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SUMMARY

The permeation rates and selectivitiez for a spacific membrane
permeator are dependent on the type of membrans vused  aned Lhe

operating condltion=, namel v fead pressure, =tage i
temperature and fe=d compozition. Thiz paper prez=nts the=

experimental =study that waz carried out >n 2 laboratory =ocale
using hollow fiber FPrism separator with a calon fatod araa of
I/IBIT.TE cme . to determine the wffects of  twos of  these
eperating conditions; f~ad pressure and stags cul upon PErmes by
rates and gelectivities., Compressed alr was used sz b gas
miscture. The rangs ot Lhe feed pres=zore and stags ol obiti==2
o (3 IFAER

were reszpectively 0 p=zi 4o 110 psi osnd O 0209

INTRODUCTION

In 1979, Monzanto Co. came ot with a reyolubtionary membrans £

gas szeparation where inztead of u=sing the =epara Ling material,
polysulfone as coating., it iz used a2z substrate. Thi= aprproarh
inereazed available flux rate to the exctent  that the Frizm
zeparators ares 107 to 1 A times fazter prer ottt oar s than ane

ot her zyztems prooapased for commet ool )aT separat i on i
Development =wuch Az thiz wessld one doy v ~plare concoentionsl gan
separation technirpies such Az O vogende mvsbom o the: Fremsuo o
Swing Abaorption. I'nm thi= by, a Lobwor abtory 7 ale

separalor syxtem was uhili=med Lo evalaate sopara LOR T RUS SR At 5 L N
and nitrogen from a comprenzed air f oed
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THEORETICAL CONSIDERATION

Each gaz enitering the separator hazx a characteristic poermeation
rate that 1s alsec a function of itz ability to dissolvwe in and
diffuze through the heollow fibre membrane. Priasm =separator=s
utilizse theze relative permeation rates to selectively separate a
‘fast’ gasz such aszs hydrogen from the ‘zlow’ gas component in the
procesz gas stream. The driving force for this separation would
be the difference between the =stream components’ partial
pressure on the ocutside of the fibres (Shell zided and the inzide
of Lhe hollow fibrez (bore zide). Felative ratez of permeation
are zhown bealow

HzO, Hz. He, Ha2% COa, O Ar, 20, Mz, CHa
'Fast® Tl raw?
Figure 1. ¢ @ Felative Permeation Eatezx of a3 Gas Spectrum

through hollow Ffibre membrane (11

Generally, permeation invelwves the following sequences of
steps: [2)

1! Absorption of gazs at cne interface of the membrane

(2} Solution of gaz into the membrane at that interface

{3] Activated diffusion of gaz in and through the membran=

(4] Peleaze of the gaz from sclution at the opposite interface
(=) csorption from Lthe latfer interface.

Forr permeation through planar membranes under =steady zstate
sronrdition, where the concentration of the penetrant at the two
inrterfaces of the membrane are kept at different but constant
value;, the diffuzion of gas intc the membran= can be exprezzed bv
Fick's first law which ztated

¥ = Do ¢ Lo L. 03
where J {5 the rate of diffusion of Lhe penetrant gas, Do iz the
diffusion coeffieclient for a =pecific penetrant-membrane =ystem
and temperature; and c iz the concentration of the penstrant in

the membrane at a position cordinate

Integration of e=guation 1.0 with rezpect tee % avrosz the
thirkness —f the membrane €13 and v, rezsulited in

J = Do {CCh - CO-1) S =T

where Ch and <1 are Lhe penelrant concentration at the membranes
high and low interfacez respectively.
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For =imple non-interacting gases, the concentration in the
membrane matrix is given by the Henry's law expression, linking
it to partial pressure as below

C =S P e {200

where S5 15 the solubility coefficient. By =zubsztituting equation
2.0 into 2.0 glves

J = DoSe [CPH - POSLYY rmm e e Cd, 0
where Fo (the permeability coefficientd is equivalent to DeSo.
Finally the permeation rate CPo 1) iz given by the equation

QA = 1 = Po [CPh — POSLY e €500

Bost = Q/CAAPD e (6.0

where AP is the pressure di fference between the two interfaces, O
the rate of gas permesation and A the planar surface area ~f the
membr ane.

For a binary mixture where gas 1 and gas & are prezent, the
permeation rate of gaz 1 is given by :

Pe QL 7o
4 CA CPh 1 — PL y122

where x1 and yi1 are the mole fraction of gas 1 in the feed and
permeate rezpectively. Similarly for gasz 2, iz permeation rate
is given as

Pz _ Q2 P2
i~ T CACPh Cl-x1d - PU Ci-ysd3D Bl

Ideal selectivity (oo s-20 defined as the ratic of the permeation
rate of fast gas over the permeation rate of the slow gas can be
glven as

» Co
o ez = PasP2 e Cg On
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EXPERIMENTAL

The gystem utilised 1z a laboratory scale Prism separator syztem,
model number MSS ~ 1x4, containing four 1°'" diameter bygS' long
hollow fibre bundles with membrane area of 383517.76 ocm ', which
1s_getgrmined by utilising equation 6.0 and taking Pri to be 80 x
10 "cm /sec cm cmHg [3). (Figure &.0) A pressurized feed gas
Cair in this cazed is introduced into the separator and through
the bundle of the hollow fibres where the fazter gasez (oxygen,
carbon dioxidel will selectively permeates through the fiber
wall. Thiz permeate stream is collected at reduced pressure in a
manifold at the bottom of the separators. The non-permeate
Cretentate) stream exit through the top of the szeparators at
essentially the same preassure as the entering feed gas. The
composition of oxygen in the permeate stream (XO02> and retentate
stream CYO2) can be read off the Oxycheck oxygen monitor
directly,

RESULTS

The rezult of the permeation ratesz measurement for different fe=d
pressure at constant stage cut and vice-versa are given in table
1.0, 2.0 whereaz that of constant stage cut and different fead

pressure 1s given in table 3.0. Stage cut can be calculated
through

a = QesQF e C10.
Refering to the table=z, permeation rates for the oxygen enriched
stream CPPO2) and the nitrogen enriched stream <(PFHE2  are

determined from equation 7.0 and 8.0 respectively, while ideal
selectivity, as known az ‘Alpha’ is determined through equation
9. 0.

