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—{EXTFEED—>
e

g

R2-DT

C4-DT (DT }—
Stream number C1 C2 C3 C4
Reflux ratio 54.75 82.06 13.25 56.55
Top distillate rate (gmole/h) 29.77 1,600.00 930.00 58.88
Number of stages 80.00 80.00 80.00 180.00
Feed stage 50.00 55.00 40.00 67.00
Column top press. (kPa) 91.19 70.93 81.06 106.39
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—{BrTFEED—
-

COMP1

jﬁz—DT

2DT-D,+T, ot
C4-DT DT —

Equilibrator®| 2&: X8t A2 M E2lot=s 2

ByetESEX £ A BHE 0 |AXIO E X

DZ + TZ <=>2DT 22 (K)
Equilibrium constant : Ky = [DT]?/ [D,][T,] equilibrium
. equation 0 273.1 298.1 400 500 600
Reaction rate : Ryt = rpr f(Ppr Ppo, Pro)
[HD1?/[H,1[D,] 0 318 | 325 | 348 | 362 | 372
Reactions in the equilibrators [RTI2/H,00T,] | 0 | 242 | 256 | 297 | 324 | 3.44
«HT +D, < DT + HD
*2DT-D,+T, [DT12/[D, 11T, ] 0 3.79 3.82 3.88 3.92 3.94
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ol EXT-FEED
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File saved as “Hydrogen Isotope Distillation.bkp”

» The Isotope Separation System (ISS) has been simulated using Aspen Plus
steady-state simulators.

» This system has four distillation columns and two equilibrium reactors. This
system has four purified products, HD, D,, DT and T,.
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» Feedstock Information and Product Specifications

Stream Name FEED EXT-FEED
Component Mole%

H, 1.0 10.0|

HD 0.0 5.0

D, 24.0 80.0|

DT 50.0 0.0]

HT 0.0 5.0

T, 25.0 0.0]

Total 100.0 100.0f
Temperature (K) 20.0 20.0]
Pressure (ATM) 1.1 1.1
Flow (mol/min) 2.0 1.0




6. ITERISS =& Al=Zdl0|& Case 2

» Design and operating conditions for each distillation columns are as:

(atm)

Column Name Column 1 Column 2 Column 3 Column 4
Reflux Ratio 25 150 8 8
Top Dlstlllat_e Rate 05 0.3 1 175
(mole/min)
Number of Stages 80 80 65 80
Feed Stage 50 55 30 40
Column Top Press. (atm) 0.9 0.7 1.04 0.8
Stage Pressure drop 0.02 0.003 0.0007 0.003
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» Design and operating conditions for Reactors

v Chemical reactor operating temperature: 25°C

v" When all hydrogen isotopes, i.e. H2, HD, HT, D2 and T2 are in equilibrium,
there are following three equilibrium reactions are possible.

v" Their corresponding equilibrium constants at 298.15K are:
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» The role of Column 1 is to separate D, and DT.

Design specification 1 and Variable 1:

v' 99% recovery of D2 as a top distillate
v Vary Distillate to feed ratio (0.001 to 1)

Design specification 2 and Variable 2:
v 99.9% recovery of DT as a bottom product
v Vary Reflux ratio (1 to 100)

FEED C1-DIST C1-BMT

Temperature K 30 23.4433| 24.23478
Pressure atm 11 0.9 0.92
\VVapor Frac 1 0 0
[Mole Flow kmol/hr 0.12| 0.029773]  0.090227
IMoIe Flow kmol/hr

H2 0.0012 0.0012 9.56E;

