, and CHF3 concentrations decrease gradually and stabilize around
0.03. Hence, the reflux ratio for Tower 9 should be set within the range of 0.03-0.04. The
above analysis represents the sensitivity of the reflux ratio in the distillation towers.
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Figure 5. Analysis diagram of high sensitivity of distillate-to-feed ratio in rectification column: (a) T6,
(b) T7, (c) T8, (d) T9.

2.2.4. Effect of Reflux Ratio

In the rectification operation, the ratio of the reflux liquid flow from the top of the
rectification tower back to the tower and the product flow from the top of the tower is
known as the reflux ratio. The reflux ratio is selected from the minimum reflux ratio
to infinity. If the reflux ratio is too large, it will not only increase the consumption of
heating steam and cooling water, thereby increasing operating costs, but it will also affect
the tower diameter and increase the equipment investment cost. Additionally, changing
the reflux ratio during operation is more difficult than changing the tower, and this can
greatly reduce the function of regulating the separation ability of the tower. Therefore,
selecting the optimal reflux ratio is very important in the design process, both economically
and operationally.
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Figure 6 illustrates the variation in the light and heavy key component concentrations
in each distillation tower with respect to the liquid-to-vapor feed ratio. It can be observed
that as the liquid-to-vapor feed ratio increases, the CyF; quantity in Tower 6 reaches a
maximum at 3 and then decreases, while the CH,F, concentration reaches a minimum at
around 4 and then stabilizes. Therefore, the liquid-to-vapor feed ratio for Tower 6 should be
set to around 3. In Tower 7, the CHCIF, concentration initially increases and then stabilizes
after a liquid-to-vapor feed ratio of 3, while the C3F¢ concentration initially decreases and
then stabilizes at around a ratio of 3. Hence, the liquid-to-vapor feed ratio for Tower 7
should be set to around 3. For Tower 8, the CHCIF, concentration initially increases and
then stabilizes at around a ratio of 35, while the CH,F, concentration initially decreases
and then stabilizes at around a ratio of 40. Therefore, the liquid-to-vapor feed ratio for
Tower 8 should be set to above 40. In Tower 9, the CyF4 concentration gradually decreases
after a ratio of 60, while the C,H,F, concentration decreases gradually and stabilizes
around a ratio of 25. Hence, the liquid-to-vapor feed ratio for Tower 9 should be set above
60. The above analysis represents the sensitivity of the liquid-to-vapor feed ratio in the
distillation towers.
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Figure 6. Rectifying column reflux ratio sensitivity analysis diagram: (a) T6, (b) T7, (c) T8, (d) T9.
2.2.5. Result of Analysis

The sensitivity analysis of the distillation column was conducted as described above.
The analysis results were combined with the simulation results to optimize the parameters
of the distillation column. The final parameters for each distillation column in the process
are summarized in Table 4.

Table 4. Equipment parameters of four-column distillation flow column.

. Feed Tray Distillate Feed
Module Plate Number Reflux Ratio Location Ratio (D/F)
T1 30 3 20 0.605
T2 35 45 18 091
T3 27 68 4 0.075

T4 47 79 6 0.037
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2.3. Double Effect Distillation

The principle of multi-effect distillation is similar to that of multi-effect evaporation.
It involves connecting several distillation towers in a series with a successively reduced
pressure. The steam from the top of the first rectification tower is used as the heating
medium for the reboiler of the subsequent rectification tower. This process eliminates the
need for introducing heating and cooling media from the outside, except for the rectification
towers at both ends [30-34]. In the optimized four-tower rectification process simulation,
the distillation line recovered by R22 rectification is organized as a series of towers with
similar tower loads. Thus, double-effect rectification is considered for the T7 and T8
towers to achieve energy-saving and efficiency improvements [35]. Figure 7 shows the final
four-column distillation process after introducing double-effect distillation.

4
N smo

o —Si—

Figure 7. Final distillation process simulation diagram.

3. Results and Discussion

Material balance is the quantitative calculation of the mass balance of production
processes or equipment using the principle of mass conservation. It calculates the quantities
and compositions of material streams entering or leaving each unit. The purpose of material
balance is to determine the component content entering and leaving each equipment, to
serve as a basis for heat balance calculations, to estimate costs, and to provide quantitative
data for equipment design and selection. On the other hand, energy balance is a quantitative
calculation of the energy balance of production processes or equipment based on the first
law of thermodynamics. It calculates the energy that requires supply or removal during the
process, which is referred to as energy balance. Energy includes thermal energy, electrical
energy, chemical energy, kinetic energy, and radiant energy. In chemical engineering,
thermal energy is the most used form of energy, so energy calculations are often referred to
as heat calculations.
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In this study, the balance calculations focus on individual unit operations, quanti-
fying the quantities and heat changes in substances resulting from various physical and
chemical transformations.