EFFECT OF STAGE CUT ON PERMEATION RATES AND SELECTIVITIES

The general relationship between permeation rate and stage onut
had been establizhed; that at lower stage cut, permeation rate of
the fast gaz is higher whereas the reverze is trus for the slow
gas [41. Similar results were obtained in this study. Refering to
table 1.0, at a conztant feed pressure, that iz Prn = 310. 2 rmHg
and PL = 79.9% cmHg, flux CF1) 1z mostly constant at 48 om “sec
but the mole percentage of oxygen gas in the permeatle str=am
increases when stage cut is decreased. Thisx givez an irdicat Lo
that as ztage cul decreased, the permsation rate of Lhe fast gas
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Coxygen) will be faster. A comparison with the calculated ouygen
permeation rate (PPOR) proves this to be true where at stage cut
0.138Q, PPOZ2 gives a value of 1.732E-06 em sem sec cmHg while at
stage cut 0.0448, PPO2 is found to be Z.220E-08 em® soem sec cmHg.
The nitogen permeation rate, on the other hand, decreaszes as
stage cut iz decreased, Thus from the above deduction, it can be
concluded that the dependency of oxygen and nitrogen permeation
rate correspond with the general relationship above.

A functiocnal relationzhip was also established between permeation
rate and stage cut which takes the form : [4)]

POz Exp (RFOz + SPo2 181 ... Cit. 03

il

PNz = Exp C(RPN2 + SPNz [81D ....... C12. 0D

where RF0O2 and RPNz are the intercepts while SPO2 and SPH2 are
the gradients in a semilogarithm plot of permeation rate (P2
versus stage cut. Mozt of the correlation coefficlient (R "2 was
found to be greater than 0.7 indicating significant relationzhip
betwean the two variablex. As semen from figure 2.0, the
permeation rate of oxygen and nitrogen increased and decreased
respectively at lower stage cut and the curve fitting using
equation 11.0 and 12.0 gave good rexsults.

Ideal zelectivities CQ*LQ) also show an increase at lower stage
cut confirming the resultz obtained from similar atudies (3], All
the calculated zelectivities valuez are greater than 4.3 showing
good separation between oxygen and nitrogen. A functional
relationship was also eztablizshed bet ween st age et ann
zelectivitiez, taking the form @ [5]

& o2sN2 = Ra Exp (S>> e 6 s

where the values of Ra and Sa can be obtained by preforming
linear regression on the egquation below

lmaa = Ca + S8 e (14. 0>

where Ra = Exp (Cad, So iz the regression coafficient and Ca i=
the intercept.
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PERMEATION RATES (cm3/cm2 sec cmibg)
{Mmes 10E-8)

FIGURE 3.0 : EFFECT OF STAGE CUT ON
PERMEATION RATES AT 310.2 CMHG
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FIGURE 4.0 : EFFECT OF STAGE CUT ON

SELECTVITIES AT 310.2 CMHG
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PERMEATION RATES {em3/om2 sec cmiig)
{M'mea 10E--@)

o

FIGURE 5.0 : FEFFECT OF FEED PRESSURE ON
. EERUEATION, RATERATSTAGE: CUT, 0u132%
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SELECTIVITIES (ALPHA)

FIGURE 6.0 : EFFECT OF FEED PRESSURE ON

ae SELECTMTTES A‘I' STAGE OUT 0 1329
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EFFECT OF FEED PRESSURE ON PERMEATION RATES AND SELECTIVITIES

At higher feed pressure, the permeation rate of both oxygen and
nitrogen waz found to decrease where oxygen decrement zeems Lo be
more distinct giving rise to lower selectivities (figure JF.0 and
table 3.0). This result does nct correspond with the normal
e=tablizhed relationship which states that higher feed pressure
should give rize to higher selectivities [4]. This is possibly
due to temperature fluctuation within the mambrane system and the
limited range of feed pressure utilised. Oparating at higher
pressure iz still preferred as purity of oxygen in the permeate
stream is higher at higher feed pressur=2 although there 1s a
significant drop in oxygen permeation rate.

CONCLUSTON

A more oxygen enriched stream can be obtaitned at lower stage cut.
Thix iz barause as stage cut iz decreased, the permeation rate
for oxygen increased significantly while there iz a drop in the
permeation rate of nitrogen. The study also shows that operating
at higher pressure iz preferred where higher purity of oxygen in
the permeate =tream was obtained. It would be appropriate to
carry out further =tudy on the effect of temperature on
permeation rate and selectivities. Thisz would enable us te obtain
a more complete picture of the whole perreation process.
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Talie 1.0 1 Besults of Percpatian Bates and Selectivities Measureaents for fomprezsi”
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Tehle 1.0 @ Resuite of Persest1on Rates and Geiectivities Measurement
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