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Summary 

Membranes were formed by the simultaneous interfacia! 
reaction of a synthetic polycation and a cellulose based pc!y- 
anion. The structure, the electrochemical properties and the 
permeability in dialysis and pervaporation processes of these 
membranes were determined. 

Introduction 

The formation of po!yelectro!yte complexes (symp!exes) 
is essentially a result of the electrostatic nature of the in- 
teraction between oppositely charged po!yions. This interaction 
in the macroscopic homogeneous system, the phase transition by 
po!ysal% precipitation as well as the chemical and physical 
structure of symp!exes have been intensively investigated from 
the thermodynamical and kinetical point of view (I). One app!i- 
cation of symplexes as polymer material is the preparation of 
membranes. One way to obtain such membranes is the symplex for- 
marion, subsequent dissolution in a solvent and membrane forma- 
tion by phase inversion (2). Symplex membranes can also be ob- 
tained following the interfacial reaction between aqueous so!u- 
%ions of an anionic and a cationic polyelectrolyte supported 
on a glass plate (3). 

The aim of our study was to prepare a membrane by the 
simultaneous interfacial reaction of a synthetic po!ycation 
and a cellulose based po!yanion and transition from the liquid 
(aqueous) to the solid phase. Membranes, made from Po!y-(dime- 
thy!dia!!ylammonium) chloride and cellulose sulfate were for- 
med by coating po!yions on a support. The structure, the elec- 
trochemical properties and the permeability in dialysis and 
pervaporation processes of these membranes were determined. 

Experimental 

Materials 

The po!ye!ectrolytes selected for symp!ex formation were 
the polyanion sodium cellulose sulfate (Na-CS) made by homo- 
geneous reaction of cellulose dissolved in N20#/dimethylform- 
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amide with NOS0@H (4), and the polycation poly(dimethyldiallyl- 
ammonium) chlorlde (P-DMDAAC), a linear macromolecule made by 
radical polymerization of dimethyl-dial!yl-ammonium chlo- 
ride (5). 

Membrane preparation 

The symp!ex membranes were formed by the interfacial 
reaction between the layers of the anionic and the cationic 
polyelectrolyte supported on a glass plate. Initially a 0.2 mm 
thick film of solution of Na-CS (2 wt.-% in water) was cast on 
the glass plate. On this film a 0.4 mm thick film of the poly- 
cation (20 wt.-% P-DMDAAC in water) was immediatly stratified. 
After a reaction time of 30 minutes the glass plate with the 
symplex membrane was dipped into a water bath. the symplex 
membrane was loosened from the support, intensively soaked and 
dried. 

Membrane characterization 

The morphology of the symplex membrane was determined by 
electron microscopy and the topochemistry by XPS method (chemi- 
cal analysis of surfaces). 

Membrane potential measurements were carried out in a 
two-compartment thermostated cell (25 ~ with satured calomel 
electrodes connected to the solution by salt bridges filled 
with a saturated KC1 solution (6) (10- n and 10- n KC! solu- 
tions, adjusted to pH = 6.0). The permeability for KCI and glu- 
cose was determined by dialysis experiments (7) using the 
batch principle. 

The dialysis cell contains two compartments separated by 
the membrane and equipped in both compartments with a stirrer. 
The concentration of the aqueous solutions was determined by 
refractometry. The diffusive permeability was measured at 
25 + 0.5 ~ The dialysis results were computed according to 
a r~lation by Farrel! (8). 

The pervaporation experiments 

- downstream pressure - I Torr 
- feed temperature 50 ~ 
- feed concentration 80 wt.-% ethanol 

were carried out in a stainless-steel cell with rec~rculation 
of the feed solution. The membrane area was 19.6 cm . To gen- 
erate the driving force a vacuum was used at the downstream 
side. Permeate was condensed and frozen by liquid nitrogen. 

Results and Discussion 

The cross-section (thickness 5 ~m) of a dried symplex 
membrane made from Na-C$ and Poly-DMDAAC is shown in Figure I. 
The porous internal structure is limited by two compact sur- 
faces. XPS-measurements have demonstrated, that the symplex 
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membrane has an identically chemical composition at both mem- 
brsne sides. 

Fig.: 1 

TEM micrograph of 
a symplex membrane 
from Na-CS and 
PDMDAAC 

The distribution of the elements is shown in Table I. 

Table I. XPS-analysis of a symplex membrane from cellulose 
sulfate and poly(dimethy!dial!ylammonium) chloride 

membrane atom-% 

surface C 0 S N 

cellulose sulfate side 70.25 24,42 0,92 
during preparation 66.31 26.26 0.91 

4.41 
6 .52  

P-DMDAAC side 70.13 24.32 0.96 4.56 
during preparation 68.62 25.45 0.74 5.20 

The XPS-ana!ysis shows no significant difference between the 
surfaces. The polyelectrolyte components have interpenetra- 
ted completely. 

In general, the membrane potential is positive 
(E -- + 12.8 mV), i.e., the symplex membrane behaves as a 
we~k anion exchanger. An orientation dependent membrane po- 
tential was not observed. The symplex from Na-CS and Po!y- 
DMDAAC has a high chemical stability. In many solvents, for 
instance, ethanol, acetone, tetrahydrofurane, dimethylform- 
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amide, pyridine, chloroform, the membranes are insoluble. 
However in concentrated solutions of electrolytes with high 
ionic strength for example in HC1, 20 wt-% KSCN, 20 wt-% NaBr, 
the symplex was found to be soluble. 

The positive charge of the symplex membrane influenced 
significantly the permeability of electrolytes. In Figure 2 
the correlation of diffusion permeability for KC1 with the 
electrolyte concentration is shown. The permeability in- 
creased with increasing concentration. The permeability of a 
typical dialysis membrane (cuprophane PM 200 from Enka) is, 
in contrast, independent of the KCI concentration. 
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Fig. : 2 

Diffusion permea- 
bility of KC1 vs. 
electrolyte c onoen- 
trati on 

The different permeability of an electrolyte and of a 
neutral permeant through the symplex membrane is shown in 
Figure 3. In contrast to KC1 the permeability of glucose is 
constant throughout the entire range. 

Results of Phi!ipp (I) led to the conclusion that a 
nearly reversible swelling of symplexes in water takes place 
after drying at a temperature below 100 ~ and resoaking in 
water. Our symplex membranes show analogous results. The 
permeability for KC1 and glucose before and after drying at 
20 ~ lie within the same range (see Table 2). 
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Fig.: 3 

Diffusion permea- 
bility of KC1 and 
glucose vs. feed 
concentration 

Table 2. 

permeand 

I KCI 

glucose 

Diffusion permeability of symplex membranes before 
and after drying 

P . 10 4 / cm/s / 

never-dried after drying and resoaking 

4.8+0.5 5.1+0.6 

1 .9  1 . 8  

Karakane et al. (8) have determined the separation of 
water-ethanol by pervaporation through polyelectro!yte complex 
composite membranes from polyacrylic acid and polycations with 
quarternary ammonium groups in the backbone chain. Our symplex 
membrane from Na-ce!!u!ose sulfate and Poly-DMDAAC was also 
tested f~r dehydration of ethanol. A permeation rate of 
3.4 kg/m h and a separation factor of 145 was found. A commer- 
cial pervaporation membrane from GFT, Bad Homburg (poly-(vinyl- 
alcohole)oon poly-(acrylonitri!e))shows a permeation rate of 
0.09 kg/m ~ h and a separation factor of 145 under the same con- 
ditions. The symplex membranes demonstrated a higher permeation 
rate and prooved most suitable for dehydration of organic sol- 
vents. 
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