3.1. Traditional Five-Tower Rectification

The data for the material balance (Table 5) and energy balance (Table 6) of the final
results after simulating the constructed five-tower distillation model are shown in the
following tables.

Table 5. Traditional five-column rectification for material balance data.

S3 S3 S5 S6 S8
Module (kg/h) (kg/h) (kg/h) (kg/h) (kg/h) 510 (eg/) - S11 (eg/h)
CcoO 3.63 0 0 0 3.63 0 0
CHF; 9.06 411 x 1073 0 0 9.0493 0.013 6.64 x 1078
CoH,F, 8.29 2.69 x 107° 0 0 8.29 1.09 x 10=7  1.01 x 10714
CyFy 1631.14 1.04 0 0 119.04 1448.99 62.08
CH,F, 2.69 0.82 0.0003233 1.37 x 10~° 499 x 108 6.73 x 1077 1.88
C,HF; 425 0.46 453 x 10712 439x10°20 584 x107° 0.0014 3.79
CHCIF, 716.29 33.84 569.95 19.31 6.09 x 1077 444 x 10712 93.19
CsFq 77.67 1.23 0.051 76.33 6.42 x 1071 151 x 10720 0.067
C,HCIF, 17.66 0.081 6.74 17.59 121 x 1072 129 x 1073  9.80 x 1077
C,4Fs-1 2.59 0.0077 7.37 x 10711 2.58 143 x 10728 668 x 1074  3.70 x 10~?
C,4Fg-2 2.59 0.0081 1.33 x 10710 258 202x10728 107 x 1073 454 x 1077
C3HCIF, 24.14 0.023 9.28 x 10716 24.11 0 0 0
Table 6. Traditional five-tower rectification for energy balance.
Module Condenser Reboiler Feed Outfeed Error
(kW) (kW) (kW) (kW) (%)
T1 —226.83 21.66 —4332.29 —3314.53 —1222.96 0.03
T2 —114.77 114.77 —1222.96 —1160.43 —62.52 0.01
T3 —482.46 482.77 —1160.43 —925.50 —234.63 0.01
T4 —200.66 214.26 —3314.53 —3028.85 —272.10 0.02
T5 —189.77 189.97 —3028.85 —2747.81 —280.85 0.01

The data in the tables proved that in the simulated conventional five-tower distillation
process mentioned above, the purity of the C,F4 monomer is 99.999%, and the mass flow
rate of the C;F4 monomer obtained from distillation is 1448.99 kg /h. The recovered R22
purity for recycling is 99.9902% with a mass flow rate of 569.95 kg/h.

3.2. The Reformed Four-Tower Rectification

The data for the material balance(Table 7) and energy balance(Table 8) of the final
results after setting and simulating the modified four-tower distillation model according to
the analyzed parameters are shown in the following tables.

The data in the table prove that the mass fraction of C,F, is 99.999% with a mass
flow rate of 1548.01 kg/h, and the mass fraction of R22 is 99.99% with a mass flow rate of
751.196 kg/h, which meets the separation requirements.
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Table 7. Four-tower rectification for material balance data.
Module S1 S14 S15 S16 S18 S19
(kg/h) (kg/h) (kg/h) (kg/h) (kg/h) (kg/h)
CcoO 1575 403 x 10715 5.0001 252 x 10714 21.99 1548.01
CHF; 125 3.62 x 10722 0.00026 1.93 x 10~22 12.48 0.017
CoH,F, 12.5 1.06 x 10~ 6.54 x 10~° 411 x 1072 12.49 1.05 x 107>
CoFy 1575 403 x 10715 5.0001 252 x 10714 21.99 1548.01
CH,F, 5 5.78 x 1077 4.99 0.0088 229 x 10715 1.14 x 10~?
C,HF; 5 2.97 x 10710 4.99 2.17 x 1077 6.88 x 1077 9.84 x 107°
CHCIF, 800 2.89 45.92 751.196 354 x 1071 4.05 x 10712
CsFq 50 49.94 0.00031 0.064 0 0
C,HCIF, 12.5 12.5 8.28 x 10713 3.67 x 107 0 0
C4Fg-1 1.25 1.25 0 0 0 0
C,Fg-2 1.25 1.25 0 0 0 0
C3HCIF, 12.5 12.5 0 0 0 0
Table 8. Four-tower rectification for energy balance.
Condenser  Reboiler Feed Outfeed o
Module KW) W) (kW) (kW) Error (%)
T6 —425.95 205.78 —4320.37 —1463.07 —3077.52 0.05
T7 —292.05 292.33 —1463.07 —1325.37 —137.43 0.01
T8 —211.49 211.53 —1325.37 —105.52 —1219.82 0.01
T9 —439.13 467.78 —3077.52 —113.27 —2935.59 0.01

3.3. Double Effect Distillation

Adding the double-effect distillation process to the modified four-tower distillation
process forms the final distillation process. After simulating this process according to the
established model, the data for the material balance (Table 9) and energy balance (Table 10)
of the final results were obtained, and they are shown in the following tables.