HD 0 o ~ o

HT 0 y.d

D2 0.0288 0.02851

DT 0.06]  6.00E-05 0.05994

T2 0.03 9.41E-07]  0.029999

11

D2 recovery: 99% at top

5 DT recovery: 99.9% at bottom
o.oo%/
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> Column 1: Result Summary
COIU mn N ame COI umn 1 Wiew: | Condenszer / Top stage j B asis: Maole -
. Condenzer / Top stage performance
Reﬂ U.X Ratio 54.75 Temperature: |23.443298? |K j
TOp DIStI ”ate Rate O ] 5 Subcooled Temperature: | | J
(mole/min) Heat duty: [DEO7T52H [kw ~]
N um bel’ Of Stag es 80 Subcooled duty: | | J
Feed Stage 50 Cigtillate rate: |EI.EIEE!??2E|3 |kmu:u|.-"hr ﬂ
Column Tob Press. (atm 0.9 Reflux rate: [1B3020267 [kmolthr |
p ( ) Reflux ratio; B4, 7h4R222
Stage PreSSU re d rOp (atm) O . 02 Free water distillate rate: | | J
Free water reflus ratio:

24.4
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» The role of this Column 2 is to separate HT and D.,.
e Design specification 1 and Variable 1:
v 80% recovery of HT as a top distillate
v Vary Distillate to feed ratio (0.001 to 1)
* Design specification 2 and Variable 2:
v" 99% recovery of D, as a bottom product
v Vary Reflux ratio (1 to 150)

C2-F HD C2-BMT
[Temperature K 20 21.44345 22.70514
|Pressure atm 1 0.7 0.703 HT recovery: 80% at top
|MOIe Flow kmol/hr 0.089773 0.019474 0.070299!/
|Mo|e Flow kmol/hr /
H2 0.001028  0.001025] 2.13E-06 D2 recovery: 99% at bottom
HD 0.015345 0015275  4.03E-08 /
HT 0003 00024 @006
D2 0.07034 0.000703 0.06964
DT 6.00E-05 5.66E-12 6.00E-05
T2 9.41E-07 3.37E-15 9.41E-07
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» Column 2:

Stage

Column Name Column 2
Reflux Ratio 82
Top Distillate Rate
: 0.3
(mole/min)
Number of Stages 80
Feed Stage 55
Column Top Press. (atm) 0.7
Stage Pressure drop (atm) 0.003
g 224 F
(B} ook —— Stage vs. Temperature
L z
'.CE 220F
)
Q sk
E
(D)
- 216 F

Mole Composition
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Result Summary

Condenszer / Top stage performance

Temperature: |2'| A430707 |K ﬂ
Subcooled Temperaturs; | | J
Heat duty: 05482588 |k ]
Subcooled duty: | | J
Distilate rate; 001947361 [kmolbe |
Rl rate: 159808753 |kmole |
Reflus ratio: lm

Free water distillate rate: | | J
Free water reflus ratio: li

1.0
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0.6 |
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» The role of this Column 3 is to separate DT and T,.
* Design specification 1 and Variable 1:
v' 99% recovery of DT as a top distillate
v Vary Distillate to feed ratio (0.001 to 1)
* Design specification 2 and Variable 2:
v" 98.5% recovery of T, as a bottom product
v Vary Reflux ratio (1 to 150)

C3-F T2 C3-DT
[Temperature K 24.37407 24.95718 24.59887
|Pressure atm 4 1.09 1.05
|Mo|e Flow kmol/hr 0.090227 0.030148 0.060079
|Mo|e Flow kmol/hr
H2 9.56E-09 2.75E-29 9.56E-09 DT recovery: 99% at top
HD 0 0
HT 0 0 / 0
D2 0000288 758546  0.000288 - T2 recovery: 98.5% at bottom
DT 0.05994 0.0006 0.059341
T2 0.03 0.029549 0.00045
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> Column 3: Result Summary
Condenger £ Top stage performance
Column Name Column 3 Temperature: [24 5388543 [« ~
Reflux Ratio 57 Subcoaoled Temperature: | | J
Top Distillate Rate 06 Heat duty: |1.2950885 | kw Ea
(mo]e/min) ) Subcoaled duty: | | J
Number of StageS 180 Distillate rate: |EI_I]588?'EI?E| |k|‘|‘|I:l|.-"|"|r ﬂ
Feed Stage 67 Risflux rate: 332975485 |kmolhr v |
Fefl hio: BE.5517387
Column Top Press. (atm) 1.05 e
Free water diztillate rate; | | J
Stage Pressure drop (atm) 0.04 Free water reflus ratio:

