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Abstract— Optimisation is carried out in order to build optimal strategy for operation of RPSA process separating oxygen
from air. The rigorous mathematical model of the process is formulated and dynamic simulation is performed as a previous
step of optimisation. In conjunction with the measurement of operational performance, performance indices are introduced
based on the analysis of the dynamic response of the system. Considering design and operation issues, objective function
and constraints are identified and their mathematical statements are described. Intrinsic behaviour of RPSA process shows
cyclic steady state, in which conditions at the end of each cycle are identical to those at its start in both gas and solid
phase. This is the state in which we are interested and optimisation is carried out for this state. Control vector parameterisa-
tion method is employed as a solution method for the given problem at cyclic steady state. From optimisation, optimal cycle
time and feed pressure are obtained and the results are compared with those from other operating conditions. On the basis of
the numerical experiment, it is concluded the optimal values of decision variables obtained from optimisation maximise the
objective function in the connection with given constraints.

Key words : Optimisation, RPSA, Optimal Cycle Time, Cyclic Steady State, CVP

LM £ 22 2efd A9 dickeg A=) gtk F, Fa e 4
W LA 2, B o] dAlo] Y AReln Y xEq
oA 2wk B8 ole] g2 3ol deled 018 AT £ A W, ¥AE T2 ARE Abole] ulSAY wsll A2 of, 2B 5

EASE E2 sl el A2 U Y AAJL FAF 7] Aol S1AY AshE Psked 913 AL W wake) Mol o
AL T F9% 2& AT A2 2o A Ago] AN o) 53} 2L F9o} ool APUTHL 2). FGH 0] 89 i
7hae) Az, 3] 2, T sk S shae] Bl B hamy
"E-mail :128019@Igen.co.kr B U1 AR A 5 5 5 QInH1,3,4] F2 FY Aol

196



N, /0, #2812 913 RPSA FA9| F7] Azt 2 A8 7}~ g1 HAg) 197

ool 7h F8% 84 59 b TS 945 Ao 24
ofch. FAAE £ 7hs 3 B Aol dsle] 2t 3L 7

A, A9 £21F o]F] dc}. olel¥ FAAle FAHE 24

dete] PAE AL A, 2HEUE o FHAE AAs
o] pAoln, waba] FA AAPL] AAL 71 F OB o] Fof
Ao} gicl. A 34l A v e 2= Lk 23 A el A3t
Zo] gld), 2t7] TSA(temperature swing adsorption), PSA(pressure
swing adsorption)o] 2} E-2]-g-t}. o] F PSA 4L FA4A F2

3 @3] aiHel| w9 qUZHRE Aol o] g5 =, whE ok WSt s

Tk £ 2 Y «3F71E FA ¥ 5 3l7] wEel TSA ¥
Huc) o] go] &85 3 9] o), FHe] olF e He H Sl
F349] Qe A 7 Aol esile s ok

PSA F4-2 Skarstromel| 23] 24402 A3y} z1s)4 o],
71 Az, F2FE AL FF, o4 A, d3eie] 28 Sl
iAoz #45w 9lon[1,3-8], PSA T4 H4A o} ¢
A AL AT AFE 2 So| st AT o920 F
A WA A7e 2% 494 F7]2 A% Skarstrom 3G M} §e)
& 583 B} B oA 571§ 2 34 d3 97t g
o] AP gl Wi, FZ FY 2 «HFIE deFA=
FA el ¥ AT /1= S gIoH21] TS AT L
2 A9 FE 7 A A == s A9, 24k 71
£ o} w2 A %3] A]7]+= RPSA(rapid pressure swing adsorption)E-
2 E 4 glc}. o] RPSA F4-& Tumock} Kadlec[22, 23]l &}3}
o z2 /fEel o, Jones £[6], Keller2} Jones[7,8]el] 2]&] A+
Q37 A== AL PSA FA T el FAE Y 39
3} §F 733817} Slelef 817) wl el vl 2R 1A} =71(<700 um)e)
FRA AHeE =53 FA9 F7) AL o gen(@F 3-
20%) 719k AL} 7o) ©AlL] Al7ke] A 9] . o]ej’t BH-E 5]
A|7ke 2 Qlsle] % whske] oF 7)slrl PSA 3ol usle] Ads]
Zich. o]l gt & wiake] oF 7SR Qlsle] AapAEQl Ej7) o] Fo]
Zlch. RPSA F4-2 71E2] PSA 347 vl 2l &3 22 A4
£ /R E ek (1) 49 A AL T3l B Eo] Al A4ts]
D2 Eege] F1, 2) BY FAHSE IAEERE FA Y BAtA
£ 9% 5 glo} £Ao] Zhbstz, (3) FAIG fAu7L AA £,
4 FAAY Fo7l ov g PSA 34 Mrl o] £& F3HA] A4t
A& veidiH, 5) W F7)2 Frabdle] Asr] did] 5 =
Aell 7PA A e] 7Feslch= 2 Bolcil,3,24]. 1=y RPSA F
Ao} HAg A& A3l AB 7l T2 4L fAS o) 3
3 gkE7]e] 24 vlgo] Al ke o] Ut $9) e
AT S 72isle] RPSAE B2 & (<95 %)Y 534
£ A4 413 AR 2] FA o F2 o] 4%t}25]. RPSA ZA
o] ojzlgl BEAIAQl AAe] lSolx B3l 7]1E9] PSA -FR el
Hl&) 71 5HE 24 thA BAbsie] shARE s4]o] o] Fo)x]
A ok 9otk Weh RPSA 349 &84 dE ¢l T4
E #A 2 2AHspr) g g3} o)9) Haiste] Doongs} Yang 5
[26]0] Kellere] ¥ dlo|e]& o] 43l 3b2 wdale s}
3, HZoll= Alpay[25P) F3HA] =27)q] digk HA3E S8 v}
glent, Eof HubH]l Ao HA43b)l 9.3k Aefolct.