Table 9. Final process for material balance data.

Module s1 S14 S15 S16 S18 S19
(kg/h) (kg/h) (kg/h) (kg/h) (kg/h) (kg/h)
CcO 12.5 0 0 0 12.5 1.17 x 10797
CHF; 12.5 3.62 x 1072 0.00026 0 12.48 0.017
CoyH,F, 12.5 1.06x10722 654 x 107° 0 12.49 1.05 x 1075
CoFy 1575 4.03 x 10715 5.0001 0 21.99 1548.01
CH,F, 5 5.76 x 1077 4.99 0.0024 229107 1.14 x 1077
C,HF; 5 296 x 1010 4.999 234x10°%  688x107? 984 x107°
CHCIF, 800 2.88 4591 751.211 354 x 1071  4.05x 10712
C3Fe 50 49.95 0.00017 0.047 0 0
C,HCIF, 12.5 12.5 1.63 x 10718 1.15x107° 0 0
C4Fg-1 1.25 1.25 0 0 0 0
C4Fg-2 1.25 1.25 0 0 0 0
C3HCIF, 12.5 12.5 0 0 0 0

Table 10. Final flow for energy balance.

Module Condenser Reboiler Feed Outfeed Error
(kW) (kW) (kW) (kW) (%)

Té6 —425.95 205.78 —4320.37 —1463.07 —3077.52 0.05
T7 0 292.33 —7427.15 —6997.38 —137.45 0.01
T8 —294.05 0 —8180.1 —105.68 —8368.48 0.01
T9 —439.13 467.78 —3077.52 —113.27 —2935.59 0.01
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From the table, we observed that the simulated process with double-effect distillation
yields a mass fraction of 99.999% for C,F, with a mass flow rate of 1548.01 kg/h. The mass
fraction of R22 is 99.99% with a corresponding mass flow rate of 751.211 kg /h.

3.4. Data Summary

The traditional five-tower distillation, the modified four-tower distillation, and the
four-tower distillation with dual-effect distillation processes were compared. The final data
for the three processes are summarized in Table 11.

Table 11. Data comparison of different processes.

Module Traditional Five-Tower The Reformed Four-Tower Double-Effect
Rectification Rectification Distillation
CoFy (kg/h) 1448.99 1548.01 1548.01
R22 (kg/h) 569.95 751.196 751.211
Purity (CyFy) 99.999% 99.999% 99.999%
Purity (R22) 99.9902% 99.99% 99.99%
Total load (kW) 2237.91 2705.455 2125.295
Total low pressure steam 874,450.2 1,073,248 825,392
consumption (kg/h)
Total refrigerant consumption (kg/h) 21,853.92 26,080.49 20,860.68
Total cost (USD$) 23,500.274 28,787.246 22,199.36

According to the data in Table 11, overall, both C;F4 with a purity of 99.999% and
R22 with a purity of 99.99% can be achieved. The mass flow rates of the two substances
separated by four-column distillation are higher than those of five-column distillation,
but the overall tower load is also higher. After incorporating the double-effect distillation
technology into four-column distillation, the overall tower load is lower than that of five-
column distillation. Therefore, the final four-column distillation process not only separates
higher yields of products but also reduces the overall tower load.

4. Conclusions

The aim of this study was to investigate the tetrafluoroethylene distillation process.
The five-column, four-column, and double-effect distillation processes were simulated and
optimized using the Aspen Plus software. The resulting distillation process not only meets
the requirements for product purity but also exhibits significant improvements compared
to traditional distillation processes. The mass flow rate of C,F, increased by 6.2873%,
and the mass flow rate of CHCIF, increased by 22.6577%. Additionally, a reduction of
112.9002 kW in the tower load was achieved. In summary, the improved TFE distillation
process, compared to the traditional process, not only ensures the desired separation purity
but also reduces the footprint and equipment costs of one tower. Furthermore, it decreases
the tower load during the distillation process. Optimizing various operational parameters
in the distillation tower effectively enhances the economic and energy efficiency of the
actual production process.
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