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The distinction between segregation of 
compositions due to spinodal decom- 
position and separation of phases due 
to nucleation and growth has been 
drawn by Smolders et  al. 1. The mecha- 
nism of formation of the asymmetric 
membrane used in reverse osmosis has 
been considered by Strathmann and 
Scheible 2 in terms only of nucleation 
and growth. This Note seeks to describe 
the membrane formation in terms of 
both mechanisms. 

The membrane consists of cellulose 
diacetate arranged in a continuous thin 
top layer 0.2 tan thick which gives way 
to a porous supporting layer 2 mm 
thick. The preparation starts with a 
25% homogeneous solution in an 
acetone/formamide mixture. This 
viscous syrup is spread evenly on a glass 
plate and evaporation is allowed to pro- 
ceed for some minutes. It is then plunged 
into ice water for some hours. The mem- 
brane may then be peeled from the glass 
and is finally warmed to approximately 
100°C for some minutes. The tempera- 
ture and duration of this final step is 
vital in controlling the characteristics 
of the membrane. 

Strathmann and Scheible have made 
the valuable contribution of providing 
a phase diagram showing the miscibility 
gap in the quaternary system, polydis- 
perse cellulose diacetate, acetone, for- 
mamide, water, in the plane acetone: 
formamide equals 3:1. It is clear that 
this miscibility gap will shrink with de- 
creasing temperature, i.e. it is subtend- 
ed by a lower consolute point due to 
the predominant specific interaction in 
the system 3. 

It is also clear that the initial evapo- 
ration step is responsible for the genera- 
tion of the thin top layer. During this 

step the polymer content of the surface 
film will rise to about 50%. This yields 
a high viscosity gel in which nucleation 
is inhibited. Rapid diffusion of water 
into the gel gives rise to the process 
which has become known as spinodal 
decomposition. This mechanism was 
first proposed by Smolders et al. 1 

At the plait point and along the spi- 
nodal curve, the chemical potentials of 
the species present become independent 
of concentration. The chemical poten- 
tial versus concentration relationships 
are similar to the p V  isotherms given by 
the Van der Waals equation of state. 
The components of homogeneous mix- 
tures lying within the spinodal region 
undergo a condition in which their 
chemical potentials assume an inverse 
dependence on concentration. Two im- 
portant corollaries of this inverse beha- 
viour are that the surface excess free 
energy will be negative and polymers 
present under these conditions will 
have consequently undergone a severe 
expansive conformational transition 
not related to that treated by Edwards 4. 

The use of ice water lowers the tem- 
perature further, increasing the viscosity 
and the predominance of the specific 
interaction. The concentration fluctua- 
tions which are the subject of the stan- 
dard treatment of spinodal decompo- 
sition are damped by the specific 
interaction. The segregation of the 
system into polymer rich and water 
rich regions is arrested at a very early 
stage. The conformational transition 
is acting on the cellulose diacetate 
molecule which is inherently fairly stiff 
and the process provides a continuous 
assembly of rod-like molecules, random- 
ly oriented. This hydrogen bonded 
polymer matrix is inherently amor- 

phous with a high free volume. It sur- 
vives the loss of acetone/formamide and 
is only altered on heating. 

Water percolates slowly through the 
thin top layer entering the more dilute 
cellulose acetate solution below. To 
some extent the system may undergo 
counter diffusion of water and acetone/ 
formamide. The changing composition 
can be represented by a vector crossing 
the single phase region to intersect the 
miscibility gap on the polymer rich 
side of the plait point. This results in 
the nucleation of the water rich phase 
at the opposite end of the tie line, 
initially giving a water rich disperse 
phase. 

As water progressively diffuses into 
the lower layer, phase growth occurs in 
the direction of most rapidly increasing 
water supersaturation. This yields a 
porous textured system with the pores 
directed to the back surface of the 
membrane. The glass plate forms a 
boundary in the counter diffusion sys- 
tem and the separation becomes coarser 
in proximity to it. 

The primary effect of heating the 
system is the decomposition of the me- 
tastable non-equilibrium arrangement 
of the thin top layer. The free volume 
decreases as conformational relaxation 
occurs. This progressively limits the 
flow of water and hydrated sodium and 
chloride ions through the top layer. 
The flow of the ions decreases more 
rapidly than that of water until their 
passage is virtually completely barred. 
This will be accompanied by a decrease 
in the thickness of the thin top layer. 
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