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Abstract : SF; gas is well known as a global warming gas. Global warming potential of SFe gas is 22,000 times higher than that
of CO,. Recycling of SF¢ gas is an essential technology for the sake of the environment and the economy. The recovery processes
of SFs gas studied in this work were liquefaction, distillation, and crystallization processes because these processes were thought
to be easily carried to the fields for recycling waste SFs gas. The processes were simulated and optimized using Aspen plus. The
optimization problems were formulated to minimize energy consumption with satisfying product specification and desired recovery.
The performance of the processes was compared based on the optimization results. Effects of major process variables on the
recovery performance were investigated and optimal operation guide for changing product specification and product recovery
was provided.

Keywords : SFs, Liquefaction process, Distillation process, Crystallization process

1.ME 2 5o STl 71Q1ek= A 715 Wt avprt A5tk
L 3 EWolA 2A 22 W Qi) oS 7} 2] sk}
QT:L %]’76101] q‘]?l’ 7_’1{:]0] :'-qlﬂ' E]°1 /\ﬂzﬂ 7]‘301]/\1 O]KPQ SFsOIE}. SFei= Z]:rz_‘— 3} Z]—,—(Global Warming Potential,
g S @deawd as 207l A% =20l B9%°l  Gwpyst €09l oF 22,000u0] 1 e Tbel 4 Fpolch.
elotd Lo gtk el = ARh SAAEE SEL & gopy sFotag fy) S WEs) g ARgehe A
Bedzd izl tiek #AI7E dAs) AL jlew, ojet ¢ Ao Tt ARHoR =a3dt o).
=ol e dEd MiF BAE AR o2 vFel i SFei= A7) AAgo e A 4e, B2 2ehg, A7), &
AT P Ao A 22 A E I glom v Hdgowl vy
AZE F5o] 3ol digt e o) o]27 H AAH L AU LCD, Efolo] 27 7hA, =2 Ao s AR E T Qi)
= Zicker B9 ol Hlof lon], B8] U715 £A7F g span o aa) obAE Wuk ohet Sefe Aol

* To whom correspondence should be addressed.
E-mail: mwhan@cnu.ac.kr

329

PH oz oS st FEAoIcHL3). EE BEY 712o]
A O WA 97 SPgAe] B BNt A A7
AR o] et o4jo] olAwA of 7hazt 8] 24 AR



330 A7), AL7E A4S, 2011 12

28 Exo] dEHA 1 Ao ] A AAAHLE FAE Table 2. Property comparison of impurities
= A% Holal Qlrh4]. o3t AlxolA] S-2lubetE SFs gas Properties SFs CF4 N>
recycling system 7]<%2 7|slo] SFe2 &&2F o1l HAZ . -

yeume 5 l&< Adste SFed ol B A= Boiling point (C) 037 | 280 -195.8
ol WFAH o Halt 4 o= HHo| FHE Aol (Sublimation)
3}, Melting point (C) -50.8 -186.8 -210.01

&2 Ao A= SEZEAE 34T 4= Q= ofd 345l o Relative density, gas 5114 3.05 0.986
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Table 3. Specification of SFe gas (feed)

27171914 2] SFe

A8l 2t i

Parameter Parameter value (Input)
Temperature 250 K
Pressure 10 bar
Flow rate 1 kmol/s
Mole frac (SFe) 0.9
Mole frac (N,) 0.0801
Mole frac (CF,) 0.001
Mole frac (O,) 0.0189
Liquid frac. 0.3
Vapor frac. 0.7
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Table 1. Characteristics and operation of applicable technology
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Unit operation Operation Process characteristics
Low pressure fractional distillation Boiling point difference Universality
Crystallization purification process Melting point difference Universality
Adsorption purification process Adsorption Universality
Absorption purification process Amount of absorption Universality
Ultra-centrifugal separation Density Rarity

Membrane purification process

Absorption, Molecular size, Adsorption

Universality, Low maintenance costs

Chromatography

Affinity, Residence time

Extraneous material is required

Getter

Chemical reaction

Using the final stage, High purity and yield, High cost
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Figure 1. Vapor pressure curve.
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Figure 2. Liquefaction process: relationship between energy con-
sumption, temperature and pressure.

Figure 3. Liquefaction process: relationship between recovery, te-
mperature and pressure.
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Figure 4. Liquefaction process: relationship between purity, tem-

Energy consumption(KW)

Figure 5. Crystallization process: (a) purity vs. pressure, (b) reco-
very vs. pressure, (C) energy consumption vs. pressure.
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Figure 4. Crystallization process: (a) purity vs. temperature, (b) re-
covery vs. temperature, (¢) energy consumption vs. tem-
perature.
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Figure 7. Distillation process: (a) purity vs. distillate rate, (b) reco-
very vs. distillate rate, (c) energy consumption vs. distil-
late rate.
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Table 4. Results of optimization for three processes

Pressure | Temperature | Energy consumption
(bar) (XK) (kW)

Liquefaction
process

5.927 235.475 1531.111

Crystallization
process

4 224.491 880556.064

Distillate rate

Reflux ratio (kmol/s)

Distillation
process

0.031 0.273 817.072
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