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Effect of two-step pressurization with intermediate gas on rapid vacuum pressure

swing adsorption process for oxygen generation
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Abstract: An improved rapid vacuum pressure swing adsorption (RVPSA) process, namely, two-step
pressurization with intermediate gas, was proposed to improve performance of miniature oxygen concentrators,
which were based on rapid pressure swing adsorption (RPSA) technology. The experimental results on the new
process show that pressurization with intermediate gas at the exhaust end could effectively improve oxygen purity
and re-pressurization with intermediate gas at the feed end could improve recovery. The pressure and oxygen
purity of intermediate gas at the exhaust end before pressurization as well as the bed pressure after
re-pressurization of intermediate gas at the feed end were key parameters for improving oxygen purity and
recovery of the production. At the adsorption pressure of 240 kPa and the desorption pressure of 60 kPa, the
improved RVPSA process exhibited recovery of recycling oxygen up to 34.57% and the BSF at 61.18 kg * TPD '
for producing a ton of oxygen per day.
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Fig.1 Schematic diagram of RVPSA experimental unit

1—air compressor; 2—valve; 3—feed gas tank; 4—pressure gauge;
5,17—flowmeter; 6—solenoid valve; 7—vacuum pump; 8—pressure sensor;
9—thermocouple; 10—data acquisition system; 11—computer; 12—throttle;
13, 14—intermediate gas tank; 15—check valve; 16—product tank;

18—oxygen detector
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Table 1 Values of Langmuir isotherm parameters

Parameter Adsorbate
0, N,
Ki/mol * kg™ « kPa™ 2.3123x107° 8.8739x107°
Ky/K 1323.8841 1538.4227
by/kPa™ 2.2342x10°° 6.5506x10°°
by/K 1754.3662 2067.2072
H{/T * mol ™" 14661.44 25451.65
variance 1.75x107* 2.97x107
correlation coefficient 0.955 0.95

130(9)~ 2N (16)THHAF BB o 8 S5
ZHNEK 2.
123 AR5 DR E WK 3.
124 BRAKMET X RANT SEE TS
100 AN IXI8, Rt 77 FREAE Fa ) DX 4 14T AR
ST R TR, XPRIUR F — il Xkg 2, ]
KN 0.01 s, Al Matlab R2009a %44 5 2 7 315K
fift, ERIRZE<107,



%510 3

B RAE e ) TP 20 78 T PR 02 38 B PR 1) S R 2

* 4267 -

*2 BMOERSHELMESH

Table 2 Partial model parameters and physical

parameters
Parameter Value
Ci/Tekg!'eK" 100454
CJ/Tkg K™ 11727
h{Wem?+K" ~208.09
o/ Wem?2 K ~93.27
KO/ s™ 58.68"
KN/ 5™ 23.85"
K/Wem' K" 0.02624
K/Wem'+K" 0.3%
pu/ Pa 240000
piee/ Pa 70000—100000
pior/ Pa 80000—120000
p/ Pa 60000
prei/ Pa ~200000
pre2/ Pa ~ 160000
Tw/ K 289.15
Tre/ K 289.15
Tw/K 289.15
& 0.338%
wPass 1.83x107°B4
py/ kg e m> 589.46
pd kg m” 1035

(O LDF mass transfer coefficient was estimated by Eq. (9).
@ Physical parameters offer by Manufacturer.
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Table 3 Boundary conditions?>
Step z=0(inlet) z=l(outlet)
Ay o, » _ oT )
PR Dng_u(yF—y), ng=—up,q(TF—Tf) g=0, EZO’ p:pH+(p1PF_pH)(t/ZPR_1)
0, a7, ) o7,
AD DLiz_“(yr_y)’Kfaizt:*“pfcf(TF*Tf)’P:PH a—JZ/:O, 87;:0
) a7, ) o7,
REl ?:zO, aizf:O, p:pH+(pRF.1_pH)(l/tRF.1) a*JZ/:()’ T;:O
9 oT; b oT.
RE2 87)2)20’ aizf:()» p:pREl+(pRE27pRE1)(t/tRE2) izo, aizf:O
0, J7T, %) d7,
BD a{:(), a—z'=0 £=O, T;=O~ p:pL+(pREZ_pL)([/[BD_1)2
0 oT, o) o7,
PP a—§=0, =00 P+ (P =2 ) (/1) DL(%?“(yw—y), Ki—r=-upC, (I = T;)
) a7, ) oT,
IPF DL % = _u(yREZ _y) 5 Kf aizf = _”pfcf (TRE _7;) ?: =0, aizf =0, p= DPpp +(pn>r _pIPP)(t/tIPF)
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HE 10 FTLAE H, BEAE WP T g 3G m, 5=
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FEHNO0IL emin™"), BILEN 34.57%, LA+
)5 A 7 IR HOPE R T BSR4 5%, L
Rama Rao Z:1'2%1) RPSA fE3F [l R R 540 5%~

10%, BSF 4 61.18 kg« TPD ', 1£4; PSA #I%H %
4i BSF 295 350 kg » TPD '), #4318 RPSA %=
PR S . T RVPSA HIIEAEFE (41 90% O,)

9 1.88kW <h +«(m’0y) ", HAES A <3 L *min”"
(B I E L EREL 1.6 KW » h = (m® O,) ']
17.44%, X H TN 7 BT R (O BINARAER
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Table 4 Performance parameters of two nitrogen

adsorbents
Adsorbent
Parameter
RVPSA RPSA
dyX 10°/mm 0.5 0.56
a 8.7 9.81%7)
H; /3 * mol™ 14661.44/25451.65 13478.44/24570.955
manufacturer Jianlong Micro-nano Novel Zeochem Corporation

Materials Co., LTD (China)

% 5 451 T A RVPSA il Rama Rao 2720
] RPSA RAWR &K T &SR, T,
RVPSA R 1 25 76 1 A 56 J6 1 L RPSALT2
% 2s, HPPRREVD, Rt BSF B E R

x5 RERIZSHHIXILL

Table S Comparison of equipment and process

parameters
Parameter RVPSA RPSA
amount of adsorbent /kg 0.1 0.148
compressor/ vacuum pump compressor: ~250 kPa, ~30 cylinders
Lemin’'
pump: ~50 kPa, ~20 L +min '
adsorber/m d;,=0.03, L=0.26 din=0.0498,
L=0.127
te/s ~8 ~6
average product flow rate 0.9 22
/L + min”"
3 % ®

(1) RVPSA il S e b R T e [A) < < 78
F 0T DAAT R v R B, T R 7 s T B v R
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SR, HAUA JERNS 78 IR 18 BF 4 B4R B R— /KM, o mol ! e K
16.35%F1 5% Re Reynolds %
(2) A hIA S5 78 FE 1 RVPSA I 0656 r—iifE, K
W)/ H 5 7 T PRI 1 Bk D o [ e o Ty — AU, K
FOE R T ) B R R R B R S 5 T WKL, K
Tre RS, K

- k& N2 s 7
(3) RPSA LZAIAHRLIEAE BSF, = B A f T W K

W /34333149 240 kPa A1 60 kPa, KA 25 . BREHEE, K
W X
FEIEM) RVPSA il %%t BSF Jy 61.18 kg « TPD ™. WAL s
v SR ) te TR, s
u —TRBEE, mes
a 3BT V— SR, m s
B, by, by Langmuir 241 y —SAHH S IR HL
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