oEh] B QoM T2 RE ARE F33hs RPSA TA o
el 29A] 7] 9 394 F7] FAE AYsded, 54 mat
£ 33l 7] A7 3998 48 52 A s sl sl

2. RPSA 23

2-1. 33 4%

product product
open open
bed bed
open closed closed open
feed purge
. D -

Fig. 1. Two step operation of RPSA process.
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Fig. 2. Three step operation of RPSA process.
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Table 1. Conditions for simulation

Variable Explanation Value
A Cross section area of a bed 1.963x 10 > m®
D, Diffusivity 10 °m’/sec

my, Adsorption isotherm gradient of N, 3.08X 10 °mol/kg-Pa
my, Adsorption isotherm gradient of O, 1.43X 10" *mol/kg-Pa
R Gas constant 8.314 J/mol-K

T, Temperature of the bed 290K
yy»  Mole fraction of N, 0.79

Yoo  Mole fraction of O, 0.21

€, Bed voidage 0.35

€, Particle porosity 0.65

Ps Bulk density 800 kg/m’
Y Ratio of specific heat capacity 14

n Gas viscosity 1.8x 10”° N-s/m’

Table 2. Results of optimisation

Variable Results
Cycle time 12.30sec
Inlet feed pressure 2.438 bar
Objective function 3.663 mol/J
Cycle averaged purity of O, 90.07 %
Recovery of O, 11.10%

Productivity of adsorbent 2.973% 10 * mol/kg-s
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Fig. 4. Pressure profile during pressurisation at cyclic steady state.
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Table 3. Values of the objective function and performance index
for various cycle time

Deviation, Cycle (f)ut:::t?;:ie Purity of Recovery Productivity

% time, sec ’ 0, % of O, % of adsorbent
mol/J

-20% 9.84 3.344 90.24 1020 2.979x107?

-15% 10.46 3.433 90.30 1044 2981x107?

-10% 11.07 3.515 90.28 10.68 2.980x 1072

- 5% 11.68 3.592 90.20 1090 2.978x1072

Optimum  12.30 3.662 90.07 1110 2973x107’

+5% 12.92 3.730 89.87 11.29  2967x1072
+10% 13.53 3.793 89.65 1146  2.960x 1072
+15% 14.15 3.853 89.38 11.64 2951x1072
+20 % 14.76 3.910 89.08 11.81  2.941x10°?
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Fig. 10. Effect of cycle time on the objective function.
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Table 4. Values of the objective function and performance index
for various feed pressure

Deviation, Cycle ?utgzt?;ze Purity  Recovery Productivity
% time, sec > of O,, % of O,, % of adsorbent
mol/J
-20% 1.950 7.752 80.21 16.37 2.648%x107?
-15% 2072 6.325 84.25 1488  2.781x107?
-10% 2.194 5.216 87.02 13.48 2.873x107?
- 5% 2.316 4.348 88.87 12.22 2.934x107?
Optimum 2.438 3.663 90.07 1110 2973x10°°
+5% 2.560 3.115 90.76 10.12 2.997x107?
+10% 2.682 2.674 91.16 9.26  3.010x107*
+15%  2.804 2.314 91.26 8.51 3.013x10°°
+20 % 2.926 2.017 91.14 7.84 3.001x107*
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Fig. 13. Effect of cycle time on the adsorbent productivity.
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A : cross section area of the bed [m’]
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C : molar concentration of component i in gas phase [mol/m”]
Cins : molar concentration of component i in feed gas [mol/m’)
Con : molar concentration of O, in gas phase [mol/m’]

c, : heat capacity at constant pressure [J/mol-K]

c, : heat capacity at constant volume [J/mol-K]

D, : diffusivity [m%s]

d, : particle size [m]

L : length of the bed [m]

m; : adsorption isotherm gradient of component i

P : pressure in the bed [Pa]

P... : feed pressure [Pa]

P,... : purge pressure [Pa]

purity  : cyclic average purity of O, gas at the exit of adsorption bed
Q : volumetric flow rate of product [m’/s]

q: : solid phase concentration of component i [mol/kg]

q : solid phase concentration of component i [mol/kg]

R : universal gas constant [J/mol-K]

recovery : cyclic average recovery of O,

Tew : feed temperature [K]
t : normalised time
tocie : cycle time [s]
$sesay : delay time [s]
tress : pressurisation time [s]
taelay : normalised delay time
Tyress : normalised pressurisation time
v, : superficial gas velocity [m/s]
w : compressor work [J/mol]
W : total work performed during pressurisation [J/mol]
z : normalised axial position
azjo|A 2K}t
Py : bulk density
v : ratio of the specific heat capacity at constant pressure to
the specific heat capacity at constant volume
g, : total bed voidage
€ : bed voidage
g, : particle porosity
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