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Abstract — Liquid phase nitrous oxide (N,O) contains air, carbon monoxide, water, carbon dioxide and NOx as main
impurities. It is known to be very dangerous to obtain a very pure N,O product by using solidification at low temper-
ature. In this study a new method to obtain a high purity of N,O product based on a continuous distillation process was
introduced. For the modeling of the continuous distillation process to obtain a product having a purity over 99.999% of
N,O stream, Intalox wire gauze packing- No. SCH-80S gauze packing column was used. Peng-Robinson equation of
state was used for the modeling of the continuous distillation process and refrigeration system. Computational results
performed in this work showed a good agreement with Aspen Plus simulation results.
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Table 1. The basic properties of N,O

Properties Value
Normal boiling point (K) 184.700
Critical temperature (K) 309.600
Critical pressure (kPa) 7,244.700
Critical volume (m?/k-mole) 0.0974
Acentric factor 0.160
Heat of formation (kJ/k-mole) 81,600.700
Free energy of formation (kJ/k-mole) 10,3707
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Table 2. Coefficients in Twu's alpha form

Component C, C, Cs
N,O 0.1626 0.8345 -

H, 0.9267 4.2324 0.1200

0, 1.8858 3.7551 0.0922

N, 0.5764 0.9093 0.6765

(€0) 0.0746 0.8722 2.2365
CO, 0.2047 0.8197 -
CH, 0.1195 0.9040 -

Table 3. Binary interaction parameters in Peng-Robinson equation of
state mixing rules

Component ‘i’ Component ‘j’ k;;
N,O 0, 0.0478
N,O N, -0.0110
N,O CO, 0.0048
N,O CH, 0.0256

H, N, -0.0300
H, CcO 0.0900
H, CO, -0.1622
H, CH, 0.0160
0, N, -0.0119
0, CH, 0.0500
N, CcO 0.0120
N, CO, -0.0170
N, CH, 0.0350
CO CO, -0.0300
CO CH, 0.0300
CO, CH, 0.0919
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Fig. 1. A schematic diagram of the continuous distillation column.
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Fig. 2. Heat and material balance around a general distillation stage.
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Table 5. Heat and material balance around N,O purification column

Stream name Feed Top product Bottom product
Component Mole percent

N,O 99.76 95.3283 99.9991

H, 7.4%x 107 0.1414 0.0000

0, 0.0118 0.2255 0.0000

N, 0.2200 4.2046 0.0000

Co 1.0x 107 1.9112x107° 0.0000

Co, 1.0x 107 2.7477x1073 9.0345 x 107
CH, 5.0x 1072 0.0956 1.9753 x 10718
Temperature (K) 298.15 278.1694 281.6227
Pressure (kPa) 6,374 3,825 3,877

Flow rate (Kg/hr) 212 10.9042 201.0958
Enthalpy (KJ/Hr) 12,500 2,475 35,873
Molecular weight ~ 43.9719 43.2267 44.0130
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Table 6. Heat and material balance comparison between computa-
tion modeling performed in this work and modeling work
using Aspen Plus

Stream name Top product Bottom product
Component This work  Aspen Plus  This work  Aspen Plus
N,O 95.3283 95.3296 99.9991 99.999

H, 0.1414 0.1414 0.0000 138x 107
0O, 0.2255 0.2255 0.0000 1.05x 1072
N, 42046 42046 0.0000 9.94 x 1072
CO 19112x 107 1.91 x 10 0.0000 6.72 x 107%
CO, 27477x 107 1.40x 107 9.0345x 10 9.78 x 10™*
CH, 0.0956 0.0956 1.9753 x 107'® 0.0000
Temperature (K) 278.17 27548 281.6227 278.08
Pressure (kPa) 3,825 3,825 3,877 3,877

Flow rate (Kg/hr) 10.9042 10.9041 201.0958 201.0959
Molecular weight 43.2267 432267 44.0130 44.01288
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: gas constant [J/g-moleK]

: absolute temperature [K]

: pressure [kPa]

: critical temperature |K]

: critical pressure [kPa]

: molar volume [m>/g-mole]

: energy parameter [kPa-m%K?/g-mol?|

: co-volume parameter [m*-K/g-mol]

: energy parameter in Peng-Robinson equation at
critical temperature [kPa:m®K%g-mol?|

: alpha function

: coefficients in alpha form

: mixture energy parameter [kPa-m®K?%/g-mol*]

: mixture co-volume parameter [m>-K/g-mol|

: energy parameter for component “i* [kPa-m®K%g-mol?|

: co-volume parameter for component ‘i’ [m>-K/g-mol]

: energy parameter between component ‘i’ and ‘j’
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: mole fraction of component ‘i’, ‘j> and ‘I’

: binary interaction parameter in van der Waals mixing
rule

: fugacity coefficient of component ‘i” in a mixture

: compressibility factor

- actual liquid density [m®/g-mole]

: liquid density at 60 °F [m*/g-mole]

: actual correction factor

: correction factor at 60 °F

: total molar flow rate feeding to the plate p

6.

7.

10.

11.

12.

13.
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: total vapor molar flow rate coming out of the plate p

: total liquid molar flow rate coming out of the plate p

: total vapor side draw flow rate coming of the plate p

: total liquid side draw flow rate coming of the plate p

: mole fraction contained in L, V,, and F,, respectively

: K-value of component ‘j’ at the plate p

: molar flow rate of component 'j' feeding to the plate p

: liquid molar flow rate of component ‘j° coming out of
the plate p

: vapor molar flow rate of component ‘j” coming out of
the plate p

: side stream molar flow rate of component °j° coming
out of the plate p

: total molar enthalpy feeding to the plate p

: total liquid molar enthalpy coming out of the plate p

: total vapor molar enthalpy coming out of the plate p

: overhead condenser heat duty

: saturated liquid molar enthalpy of overhead product
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