—— Stage vs. Temperature

249

248 |

24.7 |

Temperature (K)
Mole Composition
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Stage
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» Instream T2, expected T2 mole % is not less than 90%.
» We have obtained T2 mole % more than 94 mole%.

Stream Name T,
Component Mole %
Ref. Result
H, Trace 0.00
HD Trace 0.00
HT Trace 0.00
D, Trace 0.00
DT 10.00 5.74
T, 90.00 94.26
Total 100.00 100.00
Temperature (K) 26.40 24.95
Pressure (ATM) 1.08 1.09
Flow (kmol/hr) 0.030 0.031
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» The role of this Column 4 is to separate D, and DT.
e Design specification 1 and Variable 1:
v" 99% recovery of D, as a top distillate
v Vary Distillate to feed ratio (0.001 to 1)
e Design specification 2 and Variable 2:
v' 99.9% recovery of T, as a bottom product
v Vary Reflux ratio (1 to 150)

C4-F D2 C4-DT
[Temperature K 20| 23.0995246| 23.1596917]
|Pressure atm 11 0.8 0.803
|Mo|e Flow kmol/hr 0.07029931| 0.06954111] 0.0007582

|Mo|e Flow kmol/hr

18

D2 recovery: 99% at top

H2 213606  2.13E-06 5.39Ej3/

HD 403E-08  4.03E-08 _5efE-19

HT 0.00059999 0.00052395/ 4.4TE-08 DT recovery: 99.9% at bottom
D2 0.0696353  0.0689389 o.ooo%/

DT 6.1855E-05 6.1854E-08 6.1793E-05

T2 1.4384E-08] 1.0171E-12| 1.4383E-08
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> Column 4: Result Summary
Condenzer / Top stage performance
Column Nar:ne Column 4 T emperature:; |23.EIE|EIEE|E'I |K j
Reflux Ratio 13 Subcooled Temperature:; | | J
Top Distillate Rate 117 Heat duty: 03691852 [k ~|
(m0|e/m [ n) ' Subcooled duty: | | J
Number of Stages 80 Diztillate rate: 0.07024015 [kmoldhe |
Feed Stage 40 Rrefiu rate: 033108476 [kmalhr v
Column TOp Press. (atm) 0.8 Feflus ratio: |13.2551E4'I
Free waater distillate rate: | | J
Stage Pressure drop (atm) 0.003 Fres water reflun ratic: |7
237 F —— Stage vs. Temperature 10
g 236 F < os}
&) 235k g ——— Calc._H,
= 3 °°f —rit
© 234 o — calc._D,
E E —— Calc._DT
g— 233 F 8 04 F — . —  Calc._T,
[¢)] [B)
|_ 232 F 6 o2k
=
23.1
0.0
23.0 . )
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Stage Stage
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»  Still we are trying to search for a new revised column configurations in order
to reduce the content of T2 in DT product stream.

Stream Name D, DT
Component Mole % Mole %
Ref. Result Ref. Result
H, Trace 0.00 Trace 0.00
HD 0.20 0.00 Trace 0.00
HT 160 0.85 Trace 0.00 Should reduce the T2 content !!
D, 97.30 99.13 1.30 0.49
DT 0.50 0.01 98.70 08.74
T, 200 ppm 0.00 4ppm 0.76
Total 100.00 100.00 100.00 100.00
Temperature (K) 22.90 23.10 24.50 23.73
Pressure (ATM) 0.80 0.80 1.04 0.80
Flow (kmol/hr) 0.105 0.070 0.063 0.059
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