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ABSTRACT

The prospects for the gas separation membrane systems
with moving liquid carriers are discussed in this paper.
The combination of non-porous gas separation membranes with
moving liquid ocarriers of different kinds allows to
separate multicomponent gas mixtures on constituents.

The phenomenological theory of- gas separation by
membrane gas-liquid modules in circulating and flowing
modes with non-specific and agtive carriers is considered.
Computer simulation of the separation processes was carried
out. The proposed technique for separation of gases was
tested by separation of CO,/CH /H,, CO,/CH, and He/0, gas

mixtures by using membrane module with polyvinyl-
trimethylsilane (PVTMS) membranes.

INTRODUCTION

In many cases the development of membrane technology
is connected with the improvement of productivity,
selectivity and flexibility of the membrane gas separation
systems. Recently the new types of the flowing 1liquid
membranes in which a 1liquid solution flows along
microporous (Sirkar, 1988) , (Teramoto, 1989) or non-porous
membrane (Shelekhin and Beckman, 1989, 1990) have been
proposed.

In this paper a new type of integrated membrane
systems combining the membrane and absorbtion gas
separation methods (selective membrane valve and
permabsorber) are considered. One of the objects is a
mathematical estimation for reasonable selection of the
absorption liquid, its flow rate and approaches to module
constractions. The 1liquid can be non-specific in relation
to the gas mixture components; secondly, the solubility of
the gas components in a 1liquid can considerably differ;
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finally, a 1liquid ocan react with one or several gas
components. Here we consider that gas A reacts with carrier
C dissolved in the liquid with creation of AC-complex:

X

A+ C o= AC (1)
where: A z
k - is the constant of a direct chemical reaction
(™ Ha™); - 1is the constant of a reverse chemical

2
reaction (C'); the gas B does not react with the carrier
C. Let the concentration of C 1is enough high so that

constant k: = ktCE and scheme (1) 18 a reversible process.

The AC-complex does not diffuse through polymeric
membranes.

SELECTIVE MEMBRANE VALVE--
/ Modul A

Modul B 18

Fig.1. Schematic diagram of the selective
membrane valve: flowing mode with desorber. 1,3-
The gas chambers. 2- The thin liquid layer. 4-
Pump. 5- The desorber gas chamber. 6- The liquid
layer. 7- The polymeric non-porous membranes. 8-
Feed gases (COZ/CH‘/HZ). 9- Retentate (CHA)' 10-

Dissolved gas (COz). 11- Permeate (Hz). 12-
Liquid. 13- Degassing (CO,). 14- Thermostates.
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liquiqg rlowing between two non~porous membp, es. Threes
COmponent as m € can be Seéparateq by SMV: Iirst
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dc?
2L A A AC . A
1‘),2 dy =t|_ iz* szlezL— lelezL
dc*€ (2)
2L . A AC
LM; dy =k|12LCZL— kZCZL 12L
where:
A A
L G)
! x:l‘ X=ll+(z
t: is the local flux of A com

ponent through the first
polymeric membrane,t: is the 1ocal flux of A component
through the sandwich; Cop Copo CiC are the concentrations
of gas 4, carrier C and AC-complex in the 1liquid. The
complete permeate flux (Iz) of component A through the
sandwich is:

h o
I;=df{3(y)dy, and CRy)= ¢t (4
o]

linear. Therefore the derivatives in eq.3 can be replaced
by concentration differences. Hence according Fick's law
the system 2 is equivalent to t

he differencia] equation of
the second order with the characteristic equation:

-
b+ k + k bk
(],2 + Q * + zz =0 (5)
v v
D o D o
im om + Sm Sm
T o0 TT]
where b =—1"7 “(‘ 2P 2L and a,,a,
2L
are the negative roots of (5). Here we consider the rase
“hen : [lmz (3"‘:[ - tzl.: olm= 0$m= G 2 czl.; D1m= stn: md=
Di h=h= h.

The flowting mode with a desorber (rtg.1 ).
In this oase the fresh liquid is fed ‘on
permeator (») and then pumped on the inlet
module (d). When g3s A reversibly reaocts with carrier C the
boundary conditions are:

C
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A . A _ . A —Ae AC . A _ A R i
Clm =0p10 CSm = 0; CZLp =0; CZLp =0; Csz T YaLd]? i
x=0 X=H y:o y:o y:h y:h
AC AC |
Cle = Va4 i
y=h  |y=h :
In this case the complete permeate flux through the
sandwich is : ‘
a P*s a a p. O |
I =——————[——15[1—exp -0 h ]+—15[1-exp -a_h ]+ . 2L] (6) ‘
o firet 275, ¢ | ha, (%n ha, (%0 j+—5 _
7mP0n€nt pao[eDo B a2z£2Lw2L] plo[zm - al [[ILwll.]
irations where a = b B
id. The 2ttn(az-a‘]v zlt“(a‘—az]u (7)
agh  the ; are the oonstants from boundary conditions (subscript r -
‘ is the index of Flowing mode).
When two modules consist of the same membranes and
flowing liquid, the gas flux from one-membrane desorber is
i A P's a 2 a 2 !
> alo S — 1 [ - 2 ] - 2L [1_ . ] ‘
Blong I, %52 [ ma, (1o () - 5, exp[azh)] (8) |
:%Q}afss where the constants a , and a,,  are expressed by i
-t
ion of constants a _ and a_,.
Consequences. \
1.For the flux- of the permeate through the “sandwich, |
I: — S-g%—-po at v — 0; I: — 0 at v —» w, ’
Thus in the flowing mode with a desorber the gas flux
through the permeator oan be completely olosed. Henoe, by
variation of the liquid flux one can change the composition
of the gas mixture after SMV. The gas flux after SMV can be
.he case closed also by increasing the value of K, .
- Dmd: 2.For one-membrane desorber flux I: — 0 at v — 0; I: — 0
at ¥ — o. Thus the gas flux via SMV can be varied from 1
»_ SPD, i
the value I= >F to zero.
1let of
3381‘2511‘ ' The circulation mode with a desorber.
g e

In this case a liquid from the module (B) is returned
to the module (A) by pump operating in a oirole. The liquid
passed through modul (B) is degassed in some extent. The
desorber parameters are the same as above. In the case when
gas B does not react with the carrier C and gas A reacts
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with carrier ¢ dissolved in the 1liquid with creation
AC-ccmplex (1) the boundary conditions are :

C:m = Opxo; Cam =O; C:Lp =C:Ld ; C:zp = C:sd ;
x=0 =1 y=h |y=h y=h |y=h
~AC LAC A ~A
‘2Lp = 21d ; 2Lp =szd
y=0 y=h+hd y=0 y=h+hd

MATHEMATICAL SIMULATION OF GAS SEPARATION
Separation of the €0, contatning gas mirture
In the case of three components mixture. COZ/CH‘/Hz

(40/30/30) for given polymer (polyvinyltrimethylsilane
(PVIMS)) under 298K solubility coefficients 0 and diffusion
coefficients D are O(COZ)= 0,038; O(CH‘)= 0,01I; O(Hz)z

0,00IT; D(CO,)= 5.10°7; D(cH,)= 1,8-10°7; D(H,)= 180.10°7

where (O)[cmagas/cmsPVTMs-cm.Hg. : (D)[cmz/sec] The pure
water and water solutions of (monoethanolamine) were
used as a moving carriers of CO,. The area of the membrane

in one module was 75 om’. Thickness of the liquid layer was
0.2 om. Thickness of the membrane 00,0001 om.
Figure 2 shows the dependences of permeate fluxes (Iz)

on speed of liquid pumping under different values of
constant k'. In this case Hz flux decreases smoothly with

Increasing of 1liquid speed (non-reactive gas); CO, passes
away by liquid due to high solubility and reactivity; CH,

is retentate. Figure 3 shows the dependences of desorption
fluxes from desorber in flowing mode with consideration the
chemical reaction between liquid ecarrier and gas component
on speesd of liquid.

PERMABSORBER.

In order to separate bicomponent gas mixture with very
high selectivity it is possible to wuse the simplest
integrated membrane system which is permabsorber. The
principles and modes or its operating are the same as in
SMV. In bimembrane permabsorber (Fig.1) the feed gas is fed
in both gas chambers 1 and J (these chambers are connected
each other). Thus, bimembrane permabsorber has one inlet
for the feed gas and two outlets for the products
(retentate and desorbate). In our experiments we used
absorbtion and desorbtion modules consisting of 24 cells
type of modules shown on Fig.1.

O ~3
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Fig.2. fThe dependences of bermeate fluxes on

Speed of pumpi in module 4 Of SMV in flowi
mode. Hydrogennis the most Peérmeable componen
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The co-current or countercurrent fluxes ot gas and

h
liquid in permabsorber ape described by the following
equations:

ac* D_sa
La _ m m A _ A _ . A _ AC
wl.h dy - {mol. (OL Cgo CLG ) vl..ct (kl CLo kz CLa )
dCAc
La _ . A _ AC (9)
RS dy = [kt Cra kzcx.o]'vl.a
A
w h&-—T‘D'"SO"’ (o, C —c‘)
ga dy - mOL L ga La

where W is the volume Speed of liquid; V. .18 the volume of
liquid layer; W;Q is the flow rate of feed. The boundary

oonditions in this ocase are the same asg above. Thege
€quations can be solved by above mentioned brocedure.

SEPARATION OF GAS MIXTURE COz/CH‘ BY PERMABSORBER

Table 1.
The separation of bicomponent gas mixture COZ/CH‘

by PVTMS membrane bPermabsorber,

—_—
Liquid Gas At the At the
carrier of flux 1/nh absorber's desorber's

desorber|ml/min outlet, % outlet,%

T°C ©0, | CH,"|co, T e,
.0 .18 a5 Tov | 245 75.5?.5[;5
H,0 18 1.3 I1.v | 15.9] 84.1 231 26.9
1,0 18 142 [3.66 | 25.5| 74.5| 5.0 24.8
00,00 18 f4.2 |3.66 | 25.6 74.4| 92.2| 7.8

KZCOS(BH) €0 4.2 3.66 5.6 | 94.4| 99.6 0.4

The proposed technique was tested on the separation or gas
mixture COz/CH‘ with composition 46:54. Liquid flux was

varied from 1.6§ 1/h  to 8.24 1/h. The absorber's
temperature was 18°C. The desorber's temperature was varied
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flowing 1liquid have demonstrated high effective gas
separation for two and three components mixtures (for
example, the selectivity CO!/CH‘ N~ 1000 in comparison with

COZ/CH‘ = 10 for the PVTMS membranes). Mul tymembranes

permabsorbers are very compact. The energy consumption for
these systems is rather small due to the absent of the
pressure compressor for gases and liquid. The application
of polymeric non-porous membranes provides the stability of
liquid phase for a long period of time and prevents the
pollution of gas products by the liquid phase. The presence
of two modules (desorption and absorption) provides the

SIMU
regeneration  of liquid  ecarriers. The mathematical POLY
simulation of above considered integrated systems allows to x
find the optimal gas separation conditions. by
Hisha
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